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GENERAL INFORMATION



Readers of this section should have a thorough understanding of the assumed



stress field-minimum complimentary energy method for computing finite element 

stiffness and stress matrices. 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 node 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



V = B* H B,



2. Compute the boundary work matrix, T, such that



W = B T q, and 

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


matrix = T H-T.



• Ref. 1. Pian, T.H.H., "Derivation of Element Stiffness Matrices by


Assumed Stress Distributions, AIAA 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-Strain Relation



K2D



Assumed Stress Distribution



Degree-of-Freedom Map



TGEN driver routine HGEN driver routine



TTGEN HGEND compute membrane 
TT6X3 set up boundary and/or bending 
TTlOX3 stress resultant energies 
RGEN functions 
TCB HMBGEN compute membrane-

AGEN 1 set up boundary 
bending coupling 

nm 
ATD deform, functions ITQUAD integrate x y 

NNA ] integrate and 
DSUM over element area 

transform to SYMVRT invert H 
CXA element coordinates 

Boundary Work Matrix, Strain Energy Matrix Inverse,



T H-
I Flat 

Node 4 lies out Element


of the x-y plane
 


Stress Matrix = T -l
Transformed Boundary Work, 
 
Stiffness Matrix = T*H I 

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 following


equations i-llustrate the required A configurations:



Membrane Elements



=[:.: :j [32a]NHEC
 (1)

CeY sym. 
 a6 N Y 

Plate Bending Elements



YY a3 a5 ] [ (2)


Y Y.sym . a6 Y 

Uncoupled Membrane + Bending



X 
 Nx
a1 a2 a4 

Zero N



XI? aa6 N(3)


s	yl a3 a5 y


6xy
 N
I



Yx a8 a10
 Mx
a7 
 

Yy a9 a11 
 My



'YI sym. 
 a12 
 MxyJ 

Coupled Membrane + Bending


Ex a1 a2 a4 a7 a11 a16 Nx



y 5 a 8 12 a17 N



S a6 a9 13 18 N (4)


yx 	 a10 a14 a19
 Mx 

Yy a15 a20 My 

L y_ sym. 	 a2 1 
 MX
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Shear Panels 

Nxy aI sx (5) 

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


j 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,



STM (NBT,NQT) = element stress matrix,


NBT = NBM + NBB, and



NQT = order of the stiffness matrix.



The following error 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- 1



4HCORE n n additional core locations


required in array W



Blank 0 no error
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The procedure incorporated in K2D is outlined below.



Step A. (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[b 3 b6 b:'4 b10  b8 0 

N = b2 b5 b7 b9 bo10  0 y (6)



0 0 -2b10 x2

N bI -b7 -b6 
 

2 
y



For the preceding equation, IBM and BM characterize the


matrix of b's as



IBM= 3l 6 4 10 8 01 ,and


[2 5 7 9 1



3M = [1. 1. 1. 1. 1. 01 
1. 1. 1. 1. 0


-1. -1. 0. 0. -2.]



XYM and IXYM characterize the vector of x's and y's. For


the Jth term, IXYM (1,J) is the exponent of x, IXYM (2,J) is


the exponent of y, and XYM (J) is the coefficient. For


example:



Vector IXYM(1,J) IXYM(2,J) XYM(J)



1 0 0 1.



x 1 0 1.



y2 0 1 1.

x 2 0 1.


y2 0 2 1.



xy 1 1 1. 
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If P(I) = I-hmembrane stress, resultant 
(i.e. P(1) = Nx, P(2) = Ny, P(3) = NXY), 

BM(I,J) = C, 

IBM(I,J) 

XYM(I) 

IXYM(1,J) 

IXYM(2,J) 

=k,


=Z


= n, and 

= m, then 

P(I) = P(I) + bk * C Z xn ym, for J = 1, 6. (7) 

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 coefficients. The input variable NBM controls

the selection of 10 or less. Note that


NBM = 1 = pure shear stress distribution, used

for E44 elements, and


NBM = 3 = constant stress distribution, 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


Mx b 1 0b6 0 b4 0 b1 4 b 1 2 hb1 0 0 
 x
 

x
My b2 0 b5 0 b7 0 b13 b15 b11 0 x 

M = b3 0 b9 0 b8 0 0 0 b1 4 b1 5  y (8)


Qx 

Qy 

b6 

b 7 

-b8 b 14 

-b 9 b 

-b15 b10  0 

0 b15 -b14 

0 

0 

0 

0 

0 

0 

0 

0 

y 

x2 

2 

Y 
xy 

xyT
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Step C. (K2D line number 50)



Set up degree-of-freedom (DOF) indicators



NQM (1) = 3 = 3-node membrane DOF's



NQM (2) = 5 = 4-node membrane DOF's



NQB (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(I,J) = membrane degree-of-freedom associated


with direction-J motion of node I.



MAPB(I,J) = bending degree-of-freedom associated


with direction-J motion of node I.



J = 1, 2, 3 = displacement in direction-J



J = 4, 5 = rotation about axis J-3.



Step E. (K2D line numbers 62 through 64)



Initialize error indicators, AERR and NERR.



IWARP = 0 eliminates the possibility of activating


alternative boundary work calculations concerning


warped boundaries. All warped element considerations


are handled by the routine WARPT.



Step F. (K2D line numbers 66 through 71)



Set up the nodal intrinsic position coordinate array,


X(2,4). For 3-node elements:



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

Step G. (K2D line numbers 72 through 99)



Set up the following quantities:



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

resultant coefficients
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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 I.



Step H. (K2D 	 line numbers 107 and 108)



- I ,


Compute the element strain energy matrix inverse, H



-
by calling HGEN. H 1 is stored in the array W


beginning at location IH.



Step I. (K2D 	 line numbers Ill through 117)



Set up NI(4) and NJ(4). Side K of the element is


bounded by nodes NI(K) and NJ(K). The following table


summarizes NI and NJ.



3-Node Elements 4-Node Elements


K NI(K) NJ(K) NI(K) NJ(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 calling


TGEN. T is stored in the array W beginning at location


IT.



Step K. (K2D 	 line 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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ELENENT STRAIN ENERGY 

For a coupled membrane - plate bending finite element formulation,



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



Lx NX 

y A I A2 Ny 

YXA 
[ 

2 A3 
NXY 

Mx 
,or 

Sy M 

. 4_ . (9) 

The assumed stress resultant distributions for the element are 

F = P Bm, and 

Fb Pb Bb' where (10) 

Bm = (bI b 2 .bNBM) = vector of membrane stressresultant coefficients



Bb = (bI b ..,bNBB) vector of bending stress

resultant coefficients.
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NBM and NBB represent the number of membrane and bending stress resultant



coefficients assumed for the formulation. All elements of P and Pb are



.
of the general form xnym 

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

integral 

V 11/2 J[Fm FbJ [A A2 FmF1 dArea, or 

Area L 2 A~ J Lbi 

V = 1/2 B Bb H mb ,where[B
m 
 

mb 'tbb 
 Bb 

H A1 Pm] dArea, (11)



Area



Hmb =f[Pm A2 Pb] dArea, and (12)



Area



%bb Pb dArea. (13)
A3 


Area



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



to th following chart.



From K2D


Assumed Stress Distributions,



Stress-Strain Relations,


Element Geometry



HGEN



Membrane Stress Bending Stress


Resultant Distribution, Resultant Distribution,


A stress-strain mtx. stress-strain mtx.
A3 
 

1 r 

EGEND HGEND



A2



stress-strain mtx



H ,P HBE



mm
in



HbI



SYMVRT



Hi 

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



applicable portions of the above chart are followed.
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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, RB = 
arrays characterizing the assumed membrane and 
bending stress resultant distributions (see K2D) 

NM, NXB = 	order of the vectors XYM and XYB



ISHELL 00, 
 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.



Sp 	 (GEN line number 8) 

Set up via the data statement:



NC =3, order of the AP A 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) 

Initialize the IQT array to 0. In the common



block /CK204/
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QT(I,J) - fx l -1) y(J-1) dArea. 

fArea 

If IQT(I,J) = 0, QT(I,J) is not computed. 
# 0, -QT(I,J) is computed. 

Step C, (HGEN line number 11 through 13)



XX(I) and YY(I) are the x and y positions


relative to the element reference frame of


node I.



Step D. (HGEN line numbers 15 through 17)



Initialize H to zero.



Step E. (HGEN 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 Eq. 9.



El. (HGEN line number 25)



For NBM=1 a shear panel formulation is implemented,


and the stress-strain relation consists of a single


term as shown in the following equation:



Nxy = A(1) s Icy 

E2. (HGEN line numbers 27 through 33)



A(I,J,I) = membrane stress-strain matrix



E3. (HGEN line numbers 34 through 42)



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



E4. (HEN line numbers 43 through 48)



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

Ste . (HGEN line numbers 69 and 70) 

Compute the membrane-bending coupling contri
bution to H by calling HMBGEN. 

Sep (HGEN line number 73) 

Invert the H matrix by calling SYMVRT. 
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HGEND (PARENT ROUTINE = HGEN)



The following inputs are supplied through the HGEND calling sequence:



NB = 	 number 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


"oefficients = NBM + NBB.



C(NC,NC) = 	 stress-strainimatrix



XY(NX), IXY(NX) I define the assumed stress


IB(NS,NX), B(NS,NX)J distribution (see K2D)



INCC = 	 increment for locating the beginning 
stress resultant row number within B 
and IB. INCC = 0 for current applications. 

The following arrays are returned through the HGEND calling sequence:



IPX 1 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.
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The procedure incorporated in HGEND is outlined below:



Step A. (HGEND line numbers 11 through 26) 

The input stress-resultant distribution 
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 

S 

b 

b2 

bbNBy 

(14) 

SNSJ 

IB and B 
XY and IXY--

The following arrangement is used for 
computing H, Eq. 10. 

S1 

$2 

PII 

P2 1 

PI2 

P22 
1,NB bl 

b2 

(15) 

SNS pNS,1NNS, ... pN B bNS 

P, IPX, and IPY 

th 
In the above equation b. is the a--stress 

coefficient and P i is of the general form 
n m 

a x y. 
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The terms of P, IPX, and IPY are extracted 
n m 

from B, I, XY, and IXY. If Pij = a x ym 

then 

P(I,J) 

IPX(I,J) 

IPY(I,J) 

= 

= 

= 

a 

n 

m. 

Step B. (HGEND line numbers 28 through 47) 

Compute contributions to H of the form 

IPCP dArea, see Eqs. 11 and 13. 

Area 

BI. (HGEND line numbers 29 through 31) 

IH and JH are the row/column designation 

within H. 

INCB 

H(IH,JH) =H J=1,NB -I=INB J=J+INCB 

I=1NB 

B2. (HGEND line numbers 34 through 44) 

A typical term in the integral is 

H(IH,JH) = H(IH,JH) + PC fx MX 

Area 

yMY dArea (16) 
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If fx yY dArea has not been previously



Area



computed, ITQUAD is called. The common


block /CK2D1/ is 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 EMBGEN 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



IPXH 1 arrays characterizing the assumed


IPYM membrane stress-resultant distribution,


PM see HGEND



IPXB ] arrays characterizing the assumed


IPYB bending stress-resultant distribution


PB



NBT = NBM + HBB = 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



Pm C bdArea, see Eq. 12.



Area
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Al. (HMBGEN line numbers 13 through 15) 

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

NBM 

J=1 NBB 

H(IHJH) 

1=11, NBM 

S-

HI 

JH=J+NBM 

A2. (HMBGEN line numbers 18 through 28)



A typical term in the integral is



H(IH,JH) = H(IH,Jl) + PC 'x NX yNY dArea (17) 
fArea 

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) = symmetric matrix 

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

SYMVRT computes A- 1 and stores the result in the space occupied 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 of



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 definite.
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QUADRILATERAL AREA INTEGRATOR 

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


n
form x ym over an arbitrarily shaped quadrilateral surface.



The quadrilateral area is illustrated below.



y 

3(x3,Y 3 )



X



1(0,0) 2(x2 '0) 

The quadrilateral integral is computed as the summation three partial



surface integrals.



fx n m dArca = A 1 + A2 + A3 (18)



Area



xy3



A=x n 
 ym dx dy 
 ; Y=Y4 
 + x3 -x4 (x -x)(9



x 3



-


I
4 

fJxnYm dxd y4 
2 =; d y -x (20) 


7
0 0 

y
linymdx dy ; y 3 3 (it - it3 ) (21)
2 3



x3 0 
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A and A3 integrals are transformed to relative coordinates, so that 

where x = x -x 4 

A1 

(x3-x4) 7 
[F

f f 

0 0 

- n 
+ x4 ) 

m 
y 

-3 

dy 
-

;Y YY 4 + 3 -x 
4

, 
(2(22) 

where x = x - x2 

A3 

(x3-x2) 

3f 
J J 
0 0 

(x2 + n y xy;x dyy --Y'= -

3 -x2 

x (23) 

The general form of AI and A3 is 

A= 

0 

f 
0 

(,+ n xdy ; = a +b. (24) 

Integrating 

m+1 

T 

f( 

0 

+ i)n (a + d-x . (25) 
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In the preceding expression



n n n-i



(x L + x) = d, x + d 2 x + ... dn+l, and



(26)


M+l +l m



(a + b) C X + C 2 x + ... er+2 . 

A is now rewritten as



T 

~ de (n-i-nd-) -fn+
A = j l x +(dlC + d2C1 )X +...d 4+ Cmj dx. (27)



0 

A2 and A3 are computed according to the above equation. A2 is evaluated



directly as



n+l m+l 
x4 Y4


A 2 = (n+m+2) (nu-l) (28) 

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



/CK2DI/':



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 = fxN yM dArea.



Area



AXNYM fs 	 returned in the calling routine-through /CK2DI/.



The procedure incorporated in ITQUAD is outlined below:,



Step A. 	 (ITQUAD line numbers 7 and 8)



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



Step B. 	 (ITQUAD line numbers 9 through 49)



Integrate over zone 1; compute AR(1)
 


BI. (ITQUAD line numbers 10 through 13)



XL is a nominal element dimension against


which other element dimensions are compared


to determine whether or not theyshould be


considered zero.



If D/XL< 	 ZERO, D = 0. 

B2. (ITQUAD line number 14)



If x3 - x4 = 0, AR(1) = 0. This convention



is used for integrating over triangular surfaces.
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B3. (ITQUAD line numbers 15 and 16)



Set up y = A + B x 

B4. (ITQUAD line numbers 20 through 22)



For B = 0, yM+l = AM+' 

B5. (ITQUAD line numbers 25 through 33)



M+1 _M+I M


For B > 0, y = C(1) x + C(2) x + ... C(M2)



B6. (ITQUAD line numbers 35 through 44)



N N N-I


(x 4 + x) = CC(1) x + CC(2) x + CC(N+I) (29) 

B7. (ITQUAD line numbers 45 through 49)



Compute the AR(1) integral by calling DSUM.


Data is transferred to and from DSUM through



the common block /CK2D2/.



T 
_M+Ii N 

sm CD x +...][cc(i) x dx (30) 

0 
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Step C. (ITQUAD line numbers 51 through 54) 

Integrate over zone 2; compute AR(2). 
If x4 = 0, AR(2) = 0. 

Step D. (ITQUAD line numbers 56 through 75) 

Integrate over zone 3; compute AR(3). 

Dl. (ITQUAD line numbers 59 through 68) 

N N N+I 
(x2 + X) = CC(1) x + CC(2) x + ... CC(N+I) (31) 

D2. 

D3. 

(ITQUAD line numbers 69 through 73) 

Call DSUM to compute 

T
f C 14_+1 

SUM jC(1 ) ICC(i) x + ... CC(N+2)J d 

0 
(ITQUAD line number 75) 

Compute AR(3) 

(32) 

Step E. (ITQUAD line numbers 77 through 81) 

Compute 

AI= 

3 

>,
I=1 

AR(I). (33) 
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DSUM (PARENT ROUTINE = ITQUAD)



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



N N-i 

=N} f B(1) x + B(2) x + ... B(N+I) (34) 

MMJ f 2 =C(1) x N-I +... C(NM) xM±I-NM (35)Ml xN +C(2) 

C 

T = integrating limit 

DSUM evaluates the following integral and returns the result through



/CK2D2/.



T 

SuM = fl f 2 dx (36) 

0 

substituting for f and f2 and expanding the product yields



T 

su= B(1) C(1) x + [3(1) C(2) + B(2) C(I x (37) 

C(3) + B(2) C(2) + B(3) C(I)] xN+M-20 + [B(1) 

_M+I-MM]


+ ... + B(N+I) C(MM) x I dx 

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



integrating from x = 0 to x = T. A typical term of the sum is



T NI 
 IE



D = f [I B(I) * C(1) x ] dx, where (38) 
I=IB 

0 

J = N + M - I - IE + 2, 1 E J < MM. 
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BOUNDARY WORK 

The work performed by element stress resultants acting through boundary



deformations is comuted as



nsides 

W = I Wn, 

where Wn is the work performed along the n
th element boundary.



Associated with each element boundary is a boundary reference frame,



x- y -, as shown below for boundary n, connecting nodes i and j.



z 

Boundary Reference Frame(x-y-z)



Element Reference Frame (x-y-z)x



extends from i through j, and z is directed
y is parallel with z; x 

toward the element interior. Points lying along i-j are located by



x = tI + x cos8 and y = t3 + x sinO.



Functions characterizing the deformation of boundary n are



u (G) = displacement in direction-z,


v (x-)= displacement in direction-x


w (x) = displacement in direction-y,



(X) = rotation about axis -, and 
a () = rotation about axis x. 
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The element stress resultants acting along boundary n of a coupled



membrane plate-bending element are illustrated below.



x 

y 
 uu 
 N



z y z 

x



The boundary work performed along boundary n is



L 

Wn =f (Nu+ Nv + %w+ +M 0) dx. 

0 

= = where Pl = Nu, P 2 = Nv P 3 = Mu P4 M P5 ' 

UI = u, U2 = v, U3 = , 4 = 8, and U5 = w, the above expression 

is written as 

L 

Wn ff P k dx. (39) 
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, Pk, and each boundary deformation



function, Uk , is represented by a polynomial function in N,
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as shown below



1* 

Pk (C1 C2 "'" CNC) x =C X, (40) 

x 

NC-i 
x



NA-I , (41) 
Uk I ) = a.I



a2



aNA



The boundary work performed along boundary n may now be expressed



as



Wn C Xe Xa dx a (42)



k=l



= 7 C caa 

coefficients and Q represents the vector of intrinsic nodal motions,


the following transformations are performed:


C = Tcb B and a = Taq Q. 

(43)

5 
 

Wn = B Tcb Xca Taq Q.



k=1
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Summing over all sides



B* ~~nsides 5 * ~ T(4 

W B TQ, where T = ca TaqX (44) 

n=1 k=1 

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



From K2D


Assumed Stress Distribution



Degree-of-Freedom Map



Initialize T = 0



Compute Boundary Geometry



For Each Boundary 
Stress Resultant -

ITGEN AGEN


TTSX3 ATC
I TTIOX3 
RGEN



NCLN



T=TI+T*X T



ca aq 
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TGEN (PARENT ROUTINE = K2D)



The following inputs are supplied through the TGEN calling sequence'



IBM 1 	 element membrane stress-resultant distribution 
BM 	 matrices (see K2D)



NBM 	 number of assumed membrane stress-resultant
 

coefficients



IBBl 	 element plate-bending stress-resultant
 

BB J 	 distribution matrices (see K2D) 

NBB = number of assumed bending stress-resultant


coefficients



MA4PQ = 	 element degree-of-freedom map



NBT = 	 NBM + NBB



NQT = 	 number of element intrinsic degrees of freedom



X, 	 X(I,J) = direction-I position relative to the


element reference frame of node J



NI I NI(n) = i, NJ(n) jj, the nth element boundary 
NJ connects element nodes i and j. 

TGEN directs the computation of the boundary work matrix T(NBT,NQT).



The procedure incorporated in TGEN is outlined belo:



Step (TGEN line numbers 13 and 14)



Set up MAPU(3,5) via data statement. For



MAPU(1,J) = K, the Kt h boundary motion


function is associated with the jth boundary


stress resultant for computing boundary


work. MAPU(,J) and MAPU(3,J) pertain to


warped boundary calculations and are not



currently used.



(J = IP, pg 36 and K = IU, pg 47)



Step (TGEN line numbers 18 through 20)



Initialize the T matrix to zero



K2D-35





Steps C through G are repeated for each boundary.



Step C. (TGEN line numbers 24 through 37)



Set up the boundary geometry as:



TI = x location of boundary origin


T3 = y location of boundary origin


ZL = boundary length


CS = cos 0, 0 = angle between x and x


SN = sin 6



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



Stress Resultant Identification:



I = 1,Nul membrane resultants


IP =2, Nvj active if NBM > 0.



IP 4, bending resultants


IP 5, QwJ active if NBB > 0.
 


Step D. (TGEN line numbers 40 through 55)



For membrane stress resultants (IP=I and IP=2)


TTGEN is called with a final argument of 1. For


bending resultants TTGEN is called with a final


argument of 2.



Calls to TTGEN, RGEN, and TCB result in the


computation of arrays representing Xc and Tcb


of Eqs. 40 and 43. NMC represents X and C



Ccontains Tb. 
 

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 Xa (Eq. 41). The transformation


matrix Taq (Eq. 43) is stored in a mapped


fashion according to arrays A, NQA, NQ1, and


IDQ.
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Step F. (TGEN line number 70) 

Calling NCALNA results in the calculation 
of 

X = 

ZL 

X7 
0 

Xt a dx (Eq. 42). 

Xca is stored in the array XNCNA. 

Step G. (TGEN line number 77) 

CXA performs the transformation 

Tcb Xca Taq (Eq 43). 

The result is 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 	 I boundary line equation


T2 x = Ti + 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 TTlOX3



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



NMC (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, TT1OX3


is called to generate TT(NX,NC).



Step C. 	 (TTGEN line numbers 12 through 16)



Set up NMC so that NMC (1,I) = n


= xn
indicates 	 that X (I) 
 

c 
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TT6X3 (PARENT ROUTINE = TTGEN)



The following inputs are supplied through the TT6X3 calling sequence.



TI



T2


T3 boundary line equation, see TTGEN



T4



The transformation matrix T is returned through the TT6X3 calling



sequence. Where x and y refer to element reference frame axes and



x refers to the boundary reference frame axis,



x2 m c
r T(6,3) [ or X = T X (46)



The X vector corresponds to the assumed membrane stress-resultant



distribution presented in the K2D discussion
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TTIOX3 (PARENT ROUTINE = TTGEN)


The following inputs are supplied through the TTIOX3 calling sequence:



T2
T3
 boundary line equations, see TTGEN
 

T4



The transformation matrix TT is returned through the TT1OX3 calling



sequence. Where x and y refer to element reference frame axes and x



refers to the boundary reference frame axis,



1 
1



ii



yy TTT(10,3) T2] or TT Xc (47) 
xy2 x


xy

y2



xy 
_xy



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, Nu 
=2, Nv IP identifies the active 
=3, Mu boundary stress resultant. 
=4, Mv 
= 5, Qw 

SN = sin 0 Define the orientation of the boundary


CS - cos 01 relative to the element ref. frame.



The array R is returned through the RGEN calling sequence. R is 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 y refer to element reference



frame directions.



N x (boundary ref. frame axis) 

VuN



j!;. [N.] [SN2CS-CS2 2SN-CS] [Nx 
N s S SN-CS (CS 2 -SN2 )j Nx (48) 

N y 
0xN [ xyj 

M 5 (boundary ref. frame axis) 

Nu x 2 20w M 2 2I
Uw M 1Q N = SN CS -SN CS (CS -SN) -

SM', 21 
 [-SN2 -CS-2CS SN (W 

M CX)Q 

Q D [-SN CS] [Q ] 
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The R array is computed such that for 

IP=1: Nu = R(3) NX 
Ny 

,-IP=2: Nv = 
vNy 

R(3) Nx , 

IB=3: Hu= R(5) FM1 

MY 

, P=4: Mv = R(5) Mxand 

my (50-54) 

IP=5: Q, = R(5) Fmv] 
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TCB (PARENT ROUTINE = TGEN)



Calculation of the Tcb transformation matrix (Eq. 43) is based on the



following derivation.



Pk = ... CNC) . a boundary stress (55)
(C1 C2 
 
!resultant in boundary



ref. frame coordinates.


See Eq 40.



Fli] [BlI b i B12 b3 11 a the assumed element (56) 

S2 = stress-resultant distribution 

1 (either membrane or bending) 

ISNI BjNI,I bk in element ref. framecoordinates = 31h stress
bI 
 

coefficient. See K2D.



P = (RI R2 -'RNI) [11 e transformation from element (57) 

21 stress resultants to 
[SN See RGEN.
j SeendryEN stress resultants.



Z 12 Z I  [ 11 - [ii a transformation from (58) 
S21 X boundary coordinates to 

R2 element coordinates.



See TTGEN.



ZNJ,1 NJ,NC]



Substituting Eqs. 58 and 56 into Eq. 57 yields the following



jz 11 12 z. 1 ( 

(R 1 ~ ~ 1 b ~ R2~Z2b i f 

NJ,1 
 
ZNJ,NC


(Cl C2 ... CNC2)
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Comparing like terms of the above equation (i.e like powers of 5) yields



the desired transformation matrix as:



FCi 	 bI


2 = TCB(NC,NB)



LNC 
 bNBI



The following 	 inputs are supplied through the TCB calling sequence.
 


NI 1 	 matrices characterizing the 
IB(NI,NJ) 	 originate in K2D.
 


R(NI) = 	 element stress resultant to boundary 

stress resultant transformation 
array. R is created in RGEN. 

NC 	 transformation from boundary


Z(NJ,NC) 	 coordinates to element coordinates.



Z is created in TTGEN.



NB 	 number of stress resultant coefficients


used in the formulation



The matrix TCB(NC,NB) is computed and returned through the TCB calling



sequence



K2D-44





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 points



are shown below.


T 
- : 

-q  6


q4 q, 3 
 3



Boundary Reference Frame q, qj



24 

z 

Boundary i-j 

q3 

z ~~ q1 

-q 
 
5 

q~ /q~ ® 

/C 5q 

Element Reference Frame
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For boundary i-j a deformation function, Uk (Eq. 41), of the following 

form is assumed: 

Uk = (l xR... ) [a = polynomial with NA forms 
a2[1a 
aNA a 

(61) 

The vector of polynomial coefficients is expressed'in terms of the 

motions of nodes i and'j,, so that 

a, 

LaNA 1 

AB(I,,NANQIB) IAB2,NAINQB 

q£ 

qJ 

q3 , 

NQIB = 2 

in this 
equation (62) 

SmJ 

Transformation from the element reference frame to the boundary 

reference frame yields 

-h 

= qB 

hi 
NQ1 = 3 

in this 
equation 

(63) 

h = i or j. 

For the above equation, the AGEN array IDQ would contain: 

IDQ(1) = n, IDQ(2) = o, and IDQ(3) = p. 
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Performing the transformation indicated by the previous equation



yields


1qn
-a qI



'0 

A(NA,NQA) q, where (64) 

J 

The following inputs are supplied through the ACEN calling sequence



ZL = boundary length 

SN = sine, orientation of the boundary 
CS = cos 9J relative to the element ref. frame 

IU = 1, displacement in 5 direction 
= 2, displacement in y direction 
= 3, displacement in E direction 
= 4, rotation about R-axis 
= 5, rotation about Y-axis


= 6, rotation about i-axis


= 7, for warped boundary (not currently used)



The following arrays are returned through the AGEN calling sequence:



A(NA,NQA) the meanings of these arrays are 
IDQ(NQ ) 
NA
NQA 

as indicated in the preceding 
discussion 

NQ1 

NMA(1,NA) = representation of Xa 
NMA(2,NA) is not currently used 
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The procedure incorporated in AGEN is outlined below-

Step A. (AGEN line numbers 4 through 106) 

Set up NA, NQI, NQIB, IDQ, AB, and D 
according to-the input value of IU. 

IU I (AGEN line numbers 11 through 20) 

Uk = displacement in R-direction 

= a, + a2 x 

a~] ['1 L l L ]La2 'I/L i /L qL+J (65) 

-h [CS SN] {I] (66) 

IU = 2 (AGEN line numbers 22 through 42) 

Uk = displacement in 5-direction 

a, + a2 R + a 3 2+ a4 R 

Fal 0 1 0L = 1 0 0' 00 I 

4 2/1L3 I/L2 -2/L 1/L2J 

q2] Lo -1 0SN 
0 

-Cs 

Lqj 

q4 

(68) 

K2D- 48





IU - 3 (AGEN line numbers 44 through 53)



Uk = displacement in i-direction



= a, + a2 R



1 0 ] jq13 169) 

a2 
I a - /L ii/L L J 

h = [SN -CS] [qh] (70) 

[q J



IU= 4 (AGEN line numbers 55 through 64)



= rotation about the x-axis 

=a I + a2



Uk 
 

(71)
oL4Ia 1 
 
a2 -l/L I 1L



-h i-[sSN] (72)Lh 
 
qJ



IU = 5 (AGEN line numbers 66 through 74) 

Uk = rotation about the -axis 

= aI 


-t (73)
=l I-/t] [i] 

-h = [SN -CS] rh] (74) 

IhI
L2J 
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IU = 6 (AGEN line numbers 76 through 95) 

= rotation about the i-axis



R2


Uk 
 

a3= al + a2 R + 

I 0 0 q (75)
0 1
al 

a2 -6/L2 -4/L2 6/32 -2/L ] 6 
3a 6/L 3/L2 I -6/L 3/L q! 

13jj 

qh10 SN CLqi



IU = 7 (AGEN line numbers 98 through 104) 

U = displacement in the y-direction for 
warped membranes a + a
 


= [ -1/L I/L L2(7 

h qh (78) 
2 3 

S (AGEN line numbers 107 through 111)



Set up NMA(I,I), I = I,NA. NMA



characterizes the vector Xa, so that


for



xa (J) = xc 

NMA(I,J) = k.



NMA(I,1) = 0, 1.



NmA(1,2) = 1, R



NMA(INA) =NA-I, Fc(NA-1)



NMA(2,NA) 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, NQ1B)

D(NQIB, NQI)
NA 

| The contents of these arrays
is discussed under AGEN. 

NQIB 
NQ 1 

j 

NQA = 2 * NQI 

ATD computes and returns the array A through the calling sequence. A



is computed as



[A(NANQA)] = [(,NANQ1B) -D ABC2,NANQ1B) D] (79) 
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NCALNA (PARENT ROUTINE = TGEN)



The following inputs are supplied through the NCALNA calling sequence:



XL = 	 boundary length 

NMC, 	 for X (J) = k, NMC(I,J) = k
c 
NMC(2,J) is not used



NMA, 	 for Xa(J) = xk, NMA(1,J) = k



NMA(2,J) is not used
 


NC 	 order of X


c



NA 	 order of X


a 

NALFA1 	 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 is computed in accordance with Eq. 42 as



XL 

Z(NC,NA) = J Xc Xa dx 	 (80) 

0



The procedure incorporated in NCALNA is outlined below



Step A. 	 (NCALNA line numbers 8 through 13)



XLI

C n - . (XL)N+I d (1+) ,where 

N = NMC(I,I) + NMA(1,J)



Since NCALNA is called several times for each


element 	 boundary, the integral of RN may be


required repeatedly. To avoid duplicate


calculation, the common block /CK2DS/ containing


IQX(10) 	 and QX(10) is maintained, so that



XL

QX(N+I) 	 = f N di. (82) 

0
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If IQX(I) = 0, QX(I) has not been computed. 
If IQX() 0
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) = Tcb of Eq. 43, from TCB 


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

A(NA,NQA) 	= T of Eq. 43, from AGENaq 

NA 
NQA	 dimensions of the above matrices
NC 

INBC 

NQT 	 number of element intrinsic degrees 

of freedom 


NBT = 	 number of assumed stress resultant 

coefficients in the formulation 


INCB 	 row increment 


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


IDQ(NQI) }

NQI 	 j see AGEN 

NODES = 2 for current application 

NIJ(1) = 
NIJ(2) = 

i]
j 

this boundary connects nodes 
i and j 

The following arrays are returned through tbe CXA calling sequence: 

T(NBT,NQT) = T(NBT,NQT) + C X A (83) 

TMP(NBC,NA)= C X = temporary array (84) 

The procedure incorporated in cXA is outlined below: 

Step A. (CXA line numbers 9 through 13) 

Compute TMP(NBC,NA) = C X 
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Step B. (CXA lne 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, IDQ, and NIJ.
 


NIJ(1) NIJ(ND) = NODE NIJ(NODES) 

1 1 2 IQ - NQ



A(NA,NQA) NA
 = [Ni..NODE
 (85)=[ 
;A



IDQ(IQ) = IIQ



i 
MA'Q(NODE,IIQ) = JT 

The product of TMP with this


column of A is added to


column JT of T.



Note that NODES = 2 fqr the current 
application. 
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SSTM (PARENT ROUTINE = 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 

NIID dimensions of the above matrices 
NQ 

NB = -HD In the current application 

The following arrays are returned through the SSTM calling sequence: 

STM(NB,NQ) = element stress matrix 

S(O) = element stiffness matrix 

The following procedure is incorporated in SSTM: 

Step A. (SSTM line numbers 3 through 7) 

Compute STM = HT (86) 

Step B. (SSTM line numbers 8 through 14) 

Compute S = T HT = T STM. S is 
stored by column such that 

S= 'S1 S2 S 

S 3 S5 

S6 

N- NQ (NQ+1)
2 

(87) 
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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(AXX,S,STMNSIDES,NBMNBB, ISHELLNQTX34,1X34IERR)


2:C


3: DIMENSION A(1),XC2,4)PXX(2,1)


4: *p IBM(3BI6BM(3,6),XYM(6),IXYM(2,6)


5: *j IBB(5,1O),BB(5,10),XYB(10),IXYBC2,10) 
6: *, MAPM(4,5),MAPB(4, 5),MAPQ(4,5),NQti(2),NQB(2),NI(4),NJ(4)


7: *, W(1000)


8: COMMON/WARP/ IWARPNALFA(4),ALFA(5,4),NGAMA(4),GAMA(,4)


9: COMMON/ERRK2D/AERRNERR



10: COMMON/CK2DIU/JUMPC1C)


l1:C* LABELED COMMON BLOCKS USED WITHIN K2D ROuTINES ARE


12:C* /CK2D1/DAT(11)


13:C* /CK2D2/DAT(105)


14:C* /C.K2D3/DAT(3)


15:C* /CK204/DAT(49)


16:C* /CK2DS/DAT(20)


17:C* /CK2D1O/DAT(1O)


18:C 
19: DATA ((IBM(1,J),J-1,6),I'13),((BM(IJ),J-1p6),I=I#3)


20: * 3, 6, 4, 10, 6, O, 
21: * 2, 5, 7, 9, 10, 0, 
22: * 1, 7, 6, O, O, 10, 
23: * i., I. 1, 1., 1. 0., 
24: l1., ., 1., 1., 1., 0o., 
25: * 1.,-p.,-1., 0., 0.2. I 
26:C

27: DATA ((IXYM(IJ),JI,6),I=1,2),(XYM(I)hI-1,6)


28: * O, i, O, 2, 0, I, 
29: * 0, 09 1, 01 21 1,
S0 * 1. p 1., i I ., I, i.I* 
31:C 
32* DATA ((IBB(1J),J=1,1O),l1s,5),((8(IJ),4JllO),Il5)

33: * 1, 01 6, 0 4, O, 14, 12, 10, 0, 
34: * 2, O, 5, 0, 7, O, 13, 15P 11, 0, 
3* 3, 0, 9, 0, 8, 0, 0, Of 14, 15, 
36: * 6, 8, 14, 15, 10, 0, 0, 0, O, 0O 
37: * 7, 9, 1 , O, 15, 14, O, 0, 0,0, 
3b: * 1,, 0., 1o 0. l., Og lop ley 1qi 0o, 
39: * 1.,0., 1., 0. , 1. 0. Ip l.1 ., 0i.o 
40: * 1., 0o, 1., 0.i, l. o., 0., 0., 1., 1., 
41: * io,-1.9 1 ., 0., i0,, ., O 0o 42: * I°0-i°y i°p 00.0 i°o-iop Day 00 0.,0 00


43:C


44: DATA ((IXYB(IJ),JsIIIO),Iu1,2),(XY8(I),I=1,10)


1, O,
45: * o,O 1 I 0, 2, O, 1, l, 
46: * 0, C, 0p 0P 1y - 1, 0, 2p 1 I, 
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47: l op Isp lop 1.0 lop lop lop lop Its le 

46:C



49: DATA (NQM(I)1 ,Z)(NQBI)hI-, 2) /3,5,6,91 
50:C

51: DATA ((MAPM(IJ),J-l5),Io1,4)


52: * O, o, 0, O, 0, 
53: * 1 0, 0, 0p 0, 
54: * 2, 3p 0 0 O 
55: * 4, 5, O 0, 0 / 
56: DATA ((MAPB(IJ),JI,5),In1,4)


57: * 0, 0, 0p 0, 0,


5b: 0 O i 2,
0, 3p
 
59: * O,0, 4, 5, 6,


60: * 0, 0, 7, 8, 9 / 
61: KWnIO00


62o IWARP-O


63: AERRu4H


64: NERRnO


65:C


66: DO 600 1=1,2


67: DO 600 J=lp3


68: 600 XC1,J)-XX(IIJ)


69: JcNSIDES


70: X(1,4)sXX(INS1DES)


71: X(2,4)=XX(2jNSIDES)


72: NBOTH0


73: IF(NBMoGT.O.ANDoNBBoGT*0) 
 NBOTHI1


74: NBT=NBM+NBB


75: NSIvNSIDES-2


76: NMQcO


77: NBQ=O


78: IFCNBM 0 GT*O) NMQ=NQM(NS1)


79: IF(NBBoGT.O) NBQ=NQB(NS1)


80: NXM-6 

dl. NXB 10 

82: MAnO


b3: MBO


84: IF(NBMoGT*O) MAwI


85: IF(NBBoGT.O) MBal


86: DO 100 IN0DE=1,NSIDES


87: DO 100 Jwl,5


do: MOO


89: IF(MAPM(INODEJ).EQ.0) GOTO 500


90: MQ-HA*MAPM(INODEJ)


91: 500 IF(MAPB(INODEJ)kEQ.O) GOTO 400


92: MQcMQ+AB*(MAPB(INODEJ)tNMQ)


93: 400 tAPQ(INODEPJ)mMQ


94: 100 CONTINUE


95* IF(NBBoGT.0) GUTO 200


96: IF(IX34.EQ.O.R
 0NSIDES.EQ°3) GOTO 200


97: NMQ=6


98: MAPQ(4,3)-6


99: 200 NQT=NMQ+NBQ


LOO;C


oll: Ihal


L02: _NHCNBT*NBT
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103: KWOKW-NH


104: IT=NH+1


105:C


106: IF(JUMP(I)*NE,O) GOTO 150


107: CALL HGEN(NBMNBBW(IH),w(IT)sKW,XAXYMIXYMXYBIXYB,IBM, BM


l0. 4, IBBBBNXMNXBISHELLNBTjIERR}


1092 150 CONTINUE


l1O:C


III: NTSNBT*NQT


112: IF(NToGT.KW) GOTO IUOO


113: NI(I)-I


114: NJ(1)NSIDES


115: DO 300 I-2PNSIDES


lit: NI(1)=NJ(I-1}


117: 300 NJ(1)-NICI)-1


118:C


119: IF(JUMP(2).NE.O) GOTO 250


120: CALL TGEN(IBM, BMNBMIBB,BBNBBNSIDES,MAP, W(IT),NBTNQTJXNINJ)


121: 250 CONTINUE


122:C


123: IF(1X34*GT.0) CALL WARPT(W(IT),MAPQjNbMO,NBTtNQTXX34)


124:C


125: IF(JUMP(4)oNEO) GOTO 350


126: CALL SSTM(W(IH)W(IT)SPSTMNBTNBTNQT)


127: 350 CONTINUE


128:C


129: RETURN


130: 1000 NEED=NT-KW


131: WRITE(62000) NEED


132: 2000 FORMAT( 51HO*** ADDITIONAL CORE REQUIRED FOR ELEMENT K, NEED


133: AERRu4HCORE


134. NERR=NEED


135= RETURN


136: END



HGEN



1: SUBROUTINE HGEN(NBM'NBBHPWKW XAAXYM,IXYMXYBIXYBIBMBMIBB


2: *, BBNXMNXBISHELLNBTPIERR)


3: DIMENSION X(2,4),W(1),A(3,3,3) ,H(NBTNBT)hAA(l)


4: COMMON/bRRK2D/AERRNERR


5: COMMON/CK2D4/IQT(7,7),QT(7,7)


6: COMMON/CKZDIIXX(4),YY(4),NXDNYDDUM


7: COMMON/CK2D1O/JUMP(O)


8: DATA NCsNSMPNSB I 3,3,5 / 
9: D 160 Ix1.49



10: 160 IQT(I,1)-0


ii: DO 260 I-I,4


12: XX(I)sX(1,I)


13: 260 YY(I)-X(2,I)


14:C
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22 

15: DO 800 !=i.NBT


16: 00 800 Ja1,NBT


17: 	 800 H(IJ)uOoO


16:C


19: NBOTHmO


20: IF(NBM°GToO.AND.NBB0 GT°O) NBOTHa1


21: 	 00 600 lal,27



600 A(Iljpl)eOoO


23: IF(NBMoLEoO) GOTO 400


24: IF(NBMoGTel) GOTO 500


25: A(37 3,l)=loO/AAC1)


26: GOTO 400


27: 	 500 K=O


28: DO 700 Jsl,3


29: DO 700 I-1,J


30. K"K+1


31: A(IpJpI)AA(K)


32: 	 700 A(JII)DAA(K)


33: 	 400 IF(NBBoLEoO) GOTO 350


34: Kc6


35: IF(NBMoLEoO) KsO


3b: DO 900 Jsl,3


37: IF(NBMoGT.O) K-K+3


38: DO 900 I,J


39: KmK+l


40: A(I;,Js3)BAA(K)



41: 	 900 A(JI 9 3)=AA(K)


42: 	 350 IF(NBOTHoLEoO) GOTO 150


43: Km6


44: DO 250 J=l,3


45: KoK+J-1


46: DO 250 Il,3


47: KaK+1


48: 	 250 A(IPJP2)=AA(K)


49: 	 150 CONTINUE


50:C


51: NEXT-i


52: IF(NBMeLEoO) GOTO 100


53: IPXMaNEXT


54: IPYMsIPXN+NC*NBM


55: IPmmIPYM+NC*NBM


56: NEXTmIPM+NC*NBM


57: IFCNEXToGToKW) GOTO 1000


5b: CALL HGEND(NBMO0NBTNCA(C1,1I),XYMIXYMW(IPXM),W(IPYM)


59: *p W(IPM)1HoNXMIBMBMsNSMO)


60: 	 100 IF(NBB,LE.O) GOTO 300


61: IPXB=NEXT


62: IPYBaIPXB+NC*NBB


63: IPB=IPYB+NCNBB


64: NEXT=IPB+NC*NBB


65: IF(NEXToGToKh) GOTO 1000


66: CALL HGEND(NBBNBMNBTsNCA(1Es3),XYBIXYB,W(IPXB),W(IPYB)


67: *, W(IPB)hHNXBIBBBBPNSBO)


68: IF(ISHELL.EQ00) GOTO 300


69: CALL HMBGEN(NBMNBBNCPNCPA(I,2,2),W(IPXM),W(IPYM),W(IPM)
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70: *, W(IPXB),W(IPYB)iW(IPB),HNBT)


71: 300 CONTINUE


72: IF(JUMP(3hoNEoO) RETURN


73: CALL SYMVRT(HPNBTISINGNBT)


74: IF(ISING.EQ.0) RETURN


75: WRITE(6p2000) ISING


76: 2000 FORMAT( 43H0*** WARNING, H MATRIX IS SINGULAR, ISING *14



77: IERR-2


78: RETURN


79: 1000 WRITE(6p3000) KwNEXT


80: 3000 FORMAT( 38H0*** INSUFFICIENT CORE FOR COMPUTING H


81: * I10# 9H PROVIDED. Il0, 9H REQUIRED 
82: IERRal


83: AERR=4HCORE


84: NERR=NEXT


85: RETURN


86: END



HGEND



i: SUBROUTINE HGEND(NBsINCBNBT, NCCXYIXYIPXRIPYP 3 H NXIBBNS


2: *, INCC) 
3: COMMON/CK2D4/IQT(7,7),QT(7,7)


4: COMMON/CK2DIIXX(4), YY(4),MXMyZ


5: DIMENSION C(NCNC),IPX(NCNB),IPY(NCNB),P(NCNB)


6: *3 H(NBTNBT),XY(NX),IXY(2,NX)


7: *3 IB(NSNX),B(NSPNX)


8:C


9: ZERI.0E-10



10:C


11: DO 400 Iv1,NC
 

121 DO 400 JmlNB


13: IPX(IJ)=O


14: IPY(IJ)80


15: 400 P(IrJ)=O.O


16: Do 500 IC=19NC


17: IIC=IC+INCC


18: DO 500 IX-ItNX


iy: IIBuIB(IICjIX)



20: IF(IIB.LEoO) GOTO 500


21: IF(IIB.GT.NB) GOTO 500


22: BIJOB(IICIX)


23: P(ICIIB)=BIJ*XY(IX)


24: IPX(ICYIIB)tIXY(ltax)


25: IPY(ICIIB)=IXY(2IX)


26: 500 CONTINUE


27:C


Zb: DO 100 I1,NB


29: IH1I+INCB


30: DO 100 J=iI
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31: jHaJ+INCB


32: 00 200 IC1lNC


33: DO 200 JC=INC 
34: PCsP(ICI)*C(1C,JC)*P(JC,J)


35: IF(ABS(PC).LT.ZERO) GOTO 200


36: MXBIPX(ICI)+IPX(JCJ)


37: MY-IPY(IC,I)+IPY(JC,J)


36: MMXsMX+I


39: MMYMY+1


40: IF(IQT(MMXMMY).EQoI) GOTO 600


41: CALL ITQUAD


42: IQT(MMXMMY)xl


43: QT(MMX,MMY)=Z


44: 600 HCIHJH)=H(IH,JH)+PC*QT(MMX,MMY)


452 200 CONTINUE


46: H(JH,IH)-H(IhJH)


47: 100 CONTINUE


4b:C


49: RETURN


50: END



HMBGEN



1: SUBROUTINE HMBGLN(NBMNBBNCMNCB,C,IPXM,IPYM, PM,IPXBIPYBPB


2: *, H,NBT )


3: DIMENSION C(NCMNCB),IPXM(NCMNBM),IPYM(NCMPNBM)


4: *, PM(NCM,NBM),IPXB(NCBNBB),IPYB(NCBNBB), PB(NCBNBB)


5: *9 H(NBTNBT)


6; COMMONICK2D4/IQT(7,7),QT(7,7)


7: 	 COMMON/CK2DI/XX(4)YY(4),NX,MYZ


:C



9: ZLRC=I.0E-10


I:C


II:C


12: DO 100 1-1,NBM


13: IHSI


14: DO 100 J=I,NBB


15: JHsJ+NBM


16: DO 200 IC-l,NCM


17: DO 200 JC-1,NCB


18: PC=PM(Ic,1)*C(IC,JC)*PB(JCpJ)


19: IF(ABS(PC)oL1.ZERG) GOTO 200


20: NX=IPXM(ICI)+IPXB(JCJ)


21: MYnIPYMCIC,I)+IPYB(JC, J) 
22: NNXuNX+1


23: MMY=MY+1


24: IF(IQT(NNXMMY).EQ.I) GOTO 600


25: CALLIJSUAD
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26: IQT(NNXMMY)nl


27: QT(NNXPMMY)-Z


28: 6GO ri(IHJH)CH(CIHJH)+PC*QT(NNXMMY)


29: 200 CONTINUE


30: 100 H(JHIH)-H(IHJH)


31: RETURN


32: END



SYMVRT



1: SUBROUTINE SYMVRT(ANISINGNHD)


2:C SYMETRIC INVERSION SUBROUTINE


3: DIMENSION A(NHDNHD),B(30),T(30),ERR(2)


4: COMMON/ERRK2D/AERRYNERR


5: DATA ERR(1)hERR(2)/4HISNG,4HNEGD/


6: IF(NoGTol) GOTO 100


7: A(ll)=1I0/A(ll)


8: RETURN


9: 100 CONTINUE



10: IX-N


11: ISINGvO


1?: DO 18 ID1, IX


13: T(ID)-l.


14: IDMI-ID-1


15: IDPI=ID+1


16: IF(IDM1)1014,10


17: 10 DO 11 J=IDIX 
18: DO 11 K1,IDM1


19: 11 A(IDJ)=A(IDJ)-A(KID)*A(K,J)*T(K)


202 14 IF(A(DID))l3,12,15


21: 12 ISINGsID


22: NERRsID


23: AERR-ERR(1)


24: GO TO 30


25: 13 T(ID)=-I.


26: NERR=NERR+1


27: AERR-ERR(2)


28: A(IDID) a ABS(A(IDPID))


29: 15 A(IDID)-SQRT (A(IDID))*T(ID)


30: IF(IDP1-IX)16,16u19


31: 16 DO 17 J=IDP1#IX


32: 17 A(IDJ)EA(IDJ)/A(IDID)


33: A(ID, 1D)A(IDID)*T(ID)


34: 18 CONTINUE


35: 19 A(IXIX)sA(IXIX)*T(IX)


3b: 1XM1-IX-1


37: DO 24 I-1IXMI 
38: 1=I+1
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39: 00 20 J-IIIX


40: 20 A(IPJ)-A(IJ)/ACIPI)


41: 24 A(II)-T(I)/A(IPI)


4e: A(IXPIX)=T(IX)/A(IX, IX)


43: 00 23 1m2pIX


44: KzI+I


45: IM1=l-I


46: DO 23 L-IIMI 
47: IF(K-IX)21,21,23


48: 21 DO 22 JzKPIX


49: 22 A(LJ)=A(LJ)-A(IpJ)*A(LI)


50: 23 A(LI)t-A(L,1)*A(I)


51: DO 27 I-1,IX


52: B(I)-Oo


53: DO 29 K-IPIX


54: 29 B(I)sB(I)+A(IK)**2*T(K)


55: MI+1


56: IF(M-IX)26,26,32


!7: Z6 D 27 j=MIX


58: A(JI)-Oo


59: DO 27 K-JIX


60: 27 A(JI)uA(JI)+A(IK)*A(JK)*T(K)


61: 32 0O 28 I=IuIX


62: 28 A(II)-B(I)


63: 00 35 J=uN 
64: DO 35 I=I,N


65: 35 A(JI)-A(IjJ)


66: 30 RETURN


67: END



ITQUAD



1: SUBROUTINE ITQUAD


2: COMMON/CK2O1/ X(4)PY(4)PNPMAXNYM


3: COMMON/CK2D2/NDMD,MMDCC(50),C(50)bTSUM


4: COMMON/CK2D3/AR(3)


5: COMMON/ZROKZD/ZERO


6: ND=N


7: DO 100 I=1,3


8: 100 AR(I)rO.O


9:C* INTEGRATE ZONE 1



10: X3MX4-X(3)-X(4)


11: XL-X3MX4



12: IF(X(Zh°GT.XL) XL=X(2)


13: XMaI.O/XL


i: IF(ABS(X3MX4*XM),LT.ZERO) GOTO 200


15: AwY(4)


16: 8-(Y(3)-Y(4))IX3MX4


17: AMl.0


1b: MD=M+1
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19: IF(ABS(B).GT.ZERO) 
 
20: MD=O


21: C(1)s1oO


22: AM=A*(M+)


23: GOTO 700


Z4:C* EXPAND THE Y BINOMIAL


25: 300 AMP2=HD+2


26: ADBoA/B


27: C(1)cB**MD


28: MI-MD+1


29: DO 150 I=2,Ml


30: AI1uI



GOTO 300



31: AIw(AMP2-AIl)/(AII-O)


32: C(I)CC(1-1)*AI*ADB


33: 150 CONTINUE


34:C* EXPAND THE X BINOMIAL


35: 700 AMP2=N+2


36: ADBmX(4)


37: CC(1)sl.0


38: IF(NoEQ*O) GLTO 450


39: NIN+l


40: DO 250 Ix2pN1


41: AI1=I


42: AI=(AMP2-AI1)/(AII-1O0)


43: (,C(I)=CC(I-1)*AI*ADB


44: 250 CONTINUE


45: 450 MMD=MD+1


46: T-X3MX4


47: CALL DSUM


48: AR(1)=SUM


49: AR(1)=AR(1)*AM


50:C* INTEGRATE ZONE 2


51: 200 IF(ABS(XC4)*XM),LT.ZEKO) GOTO 400


52: ANMoN+M+2


"53: AR(2)-(X(4)**(N+M+2))*(Y(4)/X(4))**(M+1)


54: AR(2)=AR(2)/ANM


55:C* INTEGRATE ZONE 3


56: 400 X3MX2oX(3)-X(2)


57: IF(ABS(X3MX2*XM)oLTZERO) GOTO 600


5b:C* LXPAND THE X BINOMIAL


59: AMP2=N+2


60: ADBmX(2)


61: CC(1)n1oO


62: IF(NoEQoO) GOTO 550


63: NEDN+I


64: DO 350 12,N1


65: AI10I


66: AI(AMP2-AII)/(AII-lo0)


67: CC(I)nCC(I-]}*AI*ADB


68: 350 CONTINUE


69: 550 C(I)n1.O


70: MD=M+1


71: MhDuI


72: TmX3MX2


73: CALL DSUM
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74:C* SUM 3 ZONES


75: AR(3)--SUM*(Y(3)/X3MX2)**(M+1)


76: 600 CONTINUE


77: AXNYM=O


78: DO 800 Im1,3


79: 800 AXNYM=AXNYM+AR(I)


dO: AMISM+1


d1: AXNYM=AXNYMIAM1


12: RETURN


83: END



DSUM



1: SUBROUTINE DSUM


2: COMMON/CK2D2/N,MMM,8B(50),C(50)pT,SUM


33 SUMmO. 
4: NIN+I


5:mI"m


6: IBSI


7: NE=l


a: NM=N+M+l


9: IE-NM



10: DO 100 ITERMz1,NM


ii: NE=NE+1


12: JI-NE-IB


13: IF(JI.GT.M1) IBwIB+


14: IF(IB.GT.N1) GOTO 100


15: IE-IE-1


16: 0.00


17: D 200 I'IBhl


lb: J=NE-I


19: IF(J.EQ.O) GOTG 300


20: 200 DOD+B(I)*C(J)


21: 300 AE1-IE+1


22: IEE-IE+


23; SUM-SUM+(D*T**IEE)IAEI


24: 100 CONIINUE


25: RETURN


26: END
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TGEN



1: SUBROUTINE TGEN(IBM, BMpNBMy IBBJBBNBB,NSIDESMAPQ


2: *9 TNBTNQT,XNINJ)


3: DIMENSION IBM(3,1), BM(3,1h)IBB(5,1),BB(5,1)


4: *, T(NBTNQT),X(2p,1),NI(1),NJ(1) 
5: *9 NMA(29),NMC(2,9),TT(100)XNCNA(99)


6: *" R(5)hA(9,B),IDQ(4),#MAPU(3,5)sNIJ(2)


7: *, C(150),TEMP(250) 

8:C


9: COMMON/WARP/ IWARPNALFA(4),ALFA(5,4),NGAMA(4),GAMA(5,4)



10: COMMON/CK2DoIJUMP(10)


11: COMMON/CK2D5/IQX(10),QX(10)


12,C

13: DATA ((MAPU(IJ),I1,3),J=-,5) I 3, O,-2, 1, 2, O, 6, 0-5, 
14: * 4, 5, O, 2,-i, 3 I 
15:c



16: TH-1.O


17:C


id: DO 100 1-1,NBT


19: DO 100 JmINQT


I20: 100 T(IJ)=O.O


21: DO 200 ISIDE-1,NSIDES


22: DO 160 Ii,10


23: 160 IQX(I)-O


24: II=NI(ISIDE)


25: JJ=NJ(ISIDE)


26: T1-X(III)


27: T3=X(2,11)


2d: ZLmOo0


29: 00 300 I-1,2


30: 300 ZL-ZL+(X(IJJ)-X(I,II))**2

31: ZL-SQRT(ZL)


32: CSz(X(1,JJ)-X(1,II))/ZL


33: SNO(X(2pJJ)-X(2,II))IZL


34:C


35: NODES-2


36: NIJ(1)-II


37: NIJ(2)-JJ


38:C


39: DO 500 IP-l5


40: IF(JUMP(5hoNE.O) GOTO 700


41: IF(IP.GT.2) GOTO 600


42: IF(NBM.EQ.O) GOTO 500


43: NBC=NBM


44: IF(IPoEQ.1) CALL TTGEN(TT,TICST3,SNNXNCNMC,1)


45: INCB=O


46: CALL RGEN(RYIPSNPCS)


47: CALL TCB(3,NXR TTBMIBMCNCNBM)


48: GOTO 700


49: 600 IF(NBB.EQoO) GOTO 500


50: NBCzNBB
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51: IF(IP.EQ.3) CALL TTGEN(TT,T1,CSTESNNXNCNMC,2)


52: INCB-NBM


53: CALL RGEN(RIPSNCS)


54: CALL TCB(5,NXRTTBBIBBCNCjNBB)


55: 700 CONTINUE


56t DO 800 IUUwl,3
 

57: IU=MAPU(IUUIP)


5b: IF(IUU.EQol) GOTO 900


59: IF(IWARP.EQ.9) GOTO 800


60: IF(IUU.EQ.2.AND.NALFA(ISIDE).EQ.O) GOTO 800


61: IF(IUU.EQ.3.AND.NGAMA(ISIDE)hEQ.O) GOTD 800


62: IF(IU.EQ.O) 6OTO 800


63: IF(IUoGT.O) SIGN-+1.0


64: IFCIU.LT.O) SIGNR-1.0


65: IU=IABS(IU)


66: IF(IP.LT.3.AND.NBB.EQ.0) IUx7


67: 900 IF(JUMP(6).NE.0) GOTO 150


68: CALL AGEN(AptMANANQAj1NQ1,IDQZLCSSNjIU)


69: 150 IF(JUMP(7).NE.O) GOTO 250


70: IF(IUU.EQ*1) CALL NCALNA(ZLXNCNA,NMCNMANCNAs


71: * OIALFAJSIGN) 
72: IF(IUU.EQ.2) CALL NCALNA(ZLXNCNANMCNMANCNA


73: * NALFA(ISIDE)jALFA(lISIDE)jSIGN) 
74: IF(IUU.EQ.3) CALL NCALNA(ZLXNCNANMCNMANCNA,


75: * NGAMA(ISIDE),GAMA(IISIDE) SIGN)


76: 250 IF(JUMP(8)NE.0) GOT1 800


77: CALL CXA(CXNCNAAPTTEMPPNANQANQTNCNBCNBTINCBMAPQ


78: *, IDQNOUESPNIJNQ1)


79: 800 CONTINUE


80: 500 CONTINUE


81: 200 CONTINUE


82: RETURN


83: END



TTGEN



1: SUBROUTINE TTQEN (TTT1,T2T3,T4,NXNCNMCIKIND)


2: DIMENSION TT(1PNMC(21)


3: GOTO(IOZ0),IKIND


4: 10 NX=6 
5: NC=3


6: CALL TT6X3(T1,T2pT3,T4,TT)


7: GOTO 100


8: 20 NX=10


9: NC=3



10: CALL TT1OX3(TIT2,T3,T4pTT)


11 100 CONTINUE


12: NXP"-I


13: DU 30 I=IsNC


14: NXP-NXP+1
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15: NMC(1,I)wNXP


16: 30 NMC(2I)sO


17: RETURN


lb. END



"Fr6X-3



1: SUBROUTINE TT6X3(TiT2,T3,T4,T)


2: DIMENSION T(6,3)


3: DO 150 I.i,6


4: DO 150 Ol,3


b: 150 T(IJ)=OO


6: T(II)a1.O


7: T(2,1)-T1


t: T(3u1)-T3


9: T(4,1)-TI**2


10: 	 T(5,1)aT3**2


i1: T(6,1)Tzl*T3


12: T(2, 2)nT2


13: T(3,2)aT4


14: T(4,2).2O*Tl*T2


15: T(5,2)a2.0*T3*T4


it: T(6,2)sTl*T4+T2*T3


17: T(4,3)-T2**2


ib: T(5,3)sT4**2


19: T(6,3)sTZ*T4


20: RETURN


21: END



TTIOX3



1: SUBROUTINE TT1OX3(T1,T2,T3,T4jTT)


2: DIMENSION TT(I1O3)


3: 00 200 IllO


4: 00 200 Jl,3


5: 200 TT(I,J)=O.O


6: TT(II)I*0


7: TT(3,1)T1


B: TT(3,2)xT2


9: TT(5,1)T3



10: TT(5,2)-T4


ii: TT(7,1)TI**2


12: TT(7,2)-2,*T1*T2


13: TT(7,3)sTZ**2


14: TT(8,1)T3**2
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15: TT(8,2)-2.*73*T4


16: TT(8,3)=TA**2


17: TT(9%I)-TI*T3


18: TT(9,2)-T*T+T2*T3


19: TT(9,3)nT2*T4


20: 00 300 I-1,4


21: I1-2*I


22: IF(I.EQs4) IlO.0


23: DO 300 J-13


24: 300 TT(IIPJ)-TT(II-IJ)


25: RETURN


26: END



RqEN



1: SUBROUTINE RGEN(R,1PSNCS)


2: DIMENSION R(1)


3: GOTO( 10, 20,30,40, 50),IP


4: 10 R(1)--SN**2


5: R(2)r-CS**2


6: R(3)-Z.0*SN*CS


7: GOTO 100


8: 20 R(1)-SN*CS


9: R(2)n-R(1)



lo: R(3)aCS**2-SN**2


ii: GOTO 100


12: 30 R(1)mSN*CS


13: R(2)--SN*CS


14: R(3).CS**2-SN**2


15: R(C)-O°O


16: R(5)-O*O


17: GUTO 100


Id: 40 R(1)x-SN**2


19: R(2)u-CS**2


20: R(3)s-2.*SN*CS


21: R(4)=0.0


2z: R(5)-O.O


23: GOTO 100


24: 50 DO 200 Il13


25: 200 R(I)-O.O


26: R(4)n-SN


27: R(5)-CS


28: 100 CONTINUE


29: RETURN


30: END
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TCB



I: 
 
2: 
 
3:C



4-: 
 
5: 
 
6: 
 
7: 
 
8: 
 
9: 
 

10: 
 
11: 
 

12: 
 
13: 
 
14: 
 
15: 
 

1: 
 
2: 
 
3:C


4: 
 
5: 
 
6: 
 
7: 
 
8: 
 
9: 
 

I0:C


11: 
 
12: 
 
13: 
 
14: 
 
15: 
 
16: 
 
17: 
 
18: 
 
1: 
 
20: 
 
21: 
 
22: 
 
23: 
 
Z4: 
 
25: 
 
26: 
 
27: 
 

SUBROUTINE TCB(NINJR#ZB,IBXCBNCNB)


DIMENSION R(l),Z(N.JNC),B(NINJ)IB(NLtNJ),XCB(NCNB)



DO 100 IC-INC


DO 200 Iw1,NB



200 	 XCB(IC, I)aO.O


00 300 IwINI


DO 300 J,1NJ'


IIB=IB(IJ)


IF(IIB.EQO) GUTO 300


XCB(IC, IIB)-XCB(ICPIIB)+R(1I)*Z(J, IC)*B{IPJ)



300 	 CONTINUE


100 	 CONTINUE



METURN


END



AGEN



SUBROUTINE AGEN(A, NMANANQANQ1,IDQ,ZLCSrSNIU)


DrMENSI0N A(1),NMA(2,1)prDQ(),PABc2,4,2),O(2,4)



DO 100 1-1,2


DO 100 J-1,4


D(IJ)=0.0 
DO 100 K-1*2



100 AB(I,J,K)-OO


GDTO(10,2,3040506p6Op7O),LU



10 	 NAv2


NQI2


NQBmI


IDQ(1)-1


IDQ(2)a2


AB(1,I1l)1I.O


AB(1I,2, I)N-10/ZL


AB(2,2,1)1I01ZL


D(141)CS


D(1,2)SN


GOTO 200



20 NA=4


NQI-3


NQIB=Z


IDO(1)w3


IDQ(2)-4


1DQ(3)-5
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28: ZL2-ZL*ZL


29: ZL3BZLZ*ZL


30: AB(luI)=1.0


31: AB(1,3,i)-3.0/ZL2


3Z: AB(1,4)m2O/?L3


33: AB(IP22)-1.O


34: AB(13,2)s-2.0/Z4


35: AB(l14,2)ul1O/ZL2


36: AB(2p3pl)--AB(1,3, 1)


37: AB(2,4,l)u-AB(1,4, 1)


38: AB(2#3,2)=-1.0/ZL


39: AB(2,4,2)-1.0/ZL2


40: 0(1l1)1.0


41: D(2s2)-SN


42: 0(2,3)--CS


43: GOTO 200


44: 30 NAmZ


45: NQ12


46: NQIB=I


47: IDQ(I)l


48: IDQ(2)-2


49: AB(ll)=10


50: AB(1,2,1)m-1.O/ZL


51: AB(2,2,1)1IO/ZL


52: D(I,1)-SN


53: D(1,21--CS


54: GOTO 200


55: 40 NA-2


56: NQ1S2


57: NQIB-I


58: IDQ(1)=4


59: IDQ(2)-5


60: AB(I,1,)=IO


61: AB(12,1)=-IO/ZL


62: AB(C22,1)"1.O/ZL


63: D(I,)-CS


64: D(I2)=SN


65: GOTO 200


66: 50 NA-I


67: NQI12


68: NQIBm1


69: IDQ(1)-I


70: 1DQ(2)s2


71: AB(1,1,I1)nI.O/ZL


72: AB(21l1)]-l#O/ZL


73: DIi)=SN


74: D(1,2)--CS


75: GOTO 200


76: 60 NAu3


77: NOl=3


78: NQB=2


79: IDQ(1)=3


80: IDQ(2)-4


bl: IDQ(3)=5


82: ZL2=ZL*ZL
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b3l ZL3=ZL2*ZL


d4: AB(1,2,l)=-6,0/ZL2


85: AB(l,3,l)a6,0/ZL3


86: AB(1pl,2)a1.0


87: AB(1,2,Z)=-4*0/ZL


80: AB(13,2)=3,OIZL2


89: AB(2,2,l)060/ZL2


90: AB(213pl)=-690/ZL3


91: AB(2p2,-2)-2.0/ZL


92: AB(2,3,2)=3.0ZL2


93: D(i1,)u1.O


94: D(2,2)-SN


95: D(2,3)--CS


96: GOTO 200


97: 70 NA=2


98: NQ11


99: NQlBal


100: IDQ(1)-3


101: AB(1,1,1)u1.0


102: AB(I,2,1)a-loO/ZL


103: AB(ZZul)uIoO/ZL


104: D(i1I)a1.0


105:C


106: 200 CONTINUE


107: NM=-I


108: DO 300 I3-NA


109: NM.Nr+1


110: NMA(I,I)JNM


111: 300 NMA(2,I)RO


112: NQA.2*NQI


113: CALL ATD(AAB,D,NA,NQA,NQIB,NQ1)


114: RETURN


115: END



ATD



1: SUBROUTINE AID(AAB,D,NAPNQANQIBNO1)


2: DIMENSION A(NAsNQA), AB(2,4,NQIB),OD(2,4)


3: JST=-NQI


4- DO 100 IEND1I,2


5: JSTJST+NQ1


6: DO 200 IAulNA


7: DO 200 J1,NQl


8: JJuJST+J


9: A(IAJJ)mOO



10: DO 200 K-1,NQIB


i: A(IAJJ)=A(IAJJ)+AB(IEND, IA,K)*D(K,J)


12: 200 CONTINUE


13: 100 CONTINUE


14: RETURN


15: END
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NCALNA



i SUBROUTINE NCALNA(XLSZDNMCP NMAjNCjNA,NALFAALFA,SIGN)


2: DIMENSION Z(NCNA),NMC( 2,NC ),NMA( 2,NA),ALFA(l)


3: COMMON/CK2D5/IQX(1O),QX(IO)


4: DO 100 Im1,NC


5: DO 100 JolNA


6: N=NMC(,Il)+NMA(1,J)


73 IF(NALFA*GT.O) GOTO 200 
8: N1-N+1


9: IF(IQX(NI).GT.O) GOTO 400



10: IQX(NI)s1


ii: ANI=NI


12: QX(N1)=(XL**N1)/AN1


13: 400 Z(IJ)-QX(N1)


14: GOTO 100


15: 200 Z(IJ)uOO


16: -N=N-1


17: DO 300 IAL-1INALFA 
18: N-N+l


19: NI=N+1


20: IFCIQX(N1).GT.O) GOTO 300


21: IQX(N1)al


22: ANIRNI


23: QX(N1)a(XL**N1)/AN1


24: 300 Z(I,J)-Z(I,J)+QX(N1)*ALFA(IAL)*SIGN


25: 100 CONTINUE


26: RETURN


27: END



CXA 

1: SUBROUTINE CXA[CXATTMPNANwANQTNC,NBCNBTINCB,MAPQ, IDQ 
2: *, NODESNIJNQ1) 
3: DIMENSION X(NCNA)PA(NAiNQA)jT(NBT,NQT),TMP(NBCNA) 
4: *J C(NCNBC),IDQ(NQ1),NIJCNODES),MAPQ(4,1) 
5:C 
6:C*** THIS ROUTINE COMPUTES T-CCTRANSPOSE)*X*A 
7:C*** RESULT IS ACCUMULATED. T MUST BE INITIALIZED OUTSIDE 
8:C 
9: DO 100 I-INBC 

10: DO 100 Jx1,NA 
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11: TMP(I,J)-O.O


12: DO 100 KINC


13: 100 TMP(I,J)STMP(I, J1+C(KI)*X(K,J)


14:C


i5: DO 200 Is1,NBC


16: J=O


17: IT-I+INCB


1: 00 200 ND1IvNODES


19: NODE-NIJ(ND)


20: DO 200 IQ=INQ1


21: II-=IDQ(IQ)


22: J=J+l


23: JT-MAPQ(NODEIIQ)


24: IF(JT.LE.O) GO TO 200


25: DO 300 KwINA


26: 300 T(IT,JT)=TCIT,4T)+TMP(IjK)*A(KJ)


27: 200 CONTINUE


28: RETURN


29: END



SSTM



1: 	 SUBROUTINE SSTMCHTSSTMNHDNBiNQ)


2: 	 DIMENSION HLNHDNHD),T(NHDNQ),S(1),STM(NB,NQ)


3: O0 100 IINB


4: 	 00 100 Js1,NQ


b: 	 STM(I.,j)-O.O



0:
DO 100 K=INB


7: 100 	STM(I,J).STM(IJ)+H(IK)*T(KJ)


d: 	 KO


9: 	 00 200 IsINQ 
10: 00 200 JlI 
I: KnK+1


12: S(K0O.O


13: 00 200 L1INB


14: 200 S(K)=S(K)+T(L,1)*STM(LJ)


15: RETURN


16: END
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EXPEPIMENTAL ELEMENT CAPAPILITY 

TfLE OF CONTENTE



SECTION CCNTENTS



1.0 TERMINDLOGY



2.0 USEP WRITTEN SUPPOUTINES



3.0 RFDGPAM EXECUTION
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EXPE 1.0 - TEPMIMDLOGY: 

FoR EACH ELEMENT; AN "ELEMENT REFERENCE FRAME" IS DEFINED



USING THE SAME CONVENTION AS FOR STANDARD SPRP ELEMENT


TYPEs E319 E419 S41 S61i AND S81; THAT ISO THE X AXIS IS



DIRECTED FROM NODE I THROUGH NODE 29 AND NODE 3 LIES IN THE



FIRST FUADPNT OF THE X-Y PLANE.



THE FOLLOWING SYMBOLS WILL BE USED IN EYPLRINING HOW TO EMPLOY



THE EXPERIMENTAL ELEMENT CAPABILITY:



NAME DIMENSION 	 DEFINITION



TYPE 	 A 4-CHARACTER RLPHANIJMEPIC WORD ASSIGNED 
BY THE USER TO IDENTIFY A PARTICULAR ELEMENT 

FORMULATION ANALOGOUS TO THE STANDARD 
ELEMENT TYPE CODES (E21, E439 S819 ETC.). 

A MODEL MAY CONSIST OF ANY OF THE STANDARD 
ELEMENT TYPES, PLUS ONE OP MOPE TYPES OF 

EPERIMENTAL ELEMENTS. THERE IS NO SPECIFIC 

LIMIT ON THE NUMPEP OF TYPES OF EXPERIMENTAL 

ELEMENTS. 

MAJOR 	 ELEMENTS APE CLASSIFIED AS:



MAJOR = I FOP LINE ELEMENTS, E.G. E21- E22.


MRJOP = 2 FOP 21 ELEMENTS' E.G. E31' E43.


MAJOR M 3 FOP 3D ELEMENTF E.G. £81, F41.



MINOR 	 AN INTEGER RSIGNED BY THE USER TO IDENTIFY



A SPECIFIC ELEMENT TYPE. A UNICUE "MINOp"


IS DEFINED FOP EACH "TYPE."



N 	 THE NUMPER OF NODES PEP ELEMENTHMINIMUM = 3. 

MAVIMUM = 32). ExPERIMENTAL PEAM ELEMENTS 
SHOULD BE MODELLED A? 3-NODE ELEMENTS' USING 

THIRD -POINT TO ESTABLISH THE CROSS-SECTION



ORIENTATION.



M 	 NCN + 1)4"2. SEE K. CM' KG PELOw. 

NDF 	 NUMBER OF DEGREES OF FREEDOH PER NODE, EITHER 
3 r 3 DISPLACEMENTS) ' O 6 3 DISPLACEMENTS 

AND 3 ROTATIONS).



NNDF 	 THE TOTAL NUMBER OF DEGREES OF FREEDOM PEP 

ELEMENTi N TIMES NDF. SEE U AND F PELOW. 

(3,N) 	 RELATIVE TO THE ELEMENT REFERENCE FRAME, THE



DIRECTION I POSITION COORDINATE OF ELEMENT



NODE S ISE XC1J).
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X 



TEPMNDLDGY CONTINUED:



NAME DIMENSIOj 	 DEFINITION



U (NNDP> 	 ELEMENT NODAL MOTION VECTOR. WHERE MIJ AND



PIJ ARE DIRECTION I DISPLACEMENT AND ROTATION
 


COMPONENTS (RELATIVE TO THE ELEMENT REFERENCE



PRAME) OF ELEMENT NODE J9 THE ORDER OF TERMS



IN U IS AS PMLLOWNS IF NDF=6:



DI r21 D31 Rll P21 R31 D12 D22 m32 P12 - -

IF NPF = 39 THE ORDER IS THE SAME9 EXCEPT


THE ROTATION TERMS 	 ARE NOT PRESENT.



NONE OF THE USER-WRITTEN SUPROUTINES ACCESS


EITHER U OR Fy DEFINED BELOW. U AND F APRE 
DEFINED HERE ONLY FOR USE IN DEFINING OTHER 

ARRAYS WHICH MUST ME GENERATED IN USER-

WRITTEN ROUTINES. 

F (NNDF> 	 ELEMENT NODAL FORCE VECTOR, CORRESPONDING



To U.



P (NP) 	 ELEMENT PROPERTY ARRAY. THE CONTENT OF P



N4PpoP 	 IS ESTABLISHED MY THE USER. TYPICAL ITEMS



ARE MATERIAL AND SECTION PROPERTIES' OPTION 

CDNTROLLERS' ETC. BEFORE EXECUTING ELD, 
THE USER MUST CRERTEY VIA AUS/TABLE. A TABLE 
NAMED XXXX ETAB 2 N4PRDP WHERE N4PRDP 
IS ANY INTEGER GREATER THAN 100. EACH LINE 

IN THIS TABLE IS A P ARRAY, APPLICABLE TO 

ONE OR MORE INDIVIDURL ELEMENTS9 R ESTAB-
LISHED VIA THE NZECT POINTER IN ELI. 

S (NS) 	 THE ELEMENT -STRESS" STATE VEcTR. THE 
CONTENT OF S IS ESTAELISHED 7Y THE USER. 
TYPICAL TERMS IN S -RE STRESS FIELD COEFFI-
CIENTS, ST RAINS, STRESS RESULTANTS. ETC. 

SEE THE DEFINITION 	 OF 9- P9 AND D MELDW.



C' (N) 	 THE ELEMENT "THERMAL" LOAD VECTOR. THE 

CONTENT OF 0 IS ESTSLISHED BY THE USER. 

TYPICAL COMPONENTS OF 0 PRE COEFFICIENTS 

OF TEMPERATURE OR DISLOCATION FUNCTIONS, 
TEMPERATURE GRADIENTS9 ETC.9 DEFINED IN ANY 
MANNER THE USER FINDS CONVENIENT. SEE THE



DEFINITION OF THE C AND D MATRICES BELOW. 
THE 0 VECTORS FOR INDIVIDUAL ELEMENTS ARE 
CONSTRUCTED VIA AUS/ELDATA. THE NODAL 
TEMPERATURE AND NODAL PRESSURE ARRAYS 9IF 
PRESENT- DO NOT APPLY TO EXPERIMENTAL 

ELEMENTS. 
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C 

TEPMINOLOGY9 CONTINUED€



NAME DIMENSION 	 DEFINITION



Y (N) 	 ELEMENT NODAL WEIGHT DISTFIpUTION. THE WEIGHT


OF AN ELEMENT = Y(I) + Y(2) + - - - Y(N). 
PROCESSOR E USES Y IN CONSTRUCTING THE SYSTEM 
DIAGONAL MASS MATRIXP DEM. 

r (NDFNDF M) 	 THE ELEMENT STIFFNESS HATRIX, ARRAYED AS H 
SUPMATRICEEP EACH DIMENSIONED NDF PY NDF: 

K(-,-,1) 	 K(-i-,2> K(-9-,4> - - 

K&--,3) V -'-,5) - - =K	 K--,6) - - -

SYMMETRIC 	 K (--,M) 

<NNDFPN) 	 THERMAL FORCE INFLUENCE MATRIX. TOTAL


ELEMENT NODAL FORCES ARE:



F = K U + C 0 

P CNS9NNDF) 	 MECHANICAL STRESS RECOVERY MATRIX. 

D (NS9NV) 	 THERMAL STRESS RECOVERY MATRix. THE TOTAL 
STRES AS COMPUTED iy GSF5 iE: 

S=PU + DO 

CM (NDF9NDF.M) 	 ELEMENT CONEISTENT MASS MATPIXq ARRAYED THE 
SAME AS K. 

KG <DFNDFM) 	 FLEMENT INITIAL-STRESS STIFFNESS MATRIY 
ARRAYED THE SAME AS K. 
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EXPE 2.0 - USEP WRITTEN SUEPDUTINES:



To IMPLEMENT EYPERIMFNTAL ELEMENTS9 THE USER MUST CODE THE


FOLLOWING ROUTINES AND INCORPORATE THEM INTO THE INDICATED


PROCESSORS REPLACING EMPTY ROUTINES HAVING THE SAME NAMES


IN THE STANDARD VERSION OF SPARP. IT IS PERMISSIBLE TO OMIT


DMEXPE, CMEXPE, AND KGEXPE.



ROUTINE


PROCESSOR NAME ARGUMENT LIST



INPUTS: OUTPUTS:



E DMEXPE( MAJORPMINORQNNDFRPX, Y)


EKS KEXPE( MAJORMINORN.NDFoP%, V P,Cf)


m CMEXPE( MAJOPMINOPRNNlFPX CM)

KG KGEXPE( MAJOPMINORNNDFPXqS KG)



THE PRIMARY LIMITATION ON THE EXPERIMENTAL ELEMENT CAPAPILITY


IS THE TOTAL LENGTH OF AN ELEMENT INFORMATION PACKET IN THE


E- TATE, WHICH IS 
 INITIATED IN PROCESSOR E. THE COMPONENT



PARTS ARE:



PART LENGTH



1 12 + N 
2 0 
3 9 + 12N 
4 (P) NP 
5 (K) M X NDF X NDF 

6 (R) NS X NNDF 
7 (S) NE 
8 (C) NNDF X NV 
9 (D) NS X NV 

THE RELATED LIMITATIONS ARE:



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


EXCEED 1000.



- ALL PROCESSORS ACCESSING THE E-STRTE (E.G.. V, M, KG, EONF,


5SF) REPUIRE SUFFICIENT CENTRAL MEMORY TO LOAD AT LEAST


ONE COMPLETE ELEMENT INFORMATION PACKET., IN ADDITION TO


THE OTHER C.M. REPUIREMFNTSp AS DEFINED IN THE SPARP


REFERENCE MANUAL.



- IN E- THE ENTIRE XX<X BTA 2 N4PROP ARRAY MUST PE IN



CENTRAL MEMORY.



ALTHOUGH THE EXPERIMENTAL ELEMENT CAPABILITY HAS BEEN STRUCTURED


SUCH THAT THERE ARE FEW SIZE RESTRICTIONSY USERS SHOULD PE


AWARE THAT EXTREMELY LARGE ELEMENT INFORMATION PACKETS WILL


GENERALLY RESULT IN RELATIVELY HIGH I'D COSTS.
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EXPE 3.0 - PPOGPAM EXECUTION:



EXECUTIONS PPDCEED THE SAME AS IN A STRNDAPP RNALYSISY EXCEPT


THAT BEFORE EXECUTING ELD, THE USER MUST EXECUTE AUS/TRELE TO



CONSTPUCT, FOR EACH TYPE OF EXPERIMENTAL ELEMENT A TARLE



NAMED XXXX PTAP 2 N4PpOP. THE IDENTIFYING INTEGER? N4PpOPJ


MAY BE ANY NUMBER GPEATER THAN 100. EACH LINE IN THIS TABLE 

IS A P ARPPAY AS PREVIOUSLY DEFINED) CONTAINING THE MATERIAL 
AMD SECTION CONSTANTS APPLICABLE TO ONE OP MOPE ELEMENTS. 

IT IS ALSO MANDATORY THAT A MATEPIAL CONSTANT DATA SET BE


GENERATED IN TRPE EVEN THOUGH THE EXPEPHENTAL ELEMENTS DO



NOT REFERENCE MATC. THIS IS PEPUIPED BECAUSE PROCESSOp E


AUTOMATICALLY LORDS PATC, AND PETRINS IT IN CENTRAL MEMORY



THROUGHOUT EXECUTION.



EYPERIHENTAL ELEMENTS APE DEFINED IN EL RE ILLUSTRATED BELOW. 
WITHIN THE SAME ELD EXECUTION' OTHER ELEMENT TYPES EITHER 

STANDARPD OR EXPEFIMENTALi MAY ALSO TE DEFINED.



@YOT ELD



S DEFINE ALL ELEMENTS OF A GIVEN TYPE:



EXPE TYPEP MAJof MINORS N NDFY NS No. N4PpOPS 

t4SECT=v $ LINE V OF XXXX BTAB 2 N4PROP IS "P" FOR 
ELEMENTS DEFINED SUPSEUENTLY. 

JI J2 - - JN$ FIRST ELEMENT CONNECTS JOINTS JI J2 - -JN. 

J1 J2 - - JN* SECOND ELEMENT 

I4SECT=s S LINE J OF XXXX PTAP 2 N4PROP IS "P" FOR 

SELEMENTS DEFINED SUPSEVUENTLY. 

si j2 - - JN$


.ul JR2 - - JN$ 

NSECT Is THE ONLY TABLE POINTER COMMAND APPLICABLE TO EXPERIMENTRL 

ELEMENTS. THE MOD. INC AND GPOUP COMMANDS FUNCTION THE SPHE AS 
FOP THE STANDPRD ELEMENTS. THE STANDARD MEFH GENERATION FACIL-

ITIES MAY BE USED FOR EXPERIMENTAL ELEMENTS HAI/ING THE SAME 

NODAL ARRANGEMENT AS STANDARD ELEMENTS. 

IF THERMAL LOADING IS PPESENT$ AN ELDATA-FOPHAT DATA SET NAMED 
TEMP TYPE ISET ICASE MUST BE CREATED VIA AUJ/ELDATA BEFORE 

EONF IS EXECUTED: 

@XOT AUS


ELDRTA: TEMP TYPE ISET ICASE


6=1


E=I V1V2 - - PNP$ OCNt ITEMS) FOP ELEMENT 19 GROUP 1.


E=2: V1 V2 - - FNrI Q(NV ITEMS) FOP ELEMENT 2, GROUP 1.
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THE FUNCTIONS PEPFOPMED PY SPAP PPOCESSORS IN SUPPOPT OF



EYPERIMENTAL ELEMENTS APE SUMMAPIZED BELOW. HONE OF THE OTHER



SPAP PROCESSOPS (E.G. THE PLOT PPOGPAMS PECOGNIZE EXPEPIMENTAL


ELEMENTS. 

PROCESSOP FUNCTION 

ELD PROCESSES ELEMENT DEFINITIMNS9 AND CPEATES DEF, GD, 
GTIT. AND DIP DATA SETS. 

TOPO ACCOUNTS FOP PPESENCE OF EYPEPIMENTAL ELEMENTS IN 

CONSTPUCTING THE TOPOLOGICAL APPAY!, KMIAP AMAP. 
ENABLING SYSTEM MATRIX ASSEMBLY AND FACTORING TO 

BE PERFORMED. 

E CREATES THE F-STATE DATA SETS FOR EXPEPIMENTAL 
ELEMENTSY IN SKELETAL FORM. ADDS CONTRIBUTION 

OF EXPERIMENTAL ELEMENT WEIGHTS TO DEM. 

EKS INSERTS THE K, P' C, AND D ARPRYS INTO THE E-STATE. 

K INCLUDES EXPERIMENTAL ELEMENT K's IN SYSTEM K. 

M INCLUDES EXPERIMENTAL ELEMENT CM'S IN SYSTEM CEN. 

KG INCLUDES EYPEPIMENTAL ELEMENT KG'S IN SYSTEM KG. 

ALI- PERMITS LOADING OF TEMP TYPE DATA SETS l'IA ELDATA. 

EQIF ADDS CONTRIBUTION OF EXPERIMENTAL ELEMENT FIXED-
JOINT FORCES TO EVUIVALENT NODAL FORCE RPRPAYS. 

CK-F COMPUTES S FOR EACH ELEMENT. INCLUDING THERMRL 
EFFECTS, IF PPESENT. S IS EMFEDDED IN THE E-STRTE 

FOR USE rY VG. IF PEVUESTED ISr THE EMBED RESET 
CONTROL. S 1S NOT PRINTED BY GSF UNLESS OHLINE=2. 
STPS TYPE DATA SET APE NOT PRODUCED BY GSF FOP 
EYPERIMENTAL ELEMENTS. P'F DOES NOT RECOGNIZE 

EVpEPIMENTAL ELEMENTS. 
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THE FUNCTIONS PERFOPHED PY SPAP PPOCESSORS IN SUPPORT OF 
EYPEPIMENTAL ELEMENTS SPE SUMMAPIZED BELOW. HONE OF THE OTHER



SPAP PROCESSORS (E.G. THE PLOT PFOGPAM) RECOGNIZE EXPERIMENTAL



ELEMENTS. 

PROCESSOR FUNCTION 

ELI PROCESSES ELEMENT DEFINITIONS, AND CPEATES DEF, GD, 
GTITo AND DIP DATA SETS. 

TOPD ACCOUNTS FOR PRESENCE OF EXPERIMENTAL ELEMENTS IN 

CONSTRUCTING THE TOPOLOGICAL APPYEP rMAP, AMAP0 
ENAPLING SYSTEM MATRIX ASSEMPLY AND FACTORING TO 

PE PERFORMED. 

E CREATES THE F-STATE DATA SETS FOP EYPERIMENTAL 

ELEMENTS IN SKELETAL FORM. ADDS CONTRIPUTION 
OF EXPERIMENTAL ELEMENT WEIGHTS TO DEM. 

ES INSERTS THE V' P. C' RND D ARRAYS INTO THE E-STRTE. 

K INCLUDES EXPERIMENTAL ELEMENT V'F IN SYSTEM K. 

M INCLUDES EXPERIMENTAL ELEMENT CM'S IN SYSTEM CEM. 

KG INCLUDES EYPERIMENTRL ELEMENT VG'S IN SYSTEM KG. 

RUS PERMITS LOADING OF TEMP TYPE DATA SETS IA ELDATA. 

E0NF ADDS CONTRIBUTION OF EXPERIMENTAL ELEMENT FIXED-

JOINT FORCES TO EPUI'ALENT NODRL FORCE ARRAYS. 

6SF COMPUTES S FOP EACH ELEMENT- INCLUDING THERMAL 

EFPECTSp IF PRESENT. S IS EMBEDDED IN THE E-STATE. 

FOR USE BY VG' IF PEEUESTED "IA THE EMBED RESET 
CONTROL. S IF NOT PRINTED my GSF UNLESS OHLIME=. 
STPS TYPE DATA SET APE NOT PODLUCED PY GSF FR 

EXPERIMENTAL ELEMENTS. PSF DOES NOT RECOGNIZE 
EVPEPIMENTSL ELEMENTS. 

EXPE 3.0-2




