~




MCR-76-217

Contract NAS8-31376

EXPANSION AND IMPROVEMENT OF THE FORMA
SYSTEM POR RESPONSE AND LOAD ANALYSIS

Volume TIC - Listings, Finite Element FORMA Subroutines
May 1976

Author:

Richard L. Wehlen

Approved:

Ak LA

Richard L. Wohlen
Program Manager

Prepared for: National Aeronaulics and Space Admirnistration
George C. Marshall Space Flight Center
Huntsville, Alabama 35812

MARTIN MARIETTA CORFORATION
Denver Division
Denver, Colocado 80201



ii

'FOREWORD

This report presents results of the expansion and improvement of the
FORMA system for response and load analysis. The acronym FORMA stands
for FORTRAN Matrix Analysis. The study, performed from 16 May 1975
through 17 May 1976 was conducted by the Analytical Mechanics Departnent,
Martin Marietta Corporation, Denver Division, under the contract NAS8-
3137,. The program was administered by the National Aeronautics and
Space Administraticn, George C. Marshall Space Flight Center, Huntsville,
Alabama under the direction of Dr. John R. Admire, Structural Dynamics
Division, Systems Dynamics Laboratory.

This report is published in seven volumes:

Volume I - Programming Manual,

Volume IIA - Listings, Dense FORMA Subroutines,

Volume IIB - Listings, Sparse FORMA Subroutines,

Volume IIC - Listings, Finite Element FORMA Subroutines,
Volume ILIA - Explanations, Dense FORMA Subroutines,

Volume IIIB - Explanations, Sparse FORMA Subioutines, and
Volume IIIC - Explanations, Finite Elemert FORMA Subroutines.
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ABSTRACT

This report presents techniques for the sclution of structural
dynamic systems on &. electronic digital computer using FORMA (FORTRAN
Matrix Analysis).

FORMA is a library of subroutines coded in FORTRAN IV for the effi-
cient solution of structural dynamics problems. These subroutines are
in the form cf building blocks that can be put together to solve a large
variety of structural dynamics proklems. The obvious advantage of the
building block approach is that pr gramming and checkout time are limi-
ted to that required for putting the blocks together in the proper order.

The FORMA method has advantageous features such as:

1. subroutines in the library have been used extensively for many
years and as a result are well checked out and debugged;

2. method will work on any computer with a FORTRAN IV compiler;
3. 1incorporation of new subroutines is no problem;

4. basic FORTRAN statements may be used to give extreme flexi-
bility ir writing a program.

Two programming techniques are used in FORMA: dense and sparse.
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I. INTRODUCTION

A listing of the source deck of each finite clement FORMA subroutine
is given in this volume to remove the "black box'" aura of the subroutines
so tnat the analyst may better understand the detailed operations of each

subroutine.

The FORTRAN 1V programming language is used in all finite elemeat
FORMA subroutines.
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II. SUBROUTINE LISTINGS

The subroutines are given in alphabetical order with numbers
coming before letters.
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AXIAL == 1/ 4

SUBROUTINE AXIAL (XY2,JD0F 3EULZNUTEL JNJ, -
* NUTMX o NUTK X NUTL T, NUTS T,
* We TeSekXaKJeKE 9K W)

DIMENSION XYZ (KX 1) oJDOF(KJI 9 ) gBULIKE o1 ) oW KW 79 TIKWY ) oS(KW,1)
DIMENSION CJ(342), ES(342)y 1VIL(6) ’
DATA NAMEL/6HAXTAL /9 NRWGNRLT/642/, 1BLNK/6H /e KCI/3/
DATA NIT,NC1/5+67 o

SUBRCUTINE TC CALCULATE (CON GPTICN) FINITE ELEMENT .o
MASS MATRICES AND IVECS (ON NUTMX), R
STIFFNESS MATRICES (SAME AS GLCRAL LOAD TRANSFORMATION MATRICES)
AND IVECS (ON NUTKX), '
LOCAL LCAD TRANSFORMATICN MATFICES AND IVECS (ON NUTLT),
STRESS TRANSFOPMATICN MATRICES AND IVECS (ON NUTST)

FOR AXIAL PND ELEMENTS.

MASS, STYFFNFSS MATRICFS ARE IN GLORAL CCORDINATE DIRECTIONS.

GLOBAL COORDINATE ORDER FOR EACH ELEMENT IS
(UyVyW) JOINT 1, THEN JCINT 2.

WHERE U,V,W AREF TRANSLATICONS.

- IVEC GIVES ELEMENT DCF INTC GLCBAL DOF. EXAMPLES .o

IVEC({6)=834 PLACES ELSMENT DOF 6 INTO GLCBAL DOF 834,
IVEC(3)=¢C OMITS ELEMENT DOF 3 FROM GLOPAL DOF., THIS CONSTRAINS
ELEMENT DOF 3 TO 2ERQ MOTION.

GLUBAL LOAD TRANSFCPMATICN MATRIX RELATFS LOADS AT RCD ENDS IN GLOBAL
COORDINATE DIRECTIONS TO DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICNS . ,
ROW ORDER IM GLCEAL LGAD TRANSFCRMATION MATRIX IS

(PU,PVyPW) JOINT 1, THEN JOINT 2.
WHERE P 1S FCRCE,
LOCAL LCAD TRANSFORMATION MATYRIX RELATES LCADS AT ROD ENDS IN LOCAL .
COORDINATE SYSTEM TC DEFLECTIONS IN THE GLOBAL COORDINATE '
DIRECTICNS .
ROW ORDER IN {OCAL LOAC TRANSFORMATION MATRIX IS

PX1,PX2 '
WHERE PBX I¢ AXIAL FCRCE.
PX1(=)y PX2(+) IS TENSION. PX1(+)y PX2(=) IS COMPRESSION.
STRESS TRANSFORMATION MATRIX FELATES STRESS AT ROD ENDS IN LOCAL
COORCINATE SYSTEM TC ODEFLECTIONS IN THE GLORAL COORDINATE DIRECTIONS.
ROW CRDER TN STRESS TRANSFORMATION MATRIX IS

SIGMA~X1, SIGMA~X2
WHERE SIGMA IS NORMAL STRESS.
SX1{=), SXZ2{+) IS TENSION. SX1(+j, SEX2¢{--) IS COMPRESSIOM.
DATA APRANGEMENT CON NUTMX, NUTKX, NUTLT, NUTST FOR EACH FINITE

"ELEMENT IS (W=MaK LT ,4ST)

WKITE (NUTWX) RAMEWNEL JNRyNC,NAMEL , (IBLNK,I=1,5),
{IW(TI9J 09 I=1,NR)9J=1yNC)o (IVEC(T)oI=14NC}
CALLS FCRMA SURRCUTINES MAST1 A, PAGEHD, STF1A, ZZBCMB.
DEVELOFED RY WA EENFIELD, €S EBODLEY, RL WOHLEN. JANUARY 1973,
LAST REVISIUN BY WA EENFIELD. MARCH 1976.

ook A o ok o okl ook s o ok skl ol S 8 ROl 2 A ook R K K bk e ok ok Kol ok ok ok a ok sk o S o ook oK A

INPUY DATA READ IN THIS SUBROUTINF FROM NUTEL. IF NUTEL = 5, DATA IS
KEAD FROM CAPRDS.

NAMEM ¢NAMEK ¢NAMEL T NAME ST FORMAT (4(A644X)

RO, E FOPMAT (2(5X,E10))
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AXIAL == 2/ &

20 NELyJ14Jd2 5A1,A2 FORMAT (315,2E10)
IF (J1 .EQe G) RETURN
GO 10 206

DEFINITION CF INPUT VARIZBLES.

NAMEM = TYPF OF MASS MATRIX WANTEDS

M1, DIAGONAL LUMPED.

M2y CONSISTENT.

thH OR 6HNUMASS, NO MASS MATRIX CALCULATED.

NAMEK = TYPE CF ST1FFNESS MATRIX WANTED.
= K1y CONSTANT AXIAL FORCE ASSUMED.
= 6K CR 6HNCUSTIFy NO STIFFNFESS MATRIX CALCULATED.
MAMELT = IDENTIFICATION NAME FOR LOAD TRANSFORMATION MATRICES.
= 6H OR SHNCOLCAG, NO LOAD TRANSFORMATIONS CALCULATED.
NAMEST = IDENTIFICATION NAME FCR STRESS TRANSFORMATION MATRICES.
= 6H OR 6HNOSTRS, NO STRESS TRANSFORMATIONS CALCULATED.
RC = MmASS DENSITY.
13 = YCOUNGS MCDULUS OF ELASTICITY.
NEL = FINITE FLEMENT NUMBER. FOF REFERENCE ONLY, NOT USED 1IN
CALCULATIONS. WRITTEN CN NUTMX, ETC,
J1 = JOCINT NUMBER AT FCD END 1.
J2 = JCINT NUMBE® AT ROD END 2.
Al = CROSS-SECTICN AREA AT RCD END 1.
A2 = CROSS-SECTICN AREA AT KOD END .

EXPLANATICN CF INPUT FORMATS. NUMEER INDICATES CARD COLUMNS USED.
I = INTEGER DATA, RIGHT ADJUSTEDS.
13 DECIMAL POINT DATA, ANYWHERE IN FIELD. EXPONENT RIGHT ADJUSTED.
X CARD CCOLUMNE SKIPPED.
Rk ook ok ok ok AR R R R R N R R A AR AR AR AR A AR R B KA R AR R R

SUBROUTINF ARGUMENTS (ALL INPUT) ,

xyz = MATRIX OF JCINT GLOBAL X,Y9Z LOCATIONS. RCWS CORRESPOND
TC JCINT NUMBERS. CCLUMNS 1,243 CORRESPOND TO THE JCINT
XoYyZ LOCATIONS RESPECTIVELY. SIZE(NJ,3)e.
MATRIX OF JOINT GLOBAL DEGREES OF FREEDOM. ROWS CORRESTUND
TC JCINT NUMBERS, COLUMNS 1,2,3 CORRESPOND TO THE JOINT
TRANSLATICN DOFS AND COLUMNS 4,56 CORRESPGND 7O THE JOINT
ROTATION DOFS. SIZE(NJSy6).
EUL = MATRIX OF JCINT FULER ANGLES (DEGREES}. ROWS CORRESPOND

TC SCINT NUMBERS. COLUMNS 1,243 CORRESPOND TO THE

GLOBAL XsYy2 PERMUTATION. SI1ZF(NJ,+3).

JOOF

NUTEL = LOGICAL NUMBER GF TAPE CONTAINING ELEMENT INPUT DATA FOR
THIS SUBROUTINE, IF NUTEL = 5, DATA IS READ FROM CARDS.

NJ = NUMPER CF JCINTS CR ROWS IN MATRICES (XY2), (JDOF), (EUL).

NUTMX = LOGICAL NUMEER OF UTILITY TAPE ON WHICH ELEMENT

MASS MATPICES AND IVECS ARE QUTPUT.
NUTMX MAY PE ZEROD IF MASS MATRIX IS NOV FORMED.
USES FORTRAN PEAD, WRITE.

NUTKX = LCGICAL NUMRER OF UTILITY TAPE ON WHICH ELEMEN)
STIFFNESS MATRICES (SAME AS GLOBAL LOADS TRAMSFORMATION
MATRICES) AND IVFCS ARE OUTPUT.

NUTKX MAY BE ZERO IF STIFFNESS MATRIX IS NOT FORMED.
USES FCRTRAN READ, WRITE.
NUTLLT = LOGICAL NUMEBER CF UTILITY TAPE ON WHICH ELEMENT LOCAL
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LCAD TRANSFORMATION MATRICES AND IVECS ARE CUTPUT.
NUTLT MAY BE ZERC IF LOAD TRANSFORMATIUGNS ARE NOT FORMED.
USES FCRTRAN READ, WRITE, )

NUTST = LOGICAL NUMEER CF UTILITY TAPE ON WHICH ELEMENT
STRESS TPANSF(RMATICN MATRICES AND 1IVECS ARE QUTPUT.
NUTST MAY KE ZERO 1F STRESS TRANSFORMATIONS ARE NOT FORMED,
USES FORTRAN READ, WRITE.

W = MATRIX WCRK SPACE. MIN SIZE(6,46).

T = MATKFIX WORK SPACE. MIN SIZE(646).

S = MATPIX WORK SPACE. MIN SIZE(6.6).

KX = RCW DIMENSICN CF XYZ IN CALLING FROGRAM,

KJ = RCW DIMENSION OF JDOF IN CALLING PROGRAM.

KE = ROW DIMENSIGN OF €UL IN CALLING PROGRAM.

KW = POW DIMENSION OF Wy Te AND S IN CALLING PROGRAM. MIN=6.

NERROR  EXPLANATICN
JOINT NUMEBEER GREATER THAN NUMBER CF JOINTS.
MASS MAT®IX FCRMED, NUTMX .LE. 2ERQC.
STIFFNESS MATRIX FORMED, NUTKX .LE. ZERC.
LT MATRIX FOFMFED, NUTLT JLE. ZERO.
ST MATRIX FCRMED, NUTST J.LE. ZERO,

COOOOOOOOOOOODOOONOOCO
(O IO X
T [ T TR

1001 FORMAY (4 (A644X))

1002 FORMAT (2 (5X,FIC+C))

1003 FORMAT (31%5,4E10.0)

2001 FORMAT (/746X ZOHINPUT DATA FOR AXIAL ELEMENTS)

2002 FORMAT (/740X 41HINPUT DATA FOR AXIAL ELEMENTS (CONTINUED))

2003 FORMAT (/ 16XTHMASS = A6y IXTHSTIF = A6y 9XI3HLOAD TRANS .= A6,
6X15HSTRESS TRANS = A6,

/ 18X4HRO = E10.3y 9X3HE = E10.3,

F/7YOXTHELEMENT 13XTHJOINT 1 13X7HJOINTY 2 15X4HAREA
16X4HAREA / 16X6HNUMEER SS5XTHJICINT 1 13 XTHJICINT 2 /)

2004 FORMAT {1X 3120, l4X E10.3, 10X E10.32)

* % * #

(o
C READ AND WRITE FINITE ELEMENT DATA.
NLINE = ©
CALL PAGEKD
WRITE (NCT,2001)
READ (NUYEL,1001) NAMEM,NAMEK sNAMEL T,NAMESY
READ (NUTEL,1602) RO,E
WRITE (NCT,2003) NAMEM,NAMEK NAMELT NAMEST,RO,E
20 READ (NUTEL,1003) NFL yJYlsJ2yAl,A2
T 1F (J1 JLF. C) RETURN
NLINE = NLINE + 1
TF (NLINE .LE. 42} GO TO 30
CALL PAGEHD
WRITE (NOT,2002)
WRITE (NOT,2003) NAMEM,NAMEK,NAMELT ,NAMEST4RO,E
NLINE = O
30 WRITE (MNOT42004) NEL,J153J29A1,A2
NERRQGR=1
IF (J1 .6Te NJ o0Re J2 GTe NJ ) GO TC 999
c
C FORM FINITE ELEMENT COORDINATL LOCATIONS, EULER ANGLES. KEVADD IVEC.
DO 42 I=1,3
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AXTAL == 4/ &
CJ(I,1) = XY21(31,1)
CIlI 2)Y = XYZ(J2,1)
ESJ(T,1) = FUL(JT,1)
EJ(I,2) = FUL{JI2,1)
IvVitl) = JOCF(J1,1)
IVI{I+3) = IDOF(J2,1)
FORM MASS MATKIX {(W).
IF (NAMEM .EQ. 6H «CR. NAMEM .EQ. &HNOMASS) GO TC 110
CALL MASTIA (CJyEJpAY gA29ROSNAMEMyW 4K CJ 3K oK W)
NERRCR=2
IF (NUTMX .LE. O) GO TO 999

WRITE (NUTMX) NAMEMJNEL yNFWoNRWyNAMEL , ( IBLNK,I=1,3),

%

((W{Isd)yI=3,NRW) 9 J=T1 ogNRW )4 (IVI (I}, I=14NRW)

FCRM STIFFNESS MATRIX (W)y LGCAL LOAD TRANSFORMATION MATRIX (T),
STRESS TRANSFORMATION MATRIX (S).

110 IF (NAMEK

CALL STFR1
*

IF (NUTKX

A

«FDe E&H «OF . NAMEK .EQ. 6HNOSTIF) GO TO 20
(CJI,EJyAl 5A2, EyNAMEK JNAMEST oW 3T S 4 NRS T,
RCJ o KCIg KW oKW KW)

-LE. 0) GO TC 999

WRITE (NUTKX) NAMEK N EL yNRW yNRW,NAMEL , ( IBLNK,1=1,5),

%*

IF (NAMELT

IF (NUTLT

((H(IaJ)’I=1,NRN|,J=1,NRH),(IV1(I)'I=1yNRH)
«EC. 6H «ORe NAMELT .EQ. 6HNOLOAD) GO TO

+

«LE. C) GC TO 999

WRITE (NUTLT) NAMEL Ty NEL 9 NRLT yNRWyNAMEL » (IBLNK 31=1,5),

*

115 IF (NAMESTY

IF (NUTST

(CT(I4d)3I=1,NRLT)yJ=1,NRW) 4 (IVI(I)oI=1,NRW)
Ele b6H «ORs NAMEST .EQ. 6MNDSTRS) GO TO

eLEe 0) G TC 999

WRITE (NUTST) NAMEST ) NELyNRST JNRW N EMEL » (IBLNK 2I=1,45),

%*
G0 T 20

((S(Xyd)sI=13NRST) 9J=13NRW} 9 (IVI(I) ,I=1,NRW)

999 CALL ZZBOME (6HAXIAL oNERRGR)

END

NERROR=3

115
NERROR=4

20
NERROR=5
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SUERCUTINY R1AL (RL 32 4KZ)
DIMEMSION 2{KZ.2]

SURROUTINE TC CALCULATE FINITE ELEMENT eew

FUCKLING MATRIX :
FOR AN AXIAL RCD ELEMENT WITH UNRESTRAINED FUNDARIES.
BUCKLING MATRIX IS PASFD ON UNIT AXTAL LQAC. :
BUCKLING MATRFIX IS IN LOCAL COCRDIMATE SYSTEM.
THE LCCAL ZGORDINATE SYSTeM ASSUMEZ THE POD TO (IE IN THE X-Z PLANE
WITE JOINT 1 AT THE CRIGIN, JOIRT Z ALONG THE POSITIVE X AXIS.
LOCAL COORDINATE GRUER 1S )

DZ1,022
WHERE DZ IS TRANSLA "T0ON.
DEVELCPED £Y RL WCOHLEN. AUGUST 1973,
LAST PEVISION 2Y RL WOHLEN. SEPTEMBER 1673,

SUBRCUTINE ARGUMENTS
RL = INPUT »OD LENGTH.

¥4 QUTPUT EUCKLING MATRIX, SIZ7F(242).
KZ INPUT RUW DIMEXSICN CF Z IN CAlLING PROGRAM§ MIN=2.'
C = 1./RL '
Z201,1) = C
2(1,2, ==C
2(241) =—-C
2{242) = C
RETURN

END
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B1A2

" SUBRCUTINE B1A2 (K 22 4K2)
DIMENSICN Z{KZ,1)

SUERCUT.NE TC CALCULATE FINITE ELEMENT...
BUCKLING MATRIX
FCR A EEAM CLOMENT WITH UNRESTRAINED BOUNDARIES.,
BUCKLING MATRIX 31T BASED CN UNIT AXIAL LCAD.
BUCKL ING MATRIX IS IN LGCAL COCRDINATE SYSTEM.
THE LCCAL COCRDINATE SYSTEM ASSUMES THE BEAM TO LIE IN THE X-2 PLANE.
WITE JOINT 1 AT THE ORIGIN, JOINT 2 ALCNG THE POSITIVE X AXI1S.
LOCAL CCCRDINATE CRDER 1S
DZ1,0Z22,TV1,TY2
WHERE DZ IS TRANSLATICN AND TY IS ROTATION.
DEVELOPED FY RL WCHLENS. AUGUNT 1973.
LAST REVISION BY RL WOHLEN. SEPTEMBER 1573

SUBRCUTINE ARGUMENTS

RL = INPUT RKOCD LENGT'i.
Z = CUTPUT BUCKLING MATRIX. SIZE(4.4).
KZ = INPUT ROW DIMENSICN CF Z IN CALLING PROGRAM. MIN=4.
Cl = 6./7(5.%RL)
Cz2 = .1
€2 = (Z.*RL)/15.
Z(1,1} = C1
Z(1,2) ==(C1
2(1,3) =-C2
2(Y,4) ==-C2
Z(242) = Q1
2(2,3) = C2
2(2,4) = C2
Z(2,3) = €3
Z(3,4) =-RL/3C.
2(4"?) = {3

DC 10 I=1,4
DG 10 J=1,.4
10 Z(341I) = Z{144)

RETURN
END
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SUERQU'. INE EAR {XYZ4JOOF EUL sNUTEL yNJ,
* NUTMX'NU’KX,NUTBX,NUTLT'NUTST'
* We TeSeKX gKJeKEJKW)

DIMENSION XYZ (KX 1) oJDOF{KIsl ) oEULIKE 31 ) oW KW ) a TIKW 1) oS(KW,1)
DIMENSTION (J(342)s EJ{342)y 1VI(12)s TRIU12,12)s TD(24424)
DIMENSION KCGDEK(4)y, KODEB(Z), IFPIN(4),1IV2(4)

OATA NAMEL / 6HEAP /

DATE NRW,NRLTY/12,12/, IBLNK/6H 7+ KCI/7374 KTR/12/:KTD/24/
DATA NITSNCT/E .6/

SUBRQUTINE TC CALCULATE (ON OPTION) FINITE ELEMENT ...
MASS MATRICFS AND IVECS (CN NUTMX),
STIFENESS MATRICES (SAME AS GLCBAL LCAD TRANSFORMATION MA‘RICES)
AND IVECS {CON NUTKX),
UNIT tCAC BUCKLING MATRICES AND IVECS (ON NUTEBX),
LOCAL LOAD TRANSFDORMATICON MATRICES AND IVECS (ON NUTLT),
STRPESS TRANSFORMATICN MATRICES ANT 1IVECS (ON NUTST)
FCR CCMEINED AXIAL-TCRSTION-EENDING BRAR ELEMENTS,
MASS, STIFFMESS, BUCKLING MATRICES ARE IN GLOBAL CCORDINATE
DIRFCTIONS.
GLCBAL COCRDINATE CGRDER FCR FACH ELEMENT IS
(UgVeoPoQyPY JOCINT 1, THEN JOINT 2
WHERE UsV,W ARE TRANSLATICNS AND P,QsR ARE ROTATIONS.
IVEC GIVES ELEMENT DCF INTC GLCBAL DCF, EYAMPLES...
IVEC(6)=834 PLACES ELEMENT DOF 6 INTC GLOBAL DOF 834.
IVEC(3)=0 CMITS ELEMENT DCF 3 FRCM GLOEAL DOF. THIS CONSTRAINS
ELEMENT DOGF 3 TC ZERC MOTION,
GLORAL LCAD TFANSFOPMATION MATRIX RELATES LOADS AT BAR ENDS IN GLOBAL
CCORDINATE DIRECTIONSE TO DEFLECTIONt 1IN THE GLOBAL COCORDINATE
DIRECTIONS,
POW ORDE®? IN GLCEAL LCAD TRANSFCRMATICN MATRIX IS
(PUSPV,PH 4MPsMCEyMR) JOINT 1, THEN JOINT 2.
WHERE P IS FfCRCC AND M IS MGMENT.
LOCAL LOAD TPANSFGPMATION MATRIX RELATES LOADS AT BAR ENDS IN LOCAL
COORDINATE SYSTEM TOQ DEFLECTIGNS IN THE GLOBAL COCRDINATE DIRCCTIONS.
ROW ORDER IN LCCAL LCAD TRANSFORMATION MATRIX IS
PX1gPX2¢MXIgMX29FY1oPY¥24M214MZ2,P2),P724MYY MY2
WHERE P IS FCRCE AND M IS MOMENT.
STRESS TPFANSFORMATION MATRIX RFLATES STRESS AT BAR ENDS IN LOCAL
COORDINATE SYSTEM TC DEFLECTICNMS IN THT GLOBAL COORDINATE DIRECTICONS,
RCW ORDER IN STRESS TRANSFCRMAYTION MATKIX IS
PXYI/ZAY BX2/7L2, MX1*R1/TS1,MX2%R2/TJI2
PY1/AY 4 PY2/82 ¢yMZ1%*(CY1/BI21,M22%CV2/RI T2
PZ1/AY+PZ2/A2 ¢4MY1*CZY1/EXY] MY2%(C22/E1Y2
WHERE P TY FOPCE AND M 1S MOMENT.
DATA ARRANGEMENT ON NUTMX, NUTKX, NUTE Xy NUTLT, NUTST FOR EACH
FINITE BLEMENT IS (W=Myl4ByLT,ST)
WRITE (NUTHX) NAMEW NEL¢MRoNC yNAMEL y ({IBLNK,I=1,45),
((W(I'J)QI:I’NR,’J:I'NC)'(IVEC(I"I;IQNC,
CALLS FCRM2 SUBRQUTINFES BUC1E, MAS1E, PAGEHD, STF13, ZZBOME,
DEVELOPED PY WA EBENFIELD, CS BODLEY, RL WOHLEN. FEBRUARY 1973,
LAST REVISICN BY RL WCHLEN. APRIL 1976,

Fakok kR Rk okok ok ok ok ol ok Ak oK 3k Aok ok ok Ak k2 o ok kK KX Rk A K R Rk kK K

INPUT DATA READ IN THIS SUERCUTINE FROM NUTEL. IF NUTEL = S, DATA 1S
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BAR -— 2/ 7

READ FROM CAFDS.
NAMEM NAMEK ¢ NAMCLT ¢ NAMEST yNAMEE FORMAT (5(A6:4X),

(KEDEK(T)yI=144) ¢ (KODEB(I)s1=1,2)
ROLE,CG

Al,A1,A2,A2,4X9A2,A2)
FORMAT (3(5X+E10))

20 NEL 3JYJ2 o JREF AL 4P IY 3 TIY 46121 4BIVY]4SFe

IFPY1,IFP21,IFPVZ,IFP22+,IFTAPR

FORMAT (4I5,5E10,E545A1%

IF (J1 .FC. O} RETURN
IF (IFTAPR 4EO. 1HT) A2,PYI2,TJ2,BIZ22,81Y¢ FORMAT (20X ,5E10)
30 IF (MAMEST .EC. 6k «CR. NAMEST .EQ. 6HNCSTRS) GO 1O 20
R13CYY 02" 4R24CY2,C22 FORMAT (20X 6E10)
GO TC 2¢
INPUT DATA REQUIREMENTS
AXIAL TCREICN BEND ING BENDING
ALCNG ABCUT AEOUT ABOUT
tecar x LCCAL X LCCAL 2 LOCAL Y
"MASS A 4RC PI RO AsRO AsRO
€TIF, LCAD TRANS Y12 Td o6 FIZ4AsSF, E'G EIV A SFst 6
EUCKLING NCNE NONE NCNE NONE
STRESS TRANS SEE STIF STIF+R STIFsCY STIF+CZ

FCR NU SHEAR GEFCSMATION IN BENDINGe SET ANY OF A(NOT IF AXIAL USED),
€Fy, OF GI(NDT IF TORSION IS USEDR) TO ZEFO. IF BENDING STRESS
TRANSFCRMATION IS WANTED, A MUST NCT BE Z2ERC.

DEFINTITI(ON CF INPUT VARIABRLES.

NAMEM

NAMEK

NAMELT

NAMELT

NAMEE

KCDEK

KCDER

-—

i

]

"

L1

TYPE CF MASS MATRIX WANTED.

M1, DIACCNAL LUMPED.

Mz CCNSTISTENT.

1 (K 6FNOMASS, NC MASS MATRIX CALCULATED.

TYPE COF STIFFNESS MATFIX WANTED.

= K1y CCNSTANT FOR(CE FOR AXIAL, CCONSTANT TORQUE FOR TORSION,

CONSTANT SHEAR AND LINEAR MOMENT FCR BENDING.

= &6F OF &6WNCSTIF, NN STIFFNESS MATRIX CALCULATED.

INENTIFICATICON NAME FOR LCAD TRANSFORMATION MATRICES.

= &K LRk 6HNCLCAD, NC LCAD TRANSFORMATIONS CALCULATED.

IGINTIFICATION NAME FCOR STRESS TRANSFORMATION MATRICES,

= &F CR O6MHNDSTRS, N STRESS TRANSFCRMATICNS CALCULATED.

TYPE OF BUCKLING MATRIX WANTED.

£y AKlStt R(G.

F2y BEAN,

(g CE 6HNCPUCKy NO BUCKLING MATKIX CALCULATED.

OFTICN CCLE FOF AXIAL, TCRSICN, EENDING Z, BENDING Y LCCAL

STIFFNESS. IF BLANK, "LL FOUR ARF CALCULATED, SIZE(4).

KODEK(Y 3= 4 LOUCAL STIF MATRIY IS CALCULATED FOR AXIAL
(ALTNG LUCAL X~-AXIS).

KODEKLZ)=T o LOCAL STIF MATRIX IS CALZULATED FOR TCRSION
(ABQUT LOCAL X-aYifl.

KODEK(;)-EZ, LCCAL STIF MATRIX IS CALCULATED FOR EENDING
(AECUT LOCAL 2-AXIS). <.

KODFK{&)=FY, tOCAL STIF MATRIX IS CALCULATED FOR BENDING
{ABCUT LCCAL Y-AXIS).

OPTLCN CODE FOR BEUCKLING IN LOCAL Y CR 2 DIRECTICNS

IF FLANKy BCTH ARE CALCULATED. SIZE(2).

KUDEELL )=RY, LOCAL EULKLING MATRIX IS CALCULATED FOR

hon

g
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DEFLECTICN IN LOCAL Y CIRECTICGN.
KODEE(2)=EZ, LOCAL PUCKLING MATRIX IS CALCULATED FOR
DEFLECTION IN LOCAL 2 DIRECTION.

RO = MASS DENSITY.

E = YCUNGS MCPULUS CF ELASTICITY.

G = SHEAR MCDULUS QOF FLASTICITY.

NEL = FINITE ELEMENTY NUMBER. FOCR REFERENCE ONLY, NOT USED IN
CALCULATICNS. WRITTEN ON NUTMX, ETC.

J1 = JOINT NUMBER AT EAR END 1. LOCAL X-AXIS ORIGINATES AT Jl.

J2 = JCINT NUMBER AT BAR END 2. LCCAL X-AXIS GOES FROM 41 TC J2.

JREF = REFERENCE PCINT. LOCAL 2-AXIS IS DEFINED BY VECTOR (J1,J2)
CPOSSED INTC VECTCR (J1,J4REF). LOCAL Y-AXIS LIES IN XY PLANE
DEFINED EY J1,J2,JREF.

Al = CROSS-SECTION AFEA AT BAR END 1.

A2 = SAME AS Al AT BAR END 2.

Pl = CROSS-SECTICN PGLAR AKEA MOMENT OF INERTIA FUR MASS
CLLCULAIIDNS AT EAR END 1,

PI2 = SAME AS P11 AT EAR END 2.

T4 = CROSS-SECTION S2INT VENANTS TCRSION CONSTANT (J) IN JG FOK
TOREICN STIFFNESS AT EAR END 1.

TJ42 = SAME 25 T41 AT RAF END 2.

5121 = CRCSS-SECTION AREA MOMENT OF INERTIA ABCUT LOCAL Z-aX1S
(FC® EENDING) AT FAR END 1.

8122 = SAME AS FIZ1 AT EAR END 2.

B1Y} = CROSS—SECTICN AREA MOMENT COF INERTIA ABOUT LOCAL Y-AXIS
(FCR BENLCING) AT BRAR END 1.

ervy2 = SAME AS FIYY AT EAR FND 2.

SF = SHAPE FACTICK (K) FP SHEAF IN KAG.

USE SF=0.0 FCR NC SHEAR DEFORMATICN IN EENDING.
SF=1.C FCR A LOLID CIRCULAR CYLINDER,
SF=,5 FOR A THIN WALLED CIRCULAF CYLINDcR.
IFPY]1 = PIN JCOINT GPTION FCR LOCAL CCCRDINATE THETA Y AT BAR END 1.
= 1k o MOMENT JOINT.
1HP, PIN JOINT.

IFPY2 = SAME AS 1IFPY1 AT EAR END 2.

IFPZY = PIN JGINT CPTION FGR LOCAL CCCRDINATE THETA Z AT BAR END 1.
= 1H , MOMENT JCINT. :
= 1aPy PIN JCINTY.

IFP2z = SAME AS 1IFPZ1 AT FAR END 2.

IFTAPR = OPTICN FOR TAPERED EaR,
= 1H o CONSTANT SECTICN PROPERTIES.
= 1HT, LINEAR TAPER SECTVICN PFOPERTIES.

R1 = DISTANCE FROM LOCAL X-AXIS TO CUTER FIBER FCR TORSION
STPESS CALCULATION AT BAR END 1.

R2 SAME AS RY AT BAT END 2.

cY: .= DISTANCE FRCM LCCAL XZ PLANF TC OQUTER FIBER FOR BENCING
STRESS CALCULATION AT BAR ENLU 1. LOCAL Y DIRECTICN.

cY2 = SAME AS CY1 AT BAR END 2.

cz1 = DISTANCE FRCM LOCAL XY PLANE Tu OUTER FIBER FOR BENDING
STRESS CALCULATION a¥ BRAP END 1. I.NCAL Z DIRECTION.

czz = SAME AS C71 AT BAR END 2.

EXPLANATION OF INPIIT FORMATS. NUMBER INDYICATES CARD COLUMMNS USED.
1 = INTEGFR D2TA, RIGHT ALJUSTED.
E = DECIMAL POINT DATA, ANYWHERE IN 7-JELD. EXPONENT RIGHT ADJUSTED.
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X = CARDG COLUMNS SKIPPED.
***#**3*****###*********#**tf&******#**#*******’*4‘**3#**#*****‘***‘t*‘*ﬁ*

SUBRDUTIME ARGUMENTS (ALL LINPUT)
XYZ = MATR1X CF JOINT GLCOBAL XeYe2 LOCATIONS. ROWS CORRESPOND
TC JOINT NUMRERS. 7 LUMNS 14243 CCRRESPOND TO THE JOINT
XeYeZ2 LOCATIONS RES ECTIVELY. SIZEINJ,3).

JDOF = MATRIX COF JOINT Gii" AL DEGREES OF FREEDOM. ROWS CORRESPOND
TO JOINT NUMEER 0. { PLUMNS 1,2,3 CORRESPOND TO THE JOINT
TRANSLATION DCOFS A'«D COLUMNS 445,6 CORRESPCND. TO THE JOINT
RCTATION DOFS. SKZ:(NJy6).

EUL = MATRIX GF JCINT '2U{.ER ANGLES (DEGREES}. ROWS CORRESPOND -

T T0 SNDINT NUMBER S (ODLUMNS 1,2,3 CORRESPOND TO THE
GLCEAL XsY92 PERMUTATICN. SIZE(NS,3).

NUTEL = LOGICAL NUMBER CF TAPF CONTAINING ELEMENTY INPUT DATA FOR
THIS SUBRQUTINE. 'IF NUTEL = S, DATA IS READ FROM CARDS.

NJ = NUMBER OF JOINTS ({ RCWS IN MATRICES (XYZ3s (JCOF)y (EULD.-

NUTMX = LOGICAL NUMEER (F { TILITY TAPE ON WHICH ELEMENT

MASS MATPICE! AND 1 VECS ARE OUTPUT. :
MUTMX MAY BE 2RO IF MASS MATRIX IS NOT FORMED.
USES FCRTRAN RE Al ‘WRITE.
NUTKX = LOGICAL NUMBER '(F UTILITY TAPE ON WHICH ELEMENT

STIFFNESS MATRILES |SAME AS GLOBAL LOADS TRANSFORMATION
MATRICES) AND IVECS ARE CUTPUT. '
NUTKX MAY BE ZERD YIF STIFFNESS MATRIX IS NOTY FORMED.
USES FORTRAN REA‘Y, MRITE,
NUTEBX = LOGICAL NUMBEK O UTILITY TAPE CON WHICH ELEMENT UNIT LOAD
EUCKLING MATRICEYL AN IVECS ARE CUTPUT,
NUTBX MAY BE ZER(' TF PBUCKLING MATRIX IS NOT FORMED.
USES FORTRAN REA! 4, WFITE.
LOGICAL NUMBER Cf UTILITY TAPE ON WHICH ELEMENT LOCAL
LCAD TRANSFCRMATICN MATRICES *ND IVFCS ARE CUTPUT,
NUTLY MAY BE 2ERDC I LOAD T° iNSFORMATIONS ARE NOT FCRMED.
USES FORTRAN READ, VWRITE,
NUTST = LNGICAL NUMEER CF UTTLITY TAPE ON WHICH ELEMENT
STRELS TPANSFCRMATION MATRICES AND IVECS ARE OUTPUT.
NUTST MAY BT ZERC IF STRESS TRANSFORMATIONS ARE NCY FORMED,
USES FORTRAN READ, WXI1TE,
MATFIX WCRK SPACE. MIN SIZE(12,12),
MATRIX WCRK SPACE. MIN SIZE(12.12%.
MATPIX WCPK SPACE. MIN SIZE(1™,;12).
ROW DIMENSICN CF XYZ IN CA!:LING PROGRAM,
RCW DIMENSICN GF JPCF IN €, . LING PROGRAM,
ROW DIMENSICN OF EUL IN _<LLING PRCGPAM,
ROW DIMENSION OF W, T, AND S IN CALLING PROGRAM. MIN=12.

NUTLT

(LI U T L I [ N

ERXRXXIANNZ
XM X

NERRCFE EXPLANATICN
JCINT NUMEER GFREFATER ~ AN RUMBER OF JOINTS.
STIFFNESS MATRIX FOR: oDy NUTKX oLE. ZEPC,
LUAD TRANSFORMATION MATRIX FCRMED, NUTLY LE. ZERO.
STRESS TRANSFCEMATION MATR1X FNPMED, MUTSY JLE. ZERO.
MASS MATRIX FORMED, NUTMX LS. ZFRQO.
BUCKLING MATRIX FORMEDy NU'BX oLEs ZERU,

VD WUN
nnwnan

1001 FORMAT (5{sb6s4X)sAlsAl 12 4A2y 4X A24A2)



1002
1003
1004
-2001
2002
2003

T

BURRERRESERE N

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

BAR - S/ 7

(3(5X4E10.0))
(L1535E10.09E5.0,5A1)
(20X 46E10.0)
(/746X 2THINPUTY DATA FOR BAR ELEMENTS)
{2/740X 39HINPUT DATA FOR BAR ELEMENTS (COHTINUED))
{ 45X oBHKODEK = AlyAl9A24A29 4X BHRODEBR = A2,A2,
./ 10XTHMASS = A6y OXTHSTIF = A6y 6X13HLOAG TRANS = A6,
3X15HSTRESS TRANS = A6« 3XIIHEUCKLING = A6,
12X4HRC = E10.3y 6X3HE = F10.39 8OXTHI 1 I 1,
32X3HG = E10.3y B8OXTHF F-F Fy
125X7THP P P P,
IXTHELEMENT 2X5HJICINY 2XSHJOINT 3X3HREF SX4HAREA
TXSHPOLAR SXTHTCRSION 3X9HZ BENDING 2X9HY BENDING
2XSHSHEAPR 3X6HSTRESS SX6HSTRESS SX6HSTRESS 3X7HY Y S 4 4
/7 1X6HNUMBER S5X1H1 6X1H2 &4XS5HPOINY o
14X THINERTIA SXSHUCNSY SXTHINERTIA
LXTHINERTIA 3X6HFACTOR SX1IHR 9X2HCY 9X2HCZ SXTHY 1 2 2/}

NN S

2004 FORMAT (1X 15, I8, 217, 1X SE11.3, F7.3, 3E11.3, 4(1XAL))
. 2005 FORMAT (29X,5E11.3,7Xs3E11.3) IR

C

C READ 2ND WRITE FINITE ELEMENT DATA..

R1 = O
cyl =
c21 =
NL INE
CALL P
WRITE
READ (

*

«0
.0
C.0
= Q
AGEFD
{NCT,2001)
NUTEL,10GC1) NAHEH'RAHEK,NAHELT,NAHEST.NAHEBg
(KODEK (1) 31=144) 4 (KOGER(I)41I=1,2)

READ (NUTEL,1002) ROy E+G

WRITE
*

(NQT’2003) (KODEK‘I’tl=114,y(KODEB'I'013192,'
NAMEMy NAMEK s NAMELT NAMEST,NAMEB RO F 4G

20 READ (NUTEL,10G3) NEL 919 J2+JREFLALsPI1,TI14BIZ214BIV1,SF
x

25

IF (J1
If (IF
IF (NA
FEAD
NLINE
IF (IF
IF (INL
CALL P
WRITE
WRITE
*

NLINE

IFP INoIFTAPR
«LEe. O) KETURN
TAPR +EQ. 1HT) READ (NUTEL,2004) A2,P12,TJ2,8122,81Y2
MEST Q. &k «UR, NAMEST .EC. 6HNOITRS) GO T0 25
NUTFL,1C04) R14CY1,C21,R2,LY¥2,C22
= NLINE + ]
TAPK ECe 1HT) MLINF=NLINE+]
INE .LE. £2) GO TC 30
AGEFD
(NCT,2002)
INCT92GU3) (KCDEK(1D)y1=194) o {KODEER{IT oI=142)y
NAMEM; NAMEK ¢ NAMEL T {NAMESToNAKEBy RO oE oG
=C

30 WRITE (NOT,2004) NEL'JJ,J(,JREF,Al,PIl.TJl,BIZIgBIYleFo

€

*

IF {01

IF (1F
*

NERROR=1
oGTa NJ CRe J2 GT. NJ CR. JREF ,GT. NJ) GO TO 999
TAPR +F7s 1HT) WRITE (NCOT92005) A2,P12,TJ2:B122,B1Y¥2,R2,
' Cy2,C22

C FORM FINITE FLEMENT CCORDINATE LOCATIONS, EULER ANGLES. REVADD IVEC.

DC 42

1=1,43



(aXa

CI(Tel) = XYZ(J1+1}
CJ(IQZ, = XYZ£¢2'I)
CI(I43) = XYZ(JREF,I)
EJ{1,1) = EUL(J]1,]1)
42 EJ(1,2) = EULEY2,4])
DO 44 1z=)1,.6
L ANSE = JDOF(J31,1) -
44 IVI{I+6)-= JDOF(J2,1)
FORM DATA FCOR UNIFORM ELEMENT.
IF {IFTAPR o.EC. 1HT) GC TO S0
A2 = Al : E
P12 = P11
TJ2 = T4
RIZ2 = BIZ21
E£1Y2 = IV}
R2 = R1
cy2 = €Y1
€22 = C21
FORM PINMNING 1IVEC.
50 KPIN = O
DO 55 1I=1,¢c
IF (IFPIN(Y) .NE. 1HP) GC TC 55
NEIN = NPIN + 1)
IF (1 .EQ. 1) IV2(NPIN) = 11
IF (1 EQ. 2) IV2(NPIN}) = 7
IF (I <€C. 3) IV2(NPIN) = 12
IF (1 .EQ. 4) 1V2(NPIN) = B
55 CONTINUE
FORM STIFFNESS MATRIX (W), LOCAL LCAD TRANSFCRMATION MATRIX (T},
STRESS TRANSFORMATION MATRIX (S).
100 IF (NAMFK L.EC. 6K «OR, NAMEK .EQ. 6HNOSTIF) GO TO 110
CALL STF1B (CJ9EJsKGDEK9Al yA25T-119TJI2,BT1214B122,BIY1961Y24R14R2,
* CY1l,(0Y2,C21, CZZ,SF,EgC,NAMEK,NANEST.H,T,S,NRST,
* KCJ e KCJIg KW oKWy KW )
PIN STIFFNESS MATRIX.
IF (NPIN .FCQ. G) GO T 105
CALL DCOUSIB (CJUyEJeWyKCI9KCJI9XKW)
CALL TRANS (W,oTR JNRW JNRW yKWKTR)
CALL MULTA (T,TR,NRLT NRW,NRWyKWsKTR)
CALL SRED3 (T IVZzeTeTDNRWNPIN,1 ,KHW)
CALL MULTA (TDyWNRW NPRW NRWKTDyKW)
CALL MULTA (TR,TD,NRW,NRWyNRWsKTR,KTD)
CALL MULTA (T WoNRLT gNRW yNRW oKW oKW )
CALL ATXRAL (WyToNRWs;NRWyXWeKW)
IF INAMEST LEQ. 6H «CRe NAMEST ,EQe 6HNOSTRS) GC TO 105
CALL MULTA (S,TRNRSTINRWsNRW ;KWK TR)
105 NERROR=2

BAR -— 6/ 7

IF (NUTKX .LE. O) GO TO 999
WRITE {NUTKX) NAMEK JNEL yNPW ¢yNRW,NAMEL o (IBLNKsI=1,4517,

* ((H(I,J),I=1.NRN),J=1.NRN),(IVI(I)qI=1'NRH)

IF (NAMELT oEQ. 6H «ORe NAMELT .EC. 6HNOLOAD) GO TO 115
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NERROR=3

IF (NUTLT .LE. 0O) GO TO 999
WRITE (NUTLT) NAMELToNFLyNRLT NRWINAMEL  (IBLNKI=1,5),-
* ((TU(L19d)s1=1yNRLTDyJI=1oNRW),(IVI(T),I=1,NRW)
115 1F (NAMEST «EQ. 6H +DRe NAMEST EQ. 6HNOSTRS) GO TO 110
. NERROR=4
IF (NUTST .LE. C) GO TG 999
HRITE ‘NUTST) NAMESToNELoNRST NRW,NAMEL  (IBLNK,,I=1,5),
* . ((S(Isd)s114NRET) pd= IQNRH,’(IV1(I,’I 14NRW)
C
C FORM MASS MATRIX (W).
110 IF {NMAMEM ,EQ. 64 « 0™ c NAMEM .EQ. 6HNCOMASS) GO TO 1406
i CALL MASIE (CUsEJeAlAZePI14PIZ2oROJNAMEM W o ToKCJ oKCJ oKW KW )
C .

C PIN MASS MATRIX, »
= IF (NPIN .GT. C) CALL BTABA (W,TRyNRW,NRWs;KW,KTR)

NERRCR=5
IF (NUTMX JLE. O) GO TO 999
- WRITE {NUTMX) NAMEM,NEL yNRW yNRWyNAMEL y{ IBLNKyI=145),
: * (NI 4J) 9y I=1+NRW) 9J=2 yNRH} s (IV1(I}y I=1,NRW)
C
C FORM UNIT LCAD BUCKLING MATRIX (W),
140 IF (NAMEE .EQ. 6H «CR. NAMEB .EQ. 6HNOBUCK) GO TO 20
CALL BUCIB (CJIeEJoKODEE yNAMER yW 43S 3 KCI9KC I g KW oKW)
NERROR=6
IF (NUTPX JLLE. 0) GC YO 999 i
WRITE (NUTEX) NAMEB NEL NRWNRW,NAMEL , (TELNK,I=1,5),
* (IW(I93)sI=14NEW)3I=1NRW),(IV1{(I)},1I=14,NRW)
GC TC 2¢C
C

999 CALL 2ZBOMB (6HEAR  4NERROR)
" END
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"SUSROUTINE BUCIB {CJ9EJyKODERyNAMER,Z2oWyKCJpKEJ9KZoKW) .
DIMENSION CU(KCJs1)y EJ(KES,1), KODEB(1)y Z(KZo1l), ﬂ(KH’l)

SUBPOUTINE TC CALCULATE FINITE ELEMENT...

EUCKLING MATRIX
FCR & COHPINED AXIAL—TURSIGN-BENDING BAR ELEMENTY WITH UNRESTRAINED
BOUNDARIES .
BUCKL ING MATRIX 1S RASED CN UNIT AXIAL LOAD.
BUCKLING MATRIX IS IN GLGBAL COORDINATE DIRECTIONS.
GLORAL COORDINATE ORDEFR 1S

(Uy VoW 4P 4QsR)} JCINT 1, THEN JOINT 2
WHERE U,VeW ARE TRANSLATICNS AND P,QsR ARE ROTATIONS.
EULER ANGLE COMVINTICON IS GLOEAL X,YoZ PERMUTATION.
CALLS FORMA SUAROUTINES 61Al1, Bl1AZ2y BTAEBA,y DCGSIB' 22BCMB.
DEVELOPED BY RL WOHLEN. AUGUST 1973.
LAST REVISICN BY WA BENFIELD. MARCH 1976,

SUBRQUTINE ARGUMENTS
cJ = INPUT MATRIX CF GLCUCRAL XoYeZ CCORDINATES AT BAR JCINTS.
' - ROWS 14243 CCRRESPOND TO XyYo9Z COCRDINATES.
CCLS 1,2 CCPRESPOND TO JOINTS 1,2. COL 3 CORRESPONDS
TC REFERZNCE POINY TC DEFINE LOCAL XY PLANE, SIZE{3,.3).

EJ = INPUT MATRIX OF EULER ANGLES (DEGREES) AT BAR _TTNTS.
: ROWS 14293 CCRRESPCND TO GLOFAL X9Y92Z PERMUTATION.
CCLS 1,2 CORFESPOND TO JCINTS 142. SIZE{3,2).
KODES = INPUT OPTION CCDF FCR LOCAL Y, LOCAL 2 BUCKLING.
1F BLANK, ECTH ARE CALCULATED, SIZE(2).
KCDEB{1)=BY, LCCAL BUCKLING MATRIX IS CALCULATED
FOR LOCAL Y DIRECTION.
KCDEE(2)=£2Z, LOCAL BUCKLING MATRIX IS CALCULATED
FCR LOCAL Z DIRECTIOCN. )
NAMEE = INPUT TYPE OF BUCKLING MATRIX WANTED.
=R1l, AXIAL RCD.
=62y BEAM.
Z = OUTPUT BUCKLING MATRIX. SIZE(12,12}.
W = INPUT WORK SPACE MATRIX. SIZE(12,12),
KCJ = INPUT ROW DIMENSICN CF CJ IN CALLING PRCGRAM.
KES = IMPUT ROW DIMENSION CF EJ IN CALLING PROGRAM.
K2 = INPUT ROW DIMENSIUN OF Z IN CALLING PROGRAM. MIN=12.
KuW = INPUT ROW DIMENSION OF W IN CALLING PROGRAM. MIN=12.

NERRCE  EXPLANATION
DIMENSION SIZE EXCEEDED.
IMPKOPERLY DEFINED NAMEB.

N e
"non

NERROR=1
IF (KZ t7T. 12 ,0R, KW LT, 12) GG TC 999
D0 5 I=1,412
DD 5 1=1,12
S Z(14Jd) = 0.0
RL = SQPTI(CI(1,2)~CI Q1420 )%%2 + (CJI(2,2)-CI(2,1) )22
* + (CJ(342)-CI(3,1))%%x2)
XOGERY 1
KCDERZ 1
IF (KODEB{l)eEC.2H «AMD, KCDEB(2).EQ.2H )} GO TO 10



4’10

110
120

125

300

999

IF

IF
IF
IF

GO

IF
IF

G0

IF
00
oo
{1
AR
IF

(KODEP (1) .NE. 2HBY) KODEBY
(KODEB (2) .NE. 2HBZ) KCDEB2
(NAMEE .EQ. &HE1 ) 60 TO *10
(NAMER .EQ. 6HB2 ) 6o TO 120

n o
(=]

10 999

(KODERY .EQ. 1) CALL BlAl (RLsZ(5,5},KZ)
(KODEBRZ  EQe 1) CALL B1A1l (RLs2(9,9),KZ)
T0 300

(KCDERY oECQ. 1) CALL B1lA2 (RL3Z(545),K2)
125 J=T7.8 :

125 I=546

1d) ==Z(1,J)

21I) ==2(J,1) :

(KODEBZ .EG. 1) CALL B1AZ (RL92(949)4+K2)

CALL DCOSIE (CJeEJehWy KCI9KEJSKW)

CaL
RET

CaL
END

L PTABA (24Wy 12512, KZ,KW)
URN i
L ZZBROMB (6HBUCYIE (NERROR)

BUCIE - 2/ 2

NERROR=2
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SUBROUTINE DCOS1A (CJ9EJe 29KCIyKEJI9KZ)
DIMENSION CJUUKCJI»1)y EJCKES Y1)y Z(KZy1)
DIMENSION P(3), T(3,3)

SUBRGUTINE TU CALCULATE FINITE ELEMENT ...
DIRECTION COSINE MATRIX
FOR AN AXIAL ROD ELEMENT.

DCOS1A-- 1/ 2

THE DIRECT ION COSINE MATRIX RELATES LOCAL COORDINATE ODISPLACEMENTS

TC GLOBAL CCORDINATE DISPLACEMENTS.

THE LOCAL CORDINATE SYSTEM ASSUMES THE ROD TO LIF ALONG THE X AXIS
WITH JCINT 1 AT THE CRIGIN, JOINT 2z ALONG THE POSITIVE X AXIS.
ROW ORDER (LCCAL COORDINATE CRDER) OF DIRECTION COSINE MATRIX IS

DX1,DX2
WHERE DX IS TRANSLATICN.

(U VoW) JUINT 1, THEN JOINT 2.
WHERE U,V,W ARE TRANSLATIONS.

EULER ANGLE CONVENTION IS GLOBAL X,Y,Z PERMUTATION.
CALLS FCRMA SUBROUTINES EULER,MULTBR;ZZB0OMB .

DEVELCPED BY RL WOHLEN. SEPTEMBEPF 1972.
LAST REVISICN BY WA BENFIELD.

SUBROUTINEZ ARGUMENTS
cJ = INPUT

MARCH 1976,

. COLUMN CRDER (GLOBAL CCORDINATE GRDER) CF DIRECTION COSINE MATRIX IS

MATRIX OF GLOUEAL XyY9Z CCORDINATES AT ROD JOINTS.

ROWS 1,243 CCRRESPOND TC X,YsZ COORDINATES.
COLS 1,2 CORPESPOND TC JOINTS 142+ SIZE(3,2).

EJ = INPUT

MATKIX OF EULER ANGLES (DEGREES) AT ROD JOINTS.

RCWS 1452493 CORRESPOND TG GLORAL X,oYeZ PERMUYATION.

z
KCJ
KEJ
Kz

1

NEPROR
= DIMENSICON SYZ2E LESS THAN 2.

IF
PX
PY
Pz
PL

P(1)
P(2)
P(3)

Do
DO

CCLS 142 COURRESPOND TO JOINTS 192. SIZE(3,2).

INPUT
INPUY
INPUT

RCW ODOIMENSION OF CJ
ROW DIMENSICN OF EJ

EXPLANATION

{KZ .LT. 2) GO TU 999
CJ(14+2)-CI(1,1)
CH(Z42)-CI(2,1)
CJ(3,42)-CU(3,1)

SORT(PX*%2 4+ PY*x%Z + PZ%%2)
PX/FL

PY/PL

PZ/PL

10 1I=1,2

10 Jd=1,4¢6

wonwonon

nnn

2{I4J) = G0

CALL EULEP (FJ(1,1),T7,3)
CALL MULTB (PyTy 15333, 1,3)
DC 22 J=1,23

Z(l,J’ = T(lpJ,

CALL EULEPR
CALL MULTH

(EJ(1,2
(PyT,

)2 T4 3)
1334934 1,3)

CUTPUT DIRECTIONM COSINE MATRIX. SIZE(246)

IN CALLING PROGRAM,
IN CALLING PROGRAM.

RCW DIMENSION OF Z IN CALLING PROGRAM. MIN=2.

NERROR

1
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DO 24 J=1,3
24 Z(2,343) = T(1,0)
© RETURN
¢

999 CALL Z2Z60MB (6HDCOS1A 4NERROR)
END ’
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SUBROUTINE- DCOS1E (CJyEJeZ2 KCJI9KES9KZ)
DIMENSICON CJO(KCJs1)y EJUIKEJ 1)y 2(KZy1)
DIMENSION W(3,3), T(3,3)

SUBROUTINE 7O CALCULATE FINITE ELEMENT...
GIRECTIUON COSINE MATRIX

FOR A COMEINED AXIAL-TORSION-BENDING BAR ELEMENT.

THE DIRECTICN COSINE MATRIX RELATES LOCAL COORDINATE DISPLACEMENTS

TC GLCRAL COORDINATE DISPLACEMENTS.

THE LCCAL CCCRDINATE SYSTEM ASSUMES THE BAR TO LIE IN THE X-Y PLANE

WITH JCINT 1 AT THE CRIGIN, JOINT 2 ALONG THE POSITIVE X AXIS,

REFERENCE PCINT 3 (7O DEFINE THE LOCAL X-Y PLANE) IS IN THE

POSITIVE Y DIPECTION.

ROW ORDER (LOCAL COCRDINATE CRDER) OF DIRECTION COSINE MATRIX IS
DX14DX2y TX12TX2y DY14DY2,T21,T22y DZ14DZ2,TY1,TY2

WHERE DX,0Y,0Z ARE TRANSLATIONS AND TX,TY,TZ ARE ROTATIONS.

COLUMN CRDER (GLOBAL CCORDINATE CRDER) OF DIRECTION COSINE MATRIX IS
(UyVoW,P,0oR) JOINT 1, THEN JOINT 2

WHERE U,V,W ARE TRANSLATIONS AND P;QsR ARE ROTATIONS.

EULER ANGLE CONVENTION IS GLOBAL X,Y,Z PERMUTATION.

CALLS FORMA SUBROUTINES EULER,MULTB,ZZBCMB. i

DEVELOPED BY RL WCHLEN. FEBRUARY 1973.

LAST REVISICN BY WA BENFIELD. MARCH 1976,

SUBRCUTINE ARGUMENTS
cJ = INFUT MATR1X CF GLCBAL XeYsZ CCORDINATES AT BAR JOINiS.
ROWS 1,293 CORRESPOND TC X,.YoZ COORDINATES.
COLS 1,2 CCORRESPCND TO JOINTS 1,2. COL 3 CORRESPONDS
TO REFERENCE POINT TO DEFINE LOCAL XY PLANE. SIZE(3,3).

tJ = INPUT MATRIX OF EULER ANGLES (DEGREES) AT BAR JOINTS.
POWS 1,243 CCRRESPCND TO GLOBAL X4YysZ PERMUTATION.
COLS 1,2 CCRRESPOND TO JCINTS 142. SIZE(3,2).

ra = QUTPUT DIRECTION COSINE MATRIX. SIZE(12,12).

KCJ = ILPUT  ROW DIMENSICN GF CJ IN CALLING PROGRAM.

KEJ = INPUT RCW DIMENSION OF EJ IN CALLING PROGRAM.

K2 = INPUT ROW DIMENSION OF Z IN CALLING PROGRAM.. MIN=12.

NMERROR EXPLANATION
1 = DIMENSICN SIZE LESS THAN 1Z2.

NERROR = }
IF (KZ .LT. i2) GO TG 999

PX = CJ(1,2)~CJ{1,1)

PY = CJ(2,2:-CJ(2,1)

P2 = CJ(3,2)-CJI{(3,1)

PL = SORT(PX%%x> 4+ PY%%2 4+ PZ%x%*2)

RX = PY®{(CJ(3,3)-Cal341)) ~ PZ*x{CI(2,3)-CI(2,1))
RY = PZX(CJ(1,3)=CJ(1,1); ~ PX*(CI(3,3)~-CU(3,1))
RZ = PX%x(CJI(2,2)=CI(24+1)) = PY®R(CJI(143)-CI(1,1))
RL = SORT{RX%*%2 + RY¥%%2 4+ RZ%x%2)

X = RY*E? — RZI%*PY

QY = RZ*PX — RX*PZ

QZ = RX*PY — RY%*PX

QL = SQRTIOX3%2 + QY%%x2 + QZ*%2)

W(l,1) = PX/PL
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22

24

999

W(l1,2)
¥(1,3)
Wi2,1)
W(2,2)
W(2,3)
W(3,1)
Wl>,2)
v (3,3)
0o 10 J=1
[0 16 1=1
(1yJd) =

CALL EULE
CALL MULTY
bC 22 J=1
Z(1,4})
(5,31
2{9,.4)
JP3 = J+3
20 2,JP3)
2( 7,4P3)
2(11,9P3)
CALL EBEULE
CALL MULT
GO 24 J=1
JP6 = J+6
Z( 2.+9P6)
Z( &4JF0)
2(i0,JP¢&)
JPG = J+9

[T T £ N (I 1 N 1 B [

[ ]

It 4,49P9)Y

2( &4JP9}
7(12,JP9)
T TURN

CALL ZZBEC
END

PY/PL
pz/PL
ox/0oL
Qy/QL
cz/7oL
RX/RL
RY/RL
RZ/RL
112

212

G.0

P (E3(151)97,3)

R {EJ(132),T,3)
B {(WeTy 3933435 343)

B (W,T;
3
T(1,Jd)
T(2:J)
T(3,44)
= T(].,J)
= T(2,J)
= T(ZyJ)
13
= T(1.J)
7 T(24d)
= T(3yJ)
= T(l,J)
= T(31J)
= 1(21\!)

ME {6HDCOS1B ¢NERRCR)

DCOS1B—— 27 2
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SUBROUTINE DCOSZ (Gl eEJeZsKCJIeKESK2)
DIMENSICN CI(KCIs1)y THIKFIL13: ZUIKZ,1)
CIMENSION W(3,3), T(3,3)

SUBROUTINE TOQ CALCULATE FINITE ELEMENT ...
DIRECTICM CUSINT- MATRIX

FOF A CCMBINED MEMBRANE-PENDING TRIANGLE PLATE ELEMENT.

THE DIRECTICN CCSINE MATRIX RELATES LOCAL COORDINATE DISPLACEMENTS

TC GLCRAL COORDINATE DISPLACEMENTS.

THE LCCAL CCCRDINATE SYSTEM ASSUMES THE PLATE TO LIE IN AN X-Y PLANE

WITE JCINT 1 AT THE CRIGIN, JOINT 2 LIES ALONG THE POSITIVE

X AXIS, AND JCINT 3 IS IN THE POSITIVE Y GIRECTIONS

ROW QOPDE®R (LOCAL CCCPDINATE QOFUDER) OF DIRECTION CCSINE MATRIX IS
(NX,DY,72) JOINT 14 THER JSOINT 2, 3, NEXT ’
(DZ+TXoTY) JCINT 1, TREN JCINT 24 3

WHERE DX [:YyDZ ARE TRANSLATICNS AND TX,TY,TZ ARE ROTATIONS.

COLUMN OFDER (GLREAL CCORDINATE OKDFR) OF DIRECTION COSINE MATRIX 1S
(U,V'H,P,Q,F; JOCINT 1, THEN JCINT 7 . 3. -

WHERF U,V,W ARE TRANSLATICNS AND P,CysKk ARF ROTATIONS.

EULER AMGLE CONVENTICN IS GLORAL X,Y9Z PERMUTATION.

CALLS FCRMA SUEROUTINES EULER,MULTB,2ZBCMB.

DEVELGPED EVY W2 EENFIELD. FEFRUARY 1973,

LAST REVISICN BY Wi BENFIELD. MARCH 1976.

SUERCUTINE ARGUMENTS

CJ = INPUT MATR(X CF GLCEAL X,YsZ CCCPDINATES AT TRIANGLE JOINTS.

RCWS 14242 CCFRESPOND TO X Y472 COCORDINATES.
COLS 1,243 CORPPESPOND TO JOIMTS 1,243+ SIZE(3,3).

L = INPUT MATRIX CF EULER ANGLES (DEGRFTS) AT TRIANGLE JOINTS.
RCWS 14292 CORREz SPCND TC GLCBAL Xo.Y9Z PERMUTATION.
CCLS 14293 CCRPESPOND T0 JOINTS 142,3. SIZE(3,3).

Z = QUTPUT DIRECTICN CCSINE MATRIX. STZt(1E,18).

KCJ = INPUT »r(d DIMENSICN "7 CJ IN CALLING PROGRAM.

KEJ = INPUT RCWw DIMENSICN OF EJ IN CALLING PPOGRAM,

KZ = INPUTY PRCOW DIMENSICON OF Z IN CALLING PROGRAM. MIN=18.

NEFRCR EXPLAMATICN
1 = DIMENSION SIZE LESS THAN 18.

NERROR=1
IF (KZ .LT. 1&) CC TQ 9¢%¢

bXx = CJ(1,2)-CJl(1,1)

PY = (J(2,2)-CJ(2,1)

PZ = CJ(Z2,2)-CJ(3,1)

PL = SORTIPX*=2 + PY**%2 + BZIx%x2)

FX = PY*(CJI(Z,3)-CJ(3,1)) — PZx(CJ(2,3)~CJ(2,1))
RY = PZH(CI(1,43)-CJ(1,41)) = PX¥(CI(2,3)-CIt3,1))
RZ = PX%(CI(2:2)- Lul(2+1)) — PYX(CI(143)-CJ{1e1))}
RL = SORT(RX#%¥z + RY%X%Z2 + RZ2%%2)

QX = RY*PZ -- RZ%PY

€Y = RZ2*PX —~ RX%PZ

QZ = RX%FY - RYx%PX

CL = SQRTECx=%2 + QY¥*2 + QI*%2)

W(l,1) = PX/FL

W(i.2) = PY/PL
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50

99¢%

wil,3) = P2/PL
A(2.1) = OX/QL
W(2,2) = QY/QL
Wi2,3) = eZ/sQL
W(3,1) = EX/RL
W(3,2) = RY/RL
W(3,3) = PZ/RL

0C 10 J=1,18
DC 10 1=1,18
211,3) = 0.0
DO SO NW=1,3
CALL FULFR
CALL MULTE

172 = 3%{(NW-1)

J22
OO CC JW=1,2
JZ = JZ2249%
20122+ 1,432)
20122+ 2,427)
2(122+31C,J2)
JZ = JZ+2
2122+ 3, J2)
2(122+11,42)
2(122+412,J32)
CETURN

CALL 22BCME (6KBDLCOSZ

END

5% (NW-1}

wonon

"nnu

(EJ(13NW) 4T 43}
(Wy Ty 353,33, 343)

T(lyJW)
T(24J44)
T{3, W)

T(3,3%)
TiledW)
T(ZyJK)

#NERKCR)

DC0S2 -=- 2/ 2
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SUERCUTINE DCOS3C (CI2ES9Z29KCI9KEJI9KZ)
DIMENSICN CI(KCJI91)y ES(KEJIL1)y 2(K2,1)
DIMENTICN W(2,3)s T(2,3)

SUBRCUTINFE T CALCULZTE FINITE ELEMENT .o -
DIRECTICN COSINE MATRIX
FCR 2 REUTANGULAF SHEAF PANEL ELEMENT.
THE CIRECTICM CCSINE MATRIX RELATES LOCAL COCRUINATE DISPLACEMENTS
TC GLCBAL CCTURDINATE DISPLACEMENYS. : .
THE LCCAL CCCRDINATE SYSTEM ASSUMES THE PANEL TO LIE IN AN X-Y PLANE
WITH JCINT 1 AT THE X-Y CRIGIN, JCINT 2 LIES ALCNG THE .POSITIVE
X AXISy JCINT 3 IS IN THE B2CSITIVE XY DIRECTION, AND JOINT & LIES
ALONG THE FOSITIVE Y AXIS. )
ROW CRODER (LCCAL CCORDINATE ORDEFR) COF OIRECTION COSINE MATRIX IS
DX1,DX24DX%2,DX4, CY1,0Y2,0Y3,0Y4 ) .
WHERE DX,0Y ARE TRANSLATICNS,
CCLUMN CRDER (CGLUFAL CCORDINATE CRDER} CF DIRECTION COSINE MATRIX IS
{Uy,VeW) JCINT 1, TEEN JCINT 24 3y 4. ) ’
WHERE U,V,W /PE TPANSLAT IONS.
EULER ANGLT CONVENTICN IS GLCEAL X4Yy2 PERMUTATION.
CALLS FNRMA SURRCUTIMNES EBULER,MULTEZZ80OKB.
DEVELCPED EY RL WOHLENe APRIL 1974,
LAST REVISICM BY WA BRENFIELD. MARCH 16976.

SUBRCUTINY ARGUMENTS
cJd = INPUT MATRIX OF GLCBRAL X,Yy2 COCRDINAYES AT PANEL JOINTS.
FCOWS 1,293 CORRESPCOND TO X,Y:Z COORDINATES .
CCLS 1429344 CCRRESPOND TC JCGINTS 1,2,344¢ SIZE(394).

EJ = INPUT MATRIX OF BULER ANGLES (DEGREES) AT PANEL JOINTS.
FOWS 1,424+3 CCFFESPOND TO GLOPAL X,YeZ PERMUTATION.
: CCLS 1424294 CORRESPOND TO JOINTS 14245394 SIZE(344).
z = CUTPUT DIKECTICN COSINE MATRIX. SIZE(Ry12).
KCJ = INPUT ROW CIMENSIUN CF CJ IN CALLING PRDGRAM.
KEJ = INPUY  PCW DIMENSION OF ES IN CALLING PROGRAM.
K2 = INFUT RCW GIMENSION OF Z IN CALLING PROGRAM. MIN=8.

NEFRCE EXPLANATICN

‘1 = DIMENSICN SIZE TCC SMALL.

NERROR=1
IF (K2 .L7. E) CC TC 999

PY = CI()+2)-CH(1,1)

PY = CJ(2,2)-0J0(2,1)

PZ = CI(2,2)-0J13,1)

PL = SQFY(PX*%2 + PY%®%X2 4 P7%%2)
€X = CJI(1,y4)-CJI(1,1)

CY = (J(244)-CJ(2,1)

C2 = (JU(3,44)-00(3,1)

CL = SURTUOY®%Z 4+ CY®%2 + (7I%%2)
W(lgl, = pX/pL 7
w(l,2) = FY/PL

Wlle3) = PZ/VL

Wlz,1) = OX/CL

W({2,2) = CY/ZCL

W(242) = QZ/CL



c

.

16

5C

naO 10 J4=1,12 .

o0 16 1=1,8

2(1.8) = 0.0

DO S0 TJINT=1l,4

CALL BULER (EJSC(1.,IUNT),T,3)
CALL MULTE (WeTy 293434 243)
JZZ = 2R*(IJNT-=1)_

DO £Q JW=1,3

JZ = JZr+3w

ZLIINT 4 JZ) = T(1,J0W)
ZUIUNT+44,37) = T{Zs W)
RETURN

99¢ LALL ZZ6BCMB (6HDTCOS3C ¢NERRCR)

END

DCOS3C-— 2/ 2




EULER

SUERCUTINE EULER (E4R4KR)
DIMENSICN E(1)+R(KR,1}

C LCULATE FULFR ANGLE RCTATIIN TRANSFORMATION MATRIX,
FUIER ANGLE CONVENTION IS CGLCEAL XoYeZ PERMUTATION.
SEVELOPED EY C7 BODLEY. MARCH 1973.

|

SUBRCUTINE ARGUMENTS
= INPUT VECTOR OF JCINT EULER ANGLES (DEGREES).
LCCATIONS 1+2,3 CCRRESPCND TC THE GLUBAL X.YeZ
PERMUTATION. SIZE(2).
OUTFUT EULER FOTATION TRANSFORMATION MATPIX. SIZE(3,3).
INPUT ROW DIMENSION CF R IN CALLING PRCGRAM.

~

A
Pt
"

4

DICR = ATAN2{l.y1.)/45.

) )
(o) ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬂ

C1
c2
c2
<1
s2
S3

COS(E(1)*DTOR)
CCS(EC2)*DTCF)
CCS{E(2)*DTCR)
SINCE(1}*DTCR)
SIN(E(2)*LTCFP)
SINCE(3)*DTCRY

£{1.1}
FLZ42)
Ft1,3)
R(2,1)
R{242)
F(2,2)
F(3,1)
K(3.2)
R({3,3)

C2*C=
—C2%82
s2
C1*82 + S1*82*(C53
(1=C3 - S$1%52x%53
-51%C2
S1%E3 - (1%82%(3
Si*C3 + C1*S2%S2
C1C2

wowoan Nt

RETURN
ENG
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FINEL == 17 5

SUBRCUTINE FINSL (XYZ.JDCF 2FULJNUTEL NI,

* NUTM JNUTK NUTLT g NUTS ToNUTE o VoL VoKV,

* KRXgKR J,KRE JNUTMXSNUTKX JNUTY JNUT2,NUT3}
CIMENSICN XYZ(KRX,1)e JDOF(KRJI91)y FULIKREL:1)s V1), LVI(Y)
CIMENSICN Wl(24,24)y WZU124424), H3(24,24l
DATA ¥W/24/4 TBLANK/GH ) 11717
DATA N1IT,ANOT/5,6/

SUBRQUTINE TC CALCULATE (ON CPTICN) FINITE ELEMENT...
A_LYMELED .MASS MATFRIX (ON NUTM),
ASSEMELED STIFFNESS MATRIX (ON NUTK),
ELEMENT LCCAL LCAD TRANSFORMATION MATRICES,y IVECS (ON NUTLT),
ELEMENT GLCBAL LCAD TFANSFCGRMATION MATRICES, IVECS (ON NUTKX),
ELEMENT STRESS TRANSFCRMATION MATRICES, IVeCS (ON NUTST),
ELEMENT UNIT LCAD BUCKLING MATRICES, IVECS (CN NUTB).
IVEC GIVES FLEMENT OOF INTO GLCBAL DGFre EXAMPLES...
IVEC(6)=834 PLACES FLEMFENT DCF 6 INTO GLOPAL DOF 834,
IVEC(3}=C CMITS ELEMENT DCF 2 FROM GLGEAL DOF. THIS CONSTRAINS
ELEMENT DCF 3 TC 26RO MCTICN.
DATa ARRANGEMENT GN NUTM, NUTK FOR THE ASSEMBLED MATRICES IS IN
SPARSE (Y) FCFMA SUEFCUTINE FORMAT.
DATA AFRANGEMENT CON NUTLT, NUTKX, NUTST, NUTPF FOR EACH FINITE
ELEMENT (WFITTEN IN SUBRCUTINE AXIAL, BAR, ETC) IS
WRITE (NUTW) NAMEWSNELoNP JNC,NAMEL (IBLANK,I=1,45),
({W {13} 9I=14NR)I= 1,NC)'(IVELix!gI—l’NCI
NAMEW NAMELT,NAMEKX yNAMES Ty, OR NAMER.
NAMEL AXTYALSPAFLETC.
LAST RECCRD {TC ODENCTE TERMINATION) 1S,
' WRITE (MUTW) TELANK(I1,1=1,20)
THE FOLLOWING UTILITY TAPES USE RASIC FORTRAN READ, WRITE. DO NOT
USE THESF TAPES IM SPAKSE (Y) FCRMA SUPRCUTINES WHICH USE FORMA
SUEROUTINES YIN, YOUT (BECAUSE THEY USE BUFFER IN, BUFFER CUT).
NUTLT, NUTET, NUTMXe NUTKX, NUTE,
THE FCOLLOWING UTILITY TAPES USE FCRMA YINg YCUT.
NUTM, NUTK, NUT1, NUTZ, NUT3,
CALLS FCRMA SUFRCUTINES AXIAL HRAR s FLUID +GRAVTY,PAGEHD,QUAD
RECTSP,TOM . (YRVAD2,226CMB,
DEVELDPED FY wWa EENFIELD, CS EODLEY, RL WOHLEN. JANUARY 1973,
LAST REVIZICN SY Rt WCOHLEN, MAY 1976.

REXIRXXAREREXSAUGEZBEXERRXEZEIRZE SRR AR SS R EE RS RRTE EEF R X FF - kg kkXkFE Tk
INPUT DATA RFAD IN THIS SUERCUTINE FROM NUTEL. IF NUTEL = 5, DATA IS
READ FRCM CARDS.
50 NAMEL FORMAT (AS)

IF (NAMEL «fG. OHRETURN) RETURN

IF (NAMEL JEC, 6HAXIAL ) CALL AXIAL (SEE -UBRT FCR INPUT)

IF (NAMLL .EQ. EHEAF 7 CALL BAK (SEE SUERT FOR INPUT)

IF (NAMYL FCe OHFLUIC ) CALL FLUID (SEE SUBRT FCR INPUT)

IF (HAMEL <FQ. O6HGFAVTY) CALL GRAVTY (SEE SUERT FCR INPUT)

IF (NANMEL JFO. 6HQUAD ) CALL CQUAD (SEE SUERT FfUR 1INPUT)

IF (NAMEL -EC. 6HRECTSP)Y CALL REC/SP (SFE SUERT FOP INPUT)

IF {NAMFL FG. 6HTRNGL ) CALL TRNGL (SEE SUBRT FOR INPUT)

GC TC 0

DEFINITICN OF INPUT VARIAELES.
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NAMEL
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AXIALy BERy ETC AS SHUWN ABOVE. GIVES SUBROUTINE CALLED.

EXPLANATICN OF INPUT FORMATS. NUMBER INDICATES CARD CCLUMNS USED.
ANY KEYPUNCEH SYMBCL. ’
CARD CCLUMNS SKIPPED.

ry
X

EL 222222 S22 222 2222222222222 2o 22 2222 R o2 2222 22 22 2Tl 20 20 2 22 L

-

SUBROUTINE ARGUMENTS (ALL INPUT)

XYz

JOCF

EUL -

NUTEL

NJ
NUTM

NUTK
NUTLT
NUTST

NUTB

Lv
Kv
KRX
KRJ
KRE
NUTMX

-

:
" " ] "on " "

noo uw R nny

MATRIX OF JOINT GLOEAL X,YeZ COCATIOMS, ROWS CORRESPOND

TC JOINT NUMBERS. COLUMN: 14243 CCRRESPOND TC THE JUINT
YoZ LOCATIONS RESPECTIVELY. SIZE(NJS,3}.

NLY EF EJUIVALENCED TC V(1) IN CALLING PROGRAY.

MATRIX OF JQINT GLOEAL DEGREES OF FREEDCM. RUWS CORRESPOND

TC JCINT NUMEERS. COLUMNS 14253 CORRESPIND TO THE JSOINT

TRANSLATION DOFS AND COLUMNS 44546 CORRESPOND TC THE JOINT

ROTATION DCFS., SIZE(NJy6).

MAY BE FQUIVALENCED TC LV(1) IN CALLING PRCGRAM.

MATRIX CFJOINT EULER ANGLES (DEGREES)e ROWS CORRESPOND

TO JOINT NUMBERS. COLUMNS 1,2,3 CCPRESPGND TO THE

cLOFAL XeYeZ PERMUTATICN. SIZE(NJ+3). MAY BE

EQUIVALENCED TO VIKRX*({XYZ COL DIM)+1) IN CALLING PROGRAM,.

LCGICAL NUMBER CGF TAPE CONTAINING ELEMENT INPUT DATA FCP

THIS SUBPRDUTINE AND SUBRCUTINES AXIAL, ETC GIVEN BY NAMEL.

IF NUTEL = S5, DATA WILL EBEE READ FROM CARDS.

NUMRER OF JOINTS DR ROWS IN MATRTCFS (XYZ), (JDOF)y (EUL}.

LOCICAL NUMBER OF UTILITY TAPE CN WHICH ASSEMEBLED

MASS MATRIX IS CUTPUT IN SPARSE NCTATICN, .

NUTM MAY BE ZERD TF MASS MATRIX IS NOT FORMED.

USES FORMA YIN, YOUT.

LOGICAL NUMEER CF UTILITY TAPE ON WHICH ASSEMELED

STIFFNESS MATRIX IS GUTPUT IN SPARSE NCTATION.

NUTK MAY RE ZERO IF STIFFNESS MATRIX IS NOT FORMED.

USES FORMA YIN, YCUT.

LOGICAL. NUMBER OF UTILITY TAPE ON WHICH ELEMENT LC LU
LCAD TRANSFOGRMATICN MATRICES AND IVECS ARE CUTPUT.

NUTLT MAY BF ZERC IF LCAD TRANSFCRMATIONS ARE NOT FORMED,
USES FORTRAN READ, WRITE.

LOGICAL NUMRER OF UTILITY TAPE ON WHICH ELEMENT

STRESS TRANSFCRMATICN MATRICES AND IVECS ARE COUTPUT,
NUTST MAY BE ZERO IF STRESS TFANSFORMATIONS ARE NOT FORMED.
USES FORTRAN READ, WRITE.

LOGICAL NUMEER OF UTILITY TAPE ON WHICH ELEMENT UNIT LOAD
BUCKLING MATRICES AND IVECS APE CQUTPUT,

NUTB MAY RE ZERC IF EUCKLING MATRICES ARE NCT FORMED
USES FORTRKAN READ, WRITEK.

VECTOR WOFK SPACE.

VECTCR WPRK SPACE.

DIMENSICON CJZE COF VoLV IN CALLING PROGRAM.

RCW CIMENSICN COF XYZ IN CALLING PROGPAM.

FCW DIMENSICON OF JDOF IN CALLING PRPOGRAM,

ROW CIMENSTION OF EUL IN CALLING PROGRAM,

LOGICAL NUMBEEK COF UTILITY TAPE ON WHICH ELEMENT

MASS MATRICES AND IVECS ARE STCRED,

NUTMX MAY RE ZERC IF MASS MATRIX IS NOT FORMED.

USES FORTRAN FEAD, WRITE.
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€C NUTKX = LCGICAL NMUMBER CF UTILITY TAPE ON WHICH ELEMENT

C STIFFNESS MATRICES (SAME AS GLOBAL LOADS TRANSFORMATION
C MATRICES) AND IVECS AFE STORED.

C NUTKX M2Y bE ZERC 1IF STIFENESS MATRIX 1S NOT FORMED.
C USES FORTRAN READy WRITE.

€ NuUT1 = LCGICAL NUMBER CF UTILITY T..PE. USES FORMA YIN, YOUT.
C NUT2 = LNGICAL NUMERER CF UTILITY TAPE. USES FORMA YIN, YOUT.
C NUT3 = LOGICAL NUMBER OF UTILITY TAPE. USES FORMA YIN, YOUT.
c

C MERRCR EXPLANATION

€ 1 = NAMEL IMPRCPERLY OEFINED.

c

1001 FORMAT (AL}
2001 FORMAT (//41X 3SHJOINT DATA USED IN SUBROUTINE FINEL)
2002 FORMAY (/735X 47THJOINT DATA USED IN SUBRCUTINE FINEL (CONTINUED))
2003 FORMAY ( /718X _8HDEGREES OF FREEDCM
18X 28HGLOBAL CARTESIAN COORDINATES
12X 22HEULER ANGLES (DEGRFEES)
/714X 1YHTRANSLATICON 8X EBHROTATICN
/ ZXSHJOINT 6X1IHU EX1HV SX1IHW “XIHP SX1HQ 5X1HR
TIXIHX 1IXYIHY 11XYIHZ 14&XTIHX YOXIHY 10X1HZ /)
2004 FORMAT (1X 15, 3X 616y 3X 3F12.44 &X 3F11.4)
C :

* W M W W

IF (NUTMX oGTe 0) REWIND MUTMX
IF (NUTKX oCGT. 0) REWIND NUTKX
IF (NUTE CT. C) REWIND NUTE

IF {NUTLT .GT. G) REWIND NUTLTY
IF (NUTST .GT. C) REWIND NUTST

DETERMINE SIZE OF FINAL MASS-STIFFNESS MATRIX FRCM THE MAXIMUM DCF
NUMRER IN JDOF, :
NDOF = JDOF(1,1)
- DG 35 1=1.NJ
DC 35 J=1,6
TF (JDOF(14d) «GT. NDCF)} NDCF=JDCF{1,4)
35 CONTINUE

(aNaNal

C PRINT JOINT DCFy XYZ CODRDINATES, EULER ANGLES.
CALL PAGEHD
WRITE (NCT,2001)
WRITE (NOT,20602)
NLINE = ©
DC 40 Ile’NJ
NLINE = NLINE+]
IF (NLINE .LE. 4Z2) GO TC &0
CALL PAGEHD
WRITE (NCT4zCC2)
WPITE (NOT,2002)
NLINE = 1
40 WKITE (NOT,2004) IJy (IDCF(1J49d)y J=146)y (XYZ(IJ4d)y J=1,3),
* (EUL (IS, 3)y J=1,31)
c
C READ FINITE ELEMENT TYPE.
50 FEAD (NUTEL.1GCY) NAMEL
IF (NAMEL .EQ. 6HRETURN) GO TC 50C



IF (HAMEL JFC. 6HAXIAL ) GC 7O 110
IF {NAMEL .[9. OKREAR ) GO TC 140
IF (NAMEL .EQ. &BTRNGL ) GO TC 150
IF (NAMEL .EQ. 6RFLUID ) GO TO 151

IF (NAMEL JEC. SHQUAD ) oC TO 160
IF (NAMEL .EQ. 6HRECTSP) GO TO 162
IF (NAMEL .EGQ. G6HGRAVTY) GO TC 171

RAR FINITE ELEMENT (AXIAL CNLY).
110 CALL AXIAL (XYZ4JDCF L EUL JNUTEL yNJy

* NUTMX 4NUTKX4NUTLT,NUTST,

* W.oaW24W3 gKEX 3KRJ 4KRE yKW)

GO TQ 50
BAR FINITE ELEMENT (CCMEINED AXIAL, TORSION, BENDING).
140 CALL BAR (XYZ 9 JDCF yEUL {NUTEL ¢NJ,

* NUTMX s NUTKXs NUTB yNUTL T NUTST,

* WlsWZ9W3 JKRX qKRY ¢KRE oKW)

GG TG S0

TRIANGULAR PLLTE ELEMERNT,
150 CALL TRNGL (XYZ3JGOF yEUL yNUTEL ¢NJy -
* NUTMX o NUTKX o NUTB 4NUTLT 4NUTET,
* WY W2 g W3 pKRX yKRJ sKRE o KW)
GO T0 50
FLUID ELEMENT.
151 CALL FLUID (XYZ9JDOF 4EUL JNUTEL 4NJ»
* NUTMX NUTKX o NUTLT,NUTST,
* NI sWZ9W3 JKRX yKRJ 4KRE JK W)
GO TC 5¢C
QUADRILATERAL PLATE FLEMENT.
160 CALL QUAD {XYZ o JDCF EUL JNUTEL yNJ
* NUTMX NUTKX s NUTR ,MUTLT ,NUTST,
* WIigWZeW3 oKRX oKR o KRE 9KW)
GO TN 5¢C
RECTANGULAF SHEAR PANEL,
162 CALL KECTSP (XYZ.JDCF 4EUL {NUTEL 4NJ,
* NUTMX¢NUTKX 4 NUTLT oNUTE T,
* WYsW29W3 ¢KRXyKRIJKRE SV W)
G0 TO 50
GRAVITY FLEMFNT.
171 CALL GRAVTIY (XYZ,JDOF ,EUL NUTEL4NJ,
* NUTKX
* Wl1pW29W3 yKRX gKRJISKRE yKW)
GO 70 50

TERMINATE FINITE ELEMENT DATA ON STCRAGE DISKS,

500 IF (NUTMX +GT. 0) WRITE (NUTMX) IBLANK:(I1s1=1,30)
IF (NUTKX oGT. C) WRITE (NUTKX) TBLANK,.(I1,41=1,30)
IF (NUTR  .GT. O) WRITF (NUTE) IELANK,y(I1,1=1,30)
IF (NUTLT «GT. C) WRITE (NUTLT) IBLANMK, (11,1I=1,30)
IF (NUTST .GT. 0) WRITE (NUTST) IBLANK,(I1,1=1,30)

SUM FINITE ELEMENTY MATFICES.
IF (NUTM.GT.() CALL YZ2ERC (NUTM(NGCF4NOCF)
IF (NUTKeGTe0) CALL YZEKD (NUTKoNDCF4NDCF)

FINEL == &4/ 5

NERROR=1
GO TC 999



FINEL ~= 5/ 5

IF (NUTMX «GTe 0) CALL YRVADZ (NUTMXoNUTMNDCF K +KWyVyLVKV,

* NUT1,NUT2,NUT3)

IF (NUTKX «GTe O) CALL YRVAD2 (NUTKXoNUTK JNDOF 3 W1 yKWo VoLV KV,y
* ' NUT1 .NUT2,NUT3)

RETURN

c
996 CALL Z2ZBOMB (6HFINEL - NERRCOK)
END
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FLUID -- 17 6

SUERCUYINE FLUID (XYZ 3JDCFyEULSNUTELSNJ

* NUTMX yNUTKX , NUTLT,NUTST,

* Wy Ty Sy KXy KJIy KEy KW)

DIMENSION XYZ (KX 31)JDOF(KJI91)y EULIKE,1)y WiKWyl),
* T(KWel)y StKW,yl)

DIMENSION CJU(398) 4B (398)3IVI(24)IVTET(1214JM(44316),V0LIL0),
* DV(12),DIST{12,12),TV(24])

DATA NRW,NRST/24,1/4 IBLNK/6H /21181 /707

DATA NIT4NCT/ £,6 /

DATA NAMEL / 6HFLUID /

DATA KCJ 7 2 /9y ¥IM / 4 /

DATA KDIST 7 12 7 » IFBAD /7 1 /

DATA IM/1 4293549 3963492y 29694959 3,591,492+

* 19396959 19634959 23T 94959 Ye29495,

* 49798959 5929 Tely 4929397y 1929F,46,

* 13658459 1934498y 192433496, B32y746 /

SUBRCUTINE TC CALCULATE (ON'OPTICON? FINITE ELEMENT ...

MASS MATRICES AND LVECS (ON NUTMYX3,

STIFFNESS MATRICES (SAME AS GLODAL LOAD TRANSFORMATICN MATRICES)

AND IVECS (ON NUTKX),

PRESTURE TIANSFORMATION MATRICES AND IVECS (CON NUTST),
FOR FLUID ELFMENTS.
ELEMENT SHAPE MaAY Bt TETRAHEDRCN, PENTAHEDRCN, OR HEXAHEDRON.
MASSy STIFFNESS MATRICES ARE IN GLOBRAL CCORDINATE DIRECTIONS.
GLCBAL CCORDINATE CRDER 1S

(UeVeW) JOINT 1, THEN JCINT 24929451{5964758).
WHERE U,V4eW ARE TRANSLATIONS.
IVEC GIVES ELFMENT DCF INTC GLORAL DOF. EXAMPLES...

IVEC(6)=834 PLACES ELEMENT DOF €& INTO GLOBAL DOF 834.

IVEC{3)=0 CMITS ELEMENT DOF 3 FRCOM GLOFAL DOF. THIS CONSTRAINS

ELEMENT DCF 3 TO ZERC MCYION.

PRESSURE TRANSFORMATION MATRICFS RELATE CHANGE IM PRESSURE (DUE TO
CCMPRESSIRILITY) TC DEFLECTICNS IN THE GLOBAL COCRDIWNATE DIRECTIONS,
PRESSURE CHANGE WITHIN THE FLUID ELEMENT IS CONSTANT. STATIC PRESSURE
DUE TC GRAVITY AND FLUID KEIGRT IS NOT INCLUDED.
DATA ARRANGEMENT ON NUTMX, NUTKX, NUTST FOR EACH FINITE ELEMENT 1S
(W=M oK ,Sr’

WEITE (NUTWX) NAMEW NEL JNPJNC JNAMEL,(IBILNK,I=1,5),

((WET3J) e I=14NR ) J=14NC Yo (IVEC(TI)I=14NC)}

CALLS FOFMA SUBROUTINES TEGECOM,VCROSS,VDOT 4Z2ZBOMB.
DEVELOPED BY C £ EBEOLLEY. FEEBRUARY 1974,
LAST REVISICN BY wa BENFIELD, MARCH 1976,

INPUT DATA READ IN THIS SUBROUTINE FRCM NUTEL. IF NUTEL = NIT, DATA IS
READ FRCUM CARES.

NAMEM o NAMEK JNAMEL Ty NAME ST FORMAT {4(A6y4X)
RCyEKM FOFMAT (2(5X,E10))
20 NEL9JY 92503904905 906 9074 JE FORMAT (915)
IF (J1 .E¢. O) RETURN
GC TC 20

DEFINITION O'F INPUT VARTABLES.
NAMEM = TYPE CF MASS MATRIX WANTED.
= M1, LUMPED MASS MATRIX.
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NAMEK

NAMEL

NAMEST

RO
BKM
NEL

J1
J2
J3
J4
Js

Jo

J7
J8

o

o

nwnn

FUYTD —= 2/ 6

M2, QUASI-IRROTATIONAL CONSISTENT MASS MATRIX.

MZ, IRRCTATIONAL MASS MATRIX.

= &K CR 6HNCMASS, NC MASS MATRIX CALCULATED.

TYPE CF STIFFNESS MAT2IX WANTED.

= Kly LINEAR DISPLACEMENT ASSUMED.

= 6H OR 6HNOSTIF, NO STIFFNESS MATRIX CALCULATED.
IDENTIF1(ATICN NAME FCR 'NAD TRANSFCRMATION MATRICES. (NOT YET).
ICENTIFICATION NAME FOR rRESSURE TRANSFORMATION MATRICES.

= o6H CR 6HNLSTRS, NO PRESSURE TRANSFORMATIONS CALCULATED.
MASS DENSITY,

RULK MODULUS.

FINITE ELEMENT NUMEFR. FOR REFERENCE ONLY, NOT USED IN
CALCULATIONS. WRITTEN ON NUTMX, ETC.

JOINT NUMBER AT ELEMENT VERTEX 1.

JOINT NUMEBER AT ELEMENY VERTEX 2.

JOINT NUMBER AT ELEMENT VERTEX 2.

JOINT NUMBEFR AT ELEMENT VERTEX 4.

FGR A TETRAHEDRON, FACE 142,3 MUST BE NUMBERED CLOCKWISE AS
VIEWED FROM CUTSIDE THE ELFMENT,.

JCINT NUMBER AT ELEMENT VERTEX S5, (USED FOR PENTAHEDRON AND
HEX AHEDRCN) .

JOINT NUMBER AT ELEMENT VERTEX 6. {(USED FOR PENTAHEDRON AND
HEXAHEDROCN) .

FOR A PENTAHEDRGM, FACE 142,3 MUST BE NUMBERED CLOCKWISE AS
VIEWED FROM OUTSIDE THE ELEMENT. FACE 4,5,6 I3 NUMBERED IN
THE SAME ORDER AS FACE 1,2,3. A LINE JDINING JGINTS 1 AND &
MUST FCRM AN EDGE OF THE PENTAHEDRON.

JOINT NUMBER AT ELEMENT VERTE! 7. (USED FOR HEXAHEDRON).
JOINT NUMEBER AT ELEMENT VERTEX 8. (USED FOR HEXAHEDRGN) .
FOR A HEXAHEDRON, FACE 1,243,4 MUST RE NUMBERED CLOCKWISE
£S VIEWED FRCM CUTSIDE THE ELEMENT. FACE Se69798 IS NUMBERED
IN THE SAME OPDER AS FACE 1524:344. A LINE JOINING JOINTS 1
AND & MUST FORM-AN EDGE OF THE HE XAHEDRON.

EXPLANATION OF INPUT FORMATS. NUMBER INDICATES CARD COLUMNS USED.

I
E
X

nounn

INTFGER DATA, RIGHT ADJUSTED.
DEC IMAL PCINT DATAy ANYWHERE IN FIELD. EXPONENT RIGHT ADJUSTED.
CARD CCLUMNS SKIPPED.

SUBRNUTINE ARGUMENTZE (ALL INPUT)

XYz

JDOF

EUL

NUTEL

NJ
NUTMX

-

MATEIX OF JOINT GLOEAL X,YsZ LCCATIONS. FOWL CORRESPOND

TC JOINT NUMEER S, COLUMNS 1,243 CORRESPOND TC THE JOINT
XeY4,Z LOCATICNS RESPECTIVELY. SIZE(NJS#2).

MATRIX OF JOINT GLOBAL CECREES OF FREEDCM. RCWS CCRRESPOND
TO SNINT NUMBERS. COLUMNS 1,2:3 CORRESPOND TO THE JOINT
TEANSLATICN DOFS aAND COLUMNS 4,45,6 CORRESPOND TO THE JOINT
FOTATICN DOFSe SIZE(NJy6).

MATRIX IF JUINT EULER ANGLES (DEGREES). ROWS CORRESPOND

TC JOINT NUMBERS. COLUMNS 1,2,2 CORRESPOND TO THE

GCLOEAL X4YsZ PERMUTATION. SIZE(NJ3).

LOGICAL NUMEER CF TAPE CONTAINING ELEMENT INPUT DATA FOR
THIS SUERQUTINE, IF NUTFL = NIT, DATA IS READ FROM CARDS.
NUMEBEER OF JCINTS OR ROWS IN MATRICES (XYZ)y, (JDOF}, (EUL}.
LOGTICAL NUMBEE OF UTILITY TAPE N WHICH ELEMENT

MASS MATRICES aND IVECS ARE QUTPUT.
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NUTMX MAY RE ZERC IF MASS MATRIX IS NOT FORMED.

USES FORTRAN READy WRITE.

LOGICAL NUMBER OF UTILITY TAPE ON WHICH ELEMUNT
STIFFNESS MATRICES (SAME AS GLOBAL LOADS TRANSFORMATION
_ MATRICES) AND IVECS ARE QUTPUT.

NUTKX MAY BE ZERO IF STIFFNESS MATRIX IS NOT FORMED.
USES FCRTRAN READ, WRITE.

LOGICAL NUMBER COF UTILITY TAPE ON WHICH ELEMENT LOAD )
TRANSFORMATION MATRICES AND IVECS ARE OUTPUT. (NOT YET).
LCGICAL NUMBER OF UTILITY TAPE ON WHICH ELEMENT

PRESSURE TRANSFORMATION MATRICES AND IVECS AR™ OUTPUT.
NUTST MAY BRE ZERC IF PRESSURE TRANSFORMATIONS ARE NOT FORPtD.
USES FORTRAN READ, WRITE.

MATRIX WORK SPACE. MIN SI1ZE(24,24).

MATFIX WORK SPACE. MIN SIZE(24,24).

MATRIX WORK SPACE. MIN SIZE(24424).

ROW DIMENSION OF XYZ IN CALLING PROGRAM.

ROW CIMENSICN OF JDOF IN CALLING PROGRAM.

ROW DIMENSION OF FUL IN CALLING PROGRAM.

RCW CTMENSION OF We Ty AND S IN CALLING PROGRAM. MIN 24.

NUTKX

1

NUTLT

NUTST

"

KX
KJ

o e wn

KW

NERROR EXPLANATICN

INCORRECT TETRAHEDRON GEOMETRY.

INPUT JOINT NUMGER EXCEEDS MAXIMUM ALLOWABLE NUMBER UF: JOINTS.
NUTMX NOT POSITIVE. : : - .
NUTKX NOT PCGSITUVE. ' o
NUTST NCT PCSITIVE.

N hON -~

W unnn

s X ks tatelsateXaiatalataXaiakaiakakakaiaalakakaks
wax

1001 FORMAT (E(A6,4X))
1002 FORMAT (3(5X,E10.0.)
1003 FORMAT (91%) _
2001 FURMAT (//25X 38RINPUT DATA FOP FLUID (TETRA, PENTA, OR
#  21H HEXAHEDRON) ELEMENTS)
2002 FORMAT (/720X 38HINPUT DATA FOR FLUIL (TETRA, PENTA, OR
*  33H HEXAHEDRCON) ELEMENTS (CCNTINUED))
2003 FORMAT (/12XTHMASS = A6,13X7THSTIF = Ab,6XI13HLCAD TRANS = A%,
AX1SHSTRESS TRANS = A6, 3X
/ 15X34HRT = ©1043, 13XTHRULKM = E10.3,
/7 SXTHELEMENT &  HJICOINT 3 SXTHJOINT 2 6XTHJOINT 3 6XTHJIOINT 4
_ EATHICINT 5 &xTHJOINT & 6ATHJSOINT 7 6XTHJIOINT 8
7 9X6HNUMEBEE) :
2004 FORMAT (3X,9(8X,15Y)
3601 FORMAT (51H % x % % * UNCONVENTICNAL JOINT NUMBERING * * % x % , /
% 915)

O3 % 3 3

IF (11ST JtGe 1) GO TG 32
T1ST = 1
DO & I=1,44
11 = 3% - 2
DO 4 J=
Jl = 2%
4 CALL UNITY {DIST(Iiy4J2)43,KDIST)

3 NLINE = O
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CALL PAGERD

WRITE (NCT,20G01)

READ (NUTEL,1001) NAMEMJNAMEK JNAMELT,NAMEST
READ (NUTEL,1002) RO, BKM

WRITE {(NCT42003) NAMEM,NAMEK,NAMELT NAMEST,

* RO, RKM
IF {MAMEM (NE. 6HM32 } GO T0 20
DN 2 I=1,12
2 DIST(I,1I) = 2.
20 READ (NUTELLI10G3) NEL 9J1932433904905,J06,J7+J8
NERRCOR=1
IF (J1.LE.Q JAND. IFRBAD.EQ.-1) GO TQ 9992
IF {J1 LEF. 0) RETURN -
"NLINZ = NLINE + 1 .
- IF (NLINE .LE. 42) GO TC 30
CALL PAGEHD -
" WRITE {NDT,20G2)
"WRITE (NCT420C3) NAMEMeNAMEK yMAMEL T oNAMEST,
* R, RKM ;
NLINE = O -
30 WRITE (NOT,2004) NELyJY9d29d34J49J5,506,37eJdE
NERRCR=2

IF (J1eGTaMJ o0R. JZoGTNY &0F. J3.GTNJ OR. J4.GT.NJ) SU TO

999

IF (J5.6TeNJ «ORe JO6eGToNJ «ORe J7.GTNJI 0R, J8.GT.NJ) GO TO 999

FORM FINITE ELEMENT COCCRDINATE LOCATIONS,EULER ANGLES, REVADD IVEC.

LR = 10
NJN = 8
IF (J7 NF. 0) vQ TO 38
LR = &

CNJIN = &
IF (45 .NE. C) GO TCU 38
LR = 1 :
NJN = &4

ag

NCOL = 2FNJIN
DO 5 I=1,4NCCL
nNC & J=1+NCCL

W(Ted) = Co
S{IyJ) = Q.
T(ILJ} = 0o
DO 40 I=1,2
CJll,1) = ¥YZ(J1,1)
CI(T42) = XY2(JZ,1)
CI(I42) = XYZ(J2,1}
CJlIy4) = XY2(S4,1)
EJ(I41) = FUL(J1,1}
EJ(I,?) = FUL(szI)
EJUI4=) = FUL(JIZ 1)
EJ(Iy4) = BEUL(J4,1T)

IVILTI ) = JDOF{J1,1)
IVI(I+2) = JDCF(J241)



IV1(I+5)
4G IVi(I+9)
IF (LR .E

ne 42 1=1
CJ11,5)
CI(1,6)
£J(1,5)
EJ(I,6)
IVi(1I+12)
42 IV1(1+15)
IF e LE

DU 44 I=1
CJI(I,7)
CS(I,%)
EJ(1,7)
EJ(i,E)
IVI(I+12)
44 IVYI(I+21)

50 BC 5z L=1
Lta = L
17 (LR.EQ
e B2 I=1
JNC = JIM{
L1 =
IVTET(LL
IVTET(LY1+

53 IVTET{tL1l+

“CALL TEGE
IF (IFBAD

IFBAD = -
51 SM = RO*V
iF (NAMEM

~IF (LR «GTe 1) SM =

JOCF(332,1)
JOCF(J4,1)
(e 1)

"

»3

XYZ(J5,1)
XYZ(36,41)

EUL (J5,1)
EUL(J6,1)

= JDOF(JE,1)
JOCF(J6,1)
Ca 63 GG TC 50

2

XYZ(JT,1)
XYZ (J2,1)
EULIS7,1)
FUL (UB,L1)
JOCF(J7,1)
JYIF{Jb,1)

o

LR

«10) -LA=L+6
v &
I,LA)

3T — 2

)
11
21

3xINC - 2
3FINC - 1
3XJINC

nonou

oM (CasdM(1, LA
«NE.O)

1
L(L}/16.0
«EQ. &HM3

GG T0 5¢

Y 2VLIL) DV,

| GC TO 51
WRITE (NGT.3001) NEL,L1,J254

) SM=RCxVL(L}/20.0
SM/2.

FLUID ~~ 5/ 6

KCJLIFEAD)

3949054936437 448

CALL REVADD (144DVoly IVTET Ty »12,LRyNCOL,1KW)

»52 CALL REVADD “{SMyDISToIVTET, IVVET W9 1241 4NCOL 4NCOL4KDIST oKW )

_IF (NAMEM

«NE. 6HM1

2 po 210
SAVE =

DO 215
SAVE =
215 W(I,J)

I=1,NCOL

0.0

J=1,NCOL

SAVE + W(I,J)

= 0.0

210

220

55

W(I,I) =

IF (LR .EQ.
DO 55 I=2,4tR
viil) = viL(l
DO 55 J=1,NC
T(1,d) =

VL(1) = VL(1

SAVE

1) 60 7O 60

) + VL(D)
oL

V/2.

) G0 TOQ 220

T{leJ) + T!l:J)
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DO 56 J=1,NCOL
56 T(1,J) = Ttl,J)/2.

60 DO 61 J=1,NCOQL
61 TV(J) = T(144)
T 0C 65 J=1,NIN

J1 = 3%9 - 2

65 CALL EULER (EJ{Y9J),StJ2,J1),KW)
IF (NAMEST JEG. &F «0OFe NAMEST EQ. 6HNCSTRS) GO TO SG
CALL PRESS {CJ,T,NJNy NCCL4KCJI 9KW)
CALL MULTA {T,5,VINSNCOLyNCOLsKWoKW)

90 CALL BTABA (WySyNCCLyNCCL oKW oKW)
CALL MULTE (TVySe1,MCCLINCCL,14KW)
BOV = EKM/VLI(1)
DO 70 I=1,NCCL
DC 70 J=I,NCCL
S{I4J) = BCVETV(INI*TV (I}

70 S(J,I)} = SUI, N

IF (NAMEM .ECG. oH «CR. NAMEM . FQ. 6HNCMASS) GC TC 110
) NERROR=3
IF (NUTMX J.LE. G) GU TC 969 ,
WRITE (RKUTMX) NZMEMNEL ¢yNCCLyNCOLyNAMEL o (IBLNKI=1,5),
ot (IWET 4J) e I=1aNCCL Y9Jd=14NCOLYy (IVI(I),Y=1,NCOL)
c
110 IF (NAMEK .EQ. &H «UK. NAMEK .EQ. &HNOSTIF) GO TO 120
NERROR =4
IF (NUTKX .LE. ©O) GO TC 9ec
WRITE (NUTKX) NA“EKoNEL yNCOL,NCCL 4NAMEL y ({IBLNK ,I=1.5),
x ((S(I ’J)11=11NCCL )1J=1,NCOL)’ (IVI( I,’I=1'NCCL)
C -
120 IF (NAMEST .E€. 6H «UF. NAMESTY .ECQ. 6HNOSTRS) GO TO 2¢C
NERROR=E
IF (MUTST JLE. Q) GC TO $9¢
NJINPY = NIN + 1)
CALL MULT  (T9SeTININPL 1) NINGNCOL ¢NCOL oKW oKW
CALL MULTA (TWeNINyNCOL JNCOL oKW oKW)
NRST = 2%MJN
WRITE (NUTST) NAMESToNFL NRST G NCOL oNAMELSVLI1) o (TELNK,I=2y4]),
% ((T(I40) sI=14NRST) oJ=1,NCOL),y (IVI(I),I=1,NCOL)
GC TC 2¢
c
999 CALL ZZBOMF (6HFLUIN (NERRGK)
END
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GRAVIY=~ 1/ &

SUBROUTINE GRAVTY (XYZ,JIDCF,EULNUTEL ,NJ,

* NUTKX 4.

* We Ty S KXy KJIy KEy KW)

DIMENSION XYZ(KX91)9JDOF(KJe1)y EULIKE,1)y W{(KW,1),
® {KW,1), S(KH,1)

DIMENSICN CJU(334)3E00354)4IVII12)IVIRI(9)JM{3,4),G6VI3),EV(3)
DATA IBLNK/6H V4

DATA NIT,NCT/ 5,6 /

DATA NAMEL / 6HGRAVTY /

DATA KCJ¥ / 3 7

DATA UM 7 143293y 19304y 192044 4423 7/

SUBROUTINE TC CALCULATE (ON OPTICN) FINITE ELEMENY ...
STIFFNESS MATRICES (SAME.  AS GLCBAL LOAD TRANSFORMATICN MATRICES)
AND IVECS (CN NUTKX),
FOR GRAVITY ELEMENTS.,
STIFFNESS MATRICES AR+ 9- GLUO21I- 300R49-1T 4IR 090-S8
GLOBAL COCRDINATE CORDER 1S ‘
(UeVoeW) JCINT 1, THEN JOINT 2,3,(4).
WHERE U,V,¥ ARE TRANSLATICNS.
IVEC GIVES ELFMENT DCF INTC GLPRAL DOF. EXAMPLES...
IVEC(6)=834 PLACES ELEMENT DOF 6 INTC GLOBAL OCF 834.
IVEC(3)=0 OMITS ELEMENT DCF 3 FROM GLGBAL DOF. THIS CONSTRAINS
ELEMENT DCF 3 TG ZERC MCTICON.
DATA APRANGEMENT ON NUTKX FOR EACH FINITE ELERENY IS
(W=K)
WRITE (NUTWX) NAMEW,NEL JNRyNC NAMEL , (IBLNK,I=1,5),
(CWET39) s I=14NR Do I=14NC )y (IVEC(T)oI=1,NC)
CALLS FORMA SUBRCUTINES KGRAV MULTA 4MULTE L,VCROSS,2ZBOMB.
DEVELCPED BY C S BCDLEY. FEBRUAKRY 1974,
LAST REVISION BY W2 BENFIELD. MARCH 1976,

SERFXXRFFA LR AR RXF AR XEBR AR IR LI ER ABER KRR IR IR AR KX X R A REIR X R BB LR AR AR KR XS BRX %
INPUT DATA RFAC IN THIS SUBPCUTINE FROM NUTEL. IF NUTEL = NIT, DATA IS
READ FRCM CARDS,

- NAMEM M AMEK FORMAT (2(A694X)
kC FORMAT (5X,4E10)
(GV{I)eI=1,23) FCRMAT (3(5X,E10))

20 NEL 9J1442 433,934 FORMAT (515)
IF (J1 .EOQ. C) KRETURN
GC TC 20

DEFINITION CF INPUT VARTABLES,
NAMEM = TYPE CF MASS MATRIX WANTED.
= 6H OR 6HNOMASS, NO MASS MATRIX CALCULATED.

NAMEK = TYPF OF STIFFNESS MATEIX WANTED,
= kl, LINEAK DISPLACEMENT ASSUMED.
= 6H CF 6HNCSTIF, NO STIFFNESS MATRIX CALCULATED.
RO = MASS DENSITY,
GV = GMAVITY VECTOR,.
NEL = FINITE FLEMENT NUMBFR, FOP REFERENCE ONLY, NOT USED 1IN
CALCULATICNS. WRITTEN ON NUTKX,
J1 = JOTNT NUMEER AT FLEMENT VERTEX 1,
J2 = JOINT NUMFER AT ELEMENT VERTEX 2.

J3 JOINT NUMBER AT ELEMENT VERTEX 3.
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Jé = JCINY NUMREF AT ELEMENT VERTEX 4, (USED FOR QUADRILATERAL).
THE ELEMENT MUST BE NUMBERED CULCCKWISE AS VIEWED FROM THE FLUID SIDE
OF THE ELEMINT.,

EXPLANATICN OF INPUT FORMATS. NUMBER INDICATES CARD CCLUMNS USED.

I = INTEGEP DATA, FIGKT ADJUSTED.,
E = DECIMAL PCINT DATA, ANYWHERE IN FIELD. EXPCNENT RIGHT ADJUSTED.
X = CARD CCLUMNS SKIPPED.

FEREERREEE TXXRRI XXX ERRE XX SR RERR RER XXX BB AR SR RXXX A RS NR SRR RN KR RS Sk K& E A&

SUBRCUTINE ARGUMENTS (ALL INPUT)

XYz = MATRIX CF JOINT GLOEBAL XoYeZ LCCATICNS. FOWS CCORRESPOND
TG JOINT NUMBERS. CCLUNMNS 1,2,3 CCRRESPCND TC THE JOCINT
Xe¥oeZ LOCATIONS RESPECTIVELY. SIZE(NJ,3).

JOCF = MATRIX CF JCINT GLOEAL DEGREES OF FREEDCM. ROWS CORRESFOND
TC JCINY NUMBERS. CCLUMNS 1,292 CCRRESPCND TC THE JCINT
TRANSLATICN DOFS AND COLUMNS 44,5,6 CORRESPOND TO THE JOINT
RCTATICN DOFS,. SIZE(NJ,6).

_EUL = MATFIX OF JOINT EULER ANGLES (DEGFEES). ROWS CODRRESPOND
TC JCINT NUMBERS., CCLUMNS 1,2,3 CORRESPCOND TCO THE
GLOEAL XoYeZ PERMUTATICMN., SIZEINJLZ).

NUTEL = LCGICAL NUMEE" OF TAPE CONTAINING ELEMENT INPUT DATA FOR
THIS SUFRCUTINE. IF NUTEL = NIT, DATA IS READ FROM CARDS.
NJ = NUMEEP OF JOINTS CR ROWS IN MATRICES (XYZ), (JCCF), (EUL).
NUTKX = LCGICAL NUMEER CF UTILITY TAPE ON WHICH ELEMENT
STIFFNESS MATRICES (SeME AS GLCBAL LCADS TRANSFORMATION
MATFICES) AND IVECS ARE CUTPUT,
NUTKX MAY BE ZERD XIF STIFFNESS MATRIX IS NOT FORMED.
USES FCRTRAN READ, WRITF,
L] = MATRIX WT'FK SPACE. MIN SI2E(12,12).
T = MATRIX wWORK SPACE. MIN SIZE(12,12),
S = MATRIX WCRK SPACE. MIN SIZE(12,12).
KX = RCW CIMENSICN COF XYZ IN CALLING PFOGRAM,
KJ = POW DIMENSION OF JDOF IN CALLING PPOGRAM.
KE = FCW DIMeMSICN CF EUL IN CALLING PPOGRAM,
KW = FCW DIMENSICN CF Wy Ty AND S IN CALLING PROGRAM. MIN=12.

NERRCE  EXPLANATICN
INPUT JOINT NUMEER EXCEEDS MAXIMUM ALLOWABLE NUMBER CF JOINTS.
NUTKX NOT PCSITIVE, -

1
2

100} FORMAT (5(A6,4X))

1002 ECOMAT (3(5X,E10.0U))

1003 FCRMAT (£15)

2001 FCRMAT (//25X &4EHINPUT DATA FCR GRAVITY STIFFNESS (TRIANGLE CR

* 24F QUADPRILATERAL) ELEMENTS)
2002 FURMAT (/720X  &SHINPUT DATA FCR GRAVITY STIFFNESS (TRIANGLE OR
* 26+ QUADRILATERALY ELEMENTS (CONTINUED))

2003 FCRMAT (/12XTHMALS = Ab413XTHSTIF = Lé640X
/7 15Xg4hR0O = E1CL3y 13XEHGVX = F1(Ce3, 13XSHGVY = E10.3,
13XEHGVZ = E10.3,
Z/Z7YEXTHELEMENT 13XTRICINT 1 13XTHJICINT 2 13XTHJOINT 3
13X JCINT 4
/Z15X6RNUMEER)
2004 FORMAT (1EX,9(15,15%))

LK B R B
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NLINE = ©

CALL PAGEED

WRITE (NCT,2C01)

READ (NUTEL,1001) NAMEM NAMEK
READ (NUTEL.,Y0C2) RO

READ (NUTFLo1CC2) (GVII) o I=1,3)
WRITE (NOT,2003) NAMEMy,NAMEK,

* R0y (GV(I)e1=1,3)

.20 READ (NUTEL,1002) NEL +J19J2,J3904

IF (J1 .LE. C) RETURN
NLINE = NLINE + ]
IF (NLINE .LE. 42) GC TO 3C
CALL PAGEMD
WRITE (NQT,2002)
WRITE (NGT,2003) NAMEM/NAMEK,
* R0y (GVI1)eI=1,3)
NLINE = C :
30 WRITE (NOT,2004) NEL,J1,J024,43,J04
- NERROR=1
IF (J1eGToNJ oCRe J2.GTaNJ CRe J3.GT.NJ .OCR. J4.GT.NJ) GC TO 999

FORM FINITE ELEMENT CCORDINATE LCCATIONS,,EULER ANGLES, REVADD IVEC.

LR = 4
NON = ¢
1F (J&4 .NF. C) GO TC 2¢
1R =1
NJN = 3
38 NCOL = 33NUN
DG & I=1,NCOL
DC S J=1,NCCL

W(lIeJd) = Co.
S(ILJ) = G.

5 T(I'J, = 0.
DC 40 I=1,3
CJ(I,1) = XYZ(J1,1)
CJ(I,2) = XY¥Y2(J2,1)
CI(Iy3) = XYZ(JI3,1)
EJ(T,1) - FUL(J1,1)
EJ(142) = *ULGIZ,1)
EJ(I43) = EUL(J3,I)
IVvi(1] ? = JDCF(J1,1I}
IVItI+3) = JDCFL(JI2,1)

40 IV1(1I+o) JOCF(J541)
IF (LP .FC. 1) GO TO 50

DC 42 1=1,23

CIUIga) = XYZ(U4,1)

EJ'I'“) = EUL(Jle’
42 IVILI+9) = JDOF(J4e1)
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506 G = SCRTIGVI1}»%22 + GV(Z)*xz + GV(3)%%2)
DO 51 I=1,2
51 EVII) = -GVII)/G
DO 52 L-1,LR
CALL KGRAV (CJI4IMI14L) sEV AN sKRKCIM)

DO S$3 I=1,3
JNC = JMUT,L)
Ll = 3% - 2

IVIRI(LY ) = Z2%JNO - Z
IVIRI(LI+1) = 23INC -~ 1
532 IVTRI(L1+Z) = 33INC

£ = ROXG*A/24.
IF (LR .GT. 1) SS = S&/2.
£2 CALL REVADD (SSyWoIVIRIZIVIRI $S9949¢NCOLyNCOL oKWoKW )

DO 65 J=1,NIN
J1 = 3% - 2

65 CALL EULEF (FJI(1,J)9T(I1,4J1) 4KNW)
CALL ETABA  (S,TyNCCL yNCOL oKW oKW)

IF (NAMEK .EG. 6H «CRo NAMEK .EC, 6HNOSTYIF) GO TG 20
: NERRCR=2
IF (NUTKY .LE. 0) GC TU 999
WRITE (NUTKX) NAMEK JNFL JNCCLyNCOL o NAMEL o (IBLNKyI=145),
* ((SUI1e3)2TI=14NCOL }3J=1,NCCL)y (1IV1(I),I=1,NCOL)

GO TC 20

999 CALL 2ZBOME (E6HGRAVTY {NERRCK)
END
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SUBKOUTINE K1A1 (AL gA2 o RL4E 929 TSHKZ oKTS)
DIMENSICON Z{(KZ41), TSIKTS,1)

SUBROUTINE YO CALCULATE FINITE ELEMENT...
STIFFNESS MATRIX,
STRESS TRANSFORMATION MATRIX,
FOR AN AXIAL FCD fLEMENT WITH UNRESTRAINED BCUNDARIES.
RCD MAY BE LINEARLY TAPERED OR UNIFORM.
CONSTANT FCRCE ASSUMED.
STIFFNESS MATRIX IS IN LOCAL COORDINATE SYSTEM.
STRESS TRANSFORMATION MATRIX RELATES STRESS AT ROD ENDS IN LOCAL
COCKOIMATE SYSTEM TC DEFLECTIONS IN LCCAL CCCRDINATE SYSTEM.
ROW CRDER IN STRESS TRANSFORMATIGN MATRIX IS
SIGMA-X1, SIGMA-X2
WHERE SIGMA 1T NCKMAL STRESS.
SX1(=),y SXZ2(+) IS TENSIOCN. SX1{+}, SX2(~} 1S COMPRESSION.
THE LCCAL CCCRDINATE SYSTEM ASSUMES THE ROD TO LIE ALONG THE X AXIS
WITH JOINT 1 AT THE CRIGIN, JOINT 2 ALONG THE POSITIVE X AXIS.
LOCAL COORDINATE ORDER IS ’
DX1,0X2
WHESE DXx IS TFANSLATION.
DEVELCPED EY FL WOHLFM., SEPTEMBER 1972,
LAST REVISICN BY RL WCHLEN. SEPTEMBER 1972,

SUBROUTINE ARGUMENTS

Al = INPUT CRCSS-SECTICN AREA AT ROD END Y.

A2 = INPUT CPOSS—StCTION AREA AT ROD END 2.

RL = INPUT ROD LENGTH.

E = INPUT YCUNGS MODULUS CF ELASTICITY,

Y4 = CUTPUT STIFFNESS MATRIX. SIZE(2,2). ,

TS = CUTPUT STRFSS TRANSFURMATION MATRIX. SIZE(2.2).

KZ = INPUT R0CW DIMENSIOCN OF Z IN CALLING PROGRAM., MIN=2.

KTS = INPUT FOwW DIMENSION OF TS IN CALLING PROGRAM. MIN=2.
S = Al®*E/RL
R = AZ/21

IF (ARS(R-1.) GTa. 01) $ = {(A2-Al1)*E / (RL*ALCG(R))
STIFFNESS MATRIX.

Z{1,1) = ¢

2(1,2) =-¢

Z(241) ==¢

2(2,2) = ¢

STRESS TEANSFOPMATION MATRIX.

TSE(1,1) = 2(141)/R1
TS(142) = Z(142)/21
TS(241) = 2{(241)/7A2
TS(242) = Z(242)/R2

RETUKN

END
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SUBRCUTINE K1E1 (BI19B125C14C25AY sA2¢SFRLyE9GyZ9TS9KZoKTS)
DIMENSICN Z(KZ,1), TS(KTS,1)
DATA EPS/1.E~15/

SUBRCUTINE TU CALCULATE FINITE ELEMENT .ee

STIFFNESS MATRIX,

STRESS TR ANSFORPMATICN MATRIX,
FOR A BENDINC (PLUS SHEAR) EEAM ELEMEMT WITH UNRESTRAINED BOUNDARIES.
BEAM MAY BE LINEARLY TAPERED CR UNIFCORM.
UNIFORM SHEAR AND LINEAR PENDING MOMENY VARIATION IS ASSUMED.
SHEAR STIFFNESS USES SF*xA1%G AND SF*A2%*C. IF ANY OF THESE VARIABLES
ARE ZERDO, THEFRE IS NC SHEAR DEFCRMATICN IN BENDING.
STIFFNESS MATRIX IS IN LCCAL CCORDINATE SYSTEM.
STRESS TRANSFCRMATICON MATRIX RELATES STRESS AT BEAM ENDS IN LOCAL
CCORDINATE SYSTEM TC DEFLECTICNS IN LCCAL COORDINATE SYSTEM.
ROW ORDER IN STRESSE TRANSFORMATICN MATRIX IS

TAU=XY 3 TAU-XZ y SIGMA-X1,52G'a—X2
WHERE SIGMA IS NCRMAL STRESS (MC/I) AND TAU IS SHEAR STRESS (P/A).
THE LCCAL CCORDINATE SYSTEM ASSUMES THF BEAM TO LIE IN THE X-Z PLANE
WITH JCINT 1 AT THE CRIGIN, JCOINT 2 ALCNG THE POSITIVE X AXISe.
LOCAL COCPDINATE CRDER IS

D21,022,TY1,7Y¥2
WHERE DZ IS TRANSLATICN AND TY IS ROTATION.
DEVELCPED BY RL WCHLEN. FEBRUARY 1973,
LAST REVISION BY RL WCHLEN. APRIL 197¢.

SUBRCOUTINE ARGUMENTS

BI1 = INPUT CRCSS-SECTICN AREA MCMENT COF INERTIA AT BEAM END 1.

BI2 = INPUT SAME AS BIY AT EEAM END 2.

Cl = INPUT GISTANCE FROCM FENDING NEUTRAL AXIS TO CUTER FIBER
AT BEAM END 1.

€2 = INPUT SAME AS €1 AT BEAM END 2.

Al = INPUT C(CROSS-SECTICM AktA AT EEAM END 1. CAN BF ZERD FOR NO
SHELK DEFORMATICN IN BENDING. SHEAR STRESS IN STRESS
TRANSFORMATIONMN WILL BE SET TC ZERO.

A2 = INPUT CSAME AS Al AT EEAM END 2.

SF = INPUT SHAPF FACTOR (K) FGR SHEAE IN KAG.

USE SF=0.0 FOR NC SKHEAR DEFORMATION IN BENDING.
SF=1.0 FCR 2 SOLID CTIRCULAR CYLINDER,
tFz2 .5 FCR A THIN WALLED CIRCULAR CYLINDER,

RL = INPUT FROD LENGTH.

£ = INPUT YOUNGS MODULUS CF ELASTICITY.

G = INPUT SHEAR MCODULUS OF FLASTICITY. CAN BE ZERC FCR NC SHEAR
DEFORMATION IN EENDING.

Y4 = CUTPUT STIFFNESS MATRIX. S1Z2E(4,4).

TS = CUTPUY STFESS TRANSFORMATION MATRIX, SIZE(4,4).

KZ = INPUY RCGW CIMENSION OF 2 IN CALLING PROGRAM, MIN=4,

KTS = INPUT RCW DIMENSICN OF TS IN CALLING PRCGRAM, MIN=4,

BENDING FLEXTIBILITY.
PPI = FI12/F11
REIM] = PFI-1.
IF (ARS(RRBIMY) LT. C1) GO TC 15
ERR = ExRTI1%P» IM1
REILN = ALCGIRPI)
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(5 = 1./RBIMY + REBILN/RRIMI*%*2) * (RL%%3) / EBR

Fl11 =
F12 = (1. - RBILN/RBIM1) * (RL*¥2) / EBR
F22 = RL* RBILN / EER
GC TO 20
15 F11 = RL*%3 /7 (2.%E*B]1)
] F12 = RLX%2 / (2.*%E*BI1)

F22 = RL/ (E*RI1)

SHEAR FLEXIRILITY. :

20 IF (SF.LTEPS o0Re AlLLTLEPS oORe A2.LT.EPS JORe GeLT.EPS)IGO TO 30
RA = A2/A1
IF (ABS(RA-1.) .LT. .0O1) GO TC 25 =
F11 = F11 + RL * ALOG(RA) / (SF*Gx{A2-A1l))
GC TC 3¢ :

25 F11 = F11 + RL/(SF*A1*G)

" BENDING + SHEAR STIFFNESS MATRIX.
30 D = F11%F22 ~ F12#%%Z

Zt1,1) = Fz2/D

281,2) =-7(1,1)

Z(1,3) =-F12/D

Z(1,4) = (-RL=F22 + F12)/D

2(2,2) = 21(1,1)

2(243) =-2(1,3)

2(244) ==Z1{1,4)

z{(3,3) = F11/0D

Z(344) = (RL*F12 - F11)/D

Z(444) = (F22#%RL*%2 — 2.%RL%F12 + F11)/D

SYMMETRIZE LOWER HALF.
DC 40 J=1,4
DO 40 I=d44

40 2(1,J3) = 2(J,1)

STRESS TRANSFOGRMATICN MATRIX.
DO 55 J=1,4
TS{1,J) = €.0
TS(2,J) C.0
IF (AY .GT. 0.0) TS{1l,4J)
IF (A2 .GT. C.C) TS (2 ,43)
TS(34J) Z{34,J)*C1/B11
55 TS {4,Jd) Zl443)%C2/812

Zil4M) /A
Z(Z24J)V/22

"o

RETURN
END
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SUBROUTINE K1C1 (TI19TU29R1I4R2yRL 3G 92 s TSeKZ o KTS)
DIMEMSICN Z(KZ41)y TSI{KTS,1)

SUBROUTINE TC CALCULATE FINIT: ELEMENT...
STIFFNESS MATRIX,
STRESS TRANSFCRMATICN MATRIX,
FOR A TORSION ROD ELEMENT WITH UNRESTRAINED BOUNDARIES.
ROD MAY RE LINEARLY TAPEFED GR UNIFCRM.
CONSTANT TORCUE ASSUMED,
STIFFNESS MATRIX IS IN LCCAL CCORDINATE SYSTEM.
STRESS TRANSFORMATICN MATRIX PELATES STRESS AT ROD ENDS IN LCCAL
COORDINATE SYSTEM TC RCTATIONS IN LCCAL COCRDINATE SYSTEM,
ROW ORDER TN STRESS TRANSFORMATION MATRIX IS
TAU-X1,TAU-XZ
WHERE TAU IS SHEAR STRESS.,
STRESS IS + CR = AS RIGHT HAND AXIS BETWEEN END F. INTS 1 AND 2.
THE LCCAL CCCKDINATE SYSTEM ASSUMES THE RCD TO LIF ALONG THE X AXIS
WITH JCINT 1 AT THE CRIGIN, JOINT 2 ALONG THE POSITIVE X AXIS.
LOCAL CCCRDINATE CRDER IS
TX1,TX2
WHERE TX IS ROTATION,
DEVELCPED BY RUL WCHLEN, FEEBRUARY 1973,
LAST REVISICN BY RL WOHLEN. SEPTEMBER 1973,

SUBRCUTINE ARGUMENTS
TJl = INPUT CROSS-SECTIOCN SAINT VENANTS TCRSIOGN CONSTANT (J) IN JG
AT ROD END 1le EoGey TJI=.5*%PI*R1%%x4 FOR A SOLID ZIRCULAR
CYLINDER. TJ1=2.%PI*T%R31%*3 FOR A THIN WALLED CIRCULAR

CYLINDER.

TJ2 = INPUT CROSS—SECTICN SAINT VENANTS TORSION CONSTANT (J) IN JG
AT FOD END 2.
Rl = INPUT DISTANCE FROM TCRSICN AXIS 70 CUTER FIBER AT RCD END 1.
R2 = INPUT DISTANCE FRCM TORSICN AXIS TC CUTER FIBER AT ROD END 2.
RL = INPUT RCD LENCTH.
G = INPUT SHEAR MODULUS OF ELASTICITY.
z = QUTPUT STIFFNESS MATRIX. SI1ZE(242).
TS = OUTPUT ZTRESS TRANSFCRMATICN MATRIX. SIZE(2+2).
KZ = INPUT ROW DIMENSION CF Z IN CALLING PROGRAM. MIN=2.
KTS = IMPUT RCOW DIMENSICON CF TS IN CALLING PRCGRAM. MIN=2.
S = TJI=G/FRL
R = TJ2/770

1F (ABS(R-1.) «GTe 01) S = (TY2Z-TJIL)I*¥G / (RL*ALCG(R))
STIFFNESS MATRIX.

Z2(1,1) S

2(1,2)

Z(2,1)

1(242)

!
tA A nt

STRESS TRANSFORMATICN MATRIX.

TE(I41) = Z2(2,1)%F1/TUl
TS(142) = Z(1,2)%RY/T I
TE(24)) = Z(24Y)%RZ/TJ2
TE(242) = 2(242)%R2/TJ2
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RETURN
END
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SUERCUTINE K2A1 (XZeX29Y2 4 THyE9ANU$Z s TePsKZ43KT KR )
DIMENSION Z(KZ31)9T(KTy1)4R(KR,y1)
DIMENSICN XE(3),ET(2)

SUBROUTIME TG CALCULATE FINITE ELEMENT...
STIFFNESS MATRIX,
STRESS TRANSFCRMATION MATFIX,
FOR A MEMBRANE TRIANGLE PLATE ELEMENT WIT.: UNRESTRAINED BOUNDARIES.
QUADRATIC DISPLACEMENT (LINEAR STRAIN) FIELD IS USED.
STIFFNESS MATRIX IS IN LCCAL CCORDINATE SYSTEM,
STRESS TRANCFORMATION MATRIX RELATES STRESS AT TRIANGLE VERTICES
IN LOCAL COORDINATE SYSTEM TC DEFLECTIONS IN THE LOCAL SYSTEM.
ROW ORDER IN STRESS TRANSFORMATION MATRIX IS
(SIGMA-X,SIGMA-Y, TAU-XY) JCINT 1, THEN JOINT 2, 3.
WHERE SIGMA IS NORMAL STRESS AND TAU IS SHEAR STRESS.
THE LCCAL CCCRDINATE SYSTEM ASSUMES THE PLATE TC LIE IN AN X-Y PLANE
WITH JOINT 1 AT THE X-Y CRIGIN, JOINT 2 LIES ALONG THE POSITIVE
X AXIS, AND JCINT 3 IS IN THE POSITIVE Y DIRECTICN.
LOCAL CCORDINATE CRDER IS
(DXyDY,TZ) JOINT 1, THEN JOINT 2, 3.
WHERF DX,0Y ARF TRANSLATICN. AND T2 IS RCTATICN,
CALLS FOFMA SUBRCUTINES BTAEA AND MULTA.
DEVELCPED BY CS ECOLEY, WA BENFIELD. MARCH 1973,
LAST REVISICN BY CS BCDLEY. SEPTEMBER 1973.

SUBRCUTINE ARGUMENTS

X2 = INPUT LOCAL X CCCRDINATE LOCATION CF JCINT 2.

X3 = INPUT LOCAL X COCRDINATE LOCATION OF JOINT 3,

Y3 = INPUT LOCAL Y COCRDINATE LOCATION OF JOINT 3,

TH = INPUT PLATE THICKNESS. :

E = INFUT  YOUNGS MODULUS OF ELASTICITY.

ANU = INBUT PGISSCOMS RATIC. (E/2G)-1.

Z = OQUTPUT STIFFNESS MATEIX. SIZE(942 ).

T = QUTPUT STRESS TRANSFORMATION MATRIX, SIZE(9,9).

R = INPUT MATRIX WORK SPerCE. SIZE(B,9).

KZ = INPUT ROW LIMENSICN OF 2 IN CALLING PRCGRAM. MIN=9,

KT = INPUT RCW DIMENSION OF T IN CALLING PFOGRAM. MIN=9,

KR = INPUT FOW DIMENSICN F R IN CALLING PRPOGRAM. MIN=E.
DO 5 I=1,¢
DC 5 J=1,9

5 T(IyJ) = (.G
D0 10 1=1,9
DC 10 J=1,9
10 Z(1,J) = 0.0
IF (TH JLF. G.u) RETURN
xX22 X2%X2
Y32 Y3%Y2
X2Y3 = X2%Y2
SEY = X3/X2
G = E/(2. 4 Z.%ANU)
DD = ExTH/(1. — ANU**2)
DNU = DD*ANU
DG = G*TH

non
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DO 15 I=1,8
DC 15 J=1,9

R{I,J) = C.

FOO = XxXzY3/2.

F10 = X2%¥2%{1. + SEl) /6.

FO1 = x2Y2/&.

F20 = X2Y2*(1. + SEl + SE1%*2)/12.
Fil = X2Y3%({1. + Z.%*SEl)/24.
FO0Z = X2Y3r12.

2(1,1) = DD%FCC/X22

Z(1,3) = DD*FO1/X%X22

Z(146) = DLNUXFCO/X2YZ2

Z{1,8) = DNU%F10G/X2Y3

2(242) = DG*FGO/Y32

2(2,4,3) = DGXF10/Y32

2(244) = 2.%DGFF01/Y32
2(24+5) = DGXFOO/X2Y3

Z(247) = 2.%¥DG*FICG/X2YZ
212,48) = DG*FO1/X2Y3

212,3) = DDXFO2/X22 + DG*F2(0/Y32
Z(344) = 2.xDGxF11/Y32
Z2(345) = DGXF10O/X2Y3

2(2,6) = DNU*FO01/X2Y3

Z(347) = Z.*NCFFZ0/X2Y3
2{(3,8) = DNUXFI1/X2Y3 + DG*F11/X2Y3
Zl4y4) = 4 kyGiFQ2/YZ2
Z(«4qe8) = 2.%DG*F01/%X2Y3
I8a,y7) = 4 . %DGXF11/7X2Y3
Z(4458) = 2.%'GXF02Z/X2Y3
2{545) = DGX*FOO/X22

Z2(S,7) = Z2.*DGHF10/X%X22
Z(5,8) = DGXFO1/X22

2(&646) = DD¥FOO/YZ22

2(642) = DD¥F1G/Y32

Z(T747) = &4 XDGXF2G/X22
2(7,8) = 2.%DG*F11/X2¢
Z2(8,8) = DDXF20/Y32 + DG*F02/X22
DC 20 I=1,¢

DO 20 J=1,4&

2(J,1) = 2(1,44)

R(1,1) = -1.

R(1,.) = 1.

R{Z4)) = SF] - 1,

FL2,3) = =-¥Y3

R{Zy2) = ~FF1

R(2,7) = 1.

R(249) = ¥2

R{Z,¢) = ~¥Y3

R{44,3) = Y3%(1. = St1)
R{4qe6) = YIXCE]

R(&4,9) = =¥3



o

END

R{5,2) = -1,

R(Z,3) = X2

R(5,5) = 1.

R(546) = ~X%2

R{by92) = SEY -~ 1.
Rt645) = —SE1

R{b46) = X2

R(6,€) = 1.

R{&49) = =X3

R{T,3) = =X2

R(7,6) = X2

Fl843) = X2%(SE1 —~ 1.)
R\b,o) = =X3

R{&,9) = X2

CALL BTABA (Z43Ry8494KZ9KR}
01 = DC/TH

D1z = ANUx*D11

D33 = G

XE(1l) = O.

XEtz) = 1.

XE{(3) = SF]

ET(1) = 0.

€ET(2) = 0.

ET(3) = 1.

DC 20 I=1,3

Kl = 321 - 2

K2 = K1 + 1

K3 = K1 + 2

T(K1,1) = DY1/X2
T(KYyH) = DLYIFET(IVI/XZ
TIK1,.6) = D12/Y3
T(KY,8) = DI2*XF(I)/Y3
T(K2,1) = Blz/x2
TIKZ43) = DIZXET(I)/XZ
T(KZ486) = 011/Y3
T(K248) = MI=XF(I)/Y3
T(KZ,2) = DB33/Y2
T(K2,3) = D33%xXF(i)/Y2
T(K3ya) = 2.,%023*CT(11/Y3
T{K3,5) = D33/X2
TIK3,7) = 2,.,%C32%XE(1)/X2
T(K2,8) = RET(TIY/XZ
CALL MULT. (T 4R 499899 9KT4KR)
RETURYN

K2A1
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SUBRCUTIMGE K2E1 (X2 +X3,Y3 s Th e EgANU 2 o TS s ToKZ 4 KTE L KT)
DIMENSION Z(KZ9Y)3TOUKTS,1),T{KT,1)
DIMENSION R(1C2XC) o IVEC(IC) yCOCEFIG) JXE(3)LETL3)

SUSRCUTINF T{O CALCULATY FINITE ELEMENT cee
STIFENESS MATRIX,

STRESS TEINSFCRMATION MATFIX,

FOR A FENDING TRIANGLE PLATE ELEMENT WITH UNPESTRAINED BCUNDARIES.

CUBIC DYZPLACEMENT (LINEAR CURVATURE) FIELD 1S USED.

STIFFNESS MATFIX IS IN LCOCAL CCOOFDINATE SYSTEM.

STRELS TSANSFORMATICN PATRIX RILATES STRESS AT JCINTS IN LOCAL

CCORDINATE SYSTEM TC DEFLECTICNS IN THE LCCAL SYSTEM.

ROW CCDER TN STRESS TRANSITOMATION MATRIX IS
"STIGME=Y o STGMA=Y,TAU-XY) FCR (2=TH/2) AT JCINT 1, THEN JOINT 2,3,
(SIGMA=X,SIGMA-Y .TAU-YY) FOP (Z=-TH/2) AT JOINT 1, THEN JOINT 2,3.

WHERE SIGMg 1€ NCRMAL STRESS AND TAU 1S SHRAR STRESS.,

THE LCCAL CCCELINATE SYSTEM ASLSUMES THE PLATE TC LIE IN AN X-Y PLANE

WITE JCINT 1 AY THE X—Y LRIGIN, JCINT 2 LIES ALCNG THE POSITIVE

X AXIS, AND JCINT 2 IS IN THE PCSITIVE Y DIRECTICN,

LOCAL (CPENINATE OFDER 1€
(CZ4TXysTYY JCINT 1y THEN JCINT 2, 3.

WHERE D7 IS TEANSLATICN AND TX,TY ARE FCTATIONS.

CALLS FOFMA SUETCUTINES FT2EA AND MULTA.

DEVELCPEL FY (€ ECRLEY. MARCH 1973.

LAST PEVISICON EY (€S FOOLEY. SEPTEMBER 1975.

SUERLUTINF ZRCUMENT S

X2 = INPUT LCCAL X CCCRDINAT: LCCATICN COF JOINT 2.
X3 = IAPUT LCCAL X CCCFUDINATE {OCATICN CF JOINT 3.
Y3 = INPUT LCCAL VY CCCRUCINATE LCCATICN CF JOINT 3.
TH = INFUT FLATE THICKNESS.
E = IMPUY  YCUNGS MCDULUS COF ELASTICITY.
ANU = INPUYT PLISSCNS RATIC. (Ef2G)-1.
z = CUTFUT STIFFNESS MATRIX. S12F(9,9).
TS = CUTFUT L7CAL ST2ESS TRAMSFORMATICON MATRIX. SIZE(16,+9).
T = INPUT MATRIX WO(RK SF CEes SIZE(10,C).
Kz = INPUT FOW DIMENSION OF 2 IN CALLING PROGRAM. MIN=9.
KTS = INFUY POwW DIMENSION CF TS IN CALLING PRCGRAM., MIN=1E,
KT = INPUT FKOW DIMENMSICN CF T IN CALLING PRCGRAM, MIN=10.
el I1=1,9
DOIC J=1,v
1C 2(1,43) = G

GO 11 1=1,1

DO 11 Jd=1,¢
11 TS(T40) = (o0

IF (TH .LF.

OC 12 1=1,41C
e 12 J=1,1C
12 T(ILJ) = .C

X22 = X?22X?
X24 = Y2?2*xX2?7
YZz = Y:o*Y5
Y34 = YZI2*Y32
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SEYl = X2/XZ

$Ez = SE1=SF1

SE3 = SC2=CE}

SE4 = SE3%SE)Y ,
€IC1 = (Y. + SEY)/3.
SEC2 = SECI®¥*%2

SEC2 = SEC1*3x

G = BE2(2,. + 2.*ANV)
DD = (E3TE**2)/7t12.%(1.~ANU%R2Z))
DNU = DD*ANU

DG = (GxTh**x3)/12.
AL = DO/YT

BE = DNL/(X¥22%Y32)
GA = TD/Y24

DE = 4. *xDG/(XZ22%Y32)
Ti1,1) = 1.
T(2:2) = Y.
T(342) = 1e
Tl4a,1) = 1.
T(“'Z‘ = 1,
Tlaqye) = 1.
Tla,7Y = 1.
T(£,3) = 1.
T(E45) = 1.
T(S,&) = 1.
T(642) = 1),
T(by") = 2-
T(6,7) = Z.
T(7,1) = .
T(7.2) = K1
T(7,2) = 1.
T(T44) = €72
T(7+5) = SE1
T(-'.'b’ = 1.
T(?7,7) = S$EZ
T(748) = St2
T(7,9) = Stl
T(7,10) = 1.
T{8,=) = 1.
T(E,c) = 81
T(EQb) = -0
T(R,8) = €F2
T(E,9) = 2.%8E1
T(6410) = Z.
TLG,2) = 1.
T{Cya) = 2.%5E1]
T(9+5) =~ 1.
TUGy7)Y = R.=EH2
T(OeE) = 2.%LF)
T(2,9) = 1.
TLY0,1) = Y.
T(1C,2) = TEC1
TU1G43) = 170
T(1044) = $EC2



15

17

30

100

ac

20

T(10,5)
TU1G,6)
TLIO,T)
TL1G,R)
T(1C,9)
T(1C,1C

)

ctCl/3.
1.79.
€eC2
SEC2/3.
SstCi/9.
= le/27a

DO 5 I=1,10C
DO 7 J=1,1C

R(I,J)
R(I.1)

pC 1¢e
JEIG =

L
1

[OR
l.

=1,10

Al = AES(T(L,Y))
DC 1S J=2.10
A2 = RABSUTLL,J))

IF taz
Al = A2
JEIG =

J

CONTINUE

IVEC(L)
ALJRIG

LTe A1) GO TC 15

= JEBIG
TL,JEIG)

CC 17 J4=1,1¢C

T(L,d)
RIL,J)
De 2t 1
A1JBIC
CC 3C J
T(1,J)
REIyJ)

mowonono

CONT INUF

CONTINU

DG 4C )

13

TL,JI/ALJFICG
FAL,J)/7ALIELG

1420

T(I1,J51G})

« L)Y GC TIC 25

»3C

TU1,0) — AIJEIGET(L,4J)
FUl,Jd) = AIJEIGER(L,J)

-

1,1C

IP = IVFCLD)
DC 40 J=1,41C

TUIFR,JS)

= F(1,0)

DG ¢ I=1,1C
oC &5 9=1,1n

R{1,41)

e 2¢ 1
R(1,2)
R1T1,2)
C({I4%)
Ellye)
PlILR)
R(1,5)

CCEF(Y)
CCEFLZ)
COEF(3)
(NEF(4)

noon NN

T(I,J4)

1,1C
Y5»F(1,.5)
~X2xF(]42)
YE2®C (1,F)
-Xzx<c(1,¢)
Y3zt (1,8)
“X2%5 (] 4<)

l./72.
—{Az+X2)/1t .

l1e/7%

(1 LI )
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55

60

g5

CCEF(S) = Y3/1FP.
CCEFL6) = (2.%X2 - X3)/18.
COEF(T) = 1./2.
COEF(E) = -Y3/°.
COEF(2) = (2.%X3 - X2),/1E.

D0 eC I=1,1C
DO 60 J=1,9
RUXI4J) = FRII4J) + RFLI,10)*COEF(YS).

DC 55 1=1,10
DO 55 J4=1,10
T‘IQJ, = (e

FOC = X2*Y2/2.

F10 = X2%*Y3*%(1. + SEl1)/6.
FO1 = X2*YZ/¢.

F20 = X2*Y3%(1, + SEl + SEZ)/12.
FI11 = X23Y3%(1l. + 2.%SE1)/24.
F02 = XxX2*Y3/12.

TlLos) = & FALFFCO

Tlast) = G *EEXF00

T(4,7) = 12.%AL*F1Q
Tla,E) = 4 %pL=F01

T(e,©) = L. 3EEXF]0
T(4,10) = 12.*FExF0]
T(5,5) = DE*FQO

T(5,8) = Z.*DE*F10

T(5,9) = 2.3DE%F(]

Tl646) = 4L ALAXFCC

T(es7) = 12.*EEXF20
T(6,E) = 4. 2FE*FC)

T(6+9) = 4.%GLxF10
T(E413) = 12.*GExFQ1
T(T,7) = Z6.*AL*F20
T(7:8) = 12.*%AL%F1]
T(7+9) = 12.*FExF 20

T(7,10) = 3e.*bE*F11
T(848) = L. ¥AL*FC2 + &4,3DFxF2(C
T(8,6) = 4.*FE%F11 & & 3DExF11
T(8,1C) = 12.%FF2F(C2Z
T(9,9) = ¢ .*GAFFZO + 4. *DEXFO2
T(9,1G) = 12.*GA*F1]
TL10,10) = 26.%GA*F(2

DC 6C I=1,1¢C

DC 6C J=T1,1C

T(JIs1) = T(I,H)

CALL ETAF A (T'Fgl“lyqq’(],l(‘,
DC g% 1I=1,¢

ne 88 J=1,¢<

2(Ty0) = TUI,4J)

DO 73 1=1,9
DC 73 J=1,10C

K281
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73

15

17

END

‘(I’J, = Q.

D11 = —=6.3DD/({X2*TH)*%2)
D21 = ANUXDIL

D22 = —6.*CD/7U(Y22TH)%X%2)
D12z = ANU22

D33 = =12.%DG/((X2*Y3 }xTH*¥?)
XE(1l) = C. )
XE(2) =1,

XE(3) =SE?

£T(1) = C.

ET(2) = O.

EY(2) =1.

DO 7% 1I=1,23

Kl = 3*T - 2

K2 = X1 + 1}

K3 = X1 + 2

T(Kle4) = 2.%*011

T{K1,6) = 2Z2.%*012

TIK147) = 6.2xD11%XE(])
T(KY198) = 2.¥D11%*ET(]I)
TIK1,9) = Z.2DI12*XE(I
TIK1,10)= 6.%D12%ET(I)
TIK2494) = Z2.%021

TLK246) = 2.*¥D22

TIK24?7) = 6.%021%XE(])
TIKZ48) = 2.3D21%ET (1)
TIKZ249) = 2.,*D22*XE(]1)
TUKZ(10)= 6.*022%ET(])
TIK3,5) = P33

TI(K398) = 2.*¥T23*%E(])
T(K3,9) = 2,%D33%ET(])
CALL MULTZ?2 (T4Ky%y10,59,KT51GC)
©e 77 1=1,¢

IFG =1 + @

DO 77 J=1,9

TSHINd) = TlI,4)
TELIPOLWL) = =TS(1,J)
RETURN

K281
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SUBRCUTINE K2CY (X39Y29ThyGeZyT9yKZ,,KT)
DIMENSION Z(KZ41)y TUKT,1)

SUEROUTINE TC CALCULATE FINITE ciEMEANT...

STIFFNESS MATRIX,

STRESS TRANSFCRMATICN MATRIX,
FCR A RECTANGULAKR SHEAR PANEL ELEFMENT WITH UNRESTRAINED BOUNDARIES .
LINEA® DISPLACEMENT (CONSTANT STRAIN) FIFLD IS USED.
STIFFNESS MATRIX IS IN LCCAL CCCRDINATE SYSTEM,
STRESS TRANSFORMATION MATPIX RELATVES PANEL SHEAP STRESS (CCNSTANT)
IN LOCAL CCCFRINATE SYSTEM TC DEFLECTICONS IN THE LOCAL SYSTEM.
THE LOCAL CCOOFDINATE SYSTEM ASSUMES THF PANEL TC LIE IN AN X-Y PLANE
WITH JCINT 1 AT THE X-Y CRIGIN, JCINT 2 LIES ALCNG THE PCSITIVE
X AXIS, JCINT 3 IS IN THE PGSITIVE X,Y DIPSCTICN, AND JOINT & LIES
ALONG THE FCSITIVE Y AXIS.
LOCAL COORDINATE CRDER IS

DXIQDXZ'DXB'D"' DYI,EYZ,[Y3'CY4
WrCRE OXoDY 2RE TRANSLATICMS,
DEVELCPFED &Y PL WCHLEN. APRIL 1¢74.

SUBRCUTINE ARGUMENTS
X3 = INPUT LOCAL X CCCPDINATE LOCATION OF JOINT 3.,

Y3 = INPUT LCCAL Y CCCRDINATE LCCATION CF JOINTY 3.
TH = INPUT PANEL THICKNESS.,
G = INPULT SHFLR MODULUS CF ELASTICIVY,
2 = CUTPUT STIFFNTSS MATRIX . SIZE(ELE).
T = CUTPUT STCESS TRANSFORMATION MATRIX. SIZE(1,8).
K2 = INPUT FCw GIMENSICN CF 2 IN CALLING PRCGFAM, MIN=E,
KT = IMPUT S0Ow DIMENSICN CF T IN CaRLLING PROGFAM. MIN=1.
STIFFNESS MATPIX.

C = TH*G/L,

& = CX¥X3/YZ

B = C*Y2/X=

Z(1,1) = &

Z2(1,2) = A

2(1'3, =—~p

2(1,4) ==&

Z(1,5) = C

2(1,6) =-C

28(1,7) ==C

Z(1,8) = C

2(2+2) = ¢

2(293) ==£

2(294, =—A

2(2,¢) = C

Z{24¢) =-C

20247) =-C

2(2,48) = (

2(2,2) = &

Z{Z44) = A

2(3,5) ==-C

2(3'6) = (

ZUZ2,7) = C

|
-

Z(Z4¢)
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2l4,4,8)
24,45)
2(4,6)
2(a4,7)
204,8)
1(5,5)
205,81}
Z(E,7)
Z{%,€)
216,6)
2(6,417)
Z(6,4E)
2(7,7)
2Z{74E)
Z(8,8)

SYMMETRIZE LCOWER HiLF,
DC 1C J=1,8
DC 10 I=J,¢

10 2(1,3) = Z21(J,1)

oo nn l'l Nty
D OOEMDMHONT DO

STRESS TRANSFORMATICON MATRIX.
DC 20 J=1,¢
20 T(l,d) = 2.%Z(32,9)/(TH*X3)

RETURN
END
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SUERCUTINE KGRAV (CJyIM 1EVoAsW KW KCJ)

DIMENSION CJU(KCY 1), JIM( 1), EV(1), W(KW,1)
DIMENSION E(349)9yR1203)4R13(3),UN(3}4F(3,3)

DATA KEF s 3 /

SUBROUTINE TO DERIVE STIFFNESS MATRIX FOR A TRIANGULAR GRAVITY ELEMENT.
CALLS FCRMA SUBRCUTINES MULTA ,MULTB ,VCROSS.
DEVELCPFD FY C € ECDLEY. CSEBRUARY 1974,
LAST REVISICN BY C S BCOLEY. NOVEMBER 1974,
SUEBRCUTINE ARGUMENTS

cJ = INPUT MAIRIX CF JCINT COORDINATES. SI2F (3,4).
JM = INPUT VECTCR CF JCINTS DEFINING A TRIANGLE. SIZE (3).
EV = INPUT VECTCR NORMALIZED GRAVITY, S12t = 3,
A = LUTPUT AREA.
L] = QUTPUT STIFFENESS MXATRIX.
KW = INPUT ROCW DIMENSION SIZE OF W IN CALLING PRCGRAM. MIN=9.
KCJ = INPUT RCW DIMENSICN CF CJ IN CALLING PROGRAM. MIN=3,
J1 = JM(1 )
Jz = M2 )
J2 = M3 )
D 5 1I=1,49
DO & J=1,2

H(IQJ) = Ce
5 E(IyI) = Co.

oC 7 I=1,3
RI2(I) = CI(Y,92) ~ CJI(1,J1)
RI2(Y) = CII,Ld3) —- CJ(1I,J1)
DC 8 J=1,2

e F(l.J) = 1.

T FlI,1) = 2.
CALL VCFOSSE (R12,R13,VN,VAMAG sVEMAG 4A+SINAE)
DO 10 I=1,=

10 UN(I) = VN(1)/2
ACUM = (o0
DC 18 1=1,2

11 = 3% - 3
ACUM = ACUM + VN(I)zEV(])

DO 15 J=1,:
E(1,11+0) = VN(J)
15 WiIled,y1) = VN(JD)

CALL MULTB  (FoE 9342993 KEF4KEF)
CALL MULTA (WeFy©93,9 4KWyKEF)
A = AXACUMACUM%ACUM

RETURN
END
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SUERQUT INE M]1AL (A1 yAZ24RLsRO9Z4KZ)
DIMENSICN 2(KZ,41)

SUBRCUTINE TC CALCULATE FINITE ELEMENT ...
LUMPED MASS MATRIX
FOR AN AXIAL FCD ELEMENT WITH UNRESTRAINED EOQUNDARIES.
ROD MAY BF LINFARLY TAPERED OF UNIFORM,
MASS MATKIX IS IN LCCAL CCCRDINATE SYSTEM,
THE LOCAL COCRDINATE SYSTEM ASSUMES THE RCD TO LIE ALONG THE Xx AXIS
WITH JOCINT 1 AT THE CRIGIN, JOINT 2 ALCNG THE PCSITIVE X AXIS.
LOCAL CCOORDINATE CRDER IS
bDX1,0X2
WHERE DX IS TRANSLATICN,
DEVELCPED BY KL WCHLEN., JANUARY 1973.
LAST REVICSICN BY FL WOHLEN. SEPTEMRER 1873.

SUBROUTIMI ARGUMENTS

Al = INPUT (CFCSS-SECTION £REA AT ROD END 1.
A2 = INPUT CFOSS—~SECTICN AREA AT ROL END 2.
RL = INFUT RCD LENGTH.
RO = INPUT MASS LENSITY.
Z = CUTPUT MASS MaTRIXe S1Z2E(Z42).
KZ = INPUT FOW DIMENSICN CF Z IN CALLING PROGRAM. MIN=Z,
Wl = AY*RL*RC/6.
W2 = AZ*RL*RC/6.
Z(141) = Z.%W1 + Wz
2(192) = Q.
212,1) = C.
212,2) = Wl + 2,.%¥W2
RETURN

END
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SURFOUTINE MIAZ (A1 JAZ24RLSRCy24K2)
DIMENSICN 2(KZ,41)

SUBRCUTINE TC CALCULATE FINITE ELEMENT...
CONSISTENT MASS MATFRIX
FOR AN AXIAL FCD FLEMENT WITHE UNRESTRAINED BRCUNGARIES.,
RCD MAY PE LINEARLY TAPEFED CF UNIFCORM,
LINEAR DISFLACEMENT FUNCTICN ASSUMED.
MASS MATRIX IS IN LCUCAL COCRLCIMATE SYSTEM,
THE LCCAL CCOFDINATE SYSTEM ASSUMES THE ROD TO LIE ALONG THE X
WITH JCINT 1 AT THE CRIGIN, JOINT 2 ALCONG THE PCSITIVE X AXIS.
LCCAL CUCRTINATE CKDEFR IS
DX1,0X2
WHERE DX TS TREAMSLATICN,
DEVELOPED £Y RL WCHLEN. SEPTEMEER 1972.
LAST REVISICN BY RL WOKLEN. SEPTEMEBER 1973,

SUBRCUTINE ARGUMENTS

Al = INPUT CPCSS-SECTICN AREA AT RCD END 1.
A2 = INPUT CRCSS-SECTICN AREA AT PCD END 2.
RL = INPUT <CD LEMNGTH,.
RO = INDPUT MaSS DENSITY.,
Z = CUTPUT MeSS MATRIX. S12E(Z2,2).
KZ = INPUT FRCW DIMENSICN CF 2 IN CALLING PRCGRAM. MIN=2,
Wl = Al1=KL*¥RC/1Z.
W2 = AZ*RL*EC/12.
Z2(Y,1) = 3.%W1 =+ W2
2(1,2) = Wl + W2
212+1) = 2{1,42}
Z(242) = W1 + 2,%W2
RETURN

END

AXIS
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SURRCUTINE M1E1 (A1 yA24RL SR04 24K2Z)
OIMENSION 2(KZ,1)

SUBROUTINE TC CALCULATE FINITE ELEMENT...
LUMPED MASS MATRIX
FOR A BENDING BEAM ELEMENT WITH UNRESTRAINED BOUNDARIES.
BEAM MAY BF LINFARLY TAPERED CR UNIFORM.
MASS MATRIX IS IN LCCAL COCRDINATE SYSTEM.
THE LOCAL CCORCINATE SYSTEM ASSUMES THE REAM TO LIE IN THE X-Z
WITH JOINT 1 AY THE CRIGIN, JUINT 2 ALONG THE POSITIVE X AXIS.
LCCAL COURDINATE ORDER IS
DZ14D224TY1,TY2
WHERE DZ TS TRANSLATICN AND TY IS ROTATICN.

DEVELCPED RY

RL WCHLEN. FEERUAFY 1673,

LAST REVISICN BY RL WCHL'N. SEPTEMBER 1673,

A)
A2
RL
RC
z

KZ

owwnnnom

Wl
W2
pe
pe
1G¢ z2 ¢
Z(
Al
Z{
2

RE
EN

UBRCUTINE ARGUMENTS

CROSS-SECTICN ARFA AT BEAM END 1.

INPUT
INPUT CFOSS—SECTICN AREA AT BEAM END 2.
INBPUT  E&FAM LENGTH.
INPUT MASS DENSITY.
CUTPUT MASS MATRIX. SIZE(494).
INPUT ROW CIMENSION CF 2 IN CALLING PROGRAM,
= AYXPL%RO/¢.
= A2*RL*RC/b.
16 2=1,4
10 1=144
I’J, = (oG
1,1) = 2.%xW1 + W2
242) = Wl + Z2.%W2
392) = (A1RFCHRL*%3)}/24,
bLest) = (R2FRO®RL*%3 M/ 24 .
TURN

D

MIN=4,

PLANE
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SUBROUTINE M1E2 (Al yA24RL4R0O,7Z,4K2Z)
DIMENSICON Z(KZ,+1)

SUBRQUTINE T CALCULATE FINITE ELEMENT...
CONSISTENT MASS MATFRIX
FOR A BENDING BEAM ELXMENT WITh UNRESTRAINED BAOUNDARIES.
BEAM MAY BE LINEAPLY TAPERED COR UNIFORM.
CUBIC DISPLACEMENT FUNCTION ASSUMED,
MASS MATRIX IS IN LGCAL COCRDINATE SYSTEM.
THE LOCAL COOPDINATE SYSTEM ASSUMES THE BEAM TO LIE IN THE X-2
WITH JCINT 1 AT THE CRTSIN, JOINT 2 ALONG THE POSITIVE X AXIS.
LOCAL CCORCINATE CRDER IS
DZ1yD2247Y1,TY2
WHERE DZ IS TRANSLATICN AND TY IS ROTATION.
DEVELOPED BY RL WOHLEN. FEBRUARY 1973,
LAST REVISICN 8Y RL WOHLEN. SEPTEMEER 973,

SUBROUTINE ARGUMENTES

Al = INPUT CROSS-SECTION AREA AT EEAM END 1.
A2 = INPUT (RCSS-SECTICON aRfA AT BEAM END 2.
RL = INPUT BFAM LENGIH.
RO = INPUT MASS DENSITY.
Z = OUTPUT MASS MATRIX. SIZ2E(4,4).
KZ = INPUT KRCW DIMENSION OF Z IN CALLING PROGRAM, MIN=4,
Wl = AY1*RL*RC/E4C,.
. W2 = AZ2®RL¥*RC/EB40.
:RL2 = RL*x%2
Z(141) = 24C.*W1 + 7Z2.%WZ
Z(1,2) = She*¥Hl + 5S4 .%WZ
2(2,2) = T2e*WY + 2460 .%NW2
Z(1,:3) =—1{ 30.3W1 + 14,.*WZ)*PL
Z1Y44) = ( 14.%W1 4+ 12.%W2)%*RL
Z2(243) =={ 12.%W1 + 14.%W2Z)*RL
Z1244) = ( 14.%WY + 30.%W2)*PL
2(3,3) = ( E.xWl1 + 3e*W2)¥RLZ
Z(344) == 3.%W1 + B .¥W2)%RL2
Z{644) = [ 3.%W]1 + S e*WZ }¥RL2

0o 16 J=1,+4
DC 10 1=4,4
10 Z(1,3) = Z(J,1)

RETURN
END

PLANE
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SUBRQUTINE MI1CY (PI11,PI2,RLsRCyZ,4K2Z)
DIMENSICN ZA(KZ,1)

SUBRCUTINE TC CALCULATE FINITE ELEMENT...
LUMPED MASS MATRIX
FCR A TCRSICN RCD ELEMENT WITH UNRESTRAINED BULUNDARIES.
ROD MAY 8E LINEARLY TAPERED (R UNIFCRM.
MASS MATRIX IS IN LCCAL COCRDINATE SYSTEM.
THE LCCAL CCCRODINATE SYSTEM ASSUMES THE RCOG TO L1E AILCONG THE X AXIS
WITH JCINT 1 AT THE CRIGIN, JCINT 2 ALONG THE POSITIVE X AXIS.
LCCAL COCROINATE ORDER IS :
TX1sTX2
WHERE TX IS ROTATION.
DEVELCPED £Y RL WCOHLEN. FEEBRUARY 1973,
LAST REVISION BY RL WCHLEN. SEPTEMBER 1973,

SUBROUTINE ARGUMENTS

P11 = INPUT (CROSS-SECTIUN PCLAR AREA MCMELT COF INERTIA AT ROD END 1.
PI2 = INPUT CROSS-SECTION PCLAR AREA MOMENT OF INERTIA AT 50D END 2.
RL = INPUT FCD LENGTH. :
RO = INPUT MASS DENSITY.
7 = DUTPUT MASS MATRIX. SIZE(2.2).
KZ = INPUT RCGW DIMENSION CF Z IN CALLING PROGRAM. MIN=2.

W1 = PI1%PL*R0O/6,

W2 = PIZ*PL*RC/6.

Z(1,1) = 2.%W. + Wz

2(1,2) = ¢.

2(2,1) = o

2(2,2) = W1 + 2.%42

RE TURN

END
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SUERCUTIMT M1C, (P1Y,PI2,RL§ROsZ 4KZ)
DIMENSICON Z(KZ,41)

SURRQUTINE TO CALCULATE FINITE ELEMENT..-
CONSISTENT MASS MATRIX
FOF A TORSION FOD BLEMINT WITH UNRESTRAINED BOUNDARIES.
RCD MAY FEF LINEARLY TAPERF[D CR UNIFCRim. . '
LINEAR DISPLACEMENT FUNCTICN ASSUMED.
MASS MATRIX 1% 1IN LCCAL CCOROINATE SYSTEM,
THE LCCAL COCPLINATE SYSTEM ASSUMES THE RCD TO LIE ALONG THE X AXIS
WITH JCINT Y AT Tt CRIGIN, JOINT 2 ALCONG THE FOSITIVF X AXIS.
LCCAL COCROINATE COFGER IS
TXL,TXZ
WHERE T¥ IS RGTATIUN.
DEVELCPED RY  RL WCRLEN. SEERUARY 1973,
LAST REVIS:IrN BY °L WOHLEN. SEPTEMBER 1673,

BROUTINE ARGUMENTS

¢

PIl = INPUT CROSS-SECTVICN PCLAR AREA MOMENT 0OF INFRTI2 AT RCD END 1.
P12 = INPUT CROSS-SECTICN PULAR AREA MOMENT OF INFRTIA AT RCD END 2.
RL = INPUT ROD LENGTH,.
RU = INPUT »ASS DENSITY.
pa = CUTPUT MASS MATREIX. SIZE(Z42).
KZ = INPUT ROW DIMENSICN OF Z IN CALLING PROGRAM, MIN=2,

Wl = PIlxR «FQ/12,

Wz = PIZaVL%R0/12.

2(1,1) = 3.xWY + W2

Z{1,2) = L1 o+ W2

20241) = Z2{1.+2)

2{242) = Wl + 3S.xWZ

RETURN

END



ﬁtﬁrYﬁtﬁr\ﬁr\ﬁ(\?\ﬁrﬂﬁtﬂfﬁﬁtﬂrsﬁrﬂﬁ

SUERCUTIME

CUECOLTINE _
DIMENSIUN 2(KZ,1)-

M2 (xzyxgle'RC,ZsKl)

T CALCULATE FIKITE ELEMENT ...

LUMPED MASS ML~ IX,

FCR & MEMECANE TRIANGLE PLATF FLFMENT W1TH UNRESTRAINED
MASS MATRIX TS IN LCCAL (CC*DINATE SYSTEWNM,

THE LCCAL COCRDINATE SYSTEM LSSUMFS THE PLATE TC LIE 1IN

WITH JCINY 1

X AXIS,

X2
v2
TH

RO
z

- Kz

20

th’ I

ERE

AT THE ¥-Y CRI1GIN, JOINT 2z LIES ALCGNG THE
JOIMT 3 IS IN TRE PUSITIVE Y DIRECTION.
LOCAL CCC¥PINAYE CELEFE 18

(CX4DY,TZ) JOINT 1, THENM JCINY 2, 3,
HERE CX 0V
DEVELOPFD FY wWr EENFIELL . FEERUAFY 1672,
LAST REVISICGN EY KL WCHLEN, - SEFTEMEER 1973.

THENSLATICNS AND T2 IS (CTATICNG

SUBRCUT INE ARGUMENTS
= INPUT  LCCAL ¥ CCCRDINATE LCCATICN CF JOINT 2.
= INPUT LCCAL Y CCCRGINATE LCCATICGN CF JCINT 3.
= INPUT PLATE THICKNESS.
= INPUT MmASS DENSTITY.
= CUTPUT MeSS MATKIX. SIZE(9.°).
= INPLUT RUwW CGIMENSIOCN CF Z 1IN CALLING PRCGRZM.
AREA = CoE3NZxYZ

M = (RP*TF*A“*A)/,.L
DC 1C I=1,¢

e 1¢ J=1

7
2iled) = C
pe 2¢ 1=1,
Z0I471) = CN
RETURN

END

M2A1

——— g o "

BGdNDARlFS.

AN X-Y PiLANE
POSITIVE

MIN=Q, .
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SURROUTING MZAZ (X2,X33Y33THyYHC 3Z 3 14Ry KZ.KT KR)
DIMENSICN Z(KZs1)sTU(KT91)sF (KRy1) )

" SUERCUTINE TC CALCULATE FINITE ELEMENT.es”

CONSISTENT MESS MRTPLY,

M2A2 -—- 1/ 3

FOR & MEMECANE TEIANGLE: FLATE ELEMENT WITK UNRESTRAINED SCUNDARIES .
QUADRATIC CISHLACEMENT (LINEA® STRAIN) FIELD IS USED.

MASS MATIIX 1¢
TYHE LRCAL COCPPINSTE SYSTEM &€
WITH JCINT 2
X BAXIS, AMD
LOCAL COORCINATE

IM LCCAL CCCRTINATE SYSTEM,

'MeS THE PLATE Tr LIE IN
2T THE X~Y CFIGIny JCINT 2 LIES ALCNG THE
JUIN. 3 1S IN THE PCSITIVE Y DIRECTICN.
©“ECER IS

(NY ,GYL,TZ) JOINT 1, THEN JCINT 2, 2.

WHERE DX,DY AFE TFANSLATIONS AND TZ 1S QGTAYICN.
CALLS FCFMA SUERCUTINES ETerA.

DEVELCPED
TLAST REVISICN BY Wa

EY (Y ECTLEY. - MERCH

HENF IELD.

107z,
SEFTEMEER 1972,

SUBRCUTIMNE 2RCUMENTS

X2 = INFUT LCOCAL X CPNRDINATE LOCATION OF JCOINT z.
X3 = INPUY  LCCAL X CCOCFUINATE LCCATION CF JCINT 3,
Y3 = INPUT LOCAL Y CCCRTINGTE LOCATICN CF J2INY 3.
B o = INPUT FL2TE TRICYNESS,
REC = INFUT MASS CENSITY.
rd = PUTPEUT MALS MATRIX. SIZE(G4S).
T = IRPIT MATFIX WOFK SpeCfF, €12%(10,10).
kR = INBUT PLTRIY Y OFK SFiCE, S1Z7(10,10).
KZ = INFUT €f0OW [DIMENSICN CF 2 IN CALLUING PROGRAM,
KT = INEUT  FCY LDIMENSICM CF T . IN CALLING PPCGRAM,
KR = INPUT ERDW GIMENSICN CF R - IN CALLING PRCGRAM.

SEY = XZ/¥z

SE2 = St1=lE]

SEZ = SE2%Lrp}

SE& = SFAxCE]

X2Y3 = X2*Y2xREO*TH

DO 1C I=1,1¢C

00 10 J=1,20

T(I4,d4) = C.
1¢ R(1I,4) = (.

FCC = YEXYZ/2.

FIC = X2Y2=(1. + SEl} /6.

FGY = X2Y=2/¢.

F2G = XzYZ%(1e + 1B + Sk )/ 1z

F1Y = XeY2%(1le + Zz.35F1)/c4%.

FC2 = X2ZY3/12.

F20 = X2Y22{), + SEY « b2 + SEZRY/2C,

F21 = X2Y3%(Y, + 2.,2CF) + *SE2)/¢G.

F12 = ¥XzY23* (1. + =, *S‘l)/bb.

FC? = ¥2Y5/20.

Fa( = Y2Yax(l, + $tl1 + SE2 « L2 4 CFL)/30,

F2Y = X2Y2% (1, + 2,297 + 29072 ¢+ &4, 2850F2)/120.

F22 = X2YZ2% (Yo + 2,.35EY + c.»SEZV/18C.

AN X-Y PLANE
POSITIVE

MIN=G,
MIN=10.
NIN=10. :



3¢

- F12 = X2Y3%(1, + &£ %S5E)
. FO& = X2YZ2/30. g
T(1l,1) = FeC
T(1,2) = F1C
T(142) = FC]
TIT(1,4) = F13
T(1le5) = FG2
T(2,2) = F2C
T(Zy2) = F11
T(2,4) = F21 .
TU2,45) = Fl&
TL242V = FO2
T(2,4) = F12.
T(E'S, = FGZ2
T(aye) = F22
TlayS) = F12
T(S,5) = F(a
Tloe) = FUO
T(647) = F10C
TLaaRY = FC1
TlE4%) = F2C
Tle,10) = F1Y
T(7,7) = F2(
TU(7,8) = F1}
Y{7,%) = BF2C
T(7,10) = F21
TlELF) = F(2
T{5,2) = F21
TLELIC) = F12
Y{o,9) = F&(
T{o,10) = F2
T(1C,2C) = F22
DC 20 1=143C
DO 30 J3=1,10 -
T(Je1) = ?}l,JJ
F{1,1) = 1.
R{Z41) = -1,
Rlze0) = 1. 7
“P(2,1) = SFY - 1.
K{3,2) = -V3
F({T4&) = -5
F'(':;’-’, = Ve
Ri{24C) = Y2
E(aqa3) = YZ
Rlay,e) = =Y -
R{5,2) = ¥YZx(1, ~ LF1)
P{Ey&) = Y2FLEL
P(.‘:,Ol = Y3 7
R{ney2) = 1.
F(742) = -1,
PU74,2) = »2
PiT4%) = 1.
R{746) = -¥Y¢
C{Eq2) = SEY - 1.

11120..

M2A2
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FlEe8) = =Ltl -

‘;LQ‘P’O, = X2 -

R(F’E, = l.

F(2,9) = =¥Z2

R(%43) = -Xx2

F(O,8) = X

F{1092) = Xz*x(SEY - 1.)
R{lue8) = X2 - K
-R(1C+s9) = X2

CALL PTAFA (T4FR310994KT 4KPF)
PC =6 I=1,°

DC <0 J=1,0

Z(I4d) = THI.d)

RETURN
END

M2AZ - 3/
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_ "SUBRCUTINE M2B1  (X2,Y3,THsR0y2,KZ)
DIMENSION Z(KZ,1) )

SUBRCUTINE TC CALCULATE FINITE ELEMENT...
LUMPED MASS MATRIX,

FOR A PENDING TRYANGLE PLATE ELEMENT WITH UNRESTRAINED BOUNDARIES.

MASS MATRIX IS IN LCCAL CCORDINATE SYSTEM.
THE LOCAL CCORDINATE SYSTEM ASSUMES THE PLAVE TO LIE IN

AN X-Y PLANE

WITE JCINT 1 AT THE X-Y CRIGIN, JOINT 2 LIES ALOMS THE POSITIVE

X AXIS, AND CINT 2 IS IN THE POSITIVE Y DIRECTION.
LOCAL COORDINATE CRDER IS N

(DZ,TX,TY) JCINT 1, THEN JCINT 2, 3. ‘
WHERE DZ IS TRANSLATION AND TX,TY ARE ROTATIONS..
DEVELOPED EY WA BENFIELD. FEBRUARY 1973, A
LAST REVISION BY KL WOHLEN. SEPTEMBER 1973,

SUBRCUTINE ARGUMENTS

x2 = INPUT LOCAL X CCCROINATE LCCATION OF JOINT 2.
Y3 = YIKPUT LOCAL .Y COCRCINATE LOCATION OF JOINT 3.
TE = INPUT PLATE THICKNESS., - :
RO = INPUT MASS DENSITY.

= CUTPUT MASS MATRIX. SI1ZE(9,9).
Kz =

INPUT ROW DIMENSICN CF 2= IN CALLING PROGRAM.

AREA = ExX2%Y3

M = (RF*TP*AREA)/B.O
DC. 10 I=1,¢

DC 1C J=1,¢

10 2(1,3) = C.0O
DC 20 I=1,¢

20 Z(I,1) = Cm
RETURN

END

MIN=9.
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SUERCUTINE MZF2 (X?9¥3yY3,TP,FHOgZ,T, K2 4K T4KR)
DIMENSION 2(KZ+1)3T(KT51) 4k (KRy1)'
DIMFNSICN IVEC(1G)4CCEF(9)

SUBRCUTINE TC CALCULATE FINITE FLEMENT cae

" CONSISTENT MASS MATRIX,

FOF Ao EENDING TFIANGLE PLATE FLEMENT WITH UNRESTRAINED BOUNDARIES.

CUERIC DISPLACFMENT (LINEAR CURVATURE) FIELD 1S USED.

THIS IS NOT TwF Stt CALLED STRICKLAND ELEMENT.

MASS MATRIX IS IN LCCAL CCCRDINATE SYSTEM,

THE LOCAL COOFGINATE SYSTEM ASSUMES THE PLATE TC LIE IN AN X-~Y PLANE

WITE JPRINMT Y 27 THE X-Y CRIGIN, JOINTY 2 LIES ALONG THE POSITIVE

X AXIS,s 2ND JCINY 2 1€ IN THE FOSITIVE Y DIRECTION. . -

LOCCAL CCCEDRINATE CFLFR 1S V
(DZ,TX,TY) JCINT 1, TREN JCINT 2, 3,

WHERE T2 1€ TRANSLAZTICN AMD TX,TY ARE RCTATICNS.

CALLS FPrEM2 SUEPNUTINES BYAEA. ‘

DFVELCFED tY CAFL FCDLEY MARCH 1973,

CLAST REVISION EY W& HENFIELD, ssngMSER 1073,

SUBRCUTINE ARGUMEINTS

Xz = IMBUT LCCAL X CCCRDINATE LCCATICN OF JCINT 2.
X3 = INPUT LOCEL ¥ COOSDINATE LCCATION OF JCINT 3.
Y3 = INPUT LCCAL Y CGCRUINATE LOCATION COF JOINT 3.
T = INPUT PLATE THICKNESS, -
RHEC. = INFUT  MpSS GENSITY.
b = CUTPUY MLSS MATCIX., SIZE(S,9).
' = INPUT MTPIX¥ WOKK SFACEe SIZE(10,1CG).
R = INMEUT PMARTIRIX WCGRK SPACE. SIZF(10,10). .
Kz = INPUT Fuiw CIMENSICN CF 2 IN CALLING PRCGRAM,. MIN=9,
KT = INPUT RUW DIMENSICN (F T  IN CALLING PPCGRAM, MIN=10.
KR = INPUT ROW DRIMENSION GF R IN CALLING PROGRAM. MIN=10C.
€€l = X2/¥2
€E2 = SEIxCE)
SE> = SE2#Sp?
SEs = SFR%CED
SEE = CFLelE)
SFe = SEExCE)
SECY1 = (1. + SE1)/2.
CECI = SEC1%22? -
CECS = SEC1%%3

0e 10 I=1,1¢
or 1C J=1,1¢C
10 T(I44) = G

T(1,1)
T(2,2)
T(2,2)
T(4,1)
T(a,y?2)
T(lLg&)
T(ae?)

(£43)

tmt bbb

| L2 L LA I (S TR [ ||
¢ € ¢« ¢ ¢ & 3 @

ot bl Nl b



T(545) = 1.
T(S"a, = 1.
T(642) = 1.
T(b,‘*’ = Ze
Tlo,7) = 3.

_T(7.1) = 1,
T(7,2) = 5E1
TL74,3) = Y.
T(T,24) = SE2
T(7,5) = SE1
T(7+6) = 1,
T(7,7) = SEZ
T(7,8) = SE2
T(7,9) ="SE1
T(T,1C) = 1.

" T(B'E, = Y.
T(E,8) = SE1
“T{Byb) = 2.
T(8,8) = SE2
T(S,Q’ = 2.%SE1
T(B,10) = 3.
T(9,2) = 1.
T(9,4) = 2.%SE1
T(o,5) = 1.
T(O,7) = 2.%8E2
TI948) = 2.%8EY
T‘g,‘;) = 1-
“T(10,1) = 1.
T(10,2) = SEC?
T(1G,2) = 1./3.
Tt10.4) = SEC2
T(10,5) = SEC1/%:.
T11096) = 3e/%.
~T{10,7) = SEC2
T(1G65€) = SEC2/2,
T(10,9) = SEC1/9.

TUI6,10) = 1./27.

oe £ %

R{1,4)
RII,I)

D0 160
JRIG =
Al = AB
no 1% J
A2 = AS
IF (A2
AY = 2
JRIC =

"CONTINU

IVEC L)
ALJEIG
pec 17 Jd

3111
DO 7 J=1,1

L!
&)
Co.
l.

L:l'!();

1 .

SITIL,1))

=210

S{T(L,J1))

«LT. Al) GO TGO 12

J
€
= JIEIG
= TULyJE1G)
=1,10

M2e2
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£l
25
100

40

5¢

26

£0

55

TIL,Jd) = TILyJI/ALIFIG
RILyJ) = FUL9JII/LLIBLG
ne 25 I=1,10

ATJEIG = T(1,3L1G)

IF (I .FC. L) GC TG 25

DO 3¢ J=1,10

T(IyJd) = TiI4d) ~ ATIBIGHT
R(I,J) = K(I4Jd) — AIJBIGHR
CONTINUFE )
CCNTINUE

DO 40 I=1,1C
IF = IVEC(I)
DC 4¢ J=1,'0
TOIRGY) = R(ILJ)
DC 5G I=1,10
CC SC J=1,1¢

RUILJ) = T(Ie)

DO 26 I=1,1¢ ,
RU142) = YREP(IL2)
P(I,3’ = -X?_*F(I,?»l

RUI48) = Y2%R(1,5)

R(1,6) = =X2¥R(I,6)

RU1,E) = Y3IxF(I,¢)

RU1,9) = =-XZxRE(1,%)
COEF(YY = Y. /2.

CCEF(2) = Y3/1le,

COEF(2) = —(X2+X3}/1&.
CCEF(&4) = 1,./3.,

COFF(5) = Y2/1E.

COEFLE) = (2.%X2 — X2)/1¢&.
CCEF(T) = 1./3,

CCEF(8) = -Y3/9,

COEF(9) = {ze%X3 - Xz)/1E.

DO €0 T=1,1C
DG 80 J4=1,9
R{Yyd) = RUlsd) + R{I,1U)x%

GG 55 I=21,10
DC €5 J=1,1C

(L,J)
(Lsd) -

CUEF(J)

)/1z.

+ SE2)/72¢C.
ZoulE2)/60C.

TlIsd) = Qo

X2Y3 = ¥22Y2%THxKkHO

FCU = X2Y3/2.

FI1C = XZY>*(1, + SEl1) /6.
FCG1 = X2YZ=/6.

20 = ¥2Y7%(1. + SEY1 + SE
F11 = XxeYZ2*{l, + cz.¥SC1)/24,
FLz = x2Y?/12.

FAc = X2Y2%{(1, + £1 + SEZ

o Fel = X2Y3E¥(l. + Z4x*SF1 +
F12 = ¥2Y>%t1. + 2.%x5E1)/6G.
FC2 = XzY2/220.

M2B2
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M2B2

FoQ = X2Y3»{1, + SE1 + SE2 + SE3 + SE4)/30.

F231 = X2Y3%(1e + 2.%SFE) + 3.%SE2 + 4 *EE3)/120,

F22 = X2Y3%(1a4 + 3.%5EY + 6,%5E2)/180,

F13 = X2Y32(1l. + &.%SE1)M/12C.

FU4 = X2Y2/30.

FE0 = X2Y2%(1, + SE1 + SEZ + SE2 + SF4 + SE5)/42,
F&l = XeYZ%(1l. 4+ 2.%SEY1 4+ Z.%CE2 + 4 %SF2 + 5,3%SE«£)/210.
F32 = X2Y3%(le + 3.%SE1 + €.%SE2 + 10.*%SE3)/420.
F23 = X2Y3%(le #+ 4.%SE1 + 10.*5E2)/7420.

Fl4 = X2YZ2x(Yle + S.%SEY)/210.

FOE = X2Y2/&2. ‘ ?

F6O0 = X2Y2*(l. + SEY1 + SE2 + SE3 + SE4 + SES + SE6)/56,
FEY = X2YZ%() 42 o%SEY 43 % SE244,%SE345 . xSEL+6,%*SE5) /336,
Fu2 = X2Y3%(1e432SE1 46 .2xSE241C*SE3+15 #5F4) /840,
F33 = XZ2Y3%() e +44%SEY 410, =SE2+20.%SE3) /1120, - '
F24 = X2Y3%{1 .45 ,%SE1+415,%SE2.)/840.

F15 = X2Y2%(1.+6.*SEY )/336. )

FQ6 = X2Y2/56.

T(1,1) = FOO

T(1,2) = F1C
"T(1,3) = FO1

T 1‘9, = F2C

Tl1,5) = F]12

T(1,6) = FOz

T(1,7) = F2C

T(1,8) = F21

T(1,5) = F1z

Ti(1,10) = FG3

Tl242) = F2¢C

T(2,2) = F11

T(24¢) = F20

T(245) = F21

T(24¢) = F12

T(?'?) = F&Q

Tl24€) = F31

T{2,9) = F22

T{Z,10) = F13

T(343) = Fl2

T(3,4) = F21

T(2,5) = F12

Tl346) = FC3

T(3,7) = F21

T(3,8) = F22

T(2,9) = F12

T(2,10) = FO&

Tlays) = F&O

Tl445) = F31

T(Lqé\’ = F22

T(“y-f‘ =z F&O

T(L48) = Feol

T(4y9) = F32

T(4&,10) = F23

TL5,8) = F22

Ti{540) = F12
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-TU547) = Fel
T(5,8) = F32
T(5,9) = Fz2
TL5410) = Fl4
TlEeqs6) = FGa
T(647) = F22
Tlee8) = F23
T(t49) = Fl&
T(6,10) = FOS
T(?y?) = F&l
T(7,8) = F5?
T(7:9) = Fe2
T(7,10) = F332
: T(RGR) = F&p i
TlE,9) = F323

T(8,10) = Fia
T(S,0) = Fré
T(9,10) = F1§
T(10,10) = FCE -

DC 60 I=1,10 °
DC 60 J=1,1C
CT(Ie1) = T(I,d)

CALL RTARA (T9Rp10y@yKT4KR)
DC €5 I=1,9 . T N
DO §5 J=1,%

Z(I,3) = T(1,4)

RE TURN
END
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SUFRCUTINE M3CY1  AX3,Y3,TH,RO424K2)
DIMENSION Z(KZ41)

~

_ SUBRCUTINE T CALCULATE FINITE ELEMENT...

LUMPED MATS MATRIX
FOR A FECTANGULAF ShFAF FANEL ELEMENT WITH UNRESTRAINED BOUNDARIES.

- MASS MATRIX 1Y IM LCCAL COGRUDINATE LYSTEM,

TRE LOCAL COCRCINATE SYSTFEM ASSUMES THE PANEL TC LIE IN AN X-=Y PLANE
WITH JCINT 1 AT THE X-Y CRIGIN, JCINT 2 LIFS ALONG THE POSITIVE '
X AXIS, JOINT 2 IS IN THE PCSITIVE X,Y DIRECTION, AND JOINY &4 LIES
ALONG THF PCSITIVE Y AXIS. ;
LOCAL COORDINATE GFDER IS

Dxl,[:‘#.Z,D)f‘B ,DX‘, EY],DYZ,LY:“"DY‘%
WHERS DX,DY ARE TRANSLATIGNS.
DEVELCPED EY RL WOHLEN. APRIL 1974,

SUERCUTINE ARCUMENTS

X3 = INPU. LOCAL X COOPUINATE LOCATION OF JCINT 3.

Y2 = INPUT LCCAL Y COCRDINATE LCCATICN OF JGINT 3.

TH = INPUT PANEL THICKMESS.

rRC = IMPUT MASS CENSITY.

z = CUTFIIT MASS MATRIX. SIZE(&,8).

KZ = INPUT ROW DIMENSION GF Z IN CALLING PPGGRAM. MIN=8.

CM = EOxTHE=RXZ2%Y3 /40
DC 1G JU=1,¢
DC 10 1=1,4¢
10 2(1,4J) = 0.C
DC 20 1=1,¢
20 7(1I,1) = CM

RETURNM -
ENS
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SUBRGUTINE MASIA (CJeEJyAl 3A24RU,NAMEM 37 oKCJoKEJ K2 )
DIMENSICN CJ(KCJIs1)y EJ(RES1)Yy 2. "9p1)
DIMENSICN EY1(3,2}y E2(3,3)y W(2,2)

) 7
SUBROUTINE TOC CALCULATE FINITE ELFMENT...
MASS MATRIX
"FOR AN AXIAL ROD ELEMENY WITH UNRESTRAINED BGUNOARIES.
ROD MAY BE LINEARLY TAPERED CR UNIFORM.
#ASS HATRIX IS IN GLORAL CGORDINATE OIRECTICNS.
GLUBAL COCRGINATE CRDER IS
(UsVeW) JSOINT 1, THEN JOINT 2.
WHERE U,V,W ARE TRANSLATIOCNS,
EULER ANGLE CONVENTICN IS CLCBAL XyYs2 PERMUTATION.
CALLS FCRMA SURROUTINES EULER,M1AY M1AZ2,ZZEOMB.
. DEVELGPED .27 RL WCHLEN. SEPTEMRER 1972. '
LAST REVISION BY WA EENFIELD. MARCH 1976.

SUBRCUTINF ARGUMENTS
cJ = INPUT MATRIX OF GLCBAL X4YeZ CUORDINATES AT ROD JODINTS.
. ROWS 142,43 CORRESPOND TC X,Yy2Z COORDINATES.
COLS 142 CCRRESPOND TC JOINTS 142+ SIZE(342).

ES = INPUT MATRIX OF EULER ANCLECZ  {DEGREES) AT ROD JOINTS.
ROWS 14243 CCRRESPCND 70 GLOEBAL X»YyZ PERMUTATION.
COLS 1,2 CURRESPOND TO JCINTS 1,2 SIZE(3v2).
Al = INPUT CROSS-SECTICN ARFA AT ROD END 1.
A2 = INPUT CROSS—-SECTION AREA AT FOD END 2.
RO = INPUT MASS DENSITY,
NAMEM = INPUT TYPE UGF MASS MATRIX WANTED.
= M1, LUMPED.
= M2, CONSISTENT.
Z = DUTPUT MASS MATRIX. SIZE(640).
- KCJ = INPUT POW DIMENSION OF CJ IN CALLING PROGRAMe MIN=3.
KEJ = INPUT  RCW DIMENSICN COF EJ IN CALLING PROGRAM. MIN=3.-
K2 = INPUT RCW DIMENSION OF Z IN CALLING PROGRAM. MIN=6.

MERRCOR EXPLANATICN
1 = DIMENSION STZE EXCEEDED (K2).
2 = NAMFM IMPRCPERLY DEFINED.

aNelaNa o NaNaNeNaNaNalaNa e NaNaNaNoNa N e NaNa e Na e o NaNa o RS Nal o Ne Na Xa

NERROR=1
IF (KZ .LT. &) GC TC 999 -
DC 5 J=1,¢6
DO 5 1=1,6
5 2(1,J) = 0.0
RL = SQRTU(CJI(142)-CI(11)0%%2 + (LJ(242)-Co(2,41))%%2
* o + (CI(3,2)VCJI(3,1)0%%2)
IF (NAMEM ,L,EQ., 6HM] ) GO TC 110
IF (MAMEM _FQ. 6HM2 ) L0 TC 12C
NERRJR=2
GO T0 9996
C
C LUMPED,
110 CALL M1 2] (21 9AZ24RL yF Uy, 2)
nC 112 1=1,%
112 2{T1,1) = W(l,1)



114

C CON

120

122

124

126

999

DO 114 12446
2(I,1) = W(2,2) -
RETURN

SISTENT.

CALL M1A2 (A 9A24RL ROy We2)
DO 122 v=1,2

Z(I,1) = W(l,1)

CALL EULER (EJ(1,1),E1,3)

CALL EULER (EJ(1,2)9E2,3)

CALL ATXBB (F1,E2y, 33335 3,3)
DO 124 I=1,3

DO 124 J=4,46

ZUI,J) = W(1,2)%E2(14J-3)
Z0,1) = ZUI4d) -
DO 126 I=4,6

2(1,1) = W(2,2)

KETURN

CALL 7ZBUMB {6HMASIA HNERRCOR)
END. ’

MASIA --= 2/ 2
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SUBRBRCUTINE MASIB (CJeEJ-AY93A24FT19PI2ROyNAMEMSZyWeKCI9KET$KZ K W)
DIMENSICON CJ(KCJyity ESJ(KEJy1)y Z(KZy1)y W(KW,1)

SUBROUTINE T CALCULATE FINITE ELEMENT ...
MASS MATRIX
FOR A COMBINED AXIAL”TLRCION-BENDING BAR ELEMENT WITH UNRESTRAINED
BCUNDARTES..
BAR MAY BE LINEARLY TAPERED Ok UNIFTRM.
MASS MATRIX IS IN GLOEBAL COORDINATE DIRECTIONS.
GLOBAL COOFRDINATE CRDER 10
(UsVyW,PyCeR) JOINT 1y THEN JOINT 2
WHERE U,V,W ARE TRANSLATICNS AND P,GyR ARE ROTATICONS,
ANGLE CONVENTION IS GLORAL X,YeZ PEPMUTATION.
CALLS FORMA SUBRCUTINES BTABA,DCOS1ByM1A1,M1A2,M1Bi,M1B2,M1C1,M1C2,

CULER

ZZFOME,

DEVELCPED RY RL WCOHLEN. FEBRU#RY 1973,

LAST REVISINN BY WA BENFIELD., MARCH 1976.

SUBROUTINE ARGUMENTS

CJd

EJ

Al

A2
PI]
P12
RO
NAMEM

KCJ
KEJ -
Kz
KW

= INPUT

INFPUT

IMPUY
INPUTY
INPUT
INPUT
INFUT
INPUTY

N nnn

CUTPU
INPUT
INPUT
IMPUT
INPUT
TNPUT

LU I T | B 1 B

MATRIX OF GLCRAL X,Y,Z CCORDINATES AT BAR JCIMTS.
RC.S 14243 CORRESPOND TO 7,Y,Z CCORDINATES.
CCLS 1,2 CCRRESPUND TO oUiINTS 1,2. COL 3 CORRESPONDS
TC REFERFNCE PCINT TO DEFINE LCOCAL XY PLANE. SIZE(3,3).
MAT®TY CF EULER ANGLFS (DEGREES) AT EBAR .. INTS.
ROWS 1,2,3 CORRESPOND TO GLCBAL X,Y,Z PERMUTATICN.
COLS 1,7 CUR-ESPOND YO JOINTS 1,2. SIZE(3,2).
CROSS—SECTIOCN AREA AT BAR END 1.
CROSS~SECTION AREA AT BAR END 2.
CRPOS3-5ECTION PCLAR AREA MOMENT OF INERTIA AT END 1.
CROSS—SECTION POLAR AREA MOMENT CF INERTIA AT END 2.
MASS DENSITY. .
TYFE CF MASS MATRIX WANTED.
= M1, LUMPED.
= M2, CONSISTENT.

T PASS MATRIX. SIZE(12,12).
WORK SPACE MATRIX. SIZE(12,12).
FCW DIMENSION CF CJ IN CALLING PROGRAM. MIN=3,
KOW DIMENSION (F TJ IN CALLING PROGRAM. MIN=3.
RCW DIMENSION CF Z IN CALLING PFUGRAM. MIN=12.
ROW DIMENSICN OF W IN CALLING PROGRAM. MIN=12.

NERROP  EXPLANATICN
1 = DIMFNSICN STIzE ©XCEEDED KZ4KW),
2 = NAMEM IMPRCPERLY DEF INED.
NERRCR=1
IF (KZ LT 12 .0F e KW «LTe 12) 0 TIC 959
LC & d=1,12
DO & I=1,12
E7014d) = L0
RL = $QFT A{CH(T92 )0 (252 ))%%2 + (CI(792)-CI(2,41))%%2
* + (CH(3,2)-CU(341) )%%2)
IF (MAMEM JFu e ¢HML y GO TC 11C
IF (NAMEM F( . &HRM2 ) “C YL 12C

NEKROK =2
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GC TC ©o09
AXTAL=MIAY (LUMPEC), VTS CION=MIC! (LUMPED), BENDING=M1El (LUMPED).
11C Cats Mlal (A19A2+PL orCyZ24K2) ) i

3Ll MI1CY (PIY.PICoKRL ROy (3,3),K2)

CALL MI1G1Y (219R2+FLRCHZ2(5,5)4K2)

CALL MIRY (LY A FL R0 2( Sy ©)¢KZ)

G TC 2C¢

AXIAL=MIAZ (LINEAR CISP), TORSION=M1C2 (LINEAR DISP),
BENDING=M1FZ ICURIC DISP).
120 CALL MYA2 (223 AZ29RL +RT L okZ)
CaLL M1lC2 (PY1,PIZ29RLRC3Z2(3:3)4F2)
CALL M1E2 (21 ,AZ4RLPCyZ(5,51,4K2}
BC 125 J=7.8
CC 125 I=546
Z414J) ==Z(I,J)
125 2€341) ==Z1J,1)
CALL M1E2 (A JA2,FL 4yRCyZ2(3499)4KZ)

300 CALL DCOUS1F (CJeEIyWeKC Iy KEI kW)
CALL HTARA (Z.W, 125124 KZ,KW)
RETUSN

969 CALL ZZEOMF (EHMASIE HNERECP)

N
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SURRQUTINE MaSZ ‘CJ'EJ’THAS pROSNAMEMo Z oW1 oW2 9 KC JoKEJp X Z oKW1 oKW2 )
OIMEMSION CIIKCI4Y1)y, EIIKES 1)y 2(KZ01), WYI(KW1,1), W2{KW2,1)
DIMENSION IVEC(LIE) '

DATA IVEC /192269 TaE 312513 914:18, 2949599510511, 15,16,177

SUBRCUTINE TC CALCULATE FINITE ELEMENT...
MASS MATRIX
FOR A CCMEINMED MEMEFANE-EENDING TRIANGLE PLATE ELEMENT WITH
UNRESTRAINED ECUNDARIES, )
MASS MATRIX 1S IN GLCEAL CCCRDINAT: DIRECTICNS.
GLOERAL COORDINATE ORCER IS
(Ug VoW F e yR) JCINT 1, THEN JCINT 2, 3.
WHERE U,V,W 2RF TPANSI ATIONS AND F.Q,R ARE ROTATIUNS.
FUL=R ANGLE CONVENTION IS GLCRAL XsVe2 ~ERMUTATICN.
CALLS FCRM2 SURFQUTLINES sTEBRA,DCCS24M2A1M2A2,M2R1,M2E2,22E0MB,
DEVELCPED £Y WA FENTVIELD, FL WChLEN. FEBRUARY 1972,
LAST REVICSION EBY wx BENFIFLD. MARCH 1976.

SUERCUTINE ARGUMENTS

cJ .= INPUT MATRIX CF GLOEAL X,Y,2 CCORDINATES AT TRIANGLE JCINTS.
RCWS 1,2 +3 CCRKRESPCOND TC X4YoZ CODRDINATES.

CCLE 1,2,3 CCRERESPCND TC JUINTS 1,2,3. SIZE(343).

EJ = INPUT MATRIX CGF EULEP ANGLES (DEGFEFS) AT TFIANGLE JOINTS.
FCWS 1,2 +3 CCRRESPOND TC GLOEAL X,Yy2 PERMUTATIGN.
CCLS 1,242 CORFPESPONG TC JCINTS 1,2,2. SIZE(3,3).

TMAS = INPUT FEFFECTIVE MASS THICKNESS.

RC = INPUT M2<S LGENSITY.

NAMEM  =. INPUT TYPE OF MASS MATFIX WANTED.
= M1, LUMPEL,

: = MZ, CONSISTENT.

Z = CUTPUT MLSS MaTRIXN. S1ZE(18,18).

wl = INPUT WORX SFACE MATRIY. SIZF(18,1E).

W2 = INPUT WrRK SPACE MATFIX. SI1ZE(10,10).

KCJ = INPUT RCW DIMENSICN (F CJ IN CALLING PROGRAM. MIN=3.

KEJ = INPUT FPOW CDIMENSICN TF EJ IN CALLING PRCGRAM. MIN=3.

KZ = INFUT FCOW DIMENSICN OF Z IN CALLING PROGRAM. MIN=18.

KWl = INMPUT &CW DIMENSICNM UF W1 IN CALLING PRCGRAM. MIN=18.

Kiw2 = INFUT PoW GIMENSION COF W2 IN CALLING PROGRAM. MIN=10.

NERFCR  EXELANATICN
= DIMENSICN STZE EXCEEDED (KZ AH™ KWZ2).
= MEMEM IMPRUPERLY LEF INED.

NEPROF=1
1F (X2 LT. 18 .CRe KWY oL7. 1t CR. KWZ ,LT. 10} GO TC 999
LU £ da=1,1F
0C & ¥=1,°P
5 213,d) = ¢.C

SL12 = SORT((CI(1,2)-CI(1,1))%%2 + (CJI(Z2,2)-CI(2,1))%%*2
* + (CJ(32,2)-CI(3,1))7*2)
SLZZ = SOPTUICIUY 42 )=CJ1{1,2))%%2 .+ (CI(2,2)-CI(2,2))%*%2
x + (CL(3,3)-CJ(342))*%2)
LIS = SEETUCINT43)-COl1,41)) 522 + (CJ(243)-"3(2,1))*¥2

* + (CJ(3,3)-CI(3,1))%%2)
X2 (SLYZ®*2+CLY12%%2-802%%22)/(2.0%5112)

It
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Y3 = SQRT(SLIB®uz-X3%%2)
IF (NaMEM _ECG. 6hM] ) GC TC 110
IF (NamEM EC. 6£HM2 ) GC TO 120
NERROR=2
60 TC 999

C
C MEMERENE = M2AY (LUMPED), FENDING = M2F1 [LUMPED).
110 CALL 422} (SL22,¥2e TMAS JH LWl ,,KK1)
CALL M2Fk1 (SLYC Y33 TMAS FCyW1(10,10),kW1)
e 115 Iw=1,1°
I1Z = IVECI(IV)
115 2012,1Z) = W1(1W,1IW)
EETURN
c .
C MEMRRANE = M2A2 (CONSISTENT), SENDING = M2E2 (CCASISTENT).
120 CaLL M222 (SLIZ;)'3.V3oTMAS.RD.Z.Hl.H2,KZ,KHI,KUZ)

CALL M2F7 (SLYI2oX35 Y3, TMAS3P03Z810510) 9Nl g W24KZ oKW1 yKW2)

CCALL DCOS2  (CIeEJyW] yKCI9KEJ 9KHY)
TCALL BYZBA (2 oW1 01E,1C0,K2.KNWY)
PETURN
C
999 CALL ZZ2tOMR {SHMAS2 JNEFFOK )
END
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SLERCUTING MASS (CIIE Sy TRAS JROJNAMEM o Z o WYy 29KCJeKEJeKZ oKW1 oKN2)
CIMENSION CJINCI IV qEJIKED 1) 3ZIKZ1) 4WIIKWILI)  W2(KWZ,1)
DIMENSICN CW(3,2), W ({2,3), 1Vi(1e), 1Iv2(i1g), IV2(1E), 1IV4(1E},

* W2(1C,1C)

DATA IVY/ 1, 29 39 49 59 Uy Ty 89 D91Ce11.12:13,144154164517,18/7,

* IVZ/ 1o Gy 29 49 S99 6913314,15,069 17918919920 9219229239247,
* IV3/ 19 24 3g 49 59 69 Te By 9300011412, 109,20,21922023924/7
* IVe/ Ty 9 9910911512513, 14,15 0169179189019220021922423,24/

SUBRCUTINE T CALCULATE FINITE FLEMENT...

MASS MATRIX
FOR A CCMRINEL MEMBRAME—RENG ING QUAGRILATERAL PLATE ELEMENT W1TH
UNRESTRAINED ECUNDAFIES.
MASS MATRIX IS IN GLUEAL COCTDINATE DIFECTICNS.
GLORAL CCORD INATE CRDER IS

(UaVewoe®,CeR) SCINT 1, THEN JCINT 2, 34 4.
WHERF U,V,% ARE TRANSLATICNS AND P,CQsR ARE SCTATICNS.
EULER ANGI ¥ CONVENTION IS GLUBAL X,YeZ PERMUYATICN.
CALLS FORMA SUGBRCUTINES MASZ FFVADD,Z2ZECME,
DEVELCFED FY WL EENFIFLD, RiL WCHLEN. FEERUARY 1973,
LAST REVISICON 2Y wWr BENFIELD. MARCH 1976,

SUBFCUTINF ARGUMENTS
cJ = INPUT MATRIX OF GLTEAL X,Y+2Z COCRDINATES AT QUAD JOINTS.
: CCHE 142493 COCRRESPOND TQ XoY47 CODRDINATES.
CCLS 14243494 CORRESPCND TC JCINYS 132,3494. SIZE(3,4).

= INPUYT MATOIX CF FULER ANGLES (DFGREES}) AT CUAD JOINTS.

RCWS 142 4% CCRRESPOND TC GLCRAL X,YyZ PEPMUTATION.
COLS 1429294 CORRESPOND TC JOINTS 1529344 SIZE(3,4).

TMAS = INCPUT  EFFECTIVE MASS THICKNESS,

RC = INPUT MpSS DENSITY.

NAMEM = INPUT TYPE CF MASI MATFIX WANTED.
= M1y LUMPED. & TRIAMGLES, CVERLAP AVERAGE.
= M2, CONSISTFNT. 4 TRIANGLES, CVERLAP AVERAGE.

Z = TUTPLT MASS MATRIX. C128(24,24).

Wi = INPUT WCRK SPACE MATERIX., SI1ZF(18,18).

w2 = INPUT WORK SPACE MATRIX. S12F{18,18).

KCJ = INPUT RCW DIMERSICN COF CJ IN CALLING PRCGKkAM., MIN=3,

KEJ = INFUT FCOW DIMENSION OF FJ IN CALLING PRC(GRAM, MIN=3,

K2 = INFUT  FOW DIMENSION COF 2 (N CALLING PROGRAM. MIN=24,

KWl = YNPUT #Cw DIMENSION (F W1 IN CALLING PRCGRAM, MIN=1E.

Kw2 = INPUT FOw DIMENSION CF W2 IN CALLING PROGRAM. MIN=18.

NEKPCR  BY L ANATICNM
1 = DIMENSION STZF EFYCEYDED (XKiy kW1,KWZ).
2 = NAMEM [MPECOPFRLY DcF INED.

NERRCR=1
IF (KZ LT. 2% oCRa KNI oLTe 1f olfe KW2 &LT. 1B) GC TC 999
O B Jg=1,2¢
GC 5 1=1,2¢
2“’\,, = C-QC
IF INAMEM El. 6HM] ) ¢ 310 110
IF (NAMEM LEUe 6HM2 ) GC TC 110

wn

NERFOR=2
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GC TC 9990

11¢ DO 112 1=1,3
CH{l,1) = CJU]I,))
EWlI¥) = EMIL))
CWII,2) = C&l1,42)
EW{Ie2) = EJUlI,H2)
CH(Iy3) = CIlIL3)

112 EW(I,3) = EJ(1.3)
CALL MAS2 (CR ENy TMAS yROoNAMEM WY y W2y 33393 KWL yKW2,10)
CALL REVADD (.5,W1,1iV1s1V1e2, 18,18424924, KH1,K2)
pC 113 1=1,3

CHiIs1) - Cull,l)
EW(I,1) = EJ{I,1)
CU(I,Z) = CJ{I,3)
EN{I2) = EJU]I+3)
CHLIL3) = CJ(1,4)
113 EW(I,32) = ES(]I,4)

CALL MAZ2 (CWHENy THAS yRUSNAMEM oW1 3 42, W3 3333 9KWL 3KW2,510)
CALL REVADE (.5,W1,1V241V2sZy 189184249249 KW1,KZ)
e 114 I=1,2

CW(Iy1) = CI{(I,))
EWl(Iyl) = £3(1,1)
CW(I,y2} = CI1,2)
EW(1,2) = ENI,21i
CHII.2) = CU(]1,2)
114 EW{I,3) = ES(I,4)

CALL MAS2  (CWyEWyTMAS JRCyNATEMo W] 3W2o W3 5353 oKW1 ,KH2,510)
CALL REVADD (o5yWlgIV3,IV3y2y 1R918.24,246, KW1,KZ)
DO 115 I=1,3

C': (I 1) = CIt1,2)
EW(IL1) = EJ(I,2)
CH(I,2! = CJ(!'B‘
EW(1,2) = S0(1,2
CHEIL2) = CUlI,4)
115 EW(I2) = ESl1,4)

CALL MiE2 (CWe FWg TMAS JRUGNAMEM oW1 o W29 W3 93453 9KW1 3KW2,10)
CALL REVADD (5,Wlg1IVa,IVay2, 189184244249 KW1,KZ)
RETUFN

999 CALL 22BCME (SHMAL3  JNEREKCKR)
END
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SUPPCUTINE MAS3A  (CHGEIJe TMAS gROGNAMEMoZ oW g W2 9 KC JoKEJ o KZ oKW1 oKW2)
DIMENSION CJI(KCJI9el)s SJIIKEI)L)y ZIKZ9o1)y WI(KW1I,1)y W2{KW2,1)

SUERCUTINE TC CALCULATE FINITE ELEMENT .ee

MASS MATRIY
FCR A RECTANGULAR SHEAR PANEL ELEMENT WITH UNRESTRAINED BCUNDARIES.
MASS MATRIX 1S IN GLCRAL CCORDINATE DIRECTICNS.
GLOEAL CCOGRDINATE CRTER IS

(UsVoed) JOCINT 1, THEN JTINY 245 3¢ 4.
WHERE UoaVyW ARE VZANSLAT ICGNS.
EULEE ANMGLE CONV NTICN 1S GLCBAL XsYeZ PERMUTATICN.
CALLS FORMA SUFRCUTINES M3Cl,2ZECME.
DEVELCOED EY RL WCOHLEN., APRIL 1974,
LAST REVISICN FY ®L WOHLEN. MAY 1976.

SURERCUTINE RAPGUMENTS
cJ = INPUT MATRIX CF GLCEAL Xy,Ye2Z CCORDINATES AT PANEL JCOINTS.
OOKS 1,243 CCREESPOND TO X,Y,2Z COORGINATES.
COLS 142 9394 CCRRESPOND TC JCINTS 1,2¢304. S1ZE(3,4).

€J = INPIT MATRIX CF EULEPR ANGLES (DEGRFES) AT PANEL JOINTS.
FOWS 1452 +3 CORRESPOND TC GLOBAL X,Y,Z PERMUTATION.
CCLS 147 929« CCRRESPCNT TO JJINTS 15243:4. SIZE(3,4).

TMAS = INPUY FEFFECTIVE MASS.THICKNESS.

RCG = INPUY MpSS CEMNSITY.

NAMEM = INPUT TYPE OF MASS MATRIX WANTED.
= M1, LUNMPFD.

z = CUTPUT KASS MATPRIX. SIiZE(1Z2,12).

Wl = INPUT WCRK SPACE MATRIX, SYIZE(12,12).

w2 = INPUT WURK SPACE MATRIX. SIZE(»%,%%),

KCJ = INPUT RCiwWw DIMENSION OF CJ IN CALLING PROGRAM. MIN=3.

KEJ = INFUT &CW DIMENSION CF EJ IN CALLING PFOGRAM. MIN=3.

KZ = INPUT FPCW DIMENSION CF Z IN CALL ING PROGRAM,. MIN="2.

Kwl = INPU'T RCw DIMENSICN O9F W1 IN CALLING PRCGRAM. MIN='Z,

KW2 = IMFUT RCW DIMENSTION OF Wz IN CALLING PRUCGRAM. MIN- *,

NEFEQD  EXFLANATICN
1 = DIMENSICGM SIZF CXCEEGED (KZ,KHWlaKWZ).
2 = NAMEM JMPRCPFRELY DEF INED.

el N NaNaNaNaNaNa o NeNaNaNa NaNalaNaNaNaNalalaRaNalaNaaNaNa NaNala Na e Ra

NERRCR=1
IF (KZ LT, 12 o0Fe KWY1 oLT. 12 «CR. KW2 oLT. O0) GO TC 999
SL1Z = SCRTIICINL42)-CIt1,200%*2 + (CI(2,2)-CI{2,1))%%2

* : + (CJ(3,2)-CJ(3,1))%%2)
SLY14 = SCRTMICINY»4)-CI(142)) %2 + (CI(244)-CI(291))%*27
* + (CJ(2,0)CJI(3,1))%%2)
IF (NaMeEm JFfC, 6RMY ) GO TC 110
NERRQOR=2
GC 10 <09
C
C LUMPED,

11¢ 10 112 J=1,12
DC 112 121,12

112 Z(isJd) = Cou
CALL M3C) (SLYZ4SL g TMAS R M7 yWl oKWY )
DC 115 Tu=1,&



MAS3A -= 27 2

12 = 3%(Iw-1)

20I2¢1,1241) = WLCINW, IW)
ZQIZ42,1242) = WI(IW,IW)

115 2(1242,12+3) = W1(IWyIW)
RETURN

999 CALL ZZ280MB (6HMAS3A JNEKRROR)
END



SUBROUTINE PRESS (CJy TyNINyNCOL4KCJ4KW)

DIMENSICN CJU(KCJI31) 5T (KKy1)

DIMENTION A(84+8) 4 JNM{3,42) WN(3),C(3,9),IV(3),JVI9)

PRESS -- 1/ 2

C %% SUBPTWTINE TO CALCULATE FLUID ELEMENT PRESSURE TRANSFORMATICN
MORE DESCRIPTIVE COM'.ENT CARDS TO BE ADDED AT A LATER DATE.

DEVELCPED BY CAPL EODLEY,

ST REVISICKN BY C S BCDLEY.

DATA JUNM /
192939 21493y 3G9y,
296929 295469y 495,42y
3’516’ 3'295) 49591y
175,2’ 516'2’ 5'8'7'
192449 29394y 19445,
195969 19692y 59896y
192939 L3949 198,45,

% % % % % % ¥

CALL ZERC (TyNINJNCOL,KW)
L = 18 a

C
Cc
C 2=
C *xx»
C LA
c
C

NTF = 24

IF (NJN .EC. &) GG TC 5

Lo = &

NTF = 14 '

IF (NJN .5G. 6) GO TO &

-0 = ©
NTE = &
5 CONTINUE

c

DO 20 N=1,NTF

LoC = N + LC

J1 = JNM(1,LCC)
25
30
c

J2
J3

JNM(2,LC0)
JNMI2,LCC)

NOVEMBER 1974.

19442,
49241y
105402,
SeTeby
49895,
6By 7y

Y498y

19293,
39694y
930 hy
LoTe By
29697,
3e728,
29693,

CCTOBER 1974,

69594,
30441y
19644y
49347,
29733,
39894y
69793 /

VN(1)=(CI(24932)-CI(2, 12 *{CL{3,33)-CI(3,J1))

% =(CI34J2)-Cd2931)):4ACI(2403)-CI(24J1))

VNE2)=(CI(2,J2)-CI(25J1))*(CJ(2,J3)-CI(1-21})
* —(CJI(1,92)-CI(1,31))%(CI(3,43)-CI{3,41))
VRI3D1=(CI(15921-CI (1, I1 1) *(CI(2533)-CI(2,4J1))

* =(CJI(242)-CI(24I11)%(CI219d3)-CJ(1,J1))

2C = SCFTAVNI1II*®VN(]) + VN(2)*VYNI2) + VNI3)*VYNI(3))

DC 28 1=1,3

VN(I) = VN(I)/2C

AC = AC/4F.

IF (LOC JLTa. &) AC = 2.%AC
DO 2¢ I=1,2

IVII) = IUNM,L00)

DC 30 J=1,=

JI = 3%] - 3 4+

JL = (IviI) - 1)*3 +

JVUII) = S
00 25 L=1,3
DO 25 1=1.2



35

20

40

IL = 1 + 2%(L - 1)

DC 3% J=1,3

F =1,

IF (L «EGe J) F = 2.

CUlJyIL) = F2VYNLI)

CALL REVADD (AC4CpIVeJV 4T 43,3,9:NINyNCOLy3,KW)
CONTINUE

DO 40 I=1,NJN

DC 4C J=I,NJN

A(I'J, = Ce.

DC 4C K=1,NCOCL

AlIoJ) = A(IJ) + TUIK)*T(JeK)
CALL INVINFP (A A,NIN,E)

CALL MULTE (A;ToNINJNJINSNCOL, B,KW)

RETURN
END

PRESS == 27 2
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QUAD -~ 17 &

CROUTINE QUaD (XYZ s JDOF yEUL4NUTEL 4N J,
NUTMXyNUTKXoNUTBEX 4NUTLT,NUTST,
- Wy ToSoKX g KJyKESKW)
DIMENSTON XYZ (KXl ) o JDUOF{KI L) oFULCKE 31 )oWIKWyY)y TIKWo1)2S(KW,1)
DIMENS.ON CJ(3,4),EQ(3,4),1IV]Y(24)
DATA NAMELZOHQUAD /ZoNRWyNRLT/2%,24/, 1BLNK/Z6H /y KTJ7 3,
DATA NIT,NCT/S5,86/

SUBROUTINE TC CALCULATSE (UN CPTICON) FINITE ELEMENY ..a
MASS MATRICES AND IVECS (CN NUTMX),
STIFENESS MATRICES (SAME AS GLOEAL LOAD TRANSFORMATION MATRICES)
AND IVECS (CN NUTKX),'
UNIT LOAD EUCKLING MATRICES AND IVECS (CN NUTRX)y (NCT YET)
LCCAL LCAD TRAMSFORMATION MATRICES AND IVECS (ON NUTLT), (NOT YET)
STRESS TRANSFORMATION MATRICES AND IVECS (ON NUTST)y (NOT YET)
FOR CCOMEINEDR MEMBRZNE—EENDING OUADRI! ATEKAL PLATE ELEMENTS.
MASS, STIFENESS, RUCKLING MATRICES ARE IN GLCOBAL CGORDINATE
DIRECTI NS .
GLOBAL COTFOINATE CORDER 1S
(UyVaWoeFyGeF) JCINY 1, THEN JCINT 2, 3, &,
WHERE UyVeW ARKF TKANSLATIUCRS AND P CsR AFE RCTATIONS.
IVEC GIVES ELEMENT DCF INTUC GLCRAL ulCF, EXAMPLES...
IVEC(6)=F24 PLACES ELEMENT LCF 6 INTD GLCBRAL DCF 824,
IVEC(2)=0 OMITS ELEMENT DOF 2 FRCM GLOBAL DCF. THIS CONSTRAINS
ELEMENT DOF 3 T ZERD MODOYION.
GLOBAL LCAD TRANSFORMATION MATRIX REFLATES LCARS AT QUAD VERTICES IN
GLCEAL COCOPDINATE DIRECTICNS TC DFFLECTICNS IN THE GLCEAL COCRDINATE
DIRECUICNS.
RGW CRLDE2 TN CLCEAL LCAD TYPANSFCRMATICN MATRIX IS
(PUSPV PR MPy BUyMF ) JOINT 1, THEN JOINT 2,3,4.
WHERF P IS ¢ DRCE AND M 1S MCMENT.
LCCAL LCAD TKANSFCRMATICN MATRICES RELATES LOAD AT QUAD VERTICES IN
LOCAL CCOURDINATE SYSTEM TC CEFLECTICONS IN THE GLOBAL LUURDINATE
DIRECTICNS, .
STRESS TRANSFURMATICN MATRICES RFLATES STRESS AT CUAD VERTICES IN
LOCAL COOCSDINATE SYSTEM TO DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICNS.
DATE ARRANGEMENT ON NUTMY, NUTKX, NUTEX, NUTLT, NUTST FOR EACH FINITE
ELEMEMNT IS (W=MaK,,P 4L T,5T)
((:'J(I'J,’IzlyNR),J=l |Nc )1 (IVEC(I )glzl'NC)
CALLS FOEMA SUFRCUTINES MrS3, PAGFHD, STF3, ZZIPOMB.
DEVELCPED RY Wp CINFIFLD, CS KODLFY, RL WOHLEN, MARCH 1973,
LAST REVISICN FY RL WCHLEM, MAY 1876,

ERAXLEIXXEL 2 X XBXREAVZEREARNESEXR RIS AR KRR TR FREEXFRXEERRE XX ERRERXEF R R ER SR R RE N

INPUY D2TA PEAD IM THIS SUERCUTINE FROM NUTEL. IF NUTEL = S5, DATA IS
READ FRCM CAFDS,

NAMEMGNAMIK JNAMEL Ty NAMF ST ZNAMEF FCRMAY (5(L644X)

FO.F 4 £NU FCRMAT (3(5X4E10))

TMEZCIMEMO,TRENC FORMAT (3{(5X,E10))
20 NEL 9 Jladl 920 dey TMASY , TMEMY (TEEMY FOEMAT (515,4.F10)

IF {(J1 +FC. U) FLTUFN

GC TC 20
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DEFINITION OQF INPUT VARIAELES.

NAMEM = TYPE CF MASS MATRIX WANTED.

MY, DIAGONAL LUMPED. CVERLAP AVERAGE CF FCUR TRIANGLES.
29 CONSISTENT. GVERLAP AVERAGE OF FCUR TRYANGLES.

6H CR 6HNCMASS, NC MASS MATRIX CALCULATED.

1
T T I T I

NAME K YPE CF STIFFNESS MATKIX WANTED.
Kls CVERLAP AVLRAGE CF FOUR TRIANGLES.
&k CF 6HNCSTIF, NO STIFFNESS MATRIX CALLUULATED.
NAMELT = ICENTVIFICATICN NAMF FOR LCAD TRANSFORMATION MATRICES.
= 6k CR 6HNCLCAD, NC LCAD TRANSFCRMATIONS CALCULATED.
NAMEST = IDENTIFICATICN NAME FOR STRESS TRANSFORMATICN MATRICES.
= ¢k R 6HNCSTRS, NO STPESS TRANSFORMATIONS CALCULATED.
NAMEE = TYPF CF BUCKLING MATRIX WANTED.
= &H CR 6HNDEUCK, NO BUCKLING MATRIX CALCULATED.
RC = MASS DENSITY.
E = YOUNGS MODULUS CF ELASTICITY.
ANU = POISSONS RATIO. (E/Z2G)-1.
TMASC = TFEECTIVE MASS THICKNESS, (CONSTANT). .
TMASY = EFFECTIVE MASS THICKNESS, (VARIASLF).
IF JLfe Cuoy TMASC IS USED.
TMEMC = EFFECTIVE MEMER AME THICKNESS, (CONSTANT).
TMEMV = EFFECTIVE MEMER ANE THICKNESSs (VARIABLE).
IF oLFe Oey THMEMC IS USED.
TEENC = FFEECTIVE EENDING THICKNESS, (CONSTANT).
TEENV = FFFECTIVE EENDING THICKNESS, (VARIABLE).
IF oLF. Gep TEENC IS USED. '
NEL = FINITF ELFEMENT NUMBER. FCR REFERENCE ONLY, NOT USED IN
CALCULATINNS. WRITTEN ON NUTMX, ETC.
J1 = JCIMT NUMEER AT GUADFILATESAL VERTEX 1,
J2 = JOINT NUMEFF 2T CUADFRILATERAL VERTFX 2,
J3 = JCINT NUMEER AT GUADRILATERAL VERTEX 3.
J4 = JOINT NUMEER AT CUADRILATERAL VERTEX 4.

EXPLANAYION DF INPUT - STMATS . NUMEER INDICAYTIS CARD CCLUMNS USED.

1 = INTEGEF CaTA, FIGET ALDJUSTED,
£ = OFCIMAL PUINT DATA, ANYWHFRE IN FIEtD. EXPONENTY RIGHY. ADJUSTED
X = CAFD CCLUMNS SKIPFPED.

KB KR EFEFEAAFEFIFFERFEE FR XX RIS XXFRRRT XA RK LA RRRRRRAERBRREX KR ER XX EBBE KR

SUPFQUTIME AFGUMENTS (ALL INPUT)

XYz = MATFIX CF JCINT GLCEAL X,Y,Z2 LNCATIONS. ROWS CORRESPOND
TC JCIMNT NUMEFR S, COLUMNS 1,253 CORRESPOND TO THE JCINT
Xe¥eZ LCCATIONS RESPECTIVELY. SIZF(NJSL3).
MATRIX (F JC1'7T GLOBAL CEGREES COF FREEDCM, ROWS CORRESPOND
T OJUMINT NUMBER S, COLUMNS 1,2,3 COPRESPOND TO ThE JCINT
TCANSLATICON GCOFS AND COLUMNS 4,5,6 CORRESPOND 10 THE JOINY
PCTATION DUFS. SIZEINJ€).
EUL = MATEIY CF JOINT FULER ANGLEY (DEGFEES). RCWAS CORKESPOND

TC JUINT NMUMPER S, COLUMNS 1,724,232 CCRRESPOND TO THE

CLOYZL XyYyz PERMUTATICN. SIZF(MNJI,3).

[

o

Q
n
n

NUTEL = LOGICAL KNUMFFE OF TAPE (ONTAINING FLEMENT INPUT DATA FOR
THISC CUFFCUTINE ., IF NUTFL = &, DATA IS READ FR(CM CARDS,

NJ = MUMEEFR (F JOINTS (R ROWS IN MATRICES (XYZ), (JOCF)y (EUL).

NUTMX = L CGICAL PUMEES COF UTILITY TAPE ON WHICH FLEMENT

MASS MaATRICFS ohL IVECLS ARE TUTPUT.



NUTKXx =
NUIBRX =
NUTLT =
NUTST =
W =
T =
< =
KX =
KJ =
KE =
KW =
NERRCK
1 = JOINT
2 = MASS
3 = SYIFF
4 = LT Ma
& = ST MaA

OO0 OO OO0 O00

1001 FORMAT

1002 FORMAT

100> FORMLT

2001 FOKRMAT
*

2002 FUGRMAT
*

2003 FORMAT

L2 B R 3K B R B )

2004 EC.MAT
20085 FOFMAT
C
C K:-AD AND
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QUAD

NUTMX MAY EBE ZERC IF MASS MATRIX IS NGT FCRMED.
USES FCRTRAN READ, WRITE.

LOGICAL NUMBER CF UTILITY TAPE (N WHICH ELEMENT
STIFFNESS MATYPICES (SAME AS GLCORAL LOADS TRANSFORMATION
MATRICES) AND IVE(LS ARE QUTPUT.

NUTKXx MAY BE ZERC IF STIFFNESS MATRIX IS NOT FORMED.
USES FORTRAN READ, WRITE.

LCGICAL NUMBER COF UTILITY TAPE CN WHICH
BUCKLING MATRICES AND IVECS ARE QUTPUT.
NUTEX MAY EF ZERC IF FUCKLING MATRIX IS
USES FCRTRAN READ, WRITE.

LCGICAL NUMEBER CF UTILITY TAPE ON WHICH ELEMENT LOCAL

LCAD TRANSFCRMATICN MATRICES AND TVECS ARE QUTPUT. _
NUTLT MAY BF ZERC IF LCAD TRANSFORMATIONS ARE NOT FORMED.
USES FORTRAN PEAD, WRITE.

LUGICAL NUMEER COF UTILITY TAPE CON WHICH ELEMENT
STRESS TRANSFCRMATICN MATRICES AND IVECS ARE CUTPUT,
NUTST MAY BE ZERD IF STRESS TRANSFCORMATIONS ARE NCT
USES FCRTRAN READ, WRITE,

MATRIX WORK SPACE. MIN STIZE(24,24).

MATFIX WOFY SPACE. MIN SIZE(24,24).

METRIX WORK SPACE. MIN S12E{24,24).

RCW DIMENSICN GF XYZ IN CALLING PROGRAM,.

RCOW CIMENSICN CF JDCF IN CALLING PROGRAM.

ROW DIMENSION OF EUL IN CALLING PRCGRAM.

ROw DIMENSICN COF Wy Ty, AND S IN CALLING PROGRANM.

ELEMENT UNIT LOAD

NOT FORMED,

FORMED.

MIN=24 .

EXPLANATICN
NUMEER GREATEP THAN NUMRER OF JUINTS.
MATKIX FCRM-T, NUTMX .LF. Z2ERC.
NESS MATPIY FCRMED, NUTKX .LE.
TRIX FORMFD, NUTLTY .LF. Z2FRC.
TPIX FCRMED, NUTST .LE. ZERQO.

ZERQ.

(S (R6,4X))
(3(5X4F10C))
(LI ,3E17 .C)

(/722X 4CRINPUT DATA FOR
29H (UADRILATERAL
SCHINFUT LATA FCOR
41k CUADRILATERPAL
13X7THMASS 26,
IXTEHESTRESS TRANS
1EX4HEC El1G.3,
YCXSGHT (MALS) £F10e2y
3ZXIZ2RT(MEMRRANE)
ZAXYIHT(EENDING)
r1ex

(/720X

s

/
/
/
/
/

S5x YOURT(FENDING)
172X LENUMEECD b 2(5X

(12X S(I5%7TX) e 2(01l0a_y™X)
(12 _C18,7X) )
WEITE FIMITF ELEM YT LATAS

1ZXTHSTIF
A6y
12 X2hE

COMBINED MEMERANE-BENDING

PLATE ELEMENTS)

CCMRINED MEME2ANE-RENDING

PLATE ELEMENTS (CONTINUED))

A6y 6X13HLOAD TRANS = A6,
A¥1IHEUCKLING = A6,y

= F10o3’

12 X4HNU

E10.2,

FlCe3,y
£10.3,
THELEMENT X 7HJUCINT 1
EX TRJICINT & £X THI{MASS) 6X

EX CTHIOINY 2 X THJIOINY 3
11HT (MEME PANE)

10H (VAR TAELE) )
)

]



QUAD -= 4/ &

NLINEF = 0O
CALL PAGEHD
WRITE (NCT,2G01)
READ (NUTFL,1001) NAMEM,NAMEK ,NAMELT, NAHEQT,NAMEB
REAC {NUTEL,1CCZ) RCy £ 4ANU
READ (NUTEL,10CZ2) TMASC,TMFMC ,TRENC
WRITE (NCOT,2003) N MEM,NAMEK,NAMELT MAMEST,NAMER,
* RC’E,TMASC’ANU’TMEMC’TBENC
20 READ (NUTEL,1003) NFL 3J14J029J35J4,TMASV,TMEMV,,TBENV
NC THIK = 1
IF (TMASV.LEC. oANDe TMEMV.LE..Cae oANDe TBENV.LE.O.) NO THIK=C
IF (J1 .L¥. G) RETUPN
NLINE = NLIME =+ 1
IF (NLINE JLE. 42) €T TC 320
CALL PAGEHD
WRITE IMTH,2(02)
WRiTE (NUT"ULﬂ) NAME My MAMEK yNAMELT sNAMFST4,NAMEE,
* FG,_1TMASC,ANU,TMEMC,TFENC
NLINE = O
30 IF (NC THIK.tG.1)
AWRITE (NCT,2004) NELy J149J245.83,J4, TMASY, TMEMV,TRENY
IF WNC THIK.ERQ.0) WRITE (NCT32005) NELyJ14J29Jd34J4
1 NERROR=1
IF (J1.GT NS 0R. J2.GToNJ «0Re J3.GTNJ JOR. J4.GT.NJ) GU TU 999

SET THICKNESCI! S
TMAS = TMeSC
TMEM TMEMC
TEEN = TEENC
IF (TMASV.GTLGaY TMAS=TMASY
IF (TMEMV.CT.Co) TMEM=TMEMV
IF (TRENV.CTL0.) TEEN=TEENV

FORM FINITE !PLEMENT CCORDINAY 3 OCATIONS, FULER ANGLES, REVADD 1Viwe.
DO 42 I=1,2 '

CI(I,1) = X¥YZ2(J1,1)
CIMT.23 = ¥YYZ{IZ,1)
CJ(I,;} ? XYZ(JB'I)
CI(T.7 5 = XYZ U t4,1)
EJ(I.1) =-Fut , 1)
EJ(T.,2) = ¢ ' 1)
EJ(1,2) = 25 1)

42 EJUI,4% = LLld6,1)

DN 44 lzlvf

IVIi(1) = UDCFEJY,1)
IVI(I+e) = JDLF(J2,1)
IVI(I412) = JNCF(93,1)

b4 IVYI(I+1E) JCUF (Je,1)
-~ FORM MASS MATETYX (W),
IF AMED v ( . O6F +[F o NAMIM 70, GHNCMASS)Y GO TO 110
Crr  Mpe (CUaEJ9TMAS o U g NAMEM W, 10 - g KO JgKC I oKW yKiW ok W)
NERRCR=2
IF (MuTnaX LF . () GO TC 6Q9
WEITE (NUTMY) NAMfM'NEL,NQH'NF5~\AH[L1(IPLNK’Izlv:’f



e T R

((W(Igd)eI=1yNRW) 3 J=1sNRW) o {IVI{T), 121,86 W)
C .
C FORM STIFFNESS MATRIX W}, LQCAL LOATD TPANSFGRMATION MATRIX (T),
C STRESS TEANSFCR ATIC! MATRIX (S). )

110 IF (NAMEY LEC, &H «URa NAMEK . ZCe 6HNCSTIF) GO TC 20
CALL STF2 (CJsE Ty TMEM S TEENGE s ANUSNAMEK sNAMES T oW 9 Ty SyNRST,
* ' KLL 9o KCJy KW HyKIWa KW)
NERRQOR=3

IF (NUTKX .LE. C) GC TG 979
WRITE (NUTKX) NEMTK NFL yNRW o NRWyNAMEL o (IELNK,I=1,5),
_* ((W({T43J)sI=1gNRW)J=1sNRR ) (IVI(T),yI=1,NKW)
IF (NAMELT .EC. 6h ) «UF. NAMELT LEQ. 6HNOLOAD)Y G2 TO 115
- NERRCh=4
IF (NUTLY JLE. 0) C2 TO QG ) )
WRITE (NMUFLTS NAMELTGMEL,HRLT JNRWyNAMEL L {TUINK,I=145), -
* (ITEL00 2= o NRLT ) 3 Iy NRW) o TVI(T) o121 4NRV)
115 IF (MNAMEST (EG. 6Kk «CRe NAMEST JEG. 6MNCSTRS) GG TO 26
- ’ " 'NERROP=5
IF (MUTST (LE. 7)) GC T0 997
WRITE (NUTST) NAMESToNELJNRST JNRWMAMEL  (JBENK,2=1,5),
* (S T3 ) Iz T NRET) g Jd=1  MPWY,LIVI(I)I=2 o NRW}
GO TC 20 ‘
C
999 CALL ZZERUOME (eoHCUAD +NERRCR)
END
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SUZFOUTINE RECTSP (XYZ,JDOF,EULyNUTELWNJ,
# NUTMX G NITKX JNUTL TS NUTST,

= We TeS o kX oK JsKERKH)

CIMENSION XYZA{RkX3 1)y JDOF K91 J9FULUKE 31 ) oW IKH 1) s TUKW41)9S(KW,1)
T3MENTION CUl3,51,F3(03,4)1,1V1(12)

8 1A NAMEL/OHEECTIR/, NREWLNELT/12,8/, IBLNK/6H /e KCI/7/
VAaTE NITLROT/S 367

SUi LQUTINE TO CALCHLATT (ON CPTICON) FINITE ELEMENT .
CLASS MATRACES RNy YECS (OF NUTMX),
R JFFRESS MATPICES (SAME AS GLOBAL LOAD TRANSFORMATION MATRICES)
AN IVECS (0N NUTRXD,
LUCAL LTy TRANSFOFMATICON MATRICES AND IVECS (ON NUTLT),
“LTRESS TRANSFOCMATION MATRICES AND IVECS (ON NUTST),
FOr, RECTANGULAR SHEA® PANEL FLEMENTS.
MATS, STITFNESS MATRICES ARE IN GLORAL COORDINATE DIRECTIONS.
G! LEAL CIORDIMATE CRDER IS
(U,VeW) JOINT 1, TREN JCINT 2, 3, &.
WHERE U,VoW AFE TEANSLATIONS.
IVEC GIVES EUEMENT COF INTC GLCEAL DCF. EXAMPLES..-
IVF-(6)=E34 PLACES FLEMENT OCF 6 INTC GLOBAL DCF B34,
IViC(2) =0 MMITS FLEMENT DOF 2 FPOM GLOBAL DOFe. THIS CONSTRAINS
FLEMENT NOF 3 7C ZERQ MCOTION,

LOFAL LCAD TRANSFORMATICN MATFIX RELATES LOADS AT PANEL VERTICES 1IN
GLOKAL CPORDINLTE DIRECTICONS TC DEFLECTIONS IN TKE GLOEAL CCORDINATE
DIFECTICNS.

ROW NEOER IM CLOHAL LCAD TRANSFORMATICN MATRIX IS

{PU,PV,PW) JOINT 1, THEN JOINY 2, 32, 4.
WHERE P 1< FCRCE,
LOCAL LCAD 1PAMSFOEMATION MATRICES RELATES LCAD AT PANEL VERTICES IN
LOCAL COOPDINLTE SYSTEM TO DEFLECTIONS IN THE GLORAL COORDINATE
DIRECTIONS .
STRESS TPANSFORMATICON MATRICES RELATES PANEL SHEAR STRESS (CCNSTANT)
IN LCCAL COOFDINATE SYSTEM TG DEFLECTIONS IN THE GLOBAL COORDIMNATE
DIRECTIONS.
DATA AFRANGEMENT UN NUTMX, NUTKX, NUTLT, NUTST FCR EACH FINITE

WRITE (NUTWX) MAMEW JNEL JMRGNC yNAMEL ¢ (TBLNKyI=145)

(€W(11J,,I=I,NP)QJ=1’NC)’(IVEC'I)91=1,NC)

CALLS FORMA SUFRCUTINES MAS3Ae PAGFHD, STF3A, 2ZBOMR,
DEVELCPED BY PL WOHLEM. APKIL 1974,
LAST REVISICN BY WA FENFIELD. MARCH 1076,

3 ke e ok ook e sk Mook ok ook ok skl o %t s Ak sk ook o o of o ok ot Sxe sk sl skoof ook ko ok e kK A 3k K A e S R R ok

INPUT DATA PEFRD IN TRIS SUERCQUTINE FROM NUTEL. IF NUTEL = 5, DATA 1S
READ FPOM CAPLS,

NAMEMaNAMEK JNAMEL Ty NAMEST FORMAT (4(A6y4X)

PCyG FORMAT (2(5X,E10))

TMAS , TSTF FORMAT (2(5X.E101)
20 NEL,J1,d2,3034J4 FORMAT (515)

IF (J1 .FC. O) RETUEN

GO TCO 2C

DEFINITIDNM OF INPUY VARIAPRLET.
NAMEM = TYPEF OF MASS MATRIX WANTED.
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M1, DIAGONAL LUMPED.
M2y CONSISTENT.
&H PR 6HNDOMASS, NO MASS MATRIX CALCULATED.

nnn

NAMEX = TYPE OF STIFENFSS MATPIX WANTED.
= Kle LIMtAP DISPLACEMENT (CONSTANT STFRAIN),
= &k CR 6HNCSTIF, NO STIFFNESS MATRIX CALCULATED.
NAMELT = JDOFNTIFICATICN NAME FCR LCAD TRANSFORMATION MATRICES.
- &H R 6HNOLOAD, NO LOAD TRANSFORMATIONS CALCULATED.
NAMEST = IDENTIFICATICN NAME FOR STRESS TR ANSFORMATION MATRICES.
= 6H TR 6HNGETRS, NO STRESS TRANSFORMATIONS CALCULATED,
RO = MASS DENMSITY,
G = SeFf2 MODULUS OF ELASTICITY.
TMAS = EFFECTIVE MASS THICKNESS .
TSTF = EFFECTIVE STIFFNESS THICKNESS.
NEL = rINITE FLEMENT NMUMEFER. FOR REFERENCE ONLY. NOT USED 1IN
CALCULATICNS. WRITTEN CON NUTMX, ETC.
N = JOINT NUMETR AT PANEL VERTEX 1.
J2 = JUINT NUMEEPR AT PANEL VERTEX 2.
J3 = JUINT NUMBER AT PANEL VERTEX 3,
J& = JOINT NUMBER AT PANEL VERTEX 4.

EXPLANATION OF INPUT FORMATS. NUMEER INDICATES CARD COLUMNS USED.

I = INTEGEF DATLs KIGHT ADJUSTED.
E = DECIMAL POINT DATA, ANYWHERE IN FIELD. EXPONENT RIGHT ADJUSTED.
X = CAPD CCLUMNSG SKIPPUD.

AAREFE ST AR R R XA RER R AR IR REIE R TR ER SRR KRR ETREF R XK EF Rk ok Rk

SUERCUTINE ARGUMENTS (ALL INPUT)

Xyz = MATRIX CF JUINY GLOEAL XsYeZ LTCATICNS., POWS CORRESPOND
TG JOINT NUMBFRS. CCLUMNS 1,2,.3 CORRESPOND TC THE JCINT
XsYez LOCATIONS RESPECTIVELY. SIZE(NJS3).
MeTRE1Y OF JOINT GLCEAL CEGREES CF FREEDOM. ROWS CORRESFONMD
TC SCINT MUMBERS. CCLUMNS 1,2,3 CCRRESPCND TC THE JOINT
TEANSLATION DOFS AND COLUMNS 4,5,6 CCRRESPOND TG THE JOINT
ROTATICN DUFS. SIZE(NJ.6).
EUL = MATPIYX OF JCINT EULEF ANGLES (DEGREES). ROWS CCORRESPOND

TO JOINT NUMEFRS., COLUMNS 142,3 CCRRESPCND TO THE

GLOHAL X4YsZ PERMUTATICN. SI1ZF(NJ,3).

JDCF

"

NUTEL = LCGICAL NUMRE2 (OF TAPE CCONTAINING ELEMENT INPUT DATA FOR
THIS SUFRCUTINE. IF NUTEL = 5, DATA IS READ FRCM CARDS.

NJ = MUMBFR OF JQINTS OR ROWS IN MATRICES (XYZ)y (JDOF), (EUL).

NUTMX = LOGYICAL NUMEER OF UTILITY TAPE ON WHICH ELEMENT

MASS MATRICES AND 1VECS ARE QUYPUT,
NUTMX MAY BE 2ERC0C IF MASS MATR:X IS NOT FORMED.
USES FCRTRAN PEAL, WRITE.

NUTKX = LOGICAL NUMEER COF UTILITY TAPE ON WHICH ELEMENT
STIFFENESS MATRTICES (SAME AS GLORAL LOADS TRANSFORMATION
MATFPICES) AND i VECS ARE CUTPUT.

NUTKX MAY “F ZE&D 1+ STIFFNESS MATRIX IS NOT FORMED.
USES FCRTEAN ©z ADy, WRITE.

RUTLT = LCGICAL NUMBEP OF UTILITY TAPE ON WHICH ELEMENT LOCAL
LCAD TRAMSFUSMATION MATKICES ANMD IVECS ARE CUTPUT,
NUTLY MaY EBEF 7EFO 1F LOAD TRANSFORMATIONS ARE NOT FORMED.
USEY FOKTRAN RFAD, WRITE.

NUTST = LOGICAL NUMBCR OF UTILITY TAPE ON WHICH ELEMENY
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CTRFESS TRANSFIURMATION MATRICFS AND IVECS ARE CUTPUT.

NUTST MAY BE ZERQ IF STRESS TRANSFORMATICNS ARE NCTY FORMED.
USFS FCRTRAN READ, WKkITE.

FATFIX WPRK SPACE. MIN SIZE(12,12).

MATFIX WOFX SPACE. MIN SIZE(12,12).

MATPIX WCRK SPACE. MIN S12E{12,12).

ROW DIMENSICN CF XYZ IN CALLING PRCOGRAM,

PUW GIMENSICON CF JDOF IN CALLING PROGRAM,

oy DIMENSION OF EUL IN CALLING PROGRAM.

ROW DIMENSION OF Wy Ty AND S IN CALLING PROGRAM. MIN=12.

oo nonn

NERRCR  EXPLANATICN
INPUT JOINT NUMPER EXCEEDS MAXIMUM ALLOWABLE NUMEBER OF JOINTS.
NUTMX NCONM PCSITIVE.
NUTEX NMON POSITIVE.
NUTLT aON PCSITIVE.
NUTST NCN PCSITIVE.

FORMAT (4 (Abq4X))

FORMAT (2(5X4F10G.0))

FOPMAT (515)

FORMAT (//3&6X &THINPUTY DATA FCF RECTANGULAR SHEAR PANEL ELEMENTS)

FRRMAT (//322X «THINPUT DATA FOR RECTANGULAR SHEAR PANEL ELEMENTS
12 (CONTINUED) )

2003 FORMAT (/ 14XTHMASS = Aby 14XTHSTIF = A6s IIXI3HMLOAD TRANS = Ab,

* 3 WM

EX15ESTRESE TRANS = Aby
/ YeX&ERO = E10.3y 14X3HG = E10.3,
/ 11YORT(MASS) = E1Ge3, BXOHT(STIF) = E10.3,
Z/IBYTHELEMENT 13XTHICINT 1 I3XTHJIOINT 2 13X7THJOINT 3
12XTHJCINT &« /7 1EX6HNUMBER)

2004 FCRMAT (18X,5(15,15X})

C READ aND WRITE FINITE ELEMENTY DATA.

C
c

20

30

NLINE = ©
CALL PAGERD
WRITE (NCT.2001)
READ (NUTFLLICCYY MAMEMNAMEK yNAMEL ToNAMEST
READ (NMUTFL,1002) ROy G
READ (NUTEL,Y002) TMAS,TSTF
WRITE (NOTL2002) NMAMEMNAMEK,NAMELT yNMAMESToRO9GoTHMAS TSTF
READ (NUTFLLI0C2) NEL sd19Jd29J3,d4
IF (3 .LE. G) RETUEN
MLINF = NLINF + 1
IF (NLINE .LE. &2) GOV TD 3¢
CALL PAGFHD
WKITE (MOTL2002)
WRITE (NCT32G03) NAMEMyNAMEX 4 NAMELT yNAMESTHRO9G e TMAS S TSTF
NLINE = ¢
WRITE (NCT.2004) NELyJledZyed3eda
NERROR=1
IF (J1.GToNJ oCRe JZeGTeNJ O0R.e J3.GTNJ CRe J4.GT.NJS) GO TO 999

FORM FINITE FLEMENT COCROUINATE LOCATICNS, EULER ANGLES, REVADD IVEC.

DD 42 121,43
CJCIs1) = ¥YYZ(J1l,1)
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CJ(1,2) = XY2(42,1)
CJUI43) = XY2(J33,1)
CI(I,4) = XYZ (34,410
EJ(I,1) = FULLJY,T)
EJ(T42) = FULWJIZ,1)
EJ(1,3) = EUL(J3,1)
42 FI(1.4) = FULLJI&,])
DC 44 1=1,3
IVi(Y) = JDOFtJls1)
IVI(T+3) = JDOF(J32Z2,1)
IVI(I+€) = JOCF(J2,1)
446 IVYI(I+9)Y = JD0OF({J4%,41)
FORM MASS MATEIX (W).
IF (NAMEM EQ. &H «CR o NAMEM EFQ. 6FNCMASS) GO 70 110
CALL MAS3A (CJUeEJsTMAS sROSNAMEMgW o ToSo KL JIp KL I oKW g (N KW}
NERROR=2
TF (NUTMX JLF. C) GC TC 2999
WRITE (NUTMX) NAMEMNFEL NRWJNRWNAMEL , (IBLNK3I=1,5),
* CUNEL 33 )11 NRW) o 2= JNEW ) LIVI(I)yI=1,NRW)
FORM STIFFNESS MaATRIX (W)y LCCAL LCAD TRANSFORMATION MATRIX (T),
STRESS TRANSFORMATION MATRIX (S).
110 IF (NAMFK .FQ. &k «CF o NAMEK L.EQ. 6HNOSTIF) GO YO 2G
CALL STF3A (CJyEJsTSTF 3G oNAMEK G NAMEST oWy Ty SoNRST,
B KCJeKCIg KW gl Wo W)
NERROR=3
IF (NUTKX .LEF. 0) GQ TC ©99¢
WRITE (MUTKX) NAMEK JNEL JNRW JNRWINAMEL y(IBILNKyI=1,5),
* (IWLT 93 Y3 I=1oNRW) 3 J=1 yNRW ), LIVII{TI), I=1,NRW)
IF (NAMELT .fC. 6k «OR. NAMFELT .EQ. 6HNCLCAD) GO T0O 115
NERROR=4
IF (NUTLT .LE. C) G TO G009
HRITE (NUTLT) MNAMELToNELGMRLT JNKWSNAMEL  (IRINK 3I=1,5),
* (UT I3 )gI=Y g NRLT) gJ=Y NRW)Y(IVI{Y)I=1,NRNW)
115 IF (NAMEST EC. €H «OPa NAMEST .EQ. 6HNOSTRS) GO TO 20
NERROR=5
IF (NUTST .LF. G} GO TC 999
WRITE (MUTST) NAMESTHNELJNRST NRWGNAMEL  (IBINK,I=1,5),
* ({01303 I=13NRST)9J=1,NRWI(IVI(I),I=1,NRW)
G 10 2o

999 CALL ZZEROME (GOHRECTIP 4NFRRCR)
END
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SUBROUTINE STFYA  (CJsEJsA) sA2+E JNAMEKGNAMEST 3 SoTLyTSoNRST,
%* KCIsKEJsKS oKTL4KTS)
UGIMENSICN CulKCJaldy EJUIKEJIS1)y SUKSeliy TLUKTLy1l)y TSIKTS,1)

SUBROUTINE T¢ CALCULATE FINITE ELEMENT...
STIFFMESS MATRIX (SAME AS GLCFAL LOAD THANSFORMATION MATRIX),
LCCAL LOAD TRANSFOPMATICN MATRIX,
STRESS TRaANSFORMATION MATRIX,
FAR AN AXIAL ROD FLEMENT WITH UNRESTRAINED ECUNDARIES.
ROD MAY FE LINFARLY TAPEFRED CR UNIFCFM,
STIFFNESS MATRIX IS IN GLOEAL COCRDINATE DIRECTIONS.
GLORAL COORD IMATE ORDER 1S
(UyaVed} SCOINT 1, THEN JCINT 2.
WHERE U,V,W £fRE TRANSLATICNS.
GLORAL LOAD TFANSYORMATION MATRIX RELATES LOADS AT RCD ENDS IN GLOBAL
COCROINATE UDIRECTIONS TO DEFLECTIONS IN THE GLOEAL COORDINATE
DIRECTIOCNS .
ROW ORDFF IN GLOEAL LOAD TRANSFORMATICN MATRIX IS
(PULPV,L,PW) JCINT 1, THEN JOINT 2.
WHERE P 1S FCRCF .
LOCAL LOAD TPANSFOPMATION MATRIX PELATES LCADS AT FOD ENDS IN LOCAL
COORELINATE SYSTEM TO DEFLECTICNS IN THE GLOBAL COORDINATE DIRECTIONS.
ROW CRDER IN LCCAL LCAD TRANSFORMATION MATRIX IS
PX1,PX2
WHERE PX TS aXxI1AL FCRCE.
PX1(=), PXZ(+) 1S TENSIOCN. PX1(+), PX2(-) IS CCMPRESSION.
STRESS TPANSFCFMATION MATRIX RELATES STRESS AT FOD ENDS IN LOCAL
COORDINATE SYSTEM TC DEFLECTIONS IN THE GLOEAL COORDINATE DIRECTIONS.
ROW CREOER IM STRESS TRANSFCRMATION MATRIX IS
SIGMA~X1y SIGMA-XZ
WHERE SIGMA 1T NCRMAL STRESS.
SX1{-1, SX2(+4) IS5 TENSION. SXY(+), SX2(-) 1S CCMPRESSION.
EULER ANGLF CONVENTION IS GLCBAL X4YyZ PERMUTATION.
CALLS FCRMA SUERCUTINES ATXBAl, DCOS1A, KIAl, MULTA, Z2Z50MB.
DEVELCPFD EY RL WCHLEN. SEPTEMBEPR 1972.
LAST REVISICN EY WA BENFIELD. MARCH 1976.

SUBRCUTIME AKGUMENTS
cJ = INPUT MATRIX CF GLCEAL X,Y,2 CCORDINATFS AT ROD JOINIS.
FOWS 1,243 CCRRESPOND TO X4YeZ CCORDINATES.
CCLS 142 CURRESPCOND TC JOINTS 142. SIZE(3,2).

EJ = INPUT MATPIX OF FULEP ANGLES (DEGREES) AT ROD JOINTS.
RCWS 1,293 CCRRESPOND TC GLCPAL X,Y,2 PERMUTATION.
COLS 142 CCRRESPCOND TO JOINTS 1,2. SIZE(3,42).
Al = INPUT (ROSS~SECTICN aRFA AT POD END 1.
A2 = INPUT  CKCSS—-SECTICN ARFA AT ROD END 2,
E = INFUT YOUNGS MODULUS GF ELASTICITY.
NAMEK = IMPUT TYPE OF STIF MATRIX WANTED.
= K1, CONSTANT AXIAL FORCE ASSUMED.
NAMEST = INPUT CPTION FCUR STRESS TRANSFORMATION,
= &6H UR 6HNOSTRS 4NO STRESS TRANS CALCULATED.
S = QUTPUT STIFFNFSS MATRIX (SAME AS GLOBAL LOAD TRANSFORMATION
TL = QUTPUT LOCAL LOAD TRANSFORMATION MATRIX. SIZE(2,61).
TS = QUTPUT STRESS TRANSFOKMATION MATR 1X. SIZE(NRST,6).
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NRST = OUTPUT NUMBER OF ROWS IN STRESS TRANSFORMATION MATRIX.
KCJ = INPUT ROW DIMENSICN COF CJ IN CALLING PRCGRAM. MIN=3,
KEJ = INPUT FOW DIMENSION OF EJ IN CALLING PROGRAM. MIN=3,
KS = INMPUT ROW DIMENSION OF S IN CALLING PROGRAM, MIN=6.
KTL = INPUT ©0OW DIMENSION DF TL IN CALLING PROGRAM. MIN=2.
KTS = INPUT FOW DIMENSION OF TS IN CALLING PROGRAM, MIN=NRST.
NERRCR  FXPLANATION
1 = SIZE LIMITATICON EXCEEDED.
2 = NAMEK IMPKROPERLY DEFINED.
NRST = 2
NERROR=1
IF (KS «LT. & OR. KTL LT. 2 .0R. KTS .LT. NRST) GO TO 999
RL = SCRFTCI(1,2)-CH (Y1} )=x%2 4+ (CI(2,2)-CI(24]1))%%2
* + (CJ13,2)-CJ1(3,1))**2)
IF (NAMEK .fQ. &6HK1 ) GO TO 110
NERROR=2
GC 70 ge9g
110 CALL KIAl (A1 A29RL sE 9 TL o TS HKTLHKTS) TL=K
c
CALL DCGSIA (CJIyEJeS9yKCJIyKEJ9KS) S=DC
CALL MULTA (TLsSy 292969 KTL.KS)
IF (NAMFST JEG. 6M +(0Fa NAMEST .EQ. 6HNOSTRS} GO TO 210

CALL MULTE (TS,S4NRST,2,65 KTS,KE)D
210 CALL ATXBAY (S,TL, 2269 KSyKTL)
RETURN
C
999 CALL Z22B0OME {6HSTF1A HNERPCR)
END
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SURRCUTINE STFIR  (CU2tJ,KODEAYA2,T31,TI2,R121,B122,B1IY1,61Y2,
* F13R29CY19CY24CZ214C224SFoE3GyNAMEK,NAMEST,
* Sy TLaTSHNRST JKCI 9y KES 9 KSoKTL KT S)

DIMENSION CI(KCI91)3EI(KEDGY1) 4KUDEC(T) 3SIKS3 13 TLIKTLSY),TSIKTSy1)

SUBROUTINE TC CALCULATE FINITE ELEMENT...
STYFFNESS MATRIX (SAME AS GLOBAL LCAD TRANSFORMATION MATRIX),
LOCAL LOAD TRANSFCFMATICON MATRIX,
STRESS TRANSFCRMATION MATP1X,
FOR A COMBINED AX1AL-TCRSION-BENDING BAR ELEMENT WITH UNRESTRAINED
BOUNDARIES.
RAR MAY BE L INEARLY TAPERED OR UNIFORM.
STIFFNESS MATRIX 1S IN GLCHAL COCRDINATE DIRECTICNS.
GLOBAL COOFDINATE ORDER IS
(U VoW P, CQuR) JOINT 1,4 THEN JOINT 2
WHERF U,V,W AKE TRANSLATICNS AND PoQsR ARE ROTATIONS,
GLOBAL LCAD TRANSFORMATICON MATRIX RELATES {CADS AT BAR ENDS IN GLOBAL
COCRDINATE OQIRECTIONS TO ODtLFLECTICONS IN THE GLOBAL CODRDINATE
DIRECTICNS.,
KOW ORDFP IN GLOEAL L0AD TRANSFOFMATION MATRIX IS
(PULPV,PW MP,MQsMR) JOINT 1, THEN JCINT 2.
WHERE P 1S FORCE AND M IS MCMENT.
LOCAL LCAD TERANSFCORMATION MATRIX RELATES LOADS AT BAR ENDS IN LCCAL
COORDINATE SYSTFM TO DEFLECTIONS IN THE GLORAL CODRDINATE DIRECTICGNS.
ROW ORDER IN LCCAL LCAD TRANSFOURMATION MATRIX 1S
PX1yPXZ4MX13MX24PY14PY2 MZY,MZ22,P21,P22,MY1MY2
WHERE P IS FCORCE AND M IS MOMENT.
STRESS TRANSFORMATION MATRIX RELATES STRESS AT BAR ENDS IN LOCAL
COORDINATE SYSTEM TC DEFLECTICONS IN THE GLOBAL COORDINATE DIRECTIONS.
ROW ORDER IN STRESS TRANSFURMATION MATRIX IS
PX1/A14PX2/A2, MX1%=R1/TJ1,MX2%R2/TJ2,
PY1/AYsPYZ/A2 4 MZYRCYY/B1214M22%CY2/B122,
PZY/AYSPZ2/A24MYTIXCZY/BIY,MY2XC22/B1Y2
WHERE P IS FCRCE AND M IS MOMENT,
EULER ANGLE CONVENTION 1S GLORAL X.Y,Z PERMUTATION,
CALLS FOPMA SUBROUTINES ATXBEA1l,DCOS1B4sKIAY KIB1,KIC1 ,MULTA,ZZBOMB.
DEVELQOPED RY RL WUOHLEN. FEBRUARY 1973,
LAST REVISICN BY RL WOhLEN. APRIL 1976,

SUBROUTINF ARGUMENTS
ce = INPUT MATRIX COF GLCOBAL X,Y,Z COCRDINATES AT RAR JOINTS.
POWS 142+3 CORRESPOND TO X,YoZ CODORDINATES.
COLS 142 CCRRESPOND TO JCINTS 1,2. COL 3 CORRESPONDS

TC RFFERENCE POINT TO DFFINE LOCAL XY PLANE. SIZE(3,3).

EJ = INPUT MATPIX OF FULER ANGLES (DEGREES) AT BAR JOINTS.
RUWS 19293 CORRESPOND TO GLOBAL XoYyZ PERMUTATION.
COLS 142 COFPESPOND TO JOINTS 1492. SIZE(3,2).

KCODE = IMNPUT QOPTICN CODF FOR AXIAL, TORSICON, BENDING 2, BENDING Y

LOCAL STIFFNESS. IF BLANK, ALL FOUR ARE CALCULATED.

SIZE (&),

KODE(1)=A o, LOCAL STIFFNESS MATRIX IS CALCULATED
FOR AXIAL (ALONG LOCAL X-AXIS).

KCDE (2)=T o LOCAL STIFFNESS MATRIX 1S CALCULATED
FOP TORSION (ABRDUT LOCAL X-AXIS).

KCDE(3)=6BZ, LCCAL STIFFNESS MATRIX 1S CALCULATED
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FCR BENDING (ABOUT LOCAL Z2-AX1S).
KUDE (4)=bYy LOCAL STIFFNESS MATRIX IS CALCULATED

FOR BENDING (ABDUT LOCAL

CROSS—SECTION AREA AT BAR END 1.

SaME AS Al AT BRAR END 2.

CROSS—SECTICN SAINT VENANTS TORSION CONSTANT (J) IN

JG AT BAR END 1.
SEME AS TJ1 AT BAR END 2.

CPUSS-SECTION APEA MOMENT OF INERTIA ABOUT LOCAL
Z—-AX1IS (FOR BENDING) AT BAR END 1.

SAME AS BIZ1 AT EAR END 2,

CROSS—-SECTICN AKEA MOMENT CF INERTIA ABOUT LOCAL
Y-AX1S (FOF BENDING) AT BAR END 1.

S&ME AS EIY1 AT PAR END 2.

DISTANCE FRCM LCCAL X—-AXIS TC QUTER FIBER FOR
TCRSION STRESS CALCULATION AT BAK END 1.

SAME AS R1 AT BAR END 2.

DISTANCE FROM XZ PLANE TC OUTER FIBER FOR BENDING
STRESS CALCULATION AT BAR END 1. LDCAL

SAME AS CY1 AT BAR END 2,

Y DIRECTION.

DISTANCE FROM XY PLANE TO QUTER FIBER FOR BENDING
STRESS CALCULATICON AT BAR FND 1. LOCAL

SAME AS CZ1 AT BAR END 2.

SHRAPE FACTOR (K) FCR SHEAR IN KAG.
USF SF=0.0 FCR NO SHEAR DEFOFMATION IN BENDING.
£F=1.0 FCR A SCLID CIRCULAR CYLINDER.
SF=.% FOP A THIN WALLED CIRCULAR CYLINDER.
YOUNGS MODULUS OF ELASTICITY.

SHEAR MODULUS OF ELASTICITY.
TYPE OF STIF MATPIX WANTED.

Z DIRECTION.

= Kly USES K1A1 FOR AXIAL, KI1CY FOR TORSIOMN,

K1El FOF BENDING.

OPTION FOR STPESS TRANSFORMATION.
= &6H OR OHNDSTRS oNC STRESS TRANS CALCULATED.

STIFFNESS MATRIX (SAME AS GLOBAL LOAD

MATRIX)a. S1ZE(12,12).

LOCAL LCAD TRANSFORMATICON MATRIX. SIZEH
SIRFSS TRANSFORMATION MATRIX. SIZE(NRST.12).

NUMEER OF ROWS IN STRESS TRANSFCRMATION MATRIX.
POW CIMENSION OF CJO IN CALLING PROGRAM.
FOWw DIMENSION OF EJ IN CALLING PROGRAM,
RCW DIMENSICN OF € IN CALLING PROGRAM.
RCW DIMENSION CF TL IN CALLING PROGRAM,
RCW DIMENSION OF TS IN CALLING PROGRAM.

EYPLANATION

S1ZF LIMITATICN EXCEFDED.

IMPROPERLY DEF INED.

12

oLT.
1412
=1912

12 «NFe KTL oLTe 12 «0R. KTS

)=(I.0

oL To NRST)

TRANSFGRMATION

12,12).

MIN=3.
MIN=3.
MIN=12.
MIN=12,
MIN=NRST.

NERRCR=1
GO 1O 999
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5 TSU1I,J) = 0.0
RL = SCRY((CI(142)=-CI(1,1))%%2 + (CI(2Z242)-CI(2,1))%%2

* + (CI(392)-CI(341))%%k2)"
KODEA = 1 v
KODET = 1
KODERZ = 1
KCDERY = 3

IF (KODE(1).FCGelH JAND. KODE(2).EQ.1H <AND.

* KODE(3) LEC.2H AND. KODE(4).EQ.2H ) GO TD 10

LA

10

AX

110

115

210

999

IF (KCDE(1) NE. 1HA ) KODEA = O
IF (KODE(2) .NE. 1HT ) KODET = O

ST HALF OF NEXT TWO CARDS ALLOW FOR CLD DATA. INSERTED APRIL 1976.
1IF (KODE(3) NF. 2HBZ .AND. KODE(3) .NE. 2HBY) KODEBZ = O
IF (KUDFlg) «NE. 2HBY JAND. KODE(4) JNE. 2HBZ) KODEBY = O
If (MAMEK +EQ. 6HK1 ) GO TC 110

NERROR=Z
GO T0 999 '
IAL = K1AY (CCNSTANT FORCE)y TORSION = KICY (CONSTANT TORQUE),

- BENDING = KIBRY (CONSTANT SHEAR, LINEAR BENDING MOMENT).

IF (KCDEA «Flhe 1) CALL K1lAl (A].!A?,RL,FQTL,TS,KTL,KTS)

IF (KODET WEQ. 1) CALL KICY (TJU1,TJZ24R14RZ4RLyGyTL(393),TS(3,43),
* KTL,KTS)

IF (KIDEBZ EC. 1) CALL K1BY1 (BIZ1,BYZ22,CY14CY2,A15A24SFaRL4E Gy
%* TLI555)9TS(5e5) oKTL 4KTS)

DC 115 J=7,8
DD 115 I=5,6

TLUTI ) ==TL(T,3)
TS(I’\” =—TS(1,J)
TLJy1) ==TL(J,1)

TS{Jde1) =-TS(JI;1)

IF (KCOFRY JEC. 1) CALL KIRY (RIY1IGPRIY24CZ14CZ229A190A29SFeRLGE Gy
* TL(919,,TS(9'9,’KTL’KTS) TL=K
CALL DCOSIE (CJI9EJeSekKL JgKEILKS) $=DC
CALL MULTA (TLeSy 17412,12, KTLLKS)

TF (NAMEST .FQ. ok «0Rs NAMEST ,EQ. 6HNOSTRS) GC TU 210

CALL MULTA (TS,SyRSTy12,12s KTS,4KS)
CALL ATXEAY (5,71, 22.12, KS,nTL)
RETURN g

CALL ZZBCME (&6HSTFIE (NERRCK)
END
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SUBROUTINE STFZ (CJeEJeyTMEM,T ENyEyANUJNAMEK yNAMEST S o TLy TSeNRST,
* KCJ oK EJ oK Sy KTLGKTS)
DIMENSION CJI(KCI91)y EJ(KES 1)y SCKSy1)y TLIKTLG1jy TS{KTS,1)

SUBROUTINE TC CALCULATE FINITE ELEMENT.ce
STIFFNESS MATRIX (SAME AS GLOBAL LOAD TRANSFORMATION MATRIX),
LOCAL LOAD TRANSFORMATION MATRIX,
STRESS TRANSFORMATION MATRIX,
FOR A COMBINED MEMBRANE-BENDING TRIANGLE PLATE ELEMENT WITH
UNRESTRAIMED ECUNDARIES.
STIFFNESS MATRIX IS IN GLOBAL COORDINATE DIRECTIONS.
GLORAL COORDINATE CROER IS
(UsVelWePyQyR)Y JOINT 1, THEN JOINT 2, 3.
WHEPE U,VsW ARPE TRANSLATIONS AND P,G,R ARE ROTATIONS.
GLOEAL LOAD TRANSFORMATION MATFIX RELATES LOADS AT TRNGL VERTICES 1IN
GLCRAL CCCRDINATE DIRECTIONS TO DEFLECTICNS IN THE GLOBAL COORDINATE
DIRECTIONS.
ROW CRDER IN GLCBAL LOAD TRANSFORMATICN MATRIX IS
WHERE P IS FORCE AND M IS MOMENT.
LOCAL LOAD TRANSFCRMATION MATRIX RELATES LOADS AT TRNGL VERTICES IN
LOCAL COORDINATE SYSTEM TO DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICONS.
ROW ORDFR IN LUCAL LCAD TRANSFORMATION MATRIX IS
(PXyPYMZ) JDIMT 1 THEN 243, NEXT
(PZyMX MY ) JOINT 1 THEN 2,3.
WRERE P IS FCRCE aND M IS MOMENT,
STRESS TRANSFCIMATION MATRIX RELATES STRESS AT TRNGL VERTICES IN LOCAL
COORDINATE SYSTEM TO ODPFLECTIONS IN THF GLCBAL COORDINATE DIRECTIONS.
ROW ORDEP IN STPELE YRANSFORMATION MATRIX 1S
(SIGMA-Y 4 SIGMA~Y, TAlI-XY) FOR (Z=TBEN/2) AT JOINT 1,
THEN JOINT 2,32,
(SIGMA-X 4 SIGMA-Y,TAU-XY) FOR (2=~TBEN/2) AT JDINT 1,
THEN JOINY 2,3,
WHERF SIGMA IS NORMAL STRESS AND TAU 1S SHEAR STRESS.
EULER ANGLE COMVENTION IS GLOBAL XeYeZ PEFRMUTATION.
CALLS FORMA SUBRCOUTINES ATXBA1,DCOS2,K2A1,KZE1MULTAL,ZZBOMB,
DEVELOPED EY WA BENFIELD. FEERUARY 1973,
LAST REVISICN BY WA BENFIELD. MARCH 1976,

SUBROUTINF ARGUMENTS
cJ = INPUT MATRIX OF GLOEAL X,Yy2 CCOPDINATES AT TRIANGLE JOINTS.
RCWS 14242 CCORRESPOND 7O X,YyZ COORDIMATES.
CCLS 14243 CORRESPOND TO JOINTS 142534 SIZE(343).

EJ = INPUT MATRIX OF EULER ANGLES (DEGREES) AT TRIANGLE JOINTS.
POWS 142,3 CORRESPNOND TO GLOBAL X,Y,2 PERMUTATION.
CCLS 142,43 CCRRESPOND TO JCINTS 1,243+ SIZE(3,3).

TMEM = INPUT EFFECTIVE MEMERANE THICKNESS,

THEN = INPUT FHFECTIVE RENDING THICKNESS.

E = INPUT  YOUNGS MODULUS OF ELASTICITY.

ANU = INPUT PNISSONS RATIC. (E/72Gi-1.

NAMEK = INPUT TYPE OF STIF MATRIX WANTED.
= K1y USFS KZAl FOR MEMRRANE, KZB1 FCR BENUING.

NAME ST = INPUT OPTICN FOR STRESS TRANMSFORMATION,

= b6H OR 6MNOSTRS ¢NO STRESS TRANS CALCULATED.
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210
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QUTPUT STIFFNFSS MATRIX (SAME AS GLOBAL LOAD TRANSFORMATION
MATRIX)e SIZE(18,18).

QUTPUT LCCAL tOAD TRANSFORMATION MATRIX. SIZE(18,18).

ODUTPUT STRESS TRANSFORMATION MATRIX. SIZE(NRST,18).

CUTFUT NUMBER OF KOWS IN STRESS TPANSFORMATICGN MATRIX.

INPUT ROW DIMENSION OF CJ IN CALLING PROGRAM.

INPUT ROW DIMENSICN OF EJ IN CAL! ING PROGRAM.

INPUT POW DIMENSION CF S IN CALL ING PROGRAM. MIN=18.

INPUT RCW CIMENSION OF TL IN CALLING PROGRAM. MIN=18.

INPUT FRCW DIMENSION OF TS IN CALLING PROGRAM. MIN=NRST.

ST
J
Jd

LL I LI N | { L LA £ B [

NERRCR  EXPLANATICN
SYIZE LIMITATION EXCEEDED.
NAMER IMPROPERLY DEFINED.

non

NRST = 18
. NERROR=1

IF (KS obLTe 18 o0Re KTL oLTe 1& ORe« WTS oLTe NRST) GO TG 999

DO & J=1,18 : ‘
DO 5 1=1,1¢

TL(I,J) = 0.0

TS(IQJ) = (04,0

SL12 = SQRT((CI(142)=CI(1,41)) %%
*
SL23

(CJ(242)-CI(241) )%%2
(CI(3,2)-CI(351))%%x2)
(CI(2+3)-CU(242) )%%2
* (CI(3,3)-CI(3,2))%%2)
SL13 SQRT(ICI(143)-CI(141)) %2 (CI(2,3)-CI(2,1) )%%x2
%* + (CJ(343)-CJI(3,1))%%2)
X3 (SLT13%%2+SL12%%2-S123%%2) /(2 .0%SL12)

Y3 SQRT(SLI3*%2 X 3%%2)

IF (NAMEK .EQ. 6HK1 } GG TO 110

1

SCGRTI(CI(Y 43 )-CI(1,2))*%x2

+ 4+ + 4

nou

NERROR=2
GO TC 909 .
MBRANE = KzAl (KODLEY,BENFIELD), FENDING = K2B1 (BODLEY),

CALL K2A1  (SLIZyX3y Y39 TMEMyE gANUTL TSy SoKTLyKTS,KS)

CALL K2B1  {SL1Z,X3, Y3, TBENyE9ANUy TL(10510),TS(1,10),S,
* KTLsKTSyKS)

DO 111 I=1,9

11 = 149

DC 111 J=1,9

TSUI1,d) = TS(1,9)

CALL ncos?z (CI1EJy Sy KC I KEJKS)

CALL MULTA (TLe S 9l 918431 E89KTLYKS)

IF (NAMEST .EQ. 6K +0URe NAMEST .EQs 6HNOSTRS) GO TO 210
CALL MULTA (TS3SeNRSTy1E418yKTSHKS)

CALL ATXBAY (S,TLy18y184KSeKTL)

RETURN ’

CALL 2ZBOMEB (5HSTF2 oNERRCR)
END

TL

DC
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- —

SUBROUTINE STFZ (CHy €Ty THMEM g TRENGE yANUGNAMEK ¢NAMES TS TL,TS,NR ST,
%* KCJ oKEJoKSHKTLHKTS)

DIMENSTON CIIKTI 1) 4EI(KEI31 ) 9SUKS o1 s TUIKTL, 1) TS(KTSy1)
DIMENSICON CW(3,3), EWI3,3)y, WIl1i6E,18),
% IviC(1€), 1VZ2(18), IV3(18), 1IV4(18)

DATA KCWeKWY / 2,18 /

DATA IVYI/ 1y 29 29 49 59 Ay Ty 8y 9970911 ,12,13.14415416,17918/,

* IVZ2/ 1y 29 39 4y 55 651390431551 6917918219920021922923924/
* IV2/ Yy 25 24 49 55 6y 79 By 99109011,12519920421922923924/
* 1V4/ Ty By 9410511512913 91491543691731891G4320021922923924/

SUBROUTINE TC CALCULATE FINITE ELEMENT ...
STIFENESS MATRIX (SAME AS GLORAL LOAD TRANSFORPMATION MATRIX),
LOCAL LOAD TRANSFCORMATION MATRIX (NOUT YET),
STRESS TRANSFORMATIMN MATPIX (NOT YET),
FCR A CCOMEINFD MEMBFANE-BENDING QUADRILATERAL PLATE ELEMENT WITH
UNRE STRAINED HROUNDARIES.
STIFFNESS MATKIX IS IN GLORAL CCORDINATE DIRECTIONS,
GLCE AL CCCRDINATE CORDER IS
(U,VyW,P,Q,R) JOINT 1, THEN JOINT 27 3' Lo
WHERE U,VsW ARF TRANSLATIONS AND P4.QsR ARE ROTATIONS.
GLOBAL LOAD TRANSTOFMATION MATRIX RELATES LOADS AT QUAD VERTICES IN
GLOBAL COORDIMATE DIRECTIONS 7€ DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICNS. '
ROW ORCFR IN GLORAL LOAD TRANSFCRMATICON MATRIX IS
(PU,PVQPW,MP,MQ,MR’ JOINT l’ THEN JOINT 2939‘9'.
WHERE P IS FORCE AND M IS MUMENT,
LOCAL LCAD THRANSFORMATION MATRIX RELATES LOADS AT QUAD VERTICES
IN LOCAL CUORDINATE SYSTEM TU DEFLECTIONS IN THE GLORAL COORDINATE
DIifrECTION.
STRELS TRANSFORMATION MATRIX RELATES STRESS AT QUAD VERTICES IN LOCAL
COORDINATE SYSTEM TO DEFLECTINNS IN THE GLOBAL COCRDINATE DIRECTION.
EULER ANMNGLFE CONMVENTION IS GLOEAL X,YeZ PERMUTATION.
CALLS FORMA SUBRCUTINES STF2,PEVAUD,ZZBOMBR,
DEVELOPFD 8Y WA EENFIFLD, RL WOHLEN. FEBRUARY 1973,
LAST REVISICN RY WA BENFIELD. MARCH 1976.

SUERGUTINE ARGUMENTS
cJ = INPUT MATRIX OF GLOBAL X,Y,2 CCORDINATES AT QUAD JOINTS.
ROWS 14242 CORRESPOND TO X,YoZ COCRDINATES,
COLS 142 43:4 CORRESPOND TO JOINTS 14929394. SIZE(3,4).
EJ = INPUT MATPIX OF EULFR ANGLES (DEGREES) AT (UAD JCINTS,.
POWS 14243 CORRESPOND TN GLNPAL X,YyZ PERMUTATION.
COLS 142 9%94 CCRRESPOND TO JOINTS 14293946 SI2E(344).

TMEM = INPUYT EFFECTIVE MEMRPANE THICKNESS.
TBEN = INPUT EFFECTIVE PENDIMG  THICKNESS.
E = INPUT  YOUNMGS MODULUS OF FLASTICITY.
ANU = INPUT PCISSCNS RATIO. (E/2G)-1.
NAMEK = INPUY TYPF Ot STIF MATRIX WANTFD.
= Kly USES 4 TRIANGLESs CVERLAP AVEKAGE.
NAMEST = INPUT CFTION FOR STRESS TRANSFORMATION.
= 6H UR GHNUSTRS 4NO STRESS TRANS CALCULATED.
S = QUTPUT STIFFNESS MATRIX (SAME AS GLOBAL LOAD TRANSFORMATICN

MATRIX)e S1ZE( 244241},
TL = QUTPUT LUCAL LOAD TRANSFORMATICN MATRIX, SIZ2E(24424).
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QUTPUT STRESS TRANSFURMATION MATRIX, SIZE(NRST,24).
DUTPUT NUMPER OF FOWS IN STRESS TRANSFORMATION MATRIX.

MPUT  ROW DIMENSION OF CJ IN CALLING PRCGRAM. MIN=2,
NFUT  RDOW DIMFNSION OF EJ IN CALLING PRCOGRAM. MIN=3.

INPLT  RUW DIMENSION OF & IN CALLING PROGRAM. MIN=24.

NPUT  RCW DIMENSIUN CF TL IN CALLING PROGRAM., MIN=24,

INPUT  ROW DIMENSION OF TS IN CALLING PROGRAM. MIN=NRET.

EXPLANATICN

SIZEF LIMITATION EXCEFDTD.

NAMEK
NRST =

IF (KS

pDe 5 J=
b 5 1=

S(1,4)

IMPROPERLY DFFINED.

24
NERROR=1
el Te 26 0P KTL oLT. Z4 0ORe KTS LT. NRST) GO TQ 999
1,24
1,24
= N0

IF (NAMEK .EC. 6RK}Y y U 70 110

NERRCF=2

GC TC 999

DO 200
CWi(l,el)
FW(l,1)
CWll,.2)
EW(l,2)
CW(l,y3z)
EW(I,3)
CALL ST

CALL RE
DG 201

CW(I,Y)
EWi(l,1)
CWils2)
EW(I,2)
CWiI,3)
EWL1,42)

1=]13

41,1}

FJ(1,1)

CIt1,2)

FJ(I,2)

CJ(1,2)

FJ(1,432)

2 (CWoE fgTMEM g TEENGE JANUSNAMEK JNAMEST oW 19 TL 3 TS NRSETX,
KCWoKCWe KW, KTL,KTS)

VAID (o oW1 IV141V1eSy 184184244924, IS,KS)

I=1,3

Col’-Y)

FJ(T,1)

CJ(143)Y

EJ(I-2)

Cd{144)

EJ(I 44)

L L S LI LI I 1

LU L 1 N § B I 1}

CALL STF2 (CW,EW,TMFM'THFN,F’ﬂNU,NAMFK,NAMEST’WI9TL1TS,NRSTX,

CALL RE
Do 203
CW(T,.Y)
EW(iei)
CW(ls2)
EWlly2)
CW(l,2)
EWil,43)

CALL STF

CALL RE
0e 205
CWwillyel)
EW(l,1)

KCW o KCWy KWY g KTL ¢ KTS)

VATD (obeWigIVZe1IV29Sy 184184245249 184KS)
1=1,432

= CJ(1I,1)
= FU(l,1)
= (J(]42)
= EJ(I’?)
= CJ(I,“)
2

FJ(144)
(CWeEWy TMEMy TRBENG E g ANUSNAMEK yNAMES T oW1l 3 TL o TSyNRSTX,
KCWoKCWe KW Lo KTL9KTS)

VATD (o5eWYygIV343IV34Sy 189184249249 184KS)

I=1,3

= CJ(1,2)

= BEJ{I42)
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CR(I,42) = CI(1,3)
EWl1,2) = EJ(I,L3)
CH(I,B) = CJ(I,‘P,
205 EW(1,43) = EJ(1,4)
CALL STF2 (CWEWy TMEM s TBEN, E9 ANU ¢NAMEK yNAMESToW1 5 TL s TSy NRSTX,

%* KCWoKCWy KW1 3 KTL 4KTS)
CALL REVADD (<5,W151V4,5IV4,Sy 185184244244 18,KS)

DO 300 J=1,424
DO 300 I=1,24
TLIILJ? = 0.0

300 TSUILJd) = 0.0
RETURN

999 CALL 22RCMB (4HSTF2 HNERROR)
END
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SUBRCUTINE STF3AA (CUsEJ»THyGyNAMEK gNAMEST S o TL o TS oNRST,
* KCJI oKEJ9oKS o KTLLKTS)
DIMENSION CIULKCIs1)y FUlKESGY )y SIKSe1)y TLIKTL,1)y TS(KTS,1)

SUBROUTINE TO CALCULATE FINITE ELEMENT...
STIFFNESS MATRIX (SAME AS GLORAL LOAD TRANSFORMATION MATRIX),
LCCAL LTAD TRANSFORMATICN MATRIX,
STRESS TRANSFLCRMATICN MATRIX,
FOR A PFCTANGULAR SHEAF PANEL ELEMENT WITH UNRESTRAINED BOUNDARIES.
STIFFNESS MATRIX 1S IN GLOBAL COCRDINATE DIRECTIONS.
6L0BAL COURDINATE ORDER 1S
(U,VeW) JCINT 1, THEN JOINT 2, 3, 4.
WHERF U,V,W ARE TEANSLATIONS.
GLOBAL LCAD TRANSFORMATION MATRIX RELATES LOADS AT PANEL VERTICES IN
GLOF AL COCRDINATE DIFECTIONS YO DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICNS.
RCW COKDFR IN GLCEAL LOAD TRANSFOKMATION MATRIX IS
{PULPV,PW) JOCINT 1, THEN JGINT 2, 3, 4.
WHERE P IS FCRCE.
LOCAL LQAD TRANSFORMATION MATRIX RELATES LOADS AT PANEL VERTICES IN
LOCAL COORDINATE SYSTEM TC DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTIONS .
ROW ORDFR IN LCOCAL LOAD TRANSFCRMATICON MATRIX IS
FX19PX24PXZ29PXoy PY1,PY2,PY2,PY4
WHERE P IS FCRCE. X GUOES FPUM 1 TC 2. Y GOES FRCM 1 TO 4,
STRESS TRANSFORMATION MATEIX RELATES PANEL SHEAR STRESS (CONSTANT) IN
LOCAL CCORDINATE SYSTEM YO DEFLECTIONS IN THE GLOBAL COORD DIRECTIONS.
EULER ANGLE CONVFNTION IS GLORAL X,Ys2 PERMUTATION.
CALLS FCRMA SUBRQUTINES ATXBAY ,OCC0S3C,K3Cl1,MULTA,ZZBCOMB.
DEVELOPED BY RL WCHLEMN. APRIL 1974.
LAST PEVISION RY WA BENFIELD. MARCH 1976.

SURRQUTINF ARGUMENTS
cJ = INPUT MATRIX OF GLCEAL XsYs2 COORDINATES AT PANEL JOQINTS.
ROWS 1,243 CORRESPOND TO X,YeZ COORDINATES.
CCOLS 1424394 CORRESPOND TC JOUINTS 192¢394a SIZE(344).

EJ = INPUT MATRIX OF EULER ANGLES (DEGPEES) AT PANEL JTINTS.
RCWZ 14243 CCRRESPOND TO GLOBAL X,Ys2 PERMUTATION,
CCLS 1424344 CCRRESPOND TO JOINTS 1529394« SI1IZE(344).

TH = INPUT PANEL THICKNESS.

G = INMPUT SHEAR MCDULUS CF ELASTICITY.

NAMEK = IMPUT TYPF 0OF STIF MATRIX WANTED.
= nrnly USES K2(1.

NAMEST = INPUT OPTICN FCR STRESS TRANSFORMATICN.
= &H GF 6HNOSTRS N0 STRESS TRANS CALCULATED,

S = QUTHFUT STIFFNFSS MATRIX (SAME AS GLORAL LOAD TRANSFORMATION
MATRIX). S$12F(12,12).

TL = CUTPUT LUCAL LOAD TPANSFORMATION MATRIX. SIZE(GL,12).

TS = QUTPUT STRESS TRANSFOEMATICN MATRIX. S1Z2E(1,12).

NPST = QUTPUT NUMEER OF FOWS (1) IN STRESS TRANSFORMATION MATRIX.

KCJ = INPUT ROW DIMENSION CF CJ IN CALLING PRCCGRAM,

KEJ = INPUT #0OW DIMENSICN OF EJ IN CALLING PROGRAM,.

KE = INPUT ROW DIMENSION OF S IN CALLING PROGRAM. MIN=12.

KTL = INPUT POW DIMENSION OF TL IN CALLING PROGRAM., MIN=E,

KTS = INPUT POW DIMENSICN OF TS IN CALLING PRCGRAM. MIN=1,.
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NEFROR EXPLANATION
SIZE LIMITATICON EXCEEDED.
NAMEK IMPROPERLY DEF INED.

NRST = 1
NERROR=1
IF (KS .L7T. 12 ofRe KTL LT. & CR. KTS .LT. NRST) GO TO 999
SLYZ2 = SOFY((CI{Y192)-C3(1+1))%%2 + (CI(292)-CI(241))%%2
+ (CJ0342)-CJ(351))%%x2)
SL14 = SQFTHICUL144)-C 1,100 %%2 + (CJ(2,4)-CI(241))%%2

+ (CJ03,4)-CI(3,1))%%2)

I+ (NAMEK ECQ. &HKQ ) GC TC 110
NERROR=2

GO TC 9%9
CALL K3(1 (SL1Z 45014 THGoTLe TSy KTL WK TS) TL=K
CALL DCOSZC (CUeBEJeSokCIyKEJSSKS) S=pC
CALL MULTZ (TLySyE389129KTL4KS)
IF (NAMEST .Ele &H «OR. NAMEST oEC. 6HNCSTRS) GO 10 210

CALL MULTE (TS3S o NRSTe8y12,KTE4KS)
CALL ATXEAY (SeTLyE,12,KS,KTL)
RETURN

CALL Z7ZPONMF (&HETFZA HNERROKR)
END
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SUFPRCUTIMNE TEGFOM (CJoIM,y VLoDV, KCJy IFBAD)
DIMENSION CH{KCJs1), JM( 1), bvil)
DIMENSICN R12(3) 4R13(3),R14(3)

DATA EPS / l.E-5 /

SUPROUTINE TC DETERMINE THE VOLUME AND VOLUMF CHANGE COEFFICIENTS OF
A TETRARFDRCN.

CALLS FCRMA SUBROUTINES VCROSS,VDOT .

DEVELOFED fY C S BCDLEY. FEBRUARY 1974,

LAST REVISIONM PY R A PHILIPPUS. AUGUST 1974.

SUBRCUTINE AFGUMENTS

cJ = INPUT MATFIX OF JOINT CCORDINATES. SIZE(3,8).
JM = INPUT VECTCR CF JOINTS DEFINING A TETRAHEDRON. SIZE (4).
vL = CUTPUT VCLUME CF TETRAKEDRON DEFINED BY UM,
DV = QUTPUY VECTCP OF VCLUMF CHANGE COFFFICIENTS.
KCJ = INPUT F0W DIMENSION SIZE OF CJ IN CALLING PROGRAM. MIN = 3.
IFBAD = oLTPUT
= (¢ +» THE TETRAMHEDRCN VERTICIES ARE NOT NUMBERED ACCORDING
TO THE ESTABLISHED CONVENTION, OR LIEF IN A PLANE.

Jl = JM(} )

J2 = JM(2 )

J3 = JMI(3 )

J& = SM{a )

DC & T=1,Z2

RIZ(I) = CIH(Td2) — CHlIeS1)

RI3(I) = CJI(1,33) — CI(I,31)

5 R14(I) = CI(1404) — CH{I,31)

10

15

CALL VCRLSE (R1z,4,P13,0V(10)4,VAMAG,VEMAGC sVZMAG,SINAB)
CALL VDCY (OV(1G) 4R14,VCL ¢ VAMAG,VEMAG,C0OSAR)

IF (VOLJLELEPS) IFRAD=0

viL = V{L/6.

CALL VCFOSS (F13,P14,DVI(4)y VAMAG,VPMAG sVZMAG4SINAB)
CALL VCPOSS (R14,R12,DVI(7)y VAMAG,VEMAG:VZIMAGySINAB)
DC 10 1I=1,3

DV(I) = —DV(I+3) — DV{I+6) — DVI(I+9)

DO 1% I=1.12

bvil) = DVt1) /6.

RETUKRN
END
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SUBROCUTINE TRNGL (XYZ2JUOF yFUL,NUTEL 4N J,

* ‘ NUTMX , NUTK X NUTEB Xy NUTLT,NUTST,

* We Ty SeKX gKJoKEJKW)

DIMENSION (YZ(KXyl,,JDOF(KJ'I)yEUL(KE,l JoW(KW,1 ,’T(KHQI,QS(KH’I,
DIMENSICH (J(2,3)y EJ(3,3)y IV1(18)

DATA MANEY Z6HTRNGL /93 NRWLNRLT/18,18/, 1IBLNK/G6H /e KRCJZ73/
DATA HIT . WCT/S5.6/

SUBPGUTYNE T7 CALCULATE (ON OPTION) FINITE ELEMENT o..
MASS MATRICES AND IVECS (ON NUTMX),
STIFFNESS MATRICES (SAME AS GLOBAL LCAD TRANSFCRMATION MATRICES)
AND IVEDS (ON NUTKX )¢
UNIT LCAD BUCKLING MATRICES AND IVECS (ON NUTBX), (NOT YET)
LOCAL LO*3 TRANSFURMATION MATRICES AND IVECS (ON NUTLT),
STEESS TP NSFORMATION MATRICES AND IVECS {ON NUTST),
FOR CCXSINES MEMBRANE-PENDING TRIANGLE PLATE ELEMENTS.
MASS, STIFFNIESSy BUCKLING MATRICES ARE IN GLOBAL COORDINATE
DIRECTICNS .
GLORAL COORDIMATE CRLER IS
(UsVyhgPyityR) JOINT 1, THEN JCINT 2, 2.
WHERE U,V,W AFF TRANSLATIONS AND P,0,® APE ROTATIONS.
IVEC GIVES ©LEMENT DOT INTC GLCBAL DOF. EXAMPLES ...
IVEC(6) =835 PLACES ELEMENT DCF 6 INTC GLOBAL DCF 834.
IVEC(2.=0 OMITS ELEMENT DOF 3 FROM GLOBAL DCF. THIS CONSTRAINS
ELEMENT DCF 3 TC 2ERC MOTICN.
GLOPAL LOLD TEANSFORMATION MATRIX RELATES LOADS AT TRNGL VERTICES IN
GLOEAL COCRSIMATS DIRECTIONS 7O DEFLECTICONS IN THE GLOBAL COORDINATE
DIRECTIONS .
R0OW ORDER [N CLOEAL LOAD TRANSFORMATION MATRIX IS
[PU, PV PW.MPaMGyMR. JOCINT 1, THEN JOINT 2,3.
WHERE P IS FORCE AND M 1S MOMENT.
LOCAL LOAD TUANSFOPMATION MATPIX RELATES LCADS AT TRNGL VERTICES IN
LOCAL COPRDINATE SYSTEM TC DEFLECTIONS IN THE GLOBAL COORDINATE
DIRECTICNS.
ROW CRDEK IN LCCAL L.OAD TRANSFCRMATION MATRIX IS
(PXyPYyMz) JOINT 1 THEN 2,3, MEXT
(PZ,MX o MY) JOINT 1 THEN 2,3,
WHERE P IS FORCZ AND !* 1S MOMENT.
STRESS TRAMSFCRMATION A TRIX RELATES STRESS AT TRNGL VERTICES IN LOCAL
COORGINATE SYSTEM T DEFLECTIONS IN THE GLCPAL COORDINATE DIRECTIONS.
ROW CRDER Tl STRE ' TRANSFCRMATICON MATRIX IS
(STGMA=X, STCMA—Y, TAU~-XY) FOR (Z=TBEN/Z) AT JOINT 1,
THEN JOINT 2,3,
(TICMA=X, “ IGMA=Y,TAU-XY) FOR (Z=-TEEN/2) AT JCINT 1,
THEN JOTNT 243.
WHERE ST¢ . 1S NCRMAL STRESS AND TAU IS SHEAR STRESS.
DATA A% ¢ANGEMEMT CN NUTHMX, NUTKX, NUTBXy NUTLT, NUTST FOR EACH
FINITE ELEMENT IS (W=MyKobyoLT9ST)
WRITE (NUTWX) NyMEW G NFL yNRyNCyNAMFL 3 (IBLNKyT=1,45),
(VT 9d) 91219 NR ) 4J=14NC )y (IVEC(T)4I=1,4NC)
CALLS FORMA SUEPDUTINES MASZ, PAGEHD, STF2, ZZBOME.
DEVELCPED ©\ WA BENFIELD, (S BUDLEY, RL WOHLEN. FEBRUARY 1973.
LAST BFJTSION EY FRL WOHLEN. MAY 1976,
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INPUT DATA RFAD IN THIS SUERCUTINE FROM NUTEL.
READ FROM CARDS.

NAMEM NAMEK yNAMEL T, NAMEST ,NAMER

ROy E sANU

TMASCo, TMEMC, TRENC
20 NEL 3 J14932 403, TM2CSV,TMEMV,TBENV

IF (J1 .EQ. 0) RETURN

GC TQ 20

DEFINITICN OF INPUT VARI ABLES.

TRNGL -~ 2/ 5

IF NUTEL = 54 DATA 1S
FORMAT (S(A694X)
FORMAT (3(5X,E10))
FORMAT (3(5X,E101})

FORMAT (415,3E10)

aNalealaNalalalalelaleNaEslalalaNalalalsNsEalnlelalalaNeNaNalals NaXaNaNaNaNalaNaNaNaNaNaNaNalalalaNaNalaRalalNe]

NAMEM = TYPE OF MASS MATRIX WANTED.
= M1, DIAGONAL LUMPED.
= M2, CONSICSTENT.
= 6H CR 6HNOMASS, NO MASS MATRIX CALCULATED.
NAMEK = TYPE OF STIFFNESS MATRIX WANTED.
= Kly QUADRATIC DISPLACEMENT FCR MEMBRANE, CUBIC
DISPLACEMENT FOR BENDING.
= &H GR 6BNOSTIFy NO STIFFNESS MATRIX CALCULATED.
NAMELY = IDENTIFICATICN NAME FCR LOAD TRANSFORMATION MATRICES.
= 6H OR 6HNCLCAD, NC LOAD TRANSFORMATIONS CALCULATED,
NAMEST = ICGENTIFICATION NAME FOR STRESS TRANSFCRMATICON MATRICES.
= 6H CR 6HNODSTPS, NC STRESS TRANSFORMATICONS CALCULATED.
NAMER = TYPEF OF PUCKLING MATRIX WANTED.
= bH MR 6HNCEBUCK, NO BUCKLING MATRIX CALCULATED.
RO = MASS DENSITY.
E = YOUNGS MODULUS OF ELASTICITY.
ANU = PCISSCNS RATIO. (E/Z2G)-1.
TMASC = EFFECTIVE MaSS THICKNESSy (CONSTANT).
TMASVY = EFFECTIVE MASS THICKNESS,y (VARIARLE).
1% .LF. Cey TMASC IS USED,
TMEMC = EFFECTIVE MEMPBRANEF THICKNESS, (CONSTANT).
TMEMY = FFFECTIVE MEMBR ANE THICKNESS, (VARIABLE).
1IF «LFe Gay TMEMC 1S USED.
TBENC = EFFECTIVE FENDING THICKNESS, (CONSTANT).
TBENV = EFFECTIVE BEENGING THICKNESS, (VAPIABLE).
IF oLEe Gey TEENC 1S USED.
NEL = FINITE ELFMENT NUMEER. FOR REFERENCE ONLY, NCT USED 1IN
CHLCULATIONS. WRITTEN ON NUTMX, ETC.
J1 = JOINT NUMBRER AT TRIANGLE VERTEX 1.
Jz = JOINT NUMEEP AT TRIANGLE VERTEX 2.
J3 = JUINT NUMEER AT TRIANGLE VERTEX 3,

EXPLANATICN OF INPUT FORMATS. NUMBER INDICATES CARD COLUMNS USED.

I = INTEGFR DATAs KRIGHT ADJUSTED.
E = DFCIMAL POINT DATA, ANYWHERE IN FIELD. EXPONENT RIGHT ADJUSTED.
¥ = CARD CCLUMNS SKIPFED.
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SUPRCUTING
XYz =

ACPCUMENTS (ALl INPUT)

MATRIX COF JUINT GLCBAL XyYeZ LOCATIONS. ROWS CORRESFOND

TO JOINT NUMEER S. CNLUMNS 1,243 CNPRESPOND TO THE JOINT
¥eYe? LOCATIONS RESPECTIVELY. SIZE(NJIL3),.

MAETEIX CF JOINT GLOBAL DEGREES OF FREEDOM. ROWS CCRRESPONL
TO JOINT NUMPER S COLUMNS 14243 CNRRESPOND TC THE JOINT
TRANMSLATION DOFS AND COLUMNS 4,5,6 CORRESPOND TO THE JOINT

JDOF =
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EUL

NUTEL

1

NJ
NUTMX

non

NUTKX

NUTE X

NUTLT

NUTIST

o nunu

NERPCR
JOINT
MASS
STIFF
LT MA
ST Ma

W WN e

1001

1002

1003

2001
%

2002 FOPMAT
*

2003 FOPMAT

FORMAT
FORMAT
FORMAT
FUPMATY

i+ # * #

RCTATION DOFS. SIZE(NJI,6).
MATRIX CF JOINT EULER ANGLES (DEGREES).
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ROWS CORRESPOND

T JOINT NUMBERS. COLUMNS 1,243 CORRESPOND TO THE

GLCEBAL XeYyZ PERMUTATION. SIZE(NJ,3).

LOGICAL NUMBER OF TAPE CONTAINING ELEMENT INPUT DATA FOR

THIS SUBROUTINE. 1F NUTEL = 5,
NUMRER OF JOINTS OR RCWS IN MATRICES
LOGICAL NUMBER OF UTILITY TAPE ON WHICH
MASS MATPICES AND IVECS ARE OUTPUT.
NUTMX MAY BE Z2ERO IF MASS MATRIX IS
USES FORTRAN READ, WRI1TE,

LOGICAL NUMEBER OF UTILITY TAPE ON WHICH

NOT

DATA 1S READ FROM
(XYZ),

CAKDS.
{JDOF), (EUL).
ELEMENT
FORMED.,
ELEMENT

STIFFNESS MATRICES (SAME AS GLOBAL LOADS TKANSFORMATION

MATRICES) AND IVECS ARE QUTPUT,
NUTKX MAY BE ZERO
USES FORTRAN KEAD, WRITF,

LCGICAL NUMEBER OF UTILITY TAPE ON WHICH
EUCKLING MATRICES AND IVECS ARE OUTPUT.
NUTEX MAY BE Z2ERO 1F BUCKLING MATRIX IS
USES FORTRAN READ, WFITE.

LOOGICAL NUMBER CF UTILITY TAPE CN WHICH

IF STIFFNESS MATRIX 1S NOT FORMED.

ELEMENT UNIT LOAD
NOT FORMED.

ELEENT LOCAL

LOAD TRANSFORMATION MATRICES AND IVECS ARE QUTPUT.
NUTLT MAY BE ZERQ IF LOAD TRANSFORMATIONS ARE NOT FORMEU,.

USES FORTRAN READ, WRI1TE.
LOGTCAL NUMEER OF UTILITY TAPE CN WHICH

ELEMENT

STRPESS TFANSFORMATION MATRICES AND IVECS ARE OUTPUT.
NUTST MAY BE ZERC 1F STRESS TRANSFORMATIONS ARE NGOT FORMED.

USES FORTRAN READ, WRI1TE.
MATEIX WORK SPACE. MIN S12E(18,18).
MATRIX WORK SPACE. MIN S1ZE(18,18).
MATPIX WOPK SPACE. MIN SIZE(12,18).
POW DIMENSTON
ROW DIMENSICN
ROW DIMENSION
ROW DIMENSICN GF Wy, Ty AND S IN CALLING
EXPLANATION

NUMEER GREATER THAN NUMBER OF JOINTS.
MATRIX FCRMED, NUTMX JLE. ZERC.
MESS MATRIX FCRMED, NUTKX .LEe. ZERC.
TRIX FOPMED, NUTLT .LF. ZEFO.

TRIX FORMED, NUTST .LE. ZERO.

(5(r644X))
(3(5X,F10.0))
(41543F10.0)

CF XYZ IN CALLING PROGRAM.
OF JOCF IN CALLING PROGRAM.
OF FUL IN CALLING PROGRAM.

PROGRAM. MIN=18.

(/732X «9HINPUT CATA FOR COMEINED MEMERANE-BRENDING TRIANGLE

SH PLATE FLEMENTS)

(/7726 4GHINPUT GATA FOR

27TH PLATE ELFMENTS (CONTINUED))

13X THEMASS Aty 13XTHSTIF Aby

AX1EPETFESS TEANS Ab,

16X%abP0 E10.3y 13X3HE F10.3,

10X CHT (MASS) £10.34 12X4HNU
ZZXYZHT(MEMEBRANE) £E1C.3y

(/

/
/ =
/ =

6X13HLOAD TRANS
3XIIHRUCKLING =

E1GC.

CCMRINED MFMBRANE~BENDING TRIANGLE

Ab,y
Abs

3y
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/ 33X1ZHTY(BENDING) = E10.3,
Z/7YEX THELEMENT 5X THJOINT 1 5X THJIOINT 2 5X THIOINT 3
EX THT(MASS) 6X 11HT(MEMBRANE) 5X 10HT(BENDING)
/18X 6HNUMBEF 36X 3(5X 10H(VARTIABLE)} ) )
2004 FORMAT (18X 4(154TX)e3(F10.345X) )
2005 FORMAT (1¢X 41015,7X) )

# 3 3% 4

c
C READ AND WRITE FINITE ELEMENT DATA.
NLINME =
CALL PAGEERD
WRITE (NC1,2001)
READ (NUTC! 41001) NAMEM,NAMEK JNAMEL T NAMEST yNAMEBE
READ (NMUTEL,10602) ROypE,ANU
READ (NUTEL4YCG2) TMASC,TMEMC, TBENC
WRITE (NDT42C03) NAMEMyNAMEK yNAMEL T ¢NAMEST,NAMEE,
* RO 4E s TMASC yANU, TMEMC » TRENC
20 READ (NUTEL,Y0G3) NEL 314542403, TMASV,TMEMV, TRENV
MO THIK = 1
1F (TMASV.LE.C. oAND. TMEMV.LE.O. oAND. TBENV.LE.C.) NO THIK=0
IF (JY oLE. C) RETURN g
NLINE = NLINEF + 1
IF (NLINE .Lf. 4Z2) GO TO 30
CALL PAGEHD
WRITE (NOT42002)
WRITE (NOT,2003) NAMEM,NAMEK,NAMELT 4 NAMECT,NAMES,
% RCoF 3 TMASC ANUy TMEML ,TEENC
NLINE = ©
30 IF (NC THIK.ECQ.1)
*WRITE (NCT,2004) NFLgJl 4029333 TMASY,TMEMV,TRENY
IF (NG THIK.EG.0) WRITE (NOT,2005) NELyJ14J25J3
NERROR=1
IF (J1 oGTe NJ o0Re J2 o6Te NJ oCRo J3 .GTe NJ) GC TC 999
C
C SET THICKNFSSES,..
TMAS = TMASC
TMEM = TMEMC
TEEN = TEENC
IF (TMASV.GT.C.) TMAS=TMASV
TFO(TMEMVGToCu) TMEM=TMEMV
<F (TRPENV.GT.0.) TEEN=TRENV
C

C FORM FINITE ELEMENT CCCRDINATE LOCATICNS, FULER ANGLESs REVADD IVEC.
DO 42 I=1,2

CJI(I3) = ¥YZI(JI1,1)
CJlT,2) = YYZ(J2,1)
CJ(I,2) = X¥Y2(42,1)
EJ(I,1) = FUL(SY1,1)
EJ(142) = FULLJ2,1)

Gz ES(Is3) = EUL(JZ2,1)
D 44 I=1,6
I1v1{1) = JOMF(J1,1)
IVI(I+6) = JUDDF(J2,1)

44 IVI(I+12) JUOF (J3,1)

C FORM MASS MATRIX (W).
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IF (NAMFM .tQe 6H «(Roe NAMEM EQ. 6HNCMASS) GO TO 110
CALL MASZ (CIsEJ s TMAS yRO Y NAMEM g W To Sy KCIp KC I g KW oKW o KW )
NERROR=¢
IF (NUTMX LE. 0) GT T0 999
WRITE (NUTMX) NAMEMJNEL JNRW NRW,NAMFL,( IBLNK, I=1,¢),
*x ((W(IyJ,91=1’NRW"J:I’pr,y(IVl(l)’lzlsNRN,

C
C FORM STIFFNESS MATRIX (W)y LOCAL LOAD TRANSFORMATICN MATRIX (T),

C STRESS TPANSFORMATION MATRIX (S).

116 IF (NAMEK .EQ. 6H «(R. NAMEK L,EQ. 6HNCSTIF) GO YO 20
CALL STF2 (CUeEJsTMEM 3 TBENSF g ANU s NAMEKyNAMES ToW 9 T9 Sy NRET,
* KCIyRC Iy KW g KW 3 KW )
NERRCR=3

IF (NUTKX J.LE. C) GC TC 999
WRITE (MUTKX) NAMEK ¢NEL oNFW JNRWSNAMEL y( IPILNKsI=1,5),
*x ((W(1,J)11=19NRN,'leyNRw,y(IVI(I,'I=19NRW)

1IF (NAMELT JEC. 6H «CRe NAMELT JEGe 6KHNOLOAD) GC TGO 115
NERROR=4

IF (RUTLT .LF. CG) GC TC 999

WRITE (NUTLT) NAMELToNEL JNRLT JNRWHNAMEL 3 (IRLNK,I=1,5),

* ((T(I93) s I=1yNRET) 9 =13 NRW),(IV1I(T),1=2,NEFW)
115 IF (NAMEST JFC. 6H oCRe NAMEST otu. 6HNOSTRS) S50 TC 20

NERROR=E
IF (NUTST JLF. G) GO TO 99
WRITE (NUTST) NMAMESTGNELSNRST JNRWSNEMEL 4 (IRLNK 3I=1,45),
((SET2d)sI=1aNRST)»I=19NRW)H(IVI(I)1=1,NRW)

GO TO 2C

c
999 CALL 2280M% (6BETRNGL (NERROK)

END



