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1. SUMMARY

The element presented here is a two-dimensional planar triangle
or quadrilateral which may be arbitrarily orientated in three-dimensional
space. In its own plane the element may represent:

1) Plane Stress: - i.e., the stress normal to the plane of the
element is negligible

2) Plane Strains: - 1i.e., the strain normal to the plane of the
element if zero

3) Axisymmetric idealizations

The element is described by 4 to 9 nodes as shown in Figure 1. A
triangular element may be specified by defining two of the corner nodes
of the element to be coincidental. This is treated as a degenerate quadri-
lateral and requires no special formulation.

Temperature dependent, isotropic or orthotropic material properties
may be specified.

The following inplane element loads are possible

1) Temperature: with specification of nodal point temperatures
2) Pressure: with specification of nodal point pressures

3) Gravity: out of plane gravity also generated

4) Centrifugal: axisymmetric idealization only

Stresses may be requested at up to six points in the plane of the
element.



2. FORMULATION

2.1 Local Coordinates

A system of Tocal coordinates (x, y) is uniquely defined for each
element by the location of its corner nodes (1, 3, 7, 9). The program
during input checks to ensure the element is planar before initiating
formulation. The relationship between local (x, y) and global (x, v, 7)
coordinate systems is shown in Figure 1.

2.2 Element Material Properties

Orthotropic temperature dependent material properties are possible.
The principal axis for the orthotropic materials (n, s) are related to the
local element coordinate system (s, y) by the angle (B8) as shown in
Figure 2.

2.3 Displacement Functions

A two-dimensional isoparametric formulation is used for this element.
For the general quadrilateral element shown in Figure 3, the Tocal coordinate
system (x, y) is transformed onto the natural coordinate system (r, s).
The coordinates of any point are then given by:

>
i
Ht~3

hy(r,s)x; (1a)

i=1

y h;(r,s)x; (1b)

#
™=
woncd

1

where n is the number of nodes used to define the element; Xis ¥y the local
coordinates of node "i" and hi the nodal interpolation functions as follows:

Define R = T+r
S = 1+s
R = 1-r (2)
g‘ = 1 -5
R¥* = 1 - r2
S* = ] - 52
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FIGURE | LOCAL(x,y) AND GLOBAL(X,Y,Z) COORDINATE
SYSTEM FOR QUADRILATERAL

FIGURE 2 ELEMENT (x,y) AND MATERIAL(n,s)
COORDINATES



FIGURE 3 NATURAL COORDINATE SYSTEM
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** the interpolations functions must be established in the order given.

The above functions have been written for all 9 nodes.

If any one

node from 5 to 9 is omitted, the corresponding interpolation function is
deleted and the interpolation functions h1 - h8 are modified accordingly.

These interpolation functions are also used to express the assumed displace-

ment field for the element.

u H .
v . H

2.4 Constitutive Relationship

e

j=

Hooke's law in two dimensions is given by:
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or !

e = D1 + ¢ (6)

-0

For orthotropic material properties this relationship may be transformed
from the material coordinate system (n, t) to the local system (x, y) using:

n{ . cosR - sinBfdx (7)
t sing cosB{y

elx,y) = Q_T e(n,t) a (8)

|

then

The constitutive relationship given by Eq. 8 may be further modified to
represent the conditions of plane strain and plain stress by specifying:

0,, = 0 - plane stress (9)

€,, = 0 - plain strain
The stress-strain relationship is obtained by inverting Eq. 6.

c=p"

(10)

2.5 Strain-Displacement Relationship

The local strains are computed from the assumed displacements using:

€yx 0 /ox 0 .
=l o s/ X (11)
€yy Y "
/3 /ax Y
Ezy a/3y p

and using the relationship given in Eq. 4

-6 -



H,x 0 "
e = H.y %;"t (12)
H,y H,x e
B

Since the functions H are given in terms of the natural coordinates (r, s)
a series of intermediate calculations are performed to establish B using
the chain rule (inverted):

Kl as 3t (B
X oX ax 2s
= (13)
2l fas ot )
oy 3y ay 3t
where
3s ot dy -3y
ox x| _ 1 | 3t B (14)
FE TS L
oy 3y ot 39S

and |J]| is the determinant of the Jacobian matrix

9] 3s ot 3t 3s (15)

This term [J| represents the conversion for the volume differential between
the local and natural coordinate space, i.e.

dv. = tdA = tdxdy = t|J|drds (16)

and is useful in detecting modelling errors as it must always be positive.
Non-positive |[J| can be caused by:

1) node sequence errors during input
2) the angle between adjacent sides of element being greater than 180°
3) element having zero area.

2.6 Stiffness Matrix

The stiffness matrix is given by

C B dv (17)



where B is the strain-displacement relationship and C the stress-strain
matrix.

This is evaluated using numerical integration in the natural coordinate
system (r, s) at the Gauss points as shown in Figure 4.

(11
K = j f B' ¢ B U] tdrds (18)
1) -1

where t is the element thickness and

:
Wy W 191 E BT (ry s ) CB (rys s) (19)

K = I . W
j J k

)X
i k
in which rj, S, are the coordinates of the integration points and wj, W, are
the appropriate weighting functions.

2.7 Mass Matrix

Both Tumped and consistant mass matrices are possible. The consistent
mass matrix is given by:

M:. =

T
ij W2°Wk !JI t H.‘ (rﬂ,’ Sk) HJ(rQa Sk) P (20}

=M 3
M3

where p is the density of the material.

The Tumped mass matrix is formed by scaling the diagonal of the
consistent mass matrix such that the sum is equivalent to the total element
mass.

n
T
LWy W [J] t Hy (rl, sk) H, (rg, Sk)p * FAC (21)

=
L]
= ™M 3

ii

where
FAC = p MASS

where MASS 1is the total element mass.

2.8 Element Loads

Thermal, pressure and gravity loadings are possible at the element
level. Thermal and pressure loadings are inplane actions derived from
specified nodal point values of temperature and pressure respectively.

-8 -



2% 2 INTEGRATION POINTS

3 % 3 INTEGRATION POINTS

FIGURE 4 INTEGRATION POINTS FOR QUADRILATERAL



Gravity loadings are assigned to the global degress of freedom at each
node based on tributary areas. It should be noted that gravity loadings
normal to the plane at the element must be resisted by additional elements

having stiffness in this direction.

1)

2)

Temperature loading:
The distribution of temperature within the element is given
by

]
T = I H, T, (20)
i

where Ti is the temperature of node "i".

The initial stresses due to this temperature are given by

o= Ca@-Tp)] (21)

and the nodal loads due to these initial stresses.

TR- -

R (22)

T
Wo W t |J] _B_j (r

= ™ 3
M3

g SK) T

Pressure loadings:

Pressure loadings are treated as body forces for the calculation
of element loads. The pressure distribution in the element is
given by

P = P,x (23)

where PZ is the pressure in the x direction. Using the same
approximation as made for the displacements:

n
Px = ? Hi,x Pi (24)

where Pi is the pressure at node "i". The element loads are
therefore given by

=
[}
> M3
M3

ix Wo W 9]t Hy (rg, Si) Hi,x (ry Si) P, (25)

-10 -



3) Gravity loading:
Identically to above the gravity forces may be calculated by
substituting for Px the weight of the element per unit volume (WG)
G

Riz -

= M3
™3

Wy W 191 tHy (rg, s,.) WG (26)

2.9 Stress Calculations

Stresses may be calculated at up to six arbitary points in the element.
These points are located by specifying natural coordinate pairs. All
stress output is in terms of the local coordinate system as follows:

Txx
2
Oy (27)
TX)’
Stresses are computed by
n T i
LI § Bj (ri, Si) Q_uj o, (28)

where uj is the displacements at node "j" and T; are the initial stresses
at output point "i".

- 11 -



3. FORMULATION (AXISYMMETRIC)

3.1 Stiffness Modifications

The axisymmetric problem is formulated in a similar manner.
above description holds if the following modifications are considered:

1) the strain displacement relationship becomes

€xx H,x 0 .
H, -
eyy ) 0 y z
ny H,y Hyx u
€, H,x/R 0 4

where R is the radius along the x axis.

2) the volume intergral is amended whre appropriate from

dv t lJl drds
to

dv

i

2n |J] R drds

The

(29)

(30)

These modifications along with the appropriate change in the consti-
tutive relationship allow the axisymmetric idealization to be included in

this element.

An additional element load case is possible for the axisymmetric

problem.

3.2 Additional Load Case:

1) Centrifugal loading:

This is formulated as a gravity loading where the weight of the

element is assigned the value

p WZ R

Wi

(31)

where p is the density, w the angular velocity and R the radius.

- 12 -



4. ELEMENT CHARACTERISTICS

4.1 Accuracy

Several papers exist on the relative accuracy of different order
isoparametric quadrilateral elements under a variety of strain states (1, 2)
The majority of these papers have limited their comparisons too:

1) Eight node quadrilateral; 2 x 2and 3 x 3 integration

2) Two and four element linear strain triangles
In addition to straight 1ine boundary models, the four node quadrilateral
with non-conforming modes (3) is also compared. For convenience and genera-
lity the eight node isoparametric element is commonly used, though somewhat
less efficient than the elements assembled from linear stress triangles
(for 3 x 3 integration).

Papers by Stricklin, et al andThomas (5) have shown that geometric
distortion may substantially effect the accuracy of these elements. For
the isoparametric element formulation the effects are a direct results of
mapping the displacement functions by the same transformation functions
as are used to map the geometry of the element. The assumed displacement
polynomials are no longer simple after mapping into the new coordinate
system and hence may not accurately represent the imposed strain fields.

Stricklin showed that the eight node element for the distorted model
shown in Figure 9 gives completely erroneous displacements.

The addition of the ninth node to the center of this (eight node)
element corrected this failure. The results for the Stricklin test plus

the new 9 node are given in Figure 8.

- 13 -



4.2 Efficiency

The coding for the element formulation attempted to minimize storage
and repeated operations. Where possible repeated expressions were coded
explicitly and use made of symmetry. The comparison of formulation times
for the eight and nine node element with 3 x 3 integration showed negli-
gible cost increase.

A significant portion of the overall cost for the element is devoted
to the stress-displacement matrix formulation. As such the number of out-
put points should be carefully selected for economy.

Timing comparisons for the four node derived from this general three
to nine node formulation and the simple four node quadrilateral showed little
cost variation.

The use of the higher 3 x 3 compared to the 2 x 2 integration order

increased the overall formulation times by 40-50%.

4.3 Stability

The zero energy mode shapes for the eight node element are shown in
Figure 5. 1In general for the planar element the number of zero energy
modes is a function of the number of nodes and the order of intergration.
Addition of the center node to the eight node element (2 x 2 intergration)
adds two degress of freedom and two additional zero energy nodes. Fortunately,
however, increasing the order of intergration to 3 x 3 removes these addi-
tional modes. This form of the element is therefore very dependent on the
nature of the boundary conditions, and therefore in general the use of the
2 x 2 intergration order on the nine node element is not advised due to the

increased possibility of generating a non-singular system.

- 14 -
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5. MODELLING

5.1 Orientation

In its own plane the element equations are expressed in terms of
two components of displacement per node. In final form however these are
transformed to three global translations per node and may therefore introduce
singularities during equation solving due to linear dependency of the global
equations. To avoid this problem the following notes should be kept in

mind during modelling:

a) The planar element (non-axisymmetric idealization) has no stiffness
normal to its local plane. Therefore unless other elements con-
tribute to these normal degrees of freedom the equations should
be elemimated from the analysis during specification at the
boundary conditions.

b) The planar elements do not contribute stiffness to the rotational

degrees of freedom at each node to which they are attached.

5.2 Order of Integration

Care should be exercised in the selection of the order of intergration
especially for the eight and nine node element. Both 2 x 2 and 3 x 3 inte-
gration may be used for the eight node. However it is recommended that only

3 x 3 be used for the nine node for reasons discussed in the previous section.

5.3 Consistent Nodal Loads

Work equivalent nodel 1loads for a given displacement expansion are
equivalent to the actual distributed load. For load intensities of quadratic
variation or less on any face (see Figure 6) the work equaivalent loads R

are given by:

- 16 -
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_ o d 1

Ry = 15 (2P - gPy * P)
_d

Re = 75 (Py - P3 + 8P))
_od

Ry = 35 (- gk * 2P5 #Py)

where R1, RZ’ R3 are the nodal Toads at node 1, node 2 (midside) and node 3
respectively and P], P2= P3 are the corresponding loading intensities at

these points.

5.4 Zero Radius

For axisymmetric examples where the internal radius is zero, the
stress-displacement matrix becomes undefined for radial stresses. To avoid
‘this problem stresses should not be requested at zero radius. The radial

stress at this may be approximated by the hoop stress.

5.5 Pressure Loads

The formulation used in determing pressure loads produces loads
parallel to bothplanar axis. Hence for linearly varying pressure loads applied

across a face a net force may result in the orthogonal axis (see Figure 7).

- 18 -
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6. CONCLUSIONS

This element offers a flexible, efficient and reliable means of
analyzing planar and axisymmetric structures. The isoparametric formulation
allows convenient model1ing of curved boundaries. The extension of the
standard eight node isoparametric element to allow a midpoint node has

increased the elements reliability under geometric distortion.

- 20 -
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ELEMENT STRICKLIN ET. AL HOLLINGS /WILSON
2 ELEMENT LST 0.0300!I —_—
4 ELEMENT LST 0.03087 ———
8 NODE (2x2) — 0.0434|
8 NODE (3x3) 0.03054 0.03054
S NODE (2x2) E— 0.04342
9 NODE (3x3) I 0.03102

BEAM THEORY 0.040

E=1.Ox107
V=03
100,10
-
: ] o
&>
100,0

FIGURE 8 COMPARISON OF TIP DEFLECTIONS FOR
CANTILEVER BEAM

A2




STRICKLIN ET.AL

HOLLINGS/WILSON

8 NODE 33%3 0.00644 0.00644
8NODE 2#%2 —— 0.01449
9 NODE 3 %3 — 003165
9 NODE 23%2 — 0.04434

BEAM THEORY 0.040

E=1.0x107
v=0.3

e

FIGURE 9 COMPARISON OF TIP DEFLECTIONS FOR A
CANTILEVER BEAM USING 8 AND S NODE

ELEMENTS

A3
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LATERAL DISPLACEMENTS wu

i THEORY | 04CST Qo5 o4 06 3-9Q
0 100.00 | 39.97 | 98.56 | 46.47 | 100.01 | °29.7s
3 48.88 | 26.04 |47.87 | 29.17 | 48.8 | 49.20
6 14.31 | 14.98 | 13.49 | 15.69 | 14.19 | 14ss
9 -6.57 | 6.56 | -7.29 569 | -6.54 | ©.49
12 -17.16 | 0.47 |-17.77 | -1.31 | <175 | ~17.20
15 -20.68 | -3.65 |-21.17 | -5.82 | -20.70 |-20.90
18 -19.85 | -6.16 |-20.2 -8.35 | -19.88 |-sp.o7
21 -16.75 | -7.40 [-16.97 | -9.39 | -16.83 |[-~i1c®8
24 -12.82 | -7.68 |-12.92 | -9.33 | -12.85 |-z o8
27 -8.95 | -7.27 | -8.98 | -8.55 | -9.00 |- o1
30 -5.63 | -6.40 | -5.65 | -7.32 | -5.72 |-s76

33 3.06 | -5.27 | -3.12 | -5.87 | -3.23 |-=.24

HOOP STRESSES

z THEORY | o4cST | oms o 6 | 3-2q
1.5 a8a6 | 2210 | 4903 2536 | 4837 | 4245
4.5 1991 | 1369 | 2050 1507 | 1986 | 2024
1.5 159 716 201 718 154 =

10.5 -868 230 | -85 147 | -873  |-ess

13.5 | -1316 | <120 |-1311 238 [-1320 |-ima7
16.5 | -1386 | -338 |-1392 475 [-1390  |-1203
19.5 | -1240 | -450 |-1250 595 |-1243 | -12e
22.5 -9%4 | -510 |-1006 627 | 99 |- weoa
25.5 727 | 505 | 738 | -509 | -720 |- -39
28.5 483 | -462 | -493 532 | -487 |- ao2
3.5 285 | -395 | -297 442 | 293 |- zes
34.5 2138 | -315 | 185 -344 153 |- 1o

FIGURE 1 RESULTS OF CYLINDRICAL SHELL ANALYSIS

A5



APPENDIX B

SELECTED LISTING OF ELEMENTS
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ELST
ELST
ELST
ELST
ELST
EL ST
ELST
ELST
ELST
ELSY
ELSY
ELST
EL ST
ELST
ELSTY
ELSY
EL.ST
EL ST
CELST
EL 57
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELSTY
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELSY
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELSYT
ELST
ELST
ELST
ELST
ELST

O BN D AN =

B b pas BA g s pe
[- RV R B P VEE o

17
i8
i9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
3a
35
36
37
38
39
40
41
42
&3
44
45
46
47
48
49
50
51
52
£3
54
S5
56
57
58
59
(=X

SURROUTINE ELSTF(S,RSI,¥G,INR, INS,NTYRE)

c..w.-QDOOCQCQ’Q'-.'OQ!.QOO'O.C..Q‘C.'.O‘.0.0Q.‘.0..‘-.0.0..‘..‘t‘0‘...-

C °
C FORMS ELEMENT STIFFNESS IMN LOCAL COCRDINATE SYSTEM »
C-.o.-o.oco--ooo---.a.voo.'ococoo.--coo-c-ocac--.-.'oo-.oao-ao--ncco..a.
<

DIMENSION S(27,27),RSI(3,3),%WG(3,3)
COMHUB/TEMF/NTMD.REFT,ETMP,MA,BETA,THK,DJ,NN'DEN,VGHT,

® NODE(9);H(3'9)yXY(299),7P(9),C(h,é).ALP(4),EMUL(Q,é),
@ ‘TL(ZT),PL(ET),GL(Q).QL(g),NNODE(?);PR(g)yTAU(Oly
® AALR) BEB(4),CC(4a),5S( 27,273

C

Crmm == ST IFFRESS MATRIT X o ot o o o st s e o 1 e e 1 7 0 . e e
NDF2®NHN

DO 25 J=l418
DO 2% I=1,18
2% S{Isd)=0.
DO 500 IR=1,INR
CO 500 IS5=1,INS
CALL FORMH(RSI(!P.INR),RSI(IS.INS))
FAC=THK
IF{NTYPELNE.OS GO FO 100
FAC=0 .
DO B30 I=1,NN
SO FAC=FACH+H(1,1)*XyY (1,1}
100 WGT=WG{ IR, INR)YZWG( IS, INS)XDJEFE AL
D0 400 I=1,4NN
12=2%1
[1=12~1
DO 390 J=1,!
Ja2=2%J4
Ji=Jg2-4
HXHX=H{ 2,1 PEH{ 2, J) %uGT
HYHY=H{3, I} %*H{3,J)%€uGT
HXHY=H{2, 1)} *H{3, 3} %wGCT
HYHX=H{ 3, I )*H( 2, J)2uGT
S(II.J1)=S(II'J1)+HXHX*C(l,l)OHXHY*C(1.4)0HYHX*C(4,l)#HYHY*C(k,A)
5(12,J2)=5(l2pJ2)fHVHY*C(2.2)+HYHX*C(2'4’*HXHY*C(4,2)+HXHX*C(Q,Q)
S(ll'J2)=S(Il,JZ)&HXHY*C(l,?)+HXHX#C(1,4)0HYHY*C(4,2)+HYHX*C(Q:4)
S(!Zle)=S(KZ,J1)+HYHX*C(2,1)+HYHV*C(2.4)+HKHX*C(Q,1)+HXHY*C(414)
Lo e——MOAD IFY FCR AXISYMMETRIC ANAL Y S S e e e e e s e s e i v o e
IFINYYRPENELC) GO TC 390
it =ML, 1)2H(1,J) *QGT/{FACEFAC)
HHX=H{1, 1) *H(2,J) *WCT/FAC
HXH=H{ 2, 1) %M (1, J) 2WGT/FAC
HHY=H{l , 1) *H(3,4) 2w CT/FAC
HYH=H(3 , 1) #H {1 ¢ J) 2WCT/FAC
S(11,J1)=S(lx,Jl)vHxH*C(!,3)0HYH*C(4,3)*HHX#C(3.I)+HHY*C(3,6)+
° HHEC{(3,3)
SCI1,J2)5S(TI1,J2)4RHYEC(3,2) +HMHXSC{3,8)
SUI25J1)=SUIZ23J1)4RYHEC(2,3) 4+HXHEC(4,3)
390 CONTIAUE
400 CONTINMNUE
S00 CONTINUE
DO 450 J=1,ND
DO 450 =144
8450 S(IsJ)=S0Jdel)

RETURN
END
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SUBROUTINE FURMHIR,S)

Cr o 10390 e sPeisaecee Ps 80 9B 80P eB I o s Ra dod s ¢ ePsIsoRs cddeataedos® 0008 PO OPDOE S

C s
< FURMS 3 ~ 9 MODE SHAPE FUNCTIONS AND DERIVATIVES IM R ~ § Space
C‘..‘.Q...‘.‘.,‘ﬂ‘..’.‘..“'.....’....'.....‘.‘.'l.".‘...'.-.‘.‘....04‘
c .

COMMONA/CNTRL /MINSNOUT IPRT
COMMON/TEMF/NTMP REFT,ET#P MA,BETA; THR ;DI MM, IFILT{2),

® NODE(D) s H{3,9) XY (2:9)sTPI9);C{4,2),AL P4} ,EMUL{G&,6},
. TLULIB) yPLIIB) yGLIUTIRLID)I ,NNODE(9) PRIS) , TAU(S)
a sAAL4),BBLE),CC(A8),55(27,27)

DIMENSION q(Z,Q),D(Z.z) !
DATA N/l'lg'lglf"l1“‘11;“1%071"1,0%0,‘1%110;090/
C ' - d ' b
Crom e = DEF INE INITIAL FURCTIONS AND DERIVATIVE S~ omom oo e oo oo o s o ir s e o s o s 1o o o s
DG 200 1=1,9
CALL GOD(RN(1;1),GR,GRD}
CALL. GD{S,M(2,1).,G5,G50)
H{1¢41I) = GR =G:Z
H{252) = GRO®CS
200 H(3,I) = GR #GSD
Lo MODIFY FURCTICNS TOR CENTER MNODE (3)—=weomwe—w-
IF{NODE(9)) 215,325,310
310 DO 315 K=1,3
X=H{K,9)/2»
DO 320 I=1,4
320 Ky I)=F(K1)-X/26
0O 321 1=5,.8
321 FHiRIJ=h{K,1I)~X
315 CONTINUE
325 CONTINLE
Crorome=~MODIFY FOR NODES S TO B oo oo oo oo o o o e com o i o i 2 s o e
M= &
DO 300 (=548
IF(NDDE(I}) 300,32C,250
250 M=M+}
DL 290 K=1,3
AK=H(K .1 )}/ 2 s
H{KyM)=F{K, 1)
1iI=1-4
HIK y T T ) =H(KyIf)=X
II=11+1
IF(I1.GTa4) [i=1
290 HIKTI)=HIK,IT)~X
300 CONTINUE .
IF(NODE(9).LE=0) GO TD 295
DO 294 K=1,3
294 HIK M+l )=H{K,9)
295 CONTINUE

DO 403 E=1,2
DO 400 J=1,2
SUM=0.0
DO 350 K=1,NN

350 SUM=SUMeH{T41,K)#XY(J,K)

400 D(I,J)=SUM

O INVERT JACCSIAN MATRIX
DJ=DL1,1330(2,2)-D(1,2)1%D(2,1}
IF(DJLE-0.0) WRITE(NOUT,2000) DJ
SUM=D(1,1)/DJ
D(1,1)=0(2,21/04
C(1,2)=~D(1,2)/D4
DC2,13=~D(2,1)/D4
D{2y2)=5UM
Commmeom CALCULATE ;Y AND HyZ = mmmmer—mceeoe oo ee——

DO 500 K=1,4NN
HR=H{ 24K}
HS=H{3,K)
H{2,K)=D{1 o1 I*HR4D( 142 %HS

500 HM{3,K)=D(2,1)%HR0(2,2)%HS
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FORM
FORM
FORM
FORM

Ti
T2
73
74

SO~NON L WN =

<

TOO0 RETURN

2000 FORMAT (10+H JACOBIAN=

i00

200

300

END

SUBROUT INE GD{B,1B,G,D)

IF(IB) 1004202+300
G={1.~-8)/2-
D==ab
RETURN
G=1+—-B%8
D=~2. %8
RETURN
G={1.+8)/2.
D=.5

RETURN

END
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