December 1978 NASA CR 158970-4

SPAR STRUCTURAL ANALYSIS SYSTEM
REFERENCE MANUAL

SYSTEM LEVEL 13A

Volume 4
PROGRAMMER REFERENCE

By
C.E.Jones and w.D.whefstone

| (NASA-CR-158970-4-Vol-4) SPAR STRUCTURAL N79-73940
ANALYSIS SYSTEM REFERENCE MANUAL, SYSTEN ;
"LEVEL 13A. VOLUME 4z PROGRAM REFERENCE -

nclas

| {Engineering Information Systems, Inc.)
86 p i

~ 0os61 43878

Prepared under Contract NAS1-14464
By

ENGINEERING INFORMATION SYSTEMS, INC.
5120 CAMPBELL AVENUE, SUITE 240
SAN JOSE, CALIFORNIA 95130

For

NASA

National Aeronautics and
., . Space Admimistration

Yl

" REPRODUCED BY
* NATIONAL TECHNICAL

- INFORMATION SERVICE

US. DEPARTHENT OF COMMERCE
SPRINGFIELD, VA 22161



FOREWCORD

This document was prepared under comtract NASI-13977, through subcontract
LL.90AL760K with Lockheed Missiles & Space Company, Inc.; funded by the
Langley Research Center of the Natiomal Aeronautics and Space Adminastration.

The Contracting Officer's Technical Representative wag J. C. Robinson.

The purpose of this document is to describe the internal logic of

designated areas of SPAR system code. In anticaipation of future additzoms,

the following organization has been chosen: the document will consist of a

sequence of named chapters, with each chapter incorporating its own table of
contents and page/section notation. Chapters are tabulated 1n a General

Table of Contents.

Submitted by

Engineering Information Systems, Inec,

e

W. D. Whetstone

Presaident



CHePrTER TITLE

THe K21 SerIES

GENEPAL TAELE DOF CDNTENTS

PaGe
PrEFIY PrREPRFED P®BY

Keh ‘ C. E. Jones

ExreErIMENTAL. ELEMENT LRPABILITY EXPE W. D. bRETETONE

IX



The K2D Series

TABLE OF CONTENTS

Section Page
General InformatIon ,.eeeeceessenosssvscssccansscnnssrnas 2
KZD vvvnerenennnnnonas Gavesrerartres seresceeresavaras 4
Element Strain Energy civvesesvass seereratarssenn arrsrenas 10
HGEN +iveecneanss . N Greeessesnecaretne semues 13
HGEND ....vovuunns . P . 16
HMBGEN +.vevnnnenn thessenans tetaesetrses tasaens . 20
SYMVRT ..vvevrensscnsnsesans Peenasieeasteseaatraranan 22
Quadrilateral Area Integrator ...... trbareraaenanas 23
ITQUAD ..... Serasreresacserrasnaens sesuan . 26
DSUM . et eriienses et reisssaunarrre o sesenn 29
Boundary Work ..... .. cabeens aseerasaevesvee ssaas . 30
TCEN ticvveerransancnsscreanase berasararavearanrana . 35
TTGEN ..vevvvnn seresaas Preseseseseanroas sesssenren 38
3 39
TTI0X3 vevevenvenan S rseseddanesessrseass s annen 40
5 A e aasiaeats sssessrasarans 41
TCB cvvvencnncssonnnes et esescesasnesracnsee o seavan 43
AGEN ..ivvuvuns bereann veeseaarrraarerhe saesennaerans 45
ATD teretesraresnosnnnen ¢ see assasess tee ereeas 52
NCALNA ...vvvucenees vecvercnrassasnscnas resersaarans 53
CEA .evvs vnees trrreearteernranrnanrrrans teras weeaas 55
SSTM  ........ ceeees S rssssirasieettibanot s teren ssiean 57

Program Listing viuveveieeeecroseeronsosassnnsravssnnnenss D8

K2N~1



GENERAL TNFORMATION

Readers of this section should have a thorough understanding of the assumed
stress field-minimum compl%ﬁentary energy method for computing finite element
stiffness and stress matrizes. This method was originally proposed in 1964

by T.H.H. Pian, Reference 1*. The basic theoretical procedure and the assump-
tions associated with the SPAR/K2D implementation of the Pian method are
presented in Reference 2*. This section documents the K2D-series of subroutines

for computing stiffness and stress matrices for two-dimensional finite elements.

K2D can accommodate the following:

# 3- and 4-node element geometries,

¢ membrane, plate bending, uncoupled membrane + bending, and
coupled membrane + bending constitutive relations, and

® quadrilateral elements with mode 4 positioned slightly outside

the x-y plane of the element reference frame.

As discussed in References 1 and 2, the following three principal computa- -

tional tasks are required:

1. Compute the internal strain energy matrix, H, such that

2. Compute the boundary work matrix, T, such that
%
W=28 Tgq, and

3. Form the element stress matrix = H-IT and the element stiffness

* ~1
matrix = T H "T.

* Ref. 1., Pian, T.H.H., "Derivation of Element Stiffness Matrices by
Asgumed Stress Distributions, ATAA J. 2, 1333-1336 (1964),

Ref. 2. SPAR Reference Manual, Vol. IT, Section A,
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The K2D-series of subroutines are organized as shown below.

Element Geometry

Stress-8train Relation

1

K2D

Assumed Stress Dastribution

Degree~of~-Freedom Map

! 1

TGEN . driver routine HGEN . driver routine
TTGEN HGEND . compute membrane
TT6X3 set up boundary and/or bending
TT10X3 stress resultant energies

RGEN functions

TCB HMBGEN . compute membrane-

bending coupling

AGEN set up boundary

ATD ] deform. functions ITQUAD integrate xnym
bSUM ] over element area

transform to SYMVRT . invert H
CXA

NCALNA ] integrate and

element coordinates

Boundary Work Matrix, Strain Energy Matrix Inverse,
| Flat
Node & lies out Element
of the %~y plane
T S5TM
WARPT
l Stress Matrix = H_IT
Transformed Boundary Work, St1ffness Matrix = T*H—lT

T
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K2D (MAIN ROUTINE)

The following inputs are supplied through the K2D calling sequence:
A = Upper triangular portion (stored by column} of the
element stress-strain relation. The followaing
equations iddustrate the required A configurations:

Membrane Elements

Ex a; a, a, Nx 0
£ =
. a3 a5 N&
€ sym. a N
Xy m 6 XY
Plate Bending Elements
Y a a a, | MM ]
X 1 2 4 X
Y. = a a M 2
; ;2 s N
Y sym. a M
Xy, ym 6 | [ Xy
Uncoupled Membrane + Bending
"x a3 8 3, N
£
¥ a3 aS Zero Ny
€ = a N 3
Xy 6 - (3)
Ty 4 % 3 M,
Ty ag 2y M&
T s a M
L x{ L e 12 L Ty
Coupled Membrane + Bending
By 2 ] Fy 3 dp g N
ty a3 a5 8 33 2 Ny
ol =
- ag a8y a;4 a4 ny (4)
x 39 214 19 M
Yy 315 29 M
Y. sym, a M
LX) . 2L | LW
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Shear Panels

N =

a, & (5
Xy 1 "xy )

XX(2, NSIDES), XX(I,J) = direction-I position of node J,
relative to the element reference frame

NSIDES, either 3 or 4

NBM = number of assumed membrane stress resultant coefficients
(maximum = 10)
NBB = number of assumed bending stress resultant coefficients
(maximum = 15)
ISHELL = 0, no membrane-bending coupling
# 0, membrane-bending coupling in A
X34 = out-of-plane Z location of node 4
IX34 = 0, no out-of-plane transformation
> 0, transform T to account for non-zero X34

The following arrays are returned through the K2D calling sequence:

S = upper triangular portion (stored by column) of the NQT x NQT
element stiffness matrix,

ST (NBT,NQT) = element stress matrix,
NBT = NBM + NBB, and

NOT = order of the stiffness matrix.

The following errcr conditions are returned through the common block ERRK2D
{(K2D line number 10).

AERR NERR. Meaning
4HISNG n H matrix singularity, row n
4HNEGD n n negative diagonal terms

encountered computing H™

4HCORE b1l n additional core locations
required in array W

Blank o ne error
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Step A.

The procedure incorporated in K2D is outlined below.

(K2D line numbers 20 through 31)

Set up the assumed membrane stress resultant distribution
via data statements. The arrays IBM, BM, IXYM, and XYM
are used to characterize the equation below.

1

Nx b3 b6 b4 blO b8 0 X

Ny = b2 bS b7 b9 bl0 0 v
2

- -b _

ny b1 b7 6 0 0 2b10 x
2

b4

- xy -

For the preceding equation, IBM and BM characterize the
matrix of b's as

IBM = "3 6 4 10 8 O , and
2 5 7 9 10 0
1 7 6 0 0 10 |
BM = 1. 1. 1. 1. 1. 0.7 .
1. 1. 1. 1 1. 0.
| 1. 1. -1, 0. 0. -2.]

XYM and IXYM characterize the vector of x's and y's. For
the JtB term, IXYM (1,J) 1s the exponent of x, IXYM (2,J) 1s
the exponent of y, and XYM (J) is the coefficient. TFor
example:

Vector IXYM(1,J) IXYM(2,J) XYM(J)
1 #] 0 ( 1.
® 1 0 I.
vy 0 i 1.
, | =
X 2 0 1.
2 0 2 1.
Xy 1 1 1.
- ud L - - = . .

K2D-6
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If P(T) = IEh-membrane stress, resultant
{1.e. P(1) = Nx’ P(2) = N&, P(3) = ny),
BM(T,J) = G,
IBM(I,J) = k,
XYM(T) = Z,
IXYM(1,J) = n, and
IXYM(2,J) = m, then

P(I) = P(I) +b_*CZx vy, for J = 1, 6. (7

k

For current applications, Z=1.0 for all values of J. This
is evident from the dataed array XYM. Provisions for two
constants, C and Z, are included for possible future
applications.

Current dimensions permit a maximum of 10 membrane stress
resultant coefficlents. The input variable NBM controls
the selection of 10 or less. WNote that

NBM = 1 = pure shear stress distribution, used
for E44 elements, and
NBM = 3 = constant stress digstribution, used for

E31 elements.

Step B. (K2D line numbers 33 through 48)

Set up the assumed plate bending stress resultant distri-
buting via data statements. Similar to the membrane
representation, BB, IBB, XYB, and IXYB characterize the

equation below. - 1“
1
Mx bl 0 b6 0 b4 0 b14 bl2 blo 4] x
M& b2 0 b5 0 b7 0] b13 bl5 b11 0 X

Mol «|P3 0 By 0 DBg 0 0 0 by, bty (8)

Qx b6 —b8 b14 —b15 b10 0O 0 0 0 o0 v
2
Qy b7 —b9 b11 0 b15 b14 0 0 0 0 ] x

B - - 2
y

Xy

| XY
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Step C. (K2D line number 50)

Set up degree~of-freedom (DOF) indicators

NOM (1) = 3 = 3-node membrane DOF's
NOQM (2) = 5 = 4-node membrane DOF's
NQR (1) = 6 = 3-node plate element DOF's
NQB (2) = 9 = 4-node plate element DOF's

Step D. (K2D line numbers 52 through 61)

Set up MAPM(4,5) = membrane DOF map and MAPB(4,5)
= plate bending DOF map.

MAPM(T,J) = membrane degree—-of-freedom associated
with direction-J motion of node I.

MAFB(I,J) = bending degree-of-freedom associated
with direction-J motion of node I.

g=1,2, 3
J=4,5

displacement in directaion-J

rotation about axis J-3.

Step E. (k2D line numbers 62 through 64)

Initialize error indicators, AERR and NERR.

IWARP = ) eliminates the possibility of activating
alternative boundary work caleculations concerning
warped boundaries. All warped element considerations
are handled by the routine WARPT.

Step F. (K2D line numbers 66 through 71)

P

Set up the nodal intrinsic position coordinate array,
X(2,4). TFor 3-node elements:

X(I,4) = X(1,3), I= 1,2,

Step G. (K2D line numbers 72 through 99)

Set up the following quantities:

NBOTH = 0, membrane or bending alone
NEOTH = 1, membrane plus bendang
NBT = total number of assumed stress

resultant coefficients

K2D-8



NXM = order of the vector XYM

NXB = order of the vector XYB

NQT = number of element degrees of freedom
MAPQ(4,5) = element degree-of-freedom map

MAPQ(I,J) = element DOF associated
with direction-J motion of node 1.

Step H. (K2D line numbers 107 and 108)

. -1
Compute the element strain energy matrix inverse, H ,

by calling HGEN. H~l is stored in the array W
beginning at location IH.

Step I. (K2D line numbers 111 through 117)

Set up NI(4) and NJ(4). Side K of the element 1s
bounded by nodes NI(K) and NJ(X). The following table
summarizes NI and NJ.

3~Node Elements 4~-Node Elements
K NI (K) NJ{RK) NI(K) NI (K)
1 1 3 1 4
2 3 2 4 3
3 2 1 3 2
4 - - 2 1

Step J. (K2D line number 120)
Compute the element boundary work matrix, T, by ecalling

TGEN. T i1s stored in the array W beginning at location
IT.

Step K. (K2D Iline number 123)

Modify T to account for an out-of-plane node 4 by calling
WARPT.

Step L. (K2D line number 126)

Call SSTM to compute the intrinsic stress and stiffness
matrices,
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ELEMENT STRAIN ENERGY

For a coupled membrane - plate bending finite element formulation,

the stress-strain relation for the cross-section is written as

-~}
|

[=5]
|

o A
ALY A
2
A, A
AT A
2

and

where

IlIb

= vyector of membrane stress
resultant coefficients

= vector of bending stress
resultant coefficaents.

K2p-10
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NBM and NBEB represent the number of membrane and bending stress resultant
coefficients assumed for the formulation. All elements of Pm and Pb are

of the general form xnym.

The element strain energy is expressed in terms of the following area

integral
% %
v=1/2 f[Fm Fb:] Ay 4 Fo dArea, or
&
Area A2 A3 Fb
V=1/2 |B B* H H B h
i} b mE mb m > where
%
i Hob By
H = P* oA P dA (11}
o — m] rea,
Area
H = -P* A, P ] dA d (12
b = Pn %2 Py | rea, an )]
Area

- . -
H'bb =[ Pb A3 Pb dArea. (13)

Area

Hmm’ Hmb and be are submatrices of the desired strain energy matrix H,
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For a membrane-plate bending coupled element, H_l is computed according

to thé following chart.

From K2D
Assumed Stress Distributions,
Stress~Strain Relations,
Element Geometry

| HGEN
Membrane Stress Bending Stress
Resultant Distribution, Resultant Distribution,
Al stress-strain mtx. A3 stress-strain mtx.
¥
HGEND HGEND
)

stress-strain mtx

:

Hons By IMBGEN f[=——P,, H

mh

For a pure membrane, plate bending, or uncoupled element formulation only

applicable portions of the above chart are followed.

K2p-12



HGEN (PARENT ROUTINE = K2D)

The following inputs are supplied through the HGEN calling sequence:

NBM, NBB = number of assumed membrane and bending stress
resultant coefficients

X(2,4) = nodal position coordinates

AA = upper triangular portion (stored by column) of

the stress-strain matrix
XYM, IXYM, XYB, IXYB, IBM, BM, IBB, BB =

arrays characterizing the assumed membrane and
bending stress resultant distributions (see K2D)

NXM, NXB = order of the vectors XYM and XYB

ISHELL = (0, no membrane-bending coupling in AA
# 0, membrane-bending coupling in AA
NBT = NBM + NBB

HGEN directs the computation of the element strain energy matrix inverse

H(NBT,NBT). H is returned through the HGEN calling sequence,
The procedure incorporated in HCEN is outlined below.
Step A. (HGEN line number B8)
Set up via the data statement:
NC =3, order of the Al’ A2, and A3
stress-~strain matrices
NSM =3, number of rows in IBM and BM
NSB =5, number of rows in IBB and BB

Step B. (HGEN line numbers 9 and 10)

Initaalize the IQT array to 0. In the common
block /CK204/

K2D-13



Step C,
Step D.
Step E.
El.
EZ.
E3l
B4.

QT(I,J) =fx(I_l) y(J-l) dArea.
A

rea

If 107(1,J) = 0, QT(I,J) is not computed.
# 0, QT(I1,J) is computed.

(HGEN 1ine number 11 through 13)

XX(I) and YY(I) are the x and y positions
relative to the element reference frame of
node I,

(HGEN line numbers 15 through 17)

Initialize H to zero.

(HGEY line numbers 19 through 49)

Set up A(3,3,3), the three stress-strain matrices
stored in rectangular fashion. Entries to A are
extracted from the input array AA. See Eg. 9.

(HGEN 1line number 25)

For NBM=1 a shear panel formulation 1s implemented,
and the stress-strain relation consists of a single
term as shown an the following equation:

= AQ
Yy ) ey

(HGEN line numbers 27 through 33)

A(1,3,1) = membrane stress~-strain matrix

(HGEN line numbers 34 through 42)

A(I,J,3) = bending stress-strain matrix

(HGEN line numbers 43 through 48)

A(I,J,2) = coupling stress-strain matrix

K2D-14



Step F. (HGEN line numbers 53 through 59)
Compute the membrane contribution to H by
calling HGEND. Locations within the temporary
array W are assigned for storing Pm.

Step G. {HGEN line numbers 61 through 67)
Compute the bending contribution to H by
calling HGEND. Locations within the temporary
array W are assigned for storing Pb'

Step H. (HGEN line numbers 69 and 70)
Compute the membrane-bending coupling contri-
bution to H by calling HMBGEN.

Step I. (HGEN line number 73)

Invert the H matrix by calling SYMVRT.

K2D-15



HGEND (PARENT ROUTINE = HGEN)

The following inputs are supplied through the HGEND calling sequence:

NB = pumber of assumed stress coefficients.
For membrane energy, NB = NBM.
For plate-bending energy, NB = NBB.

INCB = stress coefficient increment.

For membrane energy, INCB = 0,

For plate-bending energy, INCB = NBM.
NBT = total number of assumed stress

“Coefficients = NBM 4 NBB.
C{NC,NC) = stress-strain matrix

XY(NX), IXY(¥X) define the assumed stress
IB(NS,NX), B(NS,NX) distribution (see K2D)

INCC = dincrement for locating the beginning
stress resultant row number within B

and IB. INCC = 0 for current applicaticns.

The following arrays are returned through the HGEND calling sequence:

IPX These arrays define the assumed stress
IPY distribution in a configuration that is
P convenient for computing H terms.

H(NBT,NBT). Contributions to the element strain
energy are added to this array.

K2D-16



The procedure incorporated in HGEND is outlined below:

Step A. (HGEND Iine numbers 11 through 26)

The input stress-resultant distraibution
matrices (XY, IXY, B, and IB) are
rearranged for computing strain energy
terms. The input matrices characterize
the stress distribution as follows (see
K2D discussion):

(s, ] [o, ... 1 1]
82 = bJ . - x (14)
. R bNB ¥
| Syg) - 1 [
I8 and B -_}
XY and IXY

The following arrangement 1s used for
computing H, Eq. 10.

L o
8) P12 P2 - - Pimp by
So |l = | P21 P2 - - - - by
. . . . (15)
| Sws] | Pms,t © o Pyg gl

L bNB—

P, IPX, and IPY

In the above equation bi is the IEE stress
coefficient and Pi] 15 of the general form

n _m
ax y .
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The terms of P, IPX, and IPY are extracted

from B, IB, XY, and IXY. If Py, = a = ¥y,
then
P(E,J) =
IPX(1,J) =
IPY(I,J) = m.
Step B. (HGEND line numbers 28 through 47)

Compute contributions to H of the form

*
‘fP CP dArea, see Egs, 11 and 13.

Area

Bl1. (HGEND line numbers 29 through 31)

IH and JH are the row/column designation
within H.

INCB l

g —

INCB

_ IH=T+INCB
J=1,NB
H{IH,JH) = ——=<- JH=J+INCB

B2. (HGEND line numbers 34 through 44)
A typilcal term in the iIntegral is

H(IH,JH) = H(IH,JH) + BC foX + dArea (16)

Area
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If f xMX yMY dArea has not been previously
Area

computed, TIQUAD 15 called. The common
block /CK2D1/ 1s used to transfer the
necessary data to and from ITQUAD.
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HMBGEN (PARENT ROUTINE = HGEN)

The following inputs are supplied through the HMBGEN calling sequence:

NBM and NBB = number of assumed membrane and bending
stress—resultant coefficients

C(NCM,NCB) = matrix relating membrane strains to
bending stress resultants

IPXM arrays characterizing the assumed

IPYM membrane stress-resultant distrzbution,

PM see HGEND

IPXB arrays characterizing the assumed

IPYB bending stress-resultant distribution

PB

NBT = NBM + NBB = order of the H matrix

Contributions to the element strain energy associated with coupled membrane-

bending action are computed by HMBGEN and inserted in H(NBT,NBT).
The procedure incorporated by HMBGEN is outlined below:

Step A. (HMBGEN line numbers 12 through 30)

Compute contributions to H of the
form

*
me c Pb dArea, see Eq. 12.

Area

K2D~20



Al. (HMBGEN line numbers 13 through 15)

IH and JH are the row/column designation

within H.
NBM |
_ J=1,NBB
‘ \\\
N
T=1,NBM
|
. -_\&_ M omE-I
B, = JH=J+NBM

A2. (HMBGEN line numbers 18 through 28)

A typical term in the antegral is

H(TH,JH) = H(IH,JH) + BC [xNX 7 darea an
Area

As in HGEND, the value of the integral

is taken from QX of the common block
/CK2D4/
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SYMVRT (PARENT ROUTINE = HGEN)

The following inputs are supplied through the SYMVRT calling sequence:

A(N,N)

NHD = dimension of A. The maximum
for NHD is 30 due to current
dimensions of the temporary
arrays B and T.

sympetric matrix

SYMVRT computes Afl and stores the result in the space occupled by the
original A matrix.

Error conditions encountered during inversion are returned through the
common block /ERRK2D/. If AERR = ISNG, NERR contains the row number ;f
A at which a singularity is encountered. This constitutes an exit
condition; the matrix inversion is terminated. If AERR = NEGD, NERR
contains the number of negative diagonal terms encountered during

inversion. This indicates that A is not positive defainite.

K2D-22



QUADRILATERAL AREA INTEGRATOR

A procedure is developed below for integrating a function of the general

form x° ym over an arbitraraly shaped quadrilateral surface.

The quadrilateral area is illustrated below.

y
A
3(x3,y3)
\// N
N AN
sl 1 1\
N / / SN
NN NS\
1(0,0) Z(Xzso)

The quadrilateral integral is computed as the summation three parrial

surface integrals.

K ym dArea=A1+A2+A3
Area
X3y
Ya - ¥
n — 3
Al“[ Sy axay 5 ey oy
3 4
xl} 0
%y
N
A2=[[xnymdxdy 3 ¥y =E—X
%4
0 0
xz'}?
— y
AS:-[ fxnymdxdy SRR A £ -3x (X-XB)
2 3
X3 0

K2D-23
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Al and A3 integrals are transformed to relative coordinates, so that

Wwhere X = X - X

%
(x3—x4) v
— — — P
A = G+x) P dxdy ; Y=y, +2>2—2%, (22
1 4 bxg - %
0 0
where X = X - x,
(x5-xy) y
—n @ -~ _ ¥y
Ay = - (x2+x) y dx dy y=ﬁx (23)
0 0
The general form of Al and A3 is
T ¥
A= / f(xL-i-x) ¥y dedy ; v =a+ bx. (24)
0 0
Integrating
T
_ 1 =1 — mtl —
A= — T f(x.L+x) {a + bx) dx. (25)
0
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In the preceding expression

_n _n _n—l
(xL +x) = d1 x + d2 x + e dn+1’ and
(26)
_ml w1 m
(a + bx) =c X +c, x + ... C oo
A is now rewritten as
T
1 _(otmt1) _om _
A= m [dlcl x +(d1c2 + d2c1)x +...dn+1 cm+2]dx. 2n
0

AZ and A3

directly as

are computed according to the above equation. A2 13 evaluated

ntl 1
_ X s (28)
2 7 (ntmt2) (k1)

A

The routines used to implement this quadrilateral integration procedure
are ITQUAD and DSUM.
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ITQUAD (PARENT ROUTINES = HGEND' and HMBGEN)

The following inputs are supplied through the labeled’ common block
JCKR2D1/:

X(4) ] X(I) and Y(I) are the x and y locations

Y(4) of node I
N = exponent of x
M = exponent of y

ITQUAD directs the computation of

AXNYM = fo v dArea.

Area

AXNYM fs returned in the calling routine through /CK2D1/.
The procedure incorporated in ITQUAD is outlined below?

Step A. (ITQUAD line numbers 7 and 8)

Initialize AR(1), AR(2), and AR(3) to zero:

Step B. (ITQUAD line numbers 9 through 49)

Integrate over zone 1; compute AR(1)

Bl. (ITQUAD line numbers 10 through 13)
XL is a nominal element dimension against
which other element dimensions are compared

to determine whether or not they should be
! considered zero.

If D/XL< ZERO, D = 0.

B2. (ITQUAD line pumber 14)

if Xy - %, = 0, AR(1) = 0. This conveantion
is used for integrating over triangular surfaces.
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B3.

B4.

B5.

B6.

B7.

(ITQUAD line numbers 15 and 16)

(1TQUAD line numbers 20 through 22)

For B = {0, yM+1 =AMl

(ITQUAD line mumbers 25 through 33)
M+l ML M
For B>0, vy = ¢(1) x +C{2) x + ... C(Mt+2)
(ITQUAD 1line numbers 35 through 44)
_X N N-1
(XZ +x) =C€C(l) x + CC(2) x + . . CC(¥+1) (29)
(ITQUAD line numbers 45 through 49)

Compute the AR(1l) integral by calling DSUM,
Data 1s transferred to and from DSUM through
the common block /CK2D2/.

T
s = f [0(1) 2y ] [CC(I) 2 4 ] dx (30)

0
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Step C.

Step D.

DIl.

D2,

D3'

Step E.

(ITQUAD l1ine numbers 51 through 54)

Integrate over gzome 2; compute AR(2).

If x, =0, AR(2) =

(ITQUAD line numbers 56 through 75)

Integrate over zone 33 compute AR(3).

(ITQUAD line numbers 59 through 68)
N N N+1

(x, + x) =c¢CC(l) x +¢€0(2) x  + ... CCON¥+1)

{ITQUAD line numbers 69 through 73)

Call DSUM to compute

M+l N
suM = [ c(1) x CC(l) I CC(N—!—Z)]

(ITQUAD line pumber 75)

Compute AR(3)

(ITQUAD line numbers 77 through 81)

Compute

3
AXNYYM = T IZ AR(T).
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DSUM (PARENT ROUTINE = ITQUAD)

The following inputs are supplied through the common block /CK2D2/

N N _N-1

B} £,=B() X +B2) & + ... BOWD (34)
M M M-l _MEL-MM
MM f2 =C(1) x + C(2) x + ... c(MM) x {35)
C

T = 21integrating limit

DSUM evaluates the following integral and returns the result through
/CR2D2/.

T
SUM = ffl £, dx (36)
0
substaituting for fl and f2 and expanding the product yields
T
_N+M ﬁN+M~1
SUM = {B(l) c(l) x + [B(l) Cc(2) + B(2) C(l)]x (37)
_NHM-2
+[B) ¢ + 32 c@ + 3G c)] *
_MEL-MM)
+ ... + BOH1) Cc(MM) x } dx

SUM is evaluated by taking each term of the above summation and

integrating from Xx=0tox=T. A typical term of the sum 1s

N1 iE
D = f [ 2 B(I) * C(I) % :| d%, where (38)

J=N+M~1~-~TIE+ 2, } £ J= MM.
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BOUNDARY WORK

The work performed by element stress resultants acting through boundary

deformations is computed as

nsides

W = 25 Wn,
n=1

where Wn is the work performed along the nth gelement boundary.

Agssociated with each element boundary is a boundary reference frame,

X - y - z, as shown below for boundary n, comnnecting nodes i and j.

X
v el

_ Boundary Reference Frame (x-y~z)
z

x
Element Reference Frame (x-y~z)

y is parallel with z; x extends from i through j, and z is directed
toward the element interior. Points lying along i-3 are located by

X = t1 4+ % cosf and y = t3 + x sinf.

Functions characterizing the deformation of boundary n are

u (3) = displacement in direction-z,
v (3) = displacement in direction-x
w (%) = displacement in direction-y,
¢ (%) = rotation about axis z, and
8 (%) = rotation about axis x.
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The element stress resultants acting along boundary n of a coupled

membrane plate-bending element are 1llustrated below.

The boundary work performed along boundary n is

L
Wn = [(Nuu+va+wa+Mu¢+Mve) dx.
0

U1 = u, U2 = v, U3 = ¢, U4 @, and U_. = w, the above expression

1s written as

L
5
Wn = Z ij Uk dx.
k=1
0

For a pure membrane formulation k=1, 2. For pure plate-bending
k=3, 4, 5. For coupled membrane plus bending k=1 through 5.

Each boundary stress resultant, s, and each boundary deformation

2
k
function, Uk’ is represented by a polynomial function in x,

K2D-31

(39)



as shown below

— ) T .
P, = (G Gy «un Cp) :_cz . - (40)
X
= NC-1
NA-1 %
) _ - 1. 41
%
2ya
The boundary work performed along boundary n may now be expressed
as
5 L
* %
w=20 [fXde]a (42)
n ca
k=1 0 >
5
=z c X _a
ca
k=1
Where B represents the vector of undetermined stress-resultant
coefficients and Q represents the vector of intrinsic nodal motions,
the following transformations are performed:
G = ch B and a = Taq Q.
(43)
2 %
Wn=zB ¢hb “ca an’
k=1

X2D-32



Summing over all sides

We3B T = T T (44)
= TQ, where T = zz b Xca aq”

T is the desired boundary work matrix.
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T is computed according to the following chart.

From K2D

Agssumed Stress Distribution

Degree—of~Freedom Map

TGEN

|

Initialize T = 0

— — — ¢—<For Each Element Sid§

Compute Boundary Geometry

For Each Boundary
Stress Resultant

)

TTGEN
TT6X3
TT10X3
RGEN
TBC

X

A c\ /
1

NCALNA

K2D~34
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TGEN (PARENT ROUTINE = K2D)

The followaing inputs are supplied through the TGEN calling sequence’

IBM element membrane stress-resultant distribution
BM matrices {see K2D)
NBM = number of assumed membrane stress-resultant

coefficients

IBB} element plate-bending stress-resultant

BR distribution matrices (see K2D)
NBB = number of assumed bending styress-resultant
coefficients

MAPQ = element degree-cf-freedom map

NBT = NBM + NBB
QT = number of element intrinsic degrees of freedom
X, X(1,J) = direction-I position relative to the

element reference frame of node J

NI } NI{n) = 1, NJ(n) = j, the nth element boundary
NJ connects element nodes 1 and 3.

TGEN directs the computation of the boundary work matrix T(NBT,NQT}.
The procedure incorporated in TGEN 15 outlined below:

Step A. (TGEN line numbers 13 and 14)

Set up MAPU{(3,5) via data statement. For
MAPU(1,J) = K, the KEh-boundary motion
function 1s associrated with the JER boundary
stress resultant for computing boundary
work. MAPU(2,J) and MAPU(3,J) pertain to
warped boundary calculations and are not
currently used.

(J = 1IP, pg 36 and K = IU, pg 47)
Step B. (TGEN line numbers 18 through 20)

Inmitialize the T matrix to zero
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Steps C through G are repeated for each boundary.

Step C. (TGEN line numbers 24 through 37)

Set up the boundary geometry as:

Tl = x location of boundary origin
T3 = y location of boundary origin
ZL = boundary length

CS = cos O, @ = angle between x and x
SN = sin ©

Steps D through G are repeated for each boundary stress resultant.

Stress Resultant Identification:

I = 1, N, membrane resultants
Ir =2, N, active if NBM > 0,

IP = 3, M,

IP = 4, M, bending resultants

IP = 5, Q, active if NBB > 0.

Step D. (TGEN Iine numbers 40 through 55)

For membrane stress resultants (IP=1 and IP=2)
TIGEN is called with a final argument of 1. TFor—
bending resultants TTGEN is called with a final
argument of 2.

Calls to TTGEN, RGEN, and TCB result in the
computation of arrays representing X and ch
of Eqs. 40 and 43, NMC represents X and C
contains ch. ¢

Step E. (TGEN line numbers 56 through 68)

The boundary deformation function associated
with stress resultant IP is set up by AGEN
with the final argument IU. IU = MAPU(1,IP).
NMA represents X, (Eq. 41). The transformation
matrix Taq (Eq. 43) is stored in a mapped
fashion according to arrays A, NQA, NQl, and
Inq.
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Step F. (TGEN line number 70)

Calling NCALNA results in the calculation
of

ZL

- t -
X, = /xc X, dx (Bq. 42).
0

Xca 18 stored 1in the array XNCNA.

Step G. (TGEN line number 77)

CXA performs the transformation

%

ch Xca Taq (Eq 43).

The result 1s added to the existing
T matrix.
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TTGEN (PARENT ROUTINE = TGEN)

The following inputs are supplied through the TTGEN calling sequence:

IKIND = 1, membrane stress resultants
= 2, plate-bending stress resultants
T1 _ boundary line equation
T2 x=Tl+ T2 x x~y = element ref. frame (45)
T3 y=T3 + T4 x x = boundary ref. frame
T4

The following arrays are returned through the TTGEN calling sequence:

TT = transformation matrix set up by
TT6X3 or TTI10X3

1

NMC(1,NC) representation of X (Eq. 40)

WMC (2,NC) is not uSed.
The procedure incorporated in TTGEN is outlined below,

Step A, (TTGEN line numbers 4 through 6)
For membrane stress resultants, TT6X3
is called to generate TT(NX,NC).

Step B. (TTGEN line numbers 8 through 10)
For bending stress resultants, TT10X3
is called to generate TT(NX,NC).

Step C. (TTGEN line numbers 12 through 16)

Set up NMC so that MMC (1,I) = n
indicates that XC(I) =X,
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TT6X3 (PARENT ROUTINE = TTGEN)

The following inputs are supplied through the TT6X3 calling sequence.

Tl
T2
T3
T4

boundary line equation, see TTGEN

The transformation matrix T 1s returned through the TT6X3 calling

sequence.

Where x and v refer to element reference frame axes and

x refers to the boundary reference frame axis,

1
X

¥y
%2
yz

| xy _

T(6,3)

M M=

, ot X =TX
m c

The Xm vector corresponds to the assumed membrane stress-resultant

distribution presented in the K2D discusson
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TT10X3 (PARENT ROUTINE = TTGEN)

.The following inputs are supplied through the TT10X3 calling sequence:

T1
T2
T3
T4

boundary line equations, see TTGEN

The transformation matrix TT is returned through the TTI0X3 calling
sequence. Where x and y refer to element reference frame axes and X

refers to the boundary reference frame axis,

}

= TT(10,3)

IR R

s OT Xb =TT - X . (47)

EVEEVIVEVERNL
oM

& &

{
{

The Xb vector corresponds to the assumed bending stress-resultant

distribution presented in the K2D discussion.
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RGEN (PARENT ROUTINE = TGEN)

The following inputs are supplied through the RGEN calling sequence*

IP = 1, N,

= 2, Ny IP 1dentifies the active

=3, My ¢ boundary stress resultant,

= 4, MV

= 5, Qw‘
SN = sin 0] Define the orientation of the boundary
CS8 = cos ©) relative to the element ref. frame.

The array R 1s returned through the RGEN calling sequence. R 1s used

to perform the transformation from element stress resultants to

boundary stress resultants. The figures below indicate the transformation
matrices that are required. Directions x and vy refer to element reference

frame directions.

X (boundary ref. frame axais)

[N ] - [—SNZ ~cs? 28N-CS N

u 2 2 X

x| _SN CS SN-cS (csZ-sn?) N | (48)
N

M x (boundary ref. frame axis)

x v v
Mu _
M

[SN CS -SN CS (CSZ—SNZ)J M T

2 2

-8N ~CS -2CS SN My (&9

M
xy |

[-sn cs] [Qx]

Qy
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The R array is computed such that for

IP=1: N, = R(3) [N 7 ,IP=2: N_=R(3) [N ],
Ny Ny
| Nxy | | Ny

IP=3: M, = R(5) [My ], IP=4: M_=R(5) [M |, and
My E" (50-54)

IP=5: Q, = R(5) [M; ] .

4
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n

TCB_(PARENT ROUTINE = TGEN)

Caleulation of the ch

following deravation.

B = (61 ot Gy 1
X
§2
S B bi Bis b_’] ‘<t
Sp =
Syt Byr,i Pk oo
Pk = (Rl R2 e RNI) gl
52
Syt
1211 212 *"" 2 o i
x Z21 ? S
vi . X
Zyi1 2N1,NC

Substituting Eqgs.

P = (Ry Rp +++ Ryp) [ B1g by

= (Cl C2 ces C

NC)

RS- T
[}

transformation

[

et Mo

Bjs bj

K2D-43

matrix (Eq. 43) 1s based on

the

a boundary stress
resultant 1in boundary
ref. frame coordinates.
See Eq 40.

the assumed element
stress~resultant distribution
(exther membrane or hending)
in element ref. frame
coordinates bl = ;th
coefficient., See K2ZD.

stress

transformation from element
stress resultants to
boundary stress resultants.
See RGEN.

transformation from
boundary coordinates to
element coordinates.
See TTGEN.

58 and 56 into Eq. 57 yields the followang

Zy1 219" Zl NC 1
Zo1 ! X
. %2
NI, 1 ZNJ,NC

(55)

(56)

(57)

(58)°

(59)



Comparing like terms of the above equation (1.e like powers of X) yields

the desired transformation matrix as:

C1 by
" | = TcB(nc,NB) | :
CNC bNB

The following inputs are supplied through the TCB calling sequence.

NI matrices characterizing the

NS assumed stress-resultant

B{NI,NJ) distribution. These arrays
IB(NI,NJ) orrginate ain K2D,

R(NI) = element stress resultant to boundary

stress resultant transformation
array. R 1s created in RGEN.

NC transformation from boundary
Z{NJ,NC) coordinates to element coordinates.
7Z 1s created in TTGEN.
NB = number of stress resultant coefficients

used 1n the formulation

The matrax TCB(NC,NB) 1s computed and returned through the TCB calling

sequence
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AGEN (PARENT ROUTINE = TGEN)

Displacements and rotations relative to the boundary reference frame

and relative to the element reference frame of boundary i-j end poants

are shown below.

<l

/[l

% % TR
-1 -1 }/41 ,/é'

q4 q]. q3 q

s e e O —

Boundary Reference Frame ai q

bl

Boundary -3

Element Reference Frame
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For boundary 1-3 a deformation functionm, U (Eq. 41), of the following

form 15 assumed:

Uk = (1 X 22 . Y| a1 |= polynomial wath NA forms (61)
ag £
. = X" a
a a
NA

The vector of polynomal coefficients is expressed in terms of the

motions of nodes 1 and j, so that

i
2 [ qg'] NQiB = 2 |
as ) N in this
| = | AB(I,M,NQ1B) ! AB(2,NANQIBY | T | equation | (62)
! =
aNA 8 q.Q.
.aJm

Transformation from the element reference frame to the boundary

reference frame yields

q a8 A
2 _ n NQL = 3
Y = D{NQIB,NQ1) o in this (63)
ﬁm 4o equation
qg Y
h =1 orj.

For the above equation, the AGEN array IDQ would contain:
IDQ(1l) = n, IDQ(2) = o, and IDQ(3) = p.
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Performing the transformation indicated by the previocus equation

yvields

1

o m
A% B
_
2

oH

]
b e
fia]

-

[A(NA,NQA) ] q;')' , where (64)

2

. D

|
[A] = [AB(l,NA,NQlB) - D ; AB(2,NA,NQ1B) - D } .
!

The following 1inputs are supplied through the AGEN calling sequence

ZL = boundary length

SN = sain8| orientation of the boundary

€S = cos0] relative to the element ref. frame
iU 1, displacement in direction

o

X
2, displacement in y direction
3, displacement in Z direction
&, rotation about X-axis
5, rotation about ¥-axis
6, rotation about z-axis
7, for warped boundary (not currently used)

[ |

The followaing arrays are returned through the AGEN calling sequence:

?ég?ﬁg??) the meanings of these arrays are
NA as 1ndicated in the preceding
NOA discussion

NQ1

WMA(1,NA) = representation of X,

NMA(2,NA) 1s mot currently used

KZD-47



The procedure incorporated in AGEN is outlined below-

» 3 -
- - -

Step A. (AGEN line numbers 4 through 106)
“ - £ oy f *
Set up NA, NQl, NQl1B, IDQ, AB, and D
according to-the input value of IU.

IU = ] (AGEN line numbers 11 through 20)

- -

i

Uk = displacement in X-dzrection
=a; +a, X
a 1 I o q
W] = N ql
y " | 53
a 3 1(2« 'l/L ; ql
-h -

h
[cs sn] ?%
q?_

L1

I0 = 2 (AGEN line numbers 22 through 42)

~ N - L - s

U, = displacement in §-direction
= a3 + as X + ag };{2_1_ ay ;(3
# T ek RN

[a, 1 0 | ©
a ' = |o R
as -3/i2 2/ | 32
Lay J « 2/13 112 | 213
rqz' [ 1 0 0 J
_ﬁgJ o SN e
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IU = 3 (AGEN line numbers 44 through 53)

U =
=a; +a; ¥
a1 1
32 —I/L
@ = [sm

10 = 4 {AGEN line numbers 55 through 64)

]
!

K displacement in Z-direction

G

1/L

~cs ]

Uk = rotation about the x-axis

=a_ +a, X

1 2
a1 1
as -I/L
@t = [cs

IU = 5 (AGEN line numbers 66 through 74)
Uk = rotation about the ¥-axis
ap = [wn v -1/1] [§]
3
37 ]
= [sW -cs] [}
q3 .
| 9o ]
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IU = 6 (AGEN line numbers 76 through 95)

U, = rotation about the Z-axis

= a; + azz‘c+a3§:2

ap 0 1 1 0 0 qz- (75
ap| = | -6/12 -4/1 | 6/12 -2/L T
ag 6/t3 3712 | —6/13  3/12| |4g]
g1
L 96
gt 1 0 0 h (76
Q| _ 4, )
~h _ h
g 0 SN -CS q,
h
s
I0 = 7 (AGEN line numbers 98 through 104)
Uk = displacement in the §-direction for
warped membranes = a + a X
] 1 : 0 I, an
ap ~1/L | 1/L qg
-h _ h
a5 q, (78)

Step B. (AGEN line numbers 107 through 111)

Set up NMA(1,1), I = 1,NA. HNMA
characterizes the vector Xﬁ, so that

for
Xa(J) = ik:
WMA(1,T) = k.
NMA(l,1y = 0, 1.
MWa(l,2) = 1, X

NMA(L.NA) = NA-1, ®CFA-D)

NMA{2,N&) is not currently used.
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Step C. (AGEN line numbers 112 and 113)

Call ATD to perform the AB~to-A
transformation.
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ATD (PARENT ROUTINE = AGEN)

The following inputs are supplied through the ATD calling sequence.

AB(2, NA, NQIB)

D(NQ1iB, NQL) The contents of these arrays
NA is discussed under AGEN.
NQ1B

NQl

NQA = 2 * NQl

ATD computes and returns the array A through the calling seguence, A

is computed as

[A(NA,NQA)} = [AB(I,NA,NQlB) - D ; AB(2,NA,NQIB) - D] ) (79)
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NCALNA (PARENT ROUTINE = TGEN)

The following inputs are supplied through the NCALNA calling sequence:

XL = boundary length

mc,  for X_(J) = 2, We(l,d) =k
MMc(2,J) is not used

NMA, for Xa(J) = ﬁk, MMA(L,J) = k

MMA(2,J) is not used
NC = order of Xc
NA = order of Xa
NALFA} these arrays pertain to warped

ALFA element boundaries and are not
SIGN currently used

NCALNA computes and returns through the calling sequence the array Z.

Z 1s computed in accordance with Eq. 42 as

XL
* __
Z(NC,NA) = _[_x.c X, dx (80)
0

The procedure incorporated in NCALNA is outlined below

Step A. (NCALNA line numbers 8 through 13)

N+1
=2 - (XL
Z{I,I) “'IO'X dx —__(N—i-l)

N = 8MC(1,I) + NMA(1,J)

, where (81)

Since NCALNA is called several times for each
element boundary, the antegral of %N may be
required repeatedly. To avoid duplicate
calculation, the common block /CK2D5/ containing
IQX(10) and QX(10) is maintained, so that

XL
QX(+1) = _['iﬂ 4%, (82)
)
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If IQX(I) = 0, QX(I) has not been computed.
If IQX(I) # 0, QX(I) has been computed and
is present in CK2D5.

Step B. (NCALNA line numbers 15 through 24)
This portion of the code pertains to warped

boundary considerations and is not currently
used.
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CXA (PARENT ROUTINE = TGEN)

The following inputs are supplied through the CXA calling sequence:

C{NC,NBC) = T.p of Eq. 43, from TCB

X(NC,NA) = Xca of Eq. 43, from NCALNA

A(NA,NQa) = Taq of Bq. 43, from AGEN

NA

ggA dimensions of the above mattrices

NBC

NQT = number of element intrinsic degrees
of freedom

NBT = number of assumed stress resultant
coefficients 1in the formulation

INCB = TOW 1ncrement

MAPQ(4,5) = degree-of-freedom map

IDQ(NQL)

NQl } see AGEN

NODES = 2 for current application

NIJ(1)

j.} thie boundary connects nodes

NIJ(2) = ; i and 3

The following arrays are returned through the CXA calling sequence:

*
T{NBT,NQT) = T(NBT,NQT) + C X A {83)
*
TMP(NBC,NA)= C X = temporary array (84)

The procedure incorporated 1n CXA is outlined below:

Step_ A. (CXA line numbers 9 through 13)

*
Compute TMP(NBC,NA) = C X
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Step B.

A(NA,NQA)

=

(CXA line numbers 15 through 27)
Compute T(NBT,NQT) = TMP(NBC,NA) -+ A

The row location in T of the product TMP-A
is controlled by the increment INCB. The
column location Is controlled by the three
maps MAPQ, IDPQ, and NIJ.

NIJ(1) NIJ(ND) = NODE NIJ(NODES)
. - 1 T T2 T 1q - N'Qﬂ T T o
2
' W = 1)... ... D = NopEs
r l A
na | L ! L ]

IDQ(IQ) = IIQ

MAPQ(NODE,IIQ) = JT

The product of TMP with this
column of A is added to
column JT of T.

Note that NODES = 2 faqr the current
application.
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SSTM (PARENT ROUTINL = K2D)

The following inputs are supplied through the SSTM calling sequence:

H{NHD,NHD) = inverse of the element

strain energy matrix
T(NHD,NQ) = boundary work matrix .
NHD

dimensions of the above matrices

NQ

NB = NHD in the current application
The following arrays are returned through the SSTM calling sequence:

STM(NB,NQ} = element stress matrix

§(1) = element stiffness matrix

The following procedure 1s incorporated in SSTM:
Step A. (SSTM line numbers 3 through 7)

Compute STM = HT (86)

Step B. (SSTM line numbers & through 14)

& %
Compute S =T HT =T S8TM. S is
stored by column such that

s= [s; 8,5, 1, n=X gN 1) (87)
83 85
Sg
L SN...
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PROGRAM LISTING

The routines comprising the K2D element formulation are listed, in
the order shown in the table of contents on this page and the following

18 pages.

K2D

1: SUBROUTINE K2D(A»XX5SsSTMsNSIUES, NBMyNBBy ISHELLs NQT» X3451X34, [ERR)
2:C

3: DIMENSION A(1)sX{254)2XX{2,1])

43 *, IBM{3s6),BH{356) s XYM{O)»IXYH(2s64

53 *, IBB(5,10)yBB(55,10)5XYB(10)sIXYB(2520)

6t *p MAPM(4,5) s MAPB(4,5),MAPQ(4,5),NQH(2), NAB{2)sNI(4)sNJ(4&)
T ¥ W(1000)

Hi COMMON/WARP/ IWARP)NALFA(4)sALFA(S,4)sNGAMA(4)sGAMA(Y, &)

G: COMMON/ERRKZD/AERRs NERR

161 COMMON/CKZDI0L/JUMP(TIL)

11:C* LABELED COMMON BLOCKS USED WITHIN K2D ROUTINES ARE

12:C* /CK2D1/DAT(11)

13:C% /CK2D2/DAT(105)

l4:C* /LK2037DAT3)

15:C* /CK2D4/DAT(4G) -
16:C%* /CK2D5/DAT(20)

17:C* /CKZD1O/DAT(10)

18:C

14: DATA ((IBM(I,Jd)sd51,6)sl=1p3) ((BMl1sJ)sdmlsblslI=lsid)} /
20¢ * 3, 6 4, 10, &s 0>

21 * 2y 5 75 95 10» 0Oy

221 * 1, 7o 6 O0s (s 10

23: * 1.) 1.) ln’ lo) 1.) Dc]

243 ¥ 1.) 10) lo, 1.) 101 O._’ l
251 % 10"10"‘1.: Qes 0.9‘2- /

26:C

27: DATA ((IXYM(Isd)ad=1,06)sI=12)s{XYM{L)pI=1psb) /
28 * 0, 1, 0, 2s 0s 1»

29: % O, Gs 1, 0 25 1,

3us * les lss lor Lles les 1l /

31:C

32: DATA ({IBB(1lsJdisd=1s10)sImiso)ol(8B8(lad)ru=ls10)sI=ecl,s)
33: * 1, 0s 65 Os 4y G» 14, 12, LUs» O»

34: * 2s 0O 5, 05 15 0, 135 15, 11, 0>

343 % 3, 0» 9 O» 8, 05 0s 0p 1lby 15y

362 % bs 8B l4s 15, 1Cs» 0 0 0p 0Os Os

37: % 7y 95 11s 05 15, 14y 0s 0Os 0s Os

36: % les Oes las Ocr loes Qep ler los lar Qoo

39: * ley Oas les Cor lesr Oup lep lep les Qo

40 % las Ooss lor Oer los Ous Oes Ous les 1las

41: * los=lesr les=les les Ous Ousr Ousr Das Qo

423 * les=les laos Uer les=1asr Qosy Cos Oes O /

43:C

44: DATA ((1XYB(lod)pJdmlyl0}sImlp2)s{XYB(I)»I=1,10) /
452 * 0y O0s 1o 1s Qs 0, 2 0y 15 1»

461 * 0y GUs G2 Qs 1s 15 0 25 13 15 _
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73:
T4
753
T6h:
77
783
793
803
gls
g2
833
B4
85:
861
87:
g
By
Q0:
Gli:
923
93:
94
952
96
G7:
98:
99:
L00:C
LO1:
102:

500

400
100

200

NHeNBTENBT

8 %5 #

les las 103 lo’ 10!

DATA (NOM{I)sI=1s2)s (NQB(I),I=ly2) / 3955659 /

DATA ((MAPM(Iodlpd=1sD)sIslsal /
O» Q0» G» 0 O
1, 0 OG» Qs O»
2 32 0 053 0Oy
4y &Sy 0 0 O /
DATA ((MAPB(IsJdlsdmls5)sInlsd) [/

9 Gs 0 0, O»
O Q0 1y 25 3
Qs Q» 4y 5 bs
O0s Qs 75 8, 9 /
KW=1000
IWwARP=0
AERR=4H
NERRsa(Q

DO 600 I=1,2

D0 600 J=1,3

AllIsd)aXX(Isd)

JaNSIDES

AKE1s6)=XX{1sNSIDES)
X(25s4)=4X{2sNSIDES)

NBOTe=D
IF{NBMoGTs0aANDoNBB+GTo0) NBOTH=1
NBTaNBH+NBB

NS1=NSIDES-2Z

NMQ=0

NBQ=0

IF({NBH-GT.0) NMA=NOM{N31)
LF{NBB.GT+0) NBQ=NGBINS1)

NX#H=6

NXBe1l0

Ka=0

HB=(

IF{NBHM.GT.0) MA=1

IFINBB.GT0) MB=1

D0 100 INDDE=1,NSIDES

DO 100 Jd=mls5

¥G=0Q .
IF(MAPM(INDDES J1oEQ.Q) GOTO 500
MooMASMAPM(INODE, J)
IF(HAPBUINODE,»J)«EG.,0) GOTO 400
HQeMQ+MBx(MAPB(INDODESJ) +NHMQ)
HAPQ(INODE, J)=MQ

CONTINUE

IF(NBB.GT-0) GUTO 200
IF(IX3%.EQ.0.0RNSIDESEQ,3) GOTO 200
NMO=6

HAPQ{4,;3)=6

NQT=NMG+NBQ

Ihsl

1.) loy 19; lo’ 10

/
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1033 KWeK4—-NH

1043 IT=NH+1
105s:¢
106 IF{JUMP(1l)sNE.O) GOTO 150
107: CALL HGEN{NBMyNBByW(IH) p W(IT)sKWs XsAs XYMs IXYMs XYBs IXYRBs IBMsBM
106 L) IBB»BBsNXMaNXBs ISHELLSNBTS»IERR)
109t 150 CONTINUE
110:¢C
111 NT=sNBT*NQT
112: IFINT.GT.KW} GOTO 1000
113: NI(l)=1
114: NJ{1)=NSIDES
115 DO 300 I=2,NSIDES
1lo: NI(I}=sNJ(I=~1)
L17t 300 NJ(I)Y=NI(I)=1
118:¢
11¢9: IF{JUNP(2)eNEL0Q) GOTG 250
1203 CALL TGEN(ILBMyBMyNBM,IBBsBByNBBsNSIDES,» HAPU, H{IT)s NBToNQTsXsNIsNJ)
121: 250 CONTINUE
Lz22:¢C
123: IF(IX34,6Te0) CALL WARPT(W(IT)s»MAPQsNbM»O» NBT-MNQT»XsX34)
124:C
1253 IF{JUMP(4).NE,C} GOTO 350
126: CALL SSTMUWUIH) »)WlIT)sS52STHsNBTsNBT»NQT)
127+ 350 CONTINUE
lzs:¢C
1293 RETURN
130¢ 1000 NEED=NT~Kw
131: HRITE(65,2000) NEED
132¢ 2000 FORMAT( 51HO*%% ADDITIONAL CORE REQUIRED FOR ELEMENT Ky NEED =
133: AERR=4HCORE
1343 NERRaNEED
135: RETURN
136 END _ )
HGEN
13 SUBROUTINE HGEN(NBM)NBBsHyWoKWsXso AAs XYM IXYMr XYBs IXYBs> IBM,BM,IBB
23 *, BByNXMsNXB» ISHELL,NBT» IERR)
31 DIMENSION X{2,4)sW(1)sA(35353)sH{NBT)NBT)2AA(1)
43 COMMON/ERRKZ2D/AERR s NERR
53 COMMON/CKZ2D4/IQT(T7,7)QT(75» T)
6t COMMON/CK2D1/7XX(4)sYY(4)asNXDaNYDs DUM
7 COMMON/CK2D10/JUMP(10)
8: DATA NCsNSMsNSB / 39355 ¢/
91 DO 160 I=1,49
10: 160 IQT(I»1)=0
ili: DO 260 I=1ls4
12: XX{I)sX{151)
13: 260 YY(I)=sX(2,1)
14:C
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http:IF(NToGT.KW

15:
163
17
13t
19:
20z
21:
22t
233
24
253
26:
27:
261
29
303
31:
32¢
33:
348
35:
363
37:
36
39:
4Q:
412
42
43:
441
45:
461
471
483
49
50
513
52:
533
54:
553
56¢
57:
B5b:
593
60:
6l
621
63:
64t
65
66
673
ol
69

800

600

500

700
400

900
350

250
150

100

DO 800 I=1sNBT
DO 800 JaleNBT
H{IsJ)=0,0

NBOTH=0
IFINBMoGT o0 ANDJNBB.GT-0) NBOTH=1
DO 600 Is1,27
8(Is151)20.0
IF{NBM.LE.O) GOTO 400
IF{NBM.GTs1) GOTD 500
A{3s351)=1.0/74A(1})
GOTO 400

K=0

00 700 J=1,3

DO 700 12154

KeK+1

AlIsdrl)i=AA(K)
A{JpIs1luAA(K)
IF{NBBsLE-O) 60TO 350
Ked

IF(NBM,LE.O) KsD

DO 900 Js=1,3
IF(NBMGTs0) KaK+3

DO 900 I=l,d

Kag+1l

A{lorde3)apAlK)
AlJdsIs3)mAA(K)
IF(NBOTH.LE.CO} GOTO 150
Kabd

DO 250 Jd=1;3

KeKetd=1

DO 250 I=al153

Kekel

AlIsdp2i=AALK)
CONTINUE

NEXT=1

IF(NBMsLE-O} GOTO 100

IPXHaNEXT

IPYHoIPXH+NCANBH

IPHaIPYMENCEMNBH

NEXTzIPHENCHNBH

IF{NEXT.GTeKi) GOTO 1000

CALL HGEND(NBM»OsMBTsNCrA(Llslol)s XYMAIXYML,WI{LIPXMILHWLIIPYN)
¥y WOIPH)sHoNXHs IBMBMaNSM»0)

IF(NBB.LE-Q) GOTO 300

IPXB=NEXT

IPYBaIPXB+NCHNBB

IPB=IPYB+NC®*NEB

NEXT=IPB+NC#*¥NBS

IF(MEXT.6TeKlW) GOTO 1000

CALL HGEND(NBByNBMyNBTsNCrA(1s1s3) s XYBs IXYBsW(IPXB)»W(IPYB)
) W{IPB)sHsNXBsIBB»DBBsNSBs»Q)

IF{ISHELL.EQ.0) GUTO 300

CALL HMBGEN(NBMsNBByNCsNCsA(1ls1s2), W (1PXM)sW({IPYM),W{IPM)
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702 %5 WIIPXB) »W{IPYB)sW(IPB)»HsNBT)
71: 300 CONTINUE

72 IF(JUMP(3)4NEoO) RETURN

73: CALL SYMVRT(H,NBT»ISING,NBT)

742 IF{ISING.EQ.0Q) RETURN

753 WRITE(6,2000) ISING

763 2000 FORMAT( 43HO*** WARNINGy H MATRIX IS SINGULARs ISING = J4 )
773 IERR=2

783 RETURN

79t 1000 WRITE(653000) KW,NEXT
603 3000 FORMAT( 38HO#*=#* INSUFFICIENT CORE FOR COMPUTING H /

BL: * 110, O9H PROVIDED» 110, 9H REQUIRED )
82: IERR=}
83: AERR=4HCORE
84 NERR=NEXT
8534 RETURN
B6: END
HGEND
1: SUBROUTINE HGEND(NBs INCBsNBTaNCrCo XY IXYs IPXsIPYsPsHsNX»IBsBsNS
23 %y INCC)
33 COMMON/CK2D4/IAT(727)2AT(757)
43 COMMONZCK2DL/XX{4)sYY(4) s MXsMY»1Z
bhi DIMENSION CUNCaNC)sIPX{NCsNB)»IPYINCsNB)sP(NCINB)
63 Xy HUNBToNBTIs XY(NX)2IXY(2sNX)
: ¥ IBINSsNX)}sBINSsNX)
g:C
: ZER(G=1.0E-10
10:¢C
11: DO 400 I=1,NC
12: DD 400 J=lsNB
13: IPX(Isd)}=0
142 IPY{Is;Jd)=0
15: 400 P(I»J)=0.0
lo6: 00 500 IC=1sNC
17: IIC=IC+INCC
F DO 500 IX=lysNX
ly: IIB=IB(IIC,IX)
203 IF{IIB.LE-O) GOTO 500
2i: IF(IIB.GTNB) GOTD 500
224 BIJeB{1IIC,IX)
23: PUICSIIB)sBIJ*XY{IX)
243 IPXUIC,IIBY=IXY{1,1IX)
253 IPY(IC,1I8)=IXY{2,1IX)
26: 500 CONTINUE
27:sC
2b3 DO 100 I=1,NB
293 IHasI+INCB
30: DO 100 J=ls1
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http:IF(IIB.GT.NB

31: JH=J+INCB

323 DO 200 IC=1,NC
331 DB 200 JC=1,NC

341 PCaP(IC,I)*C(1C,JCI#PLICs d)
353 IF(ABS{PC)+LT-ZERD) GOTO 200
363 MXsIPX(ICsI)4+IPX(JCsd)

373 MY=IPY(IC,I)+IPY(JCsJd)

35 MMX = MX+1

39: MHY=HY+1

401 IF(IQT(MMX> MRY ) EQs1) GOTO 600
413 CALL_ITQUAD o

421 IQT (MHX,MMY) 21

43: QT (MMXs MMY ) 07

44: 600 H(IH,JH)=H(IH, JH)+PLHQT (MMX, MNMY)
45t 200 CONTINUE

4613 H{JHs IH)=H(Ihs JH)

473 100 CONTINUE

4B:C

4493 RETURN

503 END

HMBGEN

13 SUBROUTINE HMBGEN(NBMsNBBsNCMsNCB»CsIPXMsIPYMsPMs IPXB»IPYB, PR
23 ¥, Hy NBT )

33 DIMENSION C(NCMyNCB)»IPXMINCHMsNBM)»IPYM(NCHMsNBM)
43 *, PHINCHMsNEM), IPXB(NCBsNBB)» IPYB(NCB2NBB)»PB(NCB,NBB)
i L) H{NBT,NBT]}

bt COMMON/CK2D&4/IQT{T727)pQT{7,7)

T: COMMON/CK2D1/XX{4)oYY{4)sNXsMYsZ
g:C

9: ZERG=140E-=10

10:C

11:C

12: D0 100 I=1,NBR

13 IH=]

14: DO 100 J=1l,NBB

15: JH=J+NEBM

16: D0 200 IC=l,NCHM

17: DO 200 JCs1,NCB

L8 PCapMIIC,1)%C{IC,JCI%PB(JCsd)
19: IF{ABS(PC) . LTLZERG)} GOTO 200

203 NXeIPXM{ICoI)}+IPXBLJCrJ)

21: MYsTIPYM(IC,I)+IPYB(JCsJ)

223 NNXaNX+1

23: MMY=sMY+1

243 IF(IQTINNXsMMY ) «EQel) GOTD 600
25 CALL_ITQUAD — -

K2D-63



26+
274
283
29
30:
31:
32:

1z:

14:
15:
163
17:
18:

20
21:
221
232
243
2513
26
27
28:
293
30:
31:
32:
33:
34:
353
36
37:
38:

6060
200
100

100

io
11

14
12

13

15

16
17

18
19

IAQT{NNXsMMY )=l

QTONNX s MRY ) =2

H{IHs, JH)=H(IHs JH)+PC*QT (NNX» MMY)
CONTINUE

H{JHs IH)}=H(IH, JH)

RETURN

END

SYMVRT

SUBRODUTINE SYMVRT{A>N»ISINGsNHD)
SYMETRIC INVERSION SUBROUTINE
DIMENSION A(NHD,NHD)»B{30)sT(30),ERR{2)
COMMCN/ERRK2D/AERRs NERR

DATA ERR(1I),ERR{Z)/4H]ISNGy4HNEGD/
IF(NaGT.1) GOTO 100
Allpl)el,0/7A{151)

RETURN

CONTINUE

IXaN

ISING=O

DO 18 ID=1s1IX

T{ID’“].O

IDM1=10~1

IDPLl=ID+1

IF(IDH1)10514,10

DO 11 J=IDs1X

DO 11 K=1,IDM1

A(IDsJ)=ALID» J)—A(KsID}*A(K, J)%T(K)
IF{A(IDsID))13,12,15

ISING=]ID

NERR=ID

AERR=ERR(1)

GO TG 30

T(ID)==1,

NERR=NERR+1

AERR=ERR{2)

ACID,ID) = ABS(A{ID»ID))
A(ID,ID)=SQRT (A(ID,ID))%TLID)
IF(IDP1I-IX)16s16519

DO 17 J=IC0PlsIX
ACID»J)=A(ID,J)/ALIDSID)
A(ID,ID)wA(ID»IDI%T{ID)

CONTINUE

ACIXp IX)aA{TIXKIX)RT(IX)
IXMlaIlXx-1

DO 24 l=al,IXM1

[1=1+1
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3G: 00 20 J=I1,IX
40: 20 A(I»Jd)=sA({IsJ)/A(I»I)
413 24 A(I-I)aT{I)/A{L51)

421 ACIXa1X)sTLIX)/ACIX, IX)
43¢ PO 23 1=2,1IX

44 K=l+1

453 IMl=j~1

463 DO 23 Lal,IM1

47: IF{K-1IX)121,21523

48: 21 DO 22 Jd=KspIX
49 22 AlLsd)sAlLyJd)-A(I,d)%A(L,1)
50: 23 A(LsIis=A{L,1)*A(i>1)

51: DO 27 I=1,1X

52: 8(I)=0,

53¢ DD 29 K=I,IX

54: 29 B{I)asBUII+AlI,RK)*%2%T (K}
5513 L ESE ]

5612 IF(M~-IX126526532

b7z 26 DO 27 JaMsIX

P H AldsI)=0,

593 DO 27 K=dslX

603 27 A(JsI)=A(Js I} +A(ISK)*A(J,KI%T (KD
6l: 32 00 28 I=1,IX

621 28 A(I,1)=B{I)

63 DG 35 J=1sN

64: DO 35 1I=1,N

65: 35 A{JdsYi=Aa(Tsd}

66: 30 RETURN

Y END
ITQUAD
1: SUBROUTINE ITQUAD
2 COMMOM/CKZOL1/ X{4YsY (4 o NaMs AXNYHM
3: CUMMON/CK2D2/NDs MDp MMD CC{50),C(50), T, SUM
43 COMMON/CK2D3/7AR(3)
53 COMMON/ZRDK2D/ZERD
bt ND=N
73 D0 100 I=1,3
8: 100 AR(I})=0.0
GiC% INTEGRATE ZONE 1
10 X3MX4eX(3)=-X{4)
1l XL=X3HX4
12: TF(X(2)6TeXL) XLEX(2)
13: XM=1,0/XL
14 IFCABS (X3MX4%XM) LT ZERO) GOTO 200
153 A=Y (4)
lé: B=2{Y(3)=Y(&4))/X3MX4
17: A¥=l,(C
1 HAD=M+1
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http:IF(X(Zh�GT.XL

19: IF(ABS(B)oGT.ZERDO) GUTOD 300

20: MD=0

2l C(l)&l.0
22 AMsA%Z (M+1)
23: GO0TC 700

24:C* EXPAND THE Y BINOMIAL
25% 300 AMP2sMD+2

262 ADB=A/B

273 C(1l)=B%%MD

283 Hl=HD+1

29: DO 150 I=25M1

30¢ Alls]

31: Al=s{AMP2-AI1)/(AI1-1.0)
3e: C(I)=C(l=1)}*AT*ADB

33: 150 CONTINUE
34:C% EXPAND THE X BINOMIAL
35+ 700 AMPZ2aN¥2

36: ADB=X(4%)

37: CCll1l)=1.0

38: IF(N.EQ.Q) GLTO 450

3y Nl=N+l

401 DO 250 Is2sN1

41 All=l

42: Als(AMPZ=AI1)/(AI1-1.0)
43: (C{IYoCCUTI=-1)#AI*ADB

443 250 CONTINUE
45t 450 MMD=MD+1

463 TeX3MX4

473 CALL DSUM

482 AR(1)=5UN

49: AR(1l)=AR{1}*AN

50:C* INTEGRATE ZONE 2
51¢ 200 IF(ABS(X(4)*XM).LT.ZEKO) GUTO 400

523 ANMaN+M+2
53¢ AR(2Y2(X(4) % (N+M42)){Y(4)/X{4))*k{M+])
54 AR(2)=AR(2)/7ANM

55:C% INTEGRATE ZONE 3
561 400 X3MX2=X{(3}=-X(2)

571 IF(ABS{X3HX2#XK)oLT-ZERD) GOTO 600
S5:C* EXPAND THE X BINOMIAL

593 AMPZaN+2

60 ADBmX(2)

61 CCli)=1,0

621 LF{NsEQ.0) GGTOD 550

63: Nl=h+1

641 DO 350 1=2,N1

65 All=l

663 Ales(AMP2=AI1)/(ALI1=1,0)
673 CC(IN=CClI-1)*AI*ADE

66 350 CONTINUE
69: 550 C(1l)=1.0

70¢ MDaM+1
71: HhMDe1

72: T=X3MX2
733 CALL DSUM
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74:C* SuUM 3 ZONES

753
763
T7:
78:
79:
a(:
Bls
g2:
83:

113

133
143
15:
16
17:
163
19:
20:
2i:
22:
233
AR
253
2613

600

800

200
300

100

AR(3)==SUM*(Y(3)/X3MX2) ¥¥(M+1)
CONTINUE

AXNYM=Q

D0 800 I=1,3

AXNYM=AXNYM+AR(TI)

AM1sM+]

AXNYM= AXNYM/AM]

RETURN

END

DSUM

SUBROUTINE DSUM
COMMON/CKZD2/Ns MMM B(503sC (501, ToSUN
SUM=0,

Nl=N+1

Ml=amM

IB=1

NE=]

NM=N+M+1

IE=NM

DO 100 ITERM=1,NM
NEaNE+1

JisNE-IB

IF(J1.GToM1) IB=IB+l
IF{IB.GTeN1) GOTO 100
IE=1E~-1

D=0,

DG 200 I=]IB,shM1

JaNE~]

IF(J.EQ.0) GOTL 300
DapD4+8({I)*C(J)
AE1=IE+1

IEE=sIE+]

SUMsSUMN+ (D*T#*IEE) /AE]L
CONTINUE

RETURN

END
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http:IF(IB.GT.N1
http:IF(JI.GT.M1

1:
2

43
61
73
§:C

10:
11:
12¢
13:
14
15:C
16
L7:C
lg:
19:
1203

243

34:(
353
361
37:
38:C
39:
403
41:
423
43:
443
452
461
473
4613
491
50:

TGEN

SUBROUTINE TGEN({IBMsBMsNBM, IBBs»BB2NBBsNSIDES»MAPYQ
*, TaNBTHNQT» XsoNIpNJ)

DIMENSION IBM(3s13sBM(3,1)sIBB{55s1)sBB(5s1)
*, TONBToNQT) s X{2s1)>NI(L1)sNJ{L1)

*, NMA({Z2,9),NMC(259)sTTL100})s XNCNA(9,93)

L R{S)sA{958)»IDQ(4)s MAPU({3»5)sNId{2)

By C(150),TEMP(250)

COMMON/WARP/ IWARPsNALFA{4)}s ALFA(554))NGAMA(4)>GANRA({D, &)
COMMON/CK2D10/JUMP(10])
COMMON/CK2D5/1QX{(10),QX(10}

DATA ((MAPU(I»J)sI=153)sdm155) /1 3 0s=2s 1s 25 0s 65 0s=5,
* 4y 55 0s 2s=-1s 3 /

TH=1.0

DO 100 I=1,NBT
DO 100 J=1,NQT

100 T(I,J}=0.0

DO 200 ISIDE=1,NSIDES
DO 160 I=1,10

160 IQX{(I)=0

300

600

IT=NI(ISIDE)

JJ=NJ(ISIDE)

Ti=X{1,1II)

T3aX(2,11)

ZL=0.0

DO 300 I=1,2
IL=ZL4(X(I,JdJd)=X(1,11))%*2
ZL=SQRT(ZL)
C3e(X{1s,dd)=X{1,11))/2L
SN={X(25JJ}=X(2,I1))/2ZL

NODES=2
NIJ{1)=]]
NIJ(2)=4J

DB 500 IP=1,5

IFLJUMP(S5).NE.O) GOTO 700

IF{IP+GT«2) GOTO 600

IFINBM.EQ.0) GOTD 500

NBC=NBM i
IFégP»EQ.l) CALL TTGEN({TTsTLsCS»T35SNsNXsNCsNMCs1)
INCEB=(Q

CALL RGEN{Rs»IP»3NsCS)

CALL TCB(3sNXsRsTTsBMsIBHsCyNCaNBM)

GGTO 700

IF{NBB+EQ.0} GOTO 500

NBC=NBB .
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51:
523
53:
54
55:
568
57
o6

73:
T4
751
761
773
781
79:
BO¢
81:
82:
83:

1:

-
H

.
4

63

8¢

9:
10
11:
123
i3:
143

IF(IP.EQs3) CALL TTGEN(TTsTlsCSsT3sSNsNXsNCHNMC»2)
INCB=NBM
CALL RGEN(R,IPsSNsCS)
CALL TCB{(5sNX»RsTT»BBsIBB»C,»NCsNBB)
700 CONTINUE
DO 800 IUUs1,3
IU=HAPU(IUUSIP)
IF{IUVLEQo1) GOTD 900
IF(IWARP.EQ.Q) GOTO 800
IF{IUULEQeZ2 o AND«NALFA(ISIDE)«EQ4O) GOTO 800
IF{IUUEQe3 e ANDeNGAMA(ISIDE) EQ.0} GOTOD 800
IF{IU.EQ.0Q) GOTO 80O
IF{IU.G6T.0) SIGN=+1,0
IF{IUsLTe0) SIGN==1,0
IU=TIABS(IW)
IF(IPeLT+3.ANDJNBB,EQ.0) IU=7
900 IF({JUMP{6).NE.O) GDTLC 150
CALL AGEN{A»NMAsNASNQAsNQL»IDQ,ZL,CS»SNIU)
150 IF(JUMP(T)NE.Q) GOTO 250
IF{IVUCEQol) CALL NCALNA(ZL s XNCNASNMCsNMA>NC s NA>
* Os ALFA,SIGN)
IF{IUUGEQe2Z) CALL NCALNACZLs XNCNASNMCyHNMASNC, NAS
* NALFA(ISIDE)SALFA(LyISIDE)SSIGN)
IF{IUUGEQe3) CALL NCALNA(ZL s XNCNA,NMCsNMA»NCs NA»
* NGAMA(ISIDE)»GAMA{1,ISIDE)»SIGN)}
250 IF{JUMP(8)NE.GC) GOTD 800 i .
CALL CXA(CoXNCNAsAp THTEMPsNAsNQA,NQTsNCoNBCoyNBTy INCBs»MAPQ
*, IDQ,NDDESsNIJsNQ1)
8B0G CDNTINUE
500 CONTINUE
200 CONTINUE
RETURN
END

TTGEN

SUBROUTINE TTGEN (TTsTlsT2sT3sT4sNXsNCosNHC» IKIND)
DIMENSION TT(1)pNMC(2,1)
GOTD(10,20)s IKIND
10 NX=6
NC=3
CALL TTEX3{T1,T2sT35T4»TT)
GOT0 100
20 NX=10
NC=3
CALL TTLOX3(T1sT2sT35T457T)
100 CONTINUE
NXPw—-1
DU 30 I=1sNC
NXP=NXP+1
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15: NMC(1,I)=NXP
16: 30 NMC(2,1)=0

17: RETURN
183 END
TT6X3
l: SUBROUTINE TTeX3({T1sT25T3,T4»T)
23 DIMENSION T(6s3)
: D0 150 I=1ls6
43 DO 150 J=1,3
P 150 T(I»J)=0,.0
b3 T(ls1)=1,.0
T T(2,1)=T1
g Ti3,1)=73
: Tlar1)mT1%%2
10: T(S,1)1=T3%%2
11: T(6s1)=T1%*T3
l2: T(2,2)=T2
13: T(3,2)=T4
14: Tl4,2)=2 ., 0%T1*T2
15: TiDs2)22,0%73%T4
lo: Tl6,2)=T1#T4+T2%T3
17: T(4,3) sT2%%2
18 T(5s3)mT4%%2
19: T{6s3)=T2%T4
201 RETURN
21: END
TTT0X3
1l: SUBRGUTINE TTI0OX3(T1sT2sT3sT4»1T)
23 DIMENSION TT{10,3)
3 DO 200 I=1,10
4 D0 20C J=1s3
200 TT(I»J)=0.0
: TT(1ls1)=1.0
73 TT{(3,1)=T1
: TT{3,2)=T72
9: TT{55,1)=T3
10: TT({5,21=T4
11: TT(7,1)=sT1%%2
12: TT(7:,2)m2.,%T1%T2
13: TT(T7+3)=T2%%2
14: TT(By1)=T3%%2
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151 TT(8,2)=2,%13%T4

16: TT(853)=T4a*%?
17: TT(G,1)=T1%73
18: TT(9,2)8T1%T44T2%T3
19: TT(9,3)=T2%T4
203 D0 300 I=1,4
21¢ I1=2%]
223 IF(I.EQe4} II=10
£3: D0 300 J=1,3
24% 300 TT(II>J)=sTT(II=-1,4)
25: RETURN
26 END
RGEN
: SUBRODUTINE RGEN(RsIPs»SNsCS)
H DIMENSION R(1)
3: GOTO(10,20530540550)1P
48 10 R{1)m=5SN%%x2
51 R(2)=~CS*%2
: R{3)m2 ,0%¥SN¥(CS
: cO0TO0 100
: 20 R{1)==3N%#(CS
9: R(Z2)==R{1)
10: R(3)aCS%*2=-SNk*2
11: GOTO 160
12: 30 R{1)=aSN%CS
13: R(2)==SN¥(CS
14: R(3)sCo*¥%2-SNk%2
15: R(4}=0.0
16: R{5)=0,0
17: GUTO 100
133 40 R(]1)s=SN**2
19: R(2)a~(5%%2
20: R{3)1==2 #SN#*CS
21: R(4)=0,0
223 R{(5)=0,0
23: 6070 100

243 50 DO 200 I=1,3
25¢ 200 R{I)=0,0

262 R(4}==3SN
27: R{5})=(S
283 100 CONTINUE
29: RETURN
30: END
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221
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243
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27¢

200

300
i00

100
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20

TCB

SUBROUTINE TCBUNIsNJsRoZ»BsIBsXCB,NC,NB}
DIMENSION R(1}»Z{(NJsNC)sB{NIsNJ)}»IB(NIsNJ)}»XCBINC,»NB)

DO 100 IC=1,NC

DO 200 I=1,N8B
XCB(IC,1)=0.,0

0O 300 I=1,NI

D0 300 Jsl,NJ

1IB=IB(I,dJ)

IF(1IB.EQ.O) GGTO 300
XCB{IC,IIB)=XCB(ICs IIB)+REII*Z(JoICI*BLI» )
CONTINUE )
CONTINUE

RETURN

END

AGEN

SUBROUTINE AGEN(AsNMA,NA,NQASNQ1l»IDQ,ZL»CS»SNsIU)
DIMENSION A{1)sNMA(2,1)sIDQ(1)»AB(25452)50(254)

DO 100 I=1,2

DD 100 J=ls4

D(I,J)=0.0

DO 100 K=1,2

AB(IsdsK)=0,0
GOT0(105,20530240550,60,70)sIU

NA=2

NQl=2

NG1B8=1

10Q(1)=1
IDQ(2)=2
AB(15151)=1,0
AB(1s291)==1e0/Z%
AB(25251)=1.,0/71L
D{(lp1)=CS
D{1,2)25N

G0T0 200

NA=4

NQl=3

NQlB=2

IDQ{1)=3
IDQ(2) =4
ipQ{3)=5
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28%
293
30:
31t
32
33
34
353
361
37:
38:
39:
40¢
41
423
431
44
453
463
472
48
49¢
5013
51:
521
531
54

56:
573
56
59:
601
61:
62t
63:
641
65
661
67:
683
691
70:
Ti:
7218
73:
T4
7514
761
7
78
793
80:
bl
823

30

46

50

60

IL2=7L%ZL
ZL3=sZL2*7L
AB(1lr1»1}=1,0
AB(l,3,1)=~3,0/ZL2
AB{l,4,1)22,0/7L3
AB(1,2,2)=1,0
AB(1,3,2)3=2,0/17L
AB{ls4,2)=1,0/2ZL2
AB(253,1i=~AB(1,53,1)
AB(2s451)s=-AB{154,1)
AB(253,2)==1,0/2L
AB(294»2)=1,0/ZL2
D(l,1l)=1.0
D{2:2)=5N
D{2»3)==(53

6aT0 200

NA=2

NQl=2

NQlB=1

IDC(1)=1

[0G{2)=2
AB{ly151)=1.0
AB{ly2»1)==1,0/ZL
AB(25251)=1,0/2ZL
D{1,1)=5N
D{(1s2)==CS

6070 200

NA=2

NQ1=s2

NQlB+=1

IDQ(1l) =4

ipatzy=5s
AB(1,1,1)=1,0
AB(1ls2s1)m~1,0/2ZL
AB(2,251)81,0/ZL
D(1,1)=CS
D{1,2)=s5SN

G070 200

NA=1

NQ1=s2

NQlB=1
IDQ{1)=1

{Da(a2)=2
AB(ls1,1)=2,0/12ZL
AB(25151)8=1,0/ZL
D{1,1)=5N
D(1,2)==CS

G070 200

NA=3

NQl=3

NQ1B=2

IDQ(1) =3

IDQ(2) =4

IDG(3) =5
IL28ZL*ZL
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B33
gh4s
853
861
B7:
Bu:
B8y
903
91t
923
233
943
95
96:
g7:
981
943
100:
101¢
102:
103:
104
105:C
106:
167
1083
109:
110:
111:
1123
113:
114:
115:

70

200

300

200
100

IL3mZi 2%7L
AB(ls2,1)2~6,0/2L2
AB(1,3,1)%6,0/7L3
AB(ls1l,2)ul,.0
AB{ls2,2)3=4,0/7L
AB(1,3,2)=3,0/ZL2
AB(2,25,1)m640/2ZL2
AB(253,1)m=6,0/2L3
AB(252s2)==2,0/2ZL
AB(2,3,2)=3,0/7L2
D{ls1)=1,0
D(2,2)=5N
D{(2,3)a-(3

G0T0 200

NA=2

NQl=1

NQlBw=1

IDg(1l) =3
AB(1l,151)=1,0
AB(1l,2s1)=-1.0/ZL
AB(2,2,1)=1,0/17L
D(1,1)=1.0

CONTINUE

NM==]

DO 300 I=1,NA

NM=aNM+]

NMA(L,I)=NM

NMA(2,1)}=0

NQA=2%NQ1

CALL ATD{A->AB,D,NA>NCA,NGIB,NQL)
RETURN

END

- ATD

SUBROUTINE ATD(A,ABsD>NAS,NQA»NQLB,NQ1)
DIMENSION A{NA,NQA)» AB(2,4,NQiB)»D(254)
J5T=-NQ1

DO 100 IEND=1,2

JST=JST+NQL

D0 200 IA=1,NA

DO 200 J=1,NQ1

JJ=JST+4

A(IA,»JJI)=0,0

DO 200 K=1,NQ1B
ACIAsJJY=A(TIA»JJ)+ABLIEND, LASK)*D(Ks J)
CONTINUE

CONTINUVE

RETURN

END
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NCALNA

1l: SUBROUTINE NCALNA(XL»ZsNMCo NMASNC»NASNALFA»ALFA»SIGN)
2 DIMENSTION Z(NCoNAJ»NMC(Z2,NCIsNHA(Z2,NAY,ALFALL)
3 COMMON/CK2D5/IQX{(10)»0QX(10)
41 DO 100 Is1sNC
51 DO 100 JslsNA
63 NeNHC(1,I)}+NMA(1,J)
73 IF(NALFA.GT.0Q) GOTO 200
&: Nl=N+]1
93 IF(IQXINL)LGT.C) GOTO 400
103 IGX{(N1l)=l
11: AN1sN1
123 QX{(N1)=s{XL*¥N1)/AN1
133 400 Z{(I,Jd)=QX{N1)
14: GDT0 100
153 200 Z(154320.,0
16: _N=N-1 — -
17 DO 300 IAL=1,NALFA
18: N=N+1
1 Nil=N+1
203 IF{IOX(NL) «GT«0Q}) 6DOTO 300
21 IQX{Nl}=lL
22: AN1I=sN1
231 QX(NL)=(XL*%N1)/AN1

243 300 Z(1sJd)1=Z(IsJ)+QX(NL)*ALFA(IAL)*SIGN
25: 100 CONTINUE )

26: RETURN
27 END
CXA
: SUBROUTINE CXA(CsXsAsTsTMPs NA» NUASNQTsNCs» NBCo NBT» INCBs MAPQ, IDQ
3 *y NODESsNIJsNQ1)
3: DIMENSION XINCsNAY S AUNASNQA) s TINBTHNQT)» TMP(NBC,NA)
: ¥y CINCHNBC),IDQ(NGL),NIJINODES) s MAPQ(4y1)
5:C

6:C**%  THIS ROUTINE COMPUTES T=C(TRANSPOSE)*X¥A

7:C#%% RESULT 15 ACCUMULATED. T MUST BE INITIALIZED QUTSIDE
8:C

9: DO 100 I=1,NBC
10: DO 100 J=1,NA

K2D-75



11: THP(I,J)=0.0

12: DO 100 K=1sNC

133 100 THP(I,»J)=TMP(I,J)+ClKsI)*X{KsJ)
l14:C

153 DD 200 I=1sNBC
16: J=0

17: IT=I+INCB

18: DO 200 ND=1,NODES
19: NODE=NIJ(ND)

20: DO 200 IQ=1,NQ1
21: I10=1DQ{IQ)

223 JeJ+1l

231 JT=MAPQI(NODE>TIIQ)
25: DO 300 K=1,NA

26t 3G0 TUIT,JT)=TUIToJTI+THP(IsKI*A(Kyd)
27: 200 CONTINUE

281 RETURN
29: END
. SSTM
1: SUBROUTINE SSTM{H»T»SsSTHMsNHD»NBsNQ)
: DIMENSION HU{NHDsNHD) s TI(NHD»NQ)»S{1)sSTH{NBsNQ)
: D0 100 I=1sNS8
4 DO 100 J=1sNQ
: STM{I>J)=0.0
b1 D0 100 Ks1l,NB
7 100 STM(I»J}=STH(I»J)I+H{I,KI*T(K»J)
o K=0
g 00 200 I=1,NQ
10: 00 200 J=i,l
11: KeK+1
12: S(K)'Ooo
13 D0 200 L=1,NB
14: 200 SU{K)aS(K)+T{L,1}%5TM{(L,J)
15: RETURN
l6: END
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ExrEPIMENTARL ELEMENT CRPARPILITY

TanE oF CONTENTS

SECTIDON CoNTENTS
1.0 TERMINDLOGY
2.0 USEP WRITTEN SUFPOUTINES
3.0 EROGPAM EXECUTION

EXPE -1



E¥FE 1.0 - TEFMINDLOGY:

FOP ERCH ELEMENT! AN "ELEMENT RPEFEFENCE FPAME" IS DEFINED
USING THE SAME CONVENTIDON AS FDP STANDARD SPAP BELEMENT
Tveres E21s E41s S41, £61s anp 581F THAT Iss THE X AXIS IS
DIFECTED FPOM NODE 1 THRPDUGH NODE & AND NODE 3 LIES IN THE
FIPSET PUADPANT DF THE X—Y PLANE.

THE FOLLOWING SYMPOLE WILL PE USED IN EYFLAINING HOW TO EMPLOY
THE EYPERIMENTAL ELEMENT CAPAEILITY:

HeamE IirmeENn=ION IeFINnITION

T¥FE A 4-CHARARCTEF ALFHANIMERIC WORD ASSIGNED
EY THE USEP TO IDENTIFY A PARTICULAP ELEMENT
FOPMULATIONY ANALDGOUE TO THE STANDARD
ELEMENT TYPE cones (E21y E43. S81y eTC.).
A MODEL. MAY CONSIST OF ANY DOF THE STANDAPD
ELEMENT TYPESs PLUS IINE DOPF MOPE TYPES OF
EX¥PERIMENTAL ELEMENTS. THEFE I= NO SPECIFIC
LIMIT ON THE NUMPER OF TYPES OF EXPERIMENTAL

ELEMENTS.
MAIOR ELEMENTS APE CLASSIFIED ACSH

MARJIJOP = 1 FOP LINE ELEMENTS: E.G. Ecl. EZZ.

MAIJORF = 2 FoOP 2D eLEMENTS E.G. E31+« E432,

maJar = 2 FOrR 3! ELEMENTSEs E.5. TE1y F41.

MINDP AN INTEGERP ASSIGMNED ®BY THE USER TO IYENTIFY
A SPECIFIC ELEMENT TYPE. H uNIpweE “"mMIngoe™
IS5 DEFINED FOP ERCH “TYyPE. "

N THE MUMEEF DF MODES PEF ELEMENT (MINIMUM = S
MANIMUM = 32}, EXYPEFIMENTAL FEAM ELEMENTS

SHOULD RBE MODELLED &S J—NDDE ELEMENTES: USING
THIPD POINT TO EETAPLISH THE CROSS—SECTIDN

ORPIENTATION,
M NN + 1072, ESEE K CHMe KG PELDM.
NDF HumMeeEr DOF DEGPEES MF FREEDOM PERF NODES EITHER

2 ¢ 3 DISPLACEMENTEYs O0RF A { 3 DISPLACEMENTS
AND 2 POTATIONS) .

NNDFE THE TOTRL NUMPEP OF RNEGPEES OF FFEEDDM PEFR
ELEMENTY N TIMES NDF. SEE U AaND F FELOW.

~ (s N> FELATIVE TN THE ELEMENT REFERENCE FPAMEsY THE

DIFECTION I POSITION CODRPIDINATE DF ELEMENT
MNODE J IS RUIsJg).
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TEPMINDLOGYs CONTIWUEDS
HamMe  Dimensioy DeFInNITION

U CNNDF? EL EMENT NODAL MOTION VECTOM. WHERE DIJ AND
PI1J AFE DIPECTION I DISPLACEMENT AND RPOTATION
COMPONENTSE (RELATIVE TO THE ELEMENT PEFEPENCE
FPPAME) OF ELEMENT NODE Js THE DOFTER OF TERMES
IN U I AS POLLOWS: IF NDF=6E

511 »21 »31 R11 P2l R3]l »i2 D22 D32 rl2 — -

IrF NDF = 2y THE DORFDEP IS THE SAMEY EXCEPT
THE FOTARTION TERME APE MOT PRPESENT.

NANE DF THE USERP—WRITTEN SUPROUTIMNES ACCESS
ErTHER U DF Fy pEFINED FELOW. U aAanp F aAPE
DEFINED HEFE ONLY FOF USE IN DEFINING DTHEFR
APPAYS HWHICH pMUST PE GENEFPATED IN LSEPR—
WRITTEN FROUTINES.

F {MNDF) ELErENT NDDAL FORFCE VECTOP: CUOPRESPONDING
TD L.

F {NP) ELEMENT PROPEFTY ARPRY. THE CONTENT nOF P

NdFPPORP If ESTAFLISHED EY THE LSER. JYFICAL ITEMS

ARPE MATERIAL AND SECTIOM PROPEPTIESY DPTIDON
COMTFOLLERSY ETC. EEFDOFE EXECUTING ELT

THE USEP MUST CPEARTEs Vvin AUSATARELE. & TAPLE
NAMED &#XAY BTAER 2 n4rPOPsy WHERE NYPRDP

I€ ANY INTEGER SREATER THAN 100, EAcCH LINE
IN THISE TAPLE I R P ArRPAY+ APFLICAEBLE TO
ONE DF MORE INDIVIDUAL ELEMENTSY fic ESTRP—
LicHED via THE MNTECT ppinTEP In ELT.

{NSD THE ELEMENT “sTREss" STATE VECTOR. THE
CONTENT OF & IS ESTABLISHED EBY THE USER,
TyPICAL TEPMS IN S ARE TTPESS FIELD CDEFFI-
CIENTSs STPAINSY STPESS PESULTANTS: ETC.
SgEE rHME DEFINITIDN OF B« Ry AND D RELOY,.

g

[ (N TrE ELEMENT “THEFPHMAL" LOAD VECTOR. THE
CONTENT OF [1 1£ ESTARLISHMED FY THE USER.
TYyPICAL COMPONENTS OF ¥ APE COEFFICIENTE
DF TEMPEFATURE OF DISLOCATION FUNCTIOMSS
TEMPERATURE GRADIENTSY ETC.y DEFINED 1IN AMY
MANNEF THE USER FINDE CONVENIENT. SEE THE
DEFINITION OF THE [ AND ! MATRICES PELOW.
THE D VECTOP:s FOP INDIVIDUAL ELEMENTS RRE
CONSTRUCTED vIAa AUS/ELDATA. Twhe NODAL
TEMPErATURE ann NODAL PRESSURE APRAYS » IF
PRESENTY DO NOT APPLY TD EXPERPIMENTAL
ELEMENTE.



TEPMINOLDGYY CONTINUEDS

HAmMe DimeENSIDM bEFINITIDN

Y ND ELEMENT NDDAL WEIGHT DISTFIBUTIDN. THE WEIGHT
OF AN ELEMENT = Y(1) 4+ ¥(2) 4+ -~ ~— -~ ¥Y{(u,.
) Processnr E UsEs ¥ IN CONSTRUCTING THE SYSTEM
DIAGONAL MASS MATRIX» DEM,

v (NDF s NDF » M) THE ELEMENT STIFFNESS MATFIY>» APFRAYED AS M
SUPMATRPICES? EACH DIMENSIOMED NDF PY NDF:

Vi—s=31) K{~s—9327 F(=s—~34) -— - -

K(~e—=a3> Ff—e=3s5) - - —_
K = KF—s—26> - - -
SYMMETRIC K{—y=ep
C CNNDE » NIPD THEPMRL FDOPCE INFLUENCE MATRIX. TOTAL

ELEMENT NODAL FORCES f#PEL
F=K U + COD
P (NS NNDFY MECHANTICAL STPESS RPECOVERY MATRIX.

I (NS MDD THEPMAL STPESS PECOVERY MATRIY. [HE ToOTAL
STRESSs RE COMPUTED PY BSFs 158

ES=PU + DO

CM  (NDFsNDF M) ELEMENT CHNSISTENT MASSE MATHIX: APFPAYED THE
sAamMeE as K.

KG (NDFINDFsmM) FLEMENT INITIAL-ETRESES STIFFNESE MATRIY»
APPAYED THE SAME Af K.
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EXPE 2.0 — USEP WPITTEN SURPOUTINES:

To IMPLEMENT E¥PERIMENTAL ELEMENTS» THE USEP MUST CODPE THE
FOLLOWING PODUTINES AND INCORPDRATE THEM INTO THE INDICATED
PPOCESSORSs FEFLACING EMPTY POUTINES HAVING THE SAME NAMES
IN THE STANDARD VErRSION OF SPAFP. IT I PEPMISSIELE TD OMIT
DMEXPEs CMEXPEs Aanp KGEXPE.

RouTtinE
Procecssor Mame APGUMENT LIST
INPUTS!E pDUTPUTS!
E IMEXPE ¢ MAJOPsMINOR+NsNRF Py X ¥
EKS KE¥PE ¢ MRIOR«MINOR NsNDF 2P Xy FePsCsID
M CHMEXPE( MAIJOPIMINDRsNeNDF Py Xe CM
KG KEEXPE ( MAJORIHINDRsMsNDEsPeXaSe K&

THE PRIMAFY LIMITATIDON ON THE E¥YFEFIMENTAL ELEMENT CARPAFPILITY
IF THE TOTAL LENGTH IOF AM ELEMENT INFORMATION PACKET IM THE
E-STATEY WHICH IS INITIATED IN PROCESSOR E. THE COMPONENT
FARPTS ARES:

PAPT LENGTH

1 12 + n .
2 n

2 9+ 12N

4 P> NP

5 K> M X NDF X MDF

& (R NE X NNDF

7 (8> NE

2 NNDF X Np

9 (I NE X ND

THE RELATED LIMITATIONS APE:

- THE SUM OF THE LENGTHS OF PARTE 1 THROUGH 4 MAY NOT

ExXcEED 1004,
~ ALL PRRCESSDPS ACCESSING THE E~sTATE (E.G.. ¥+ M« K EQNF«

GEF> PEPUIRE SUFFICIENT CENTRAL MEMORY TO LOAD AT LEAST
DNE COMPLETE ELEMENT INFOPMATIGN PACKET.+* IN ADDITION TO
THE OTHEF .M. PEDUIPEMENTS: RS DEFINED IN THE SPAP
FeEFERENCE MarMUAL.

= IN Ex tHE ENTIPE K¥pX BETRAE 2 N4PPOP ARPAY MUST PE IN
CENTRAL MEMDRY.

ALTHOUVEH THE EXFEFIMENTAL ELEMENT CAPAPILITY HAS FPFEEHN STRUCTUPRELD
EUCH THAT THEPE AFE FEW SIZE PESTRICTIOMNS? USERS SHDULTD PE

AMARE THAT EXTREMELY LAPGE ELEMENT INFOPMATION PACKETS MWILL.
GENEPALLY PESULT IN PELRTIVELY HIGH I-0 coevs.
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EXPE 3.0 - PPOGPAM EXECUTION:

EyecuTIDNS PPOCEED THE SPAME RS IN A& STANDRPD ANALYSISs EXCEPT
THAT BEFARPE ExXEcCUTIMNG ELD, THE vuceEP MusT ExEcuTE AUS/TARLE Tn
CONSTRUCTY FDBF ERCH TYPE OF EXPEPIMENTAL. ELEMENTs A TRPLE
NAEMED ¥XKXY BTAP 2 N4PrROP. THE IDENTIFYING INTEGEFR? N4PFROP?
MAY FE FANY NUMEEF GPEARTERP THAN 100. EACH LIME IN THIS TRELE
1= A P APPAYY AS PPEVINUSLY DEFINEDs CONTAINING THE MATEFIAL
AHD SECTION CDNSETANTE APPLICARLE TO DNE DF MDOPE ELEMENTS.

It 15 ALso MANDATORY THAT A MATEPIAL CONSTANT pRATA SET FE
GENEFATED IN TREs EVEN THOUSH THE EXPEPIMEMNTAL ELEMENTS DO
NOT PEFERFENCE MARTC. THIS IS REPWIPED EECAUSE FPROCEssOR E
AUTOMATICALLY LOARDE MATCy AND PETRINS IT IN CENTPAL MEMOPY
THROWGHDOUT EXECUTIDON.

E¥PERPIMENTAL ELEMENTS ARFE DEFINED IN ELD AfF ILLUSTRATED PELOW.
UIiTHIN THE £pAME ELT! EXECUTIONY DTHEP ELEMENT TYFES* EITHER
STANDARD DF EXPERIMENTAL?® MAY ALSD PE DEF IMED.

a#0T ELD

g

% JEFINE ALL ELEMENTS OF A GIVEN TYFES

¢

E¥PE TvpPeE: MAJOF: MINDFs Mr NDFs NS» NE« ndPPOPRS
HEECT=w % Line v OF XXXX BTAR 2 ndppPorP 15 "P” FOor

% ELEMENTSE DEFINED SUEBESEPUENTLY.

J1 J2 = =~ JINE FIPsT ELEMENT CONMECTS JRINTSE J1 J2 — —JN,
J1 a2 - - an? SECDND ELEMENT

HEECT=a $ Line J poF FRXY BETRAR 2 ndPPorP IS "P” Fop
3 ELEMENTSE DEFIMNED SUEPSELUENTLY.

Ji g2 - - ant

Ji 32 — - InNG

—

NSECT 1& THE DNLY TAPLE POINTEFS COMMAND APPLICAFLE TO EXPERIMENTAL
ELEMENTS. THE MOD« INCs anmp 6POUP coMMANDE FUNCTIDN THE SAME AS
FOR THE STANDAPD ELEMENTSE. THE STANDARD MESH GENEFATION FRACIL~
ITIES MAY PE UVUSED FOPFP EXPERPIMENTAL ELEMENTES HAIVING THE SAME

NOD&L. APPARNGEMENT AF STARANDARPD ELEMENTS.

Ir THEPMAL LDADING IS PRESENT: AN ELDARTA-FOPMAT DATA SET MRMED
TEMF TyPE ISET ICRASE MUST PE CREATED vIiA AUS/ELTATA 2eEFOrE
EOMNF 1= EMECUTED®

IXOT RUS -
ELLDATA: TEMP TvPE ISET ICASE

t Fl p2 - ~ pupE DONC ITEMS) FOFP ELEMENT 1y Grpur 1.
trl p2 - —~ pup¥ Blno ITEMEY) FOP ELEMENT £+ GRIOUP 1.
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THE FUNCTIONE PERFOPMED ¢Y SPAFP PPOCESsDRE IN SUPFOFT DF
EYPERIMENTAL ELEMENTS ARE SUMMAPIZED EELDOMW. HNDOWNE OF THE DTHER
SPAF pPDceEsspors (E.6. THE PLOT PPOGPAMS) RFECOGNIZE EXPERIMENTAL
ELEMENTS .

Prncessnr FuUNCTIDN

ELL PPDCESSES ELEMENT DEFTINITIDONSY AND CPREATES DEFs B
6TITe AaNp DIIP pATA SETS.

TOPDO ACCDUNTES FDF PRESENCE DOF E¥PEFIMENTAL ELEMENTSE IN
CONSTRUCTING THE TOPDLOGICAL aPPAYss KMAP« AMAFP-
EMNABLING SYSTEM MATRIX ASSEMELY AND FRCOTDRING TO
EFE FPEFFOPMED.

E CrERTEE THE F—-STRATE DATA SETS FOF EYPEFIMENTAL
ELEMENTSE» IN SWELETAL FEAPM, HDDE CDMTRIFLUTION
OF EXPEFIMENTAL ELEMENT WEIGHTS ToO DEM.

EV'E IcePTE THE K P« Cy AN T gPPRYSE INTD THE E~=TATE.

N INCLUDES EXPERIMENTAL ELEMENT ¥’ IN sysTEM K.

i1 INCLIUDES EXPERIMENTAL ELEMENT [M‘s IN svysTEm CEM.
[ E] INCLUDES EYPERIMENTRL ELEMENT KG7f IN svysTEM KG.
ALz PerMITs LbpDADING DOF TEMP Tyre pRTR ceT2 21 ELDATH.
EGHNF ApDE CONTRIERUTION DF EXPERIMENTAL ELEMENT FIXED—

JOINT FORFCES TDO ERPUIVALENT MODAL FOPCE ARPFRYE.

GEF CoMPUTES § FOR EACH ELEMERNTs INCLUDING THERPMAL
EFFECTSY IF PPESENT. £ If EMEEDTDED IN THE E—sTRTE
FoP wseE Y KG IF PEPUESTED 1’15 THE EMBED rPeESET
CONTRDOL. S 1z NDT PRINTED Y BSF unLess ONLINE=Z.
STPS TvPE DATR SET AFE NOT PRODUCED Py GSF rFrOR
EYPERIMENTAL ELEMENTS. PSF DoeE® NDT RECOGNIZE
EYPEPIMENTAL ELEMENTS.
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THE FUNCTIONS PERPFORMED PY SPAFP pPOCESsSDRE IN SURFDRT DF
EYPERIMENTAL ELEMENTSE SRE SUMMARIZED EELOH. HDNE F THE DTHEFRF
SPAF pPPDCEssOPSs (E.G. THE FPLOT FPRFOGPAMS) PECDOGHNIZE EXPERIMENTAL
ELEMENTS.

ProcessnpP FunNCTIDN

ELD PPOCESSES ELEMENT DEFINITIDONSs ANMD cCRERTES DEFs &I
6TITs anp DIF pAaTa seTs.

TOPDO ACCOUNTE FDF PPESENCE OF EYPERIMENTAL ELEMENTS IN
CONSTRPUCTING THE TOPDLOGICAL ARPAYS: FMAPs AMAP.
ENAPLING SYETEM MATRIY ASSEMPLY RNI FACTOPING TO
EFE PERFOPMED.

E CrEATES THE F—STATE DATA SETS FOF EYPERIMENTAL
ELEMEMTEy IN SWELETRL FOFM. HDDE CDOMTRPIFUTION
OF EXPERFIMENTAL ELEMENT WEIGHTS To DEM.

EVE InserTs THE Ky Ps Gy pND IF ARPAYE INTO THE E~sTATE.
K THCLUDES E¥PEFIMENTAL ELEMENT K = 1IN svysTeEm K.

] INCLUDEE EXPERPIMENTAL ELEMENT (M5 1n =svysTEM CEM.
¥ IHNCLUDES EYPEFIMENTAL ELEMENT KG s INn sysTEM KG,
MLz PERMITS LOFDING OF TEMP TyrpeE pAaTR €ETZ vIa ELDRATH.
EGHF ADDs CONTRIBUTIDON OF EXFERIMENTAL ELEMENT FIXED—

JOINT FOPCES T ERPUIMALENT NODAL FOFCE ARPAYS.

G3F CoMPUTES S FOP EACH ELEMENTs INCLUDING THEPMAL
EFFECTEs IF PPESENMT. T IS EMEEDIDEL IN THE E~-craTEs
FOP USE ®Y KB« IF FPERPUESTED 1’IA THE EMBED peEfET
CONTROL. S IS NOT PRINTED By GOSF unLEss ONLINE=Z.
ETPS TypPE TPATA SET RPE NOT PRODUCED PY GBSF FOR
EYPERIMENTARL ELEMENTS. PSF DOES WNOT RECOGNITE
EX¥PEFRIMENTAL ELEMENTS.
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