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ABSTRACT

A Fortran computer program is developed. to study the
interaction of structural plate elements and their
supporting subgrades. A linear spring (Winkler) subgrade
model is used as well as the option of considering rigid
body action of specified areas of the foundation. ‘
‘ Example problems-are considered; shear deformation is.
- determined to be a significant contributor to the deflection
profile. Contact pressures are found to agree with
pressures predicted by other methods. Finally, shear
stresses and bending moments are shown to accurately
represent values obtained by traditional methods.




INTRODUCTION

To a design engineer responsible for the design of a
structural footing or series of. footings, it is desirable
that the désign be done quickly, easily, and accurately.
The purpose of this paper is to develop a coﬁputer program-
to assist the design engineer faced with this situation, and
to investigate the load response of a footing supported by
an elastic subgrade.

For a given footing design problem there are several
parameters that must be considered by fhe design engineer.
These pérameters include loading patterns, size limitations,
and allowable contact stresses between the footing and its
supporting subgrade. The design engineer must accurately
model the footing and the subgrade so that a safe footing
design, satisfying these parameters, can be produced.

For small footing design it is commonly assumed that
the footing behaves as a rigid body (1,9). - Then, by
assuming a linear elastic éubgféde, it is possible to obtain
a linear contact pressure distribution across the bottom of
the footing. To obtain shear forces and bending moments,
the footing can then be analysed using the equilibrium
conditions. - Since deformation of the "footing is not
allowed, the rigid footing model will tend to be

conservative in the estimation of contact pressures between




the footing and the subgrade. The conservative estimate of
contact stresses may require more materials to be used in
the construction of the footing than is necessary. This is
due to the' greater area of footing required to reduce
contact stresses to an allowable value.

This paper will examine a more accurate meth&d of
modelling the footing and subgrade. than the rigid footing
and linear elastic subérade model. This is accomplished by
modelling the subgrade' as an elastic material and the
footing as a deformable body. . Due to computational
difficulties and high analysis costs of more representative
subgrade models such as the Boussinesq or Pasternak} a
linear spring (Winkler) subgrade model is used.

If deformation of the footing is allowed, it becomes
neéessary to account for changes in the footing stiffness
caused by foundation walls or columns. Areas of the footing
where this contact occurs will experience little or no
def@rmation, To approximate the increase in stiffness, the
capability to model foundation walls. or columns as rigid
bodies is considered

Foundations supported by a Winkler subgrade will
displace uniformly downward when subjected to a uniform

loading over the entire surface. This response is not
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reflective of true soil behavior. Therefore, the use of
this program is 1limited to the _ analysis of spread and

combined footings.




ISOPARAMETRIC FINITE ELEMENTS

The finite element computer program developed is based
on the eight-node quadrilateral isoparametric element,
Hinton and Owen, 1977, developed a plate analysis program,

BOKl, based on this element (5). This prograﬁ is used as a

‘basis for the footing analysis program developed in this

paper. BOKl includes the effects of shear deformation, thus

allowing the analysis of thick plates.
For the development of BOKl the followihg assumptions

are made:
1) The deflections of the plate are small.,

2) Normals to the midsurface before deformation
remain straight but not necessarilly normal

to the midsurface after deformation.

3) Stresses normal to the midsurface are negligible

-irrespective of fhe loading.

The development of the _element stiffness matrix is
perhaps the most important aspect of the finite element
method and is displayed here as takeﬁ from (5). For

complete documentation of the " program and the theory of
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isoparametric elements, the reader is refered to (5).

Development

of the Element Stiffness Matrix

For the derivation of the stiffness matrix the following

notation is used, (The sign convention for this element-

is illustrated in Fig. 1).

W’exye =

i =

My oy, My =

Q =
qx’qy =
X =

Xy r Xy 1 Xy o=

4 o=
/0’}{ ’/dy

displacement vector
components of §
(including shear deformation)

vector of bending moments

‘components of M

vector of shearing forces
components of Q

vector of bending deformation
components of bending deformation
vector of curvatures due to shear

components of &

Additionally, the following relatiohships are established:
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Xy

SIGN CONVENTION FOR PLATE ELEMENT
FIGURE 1
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The total potential energy of the element is given by

TT=0.5 \(myxx + MyXy + MyyXyy, + guey + qyey,)dA - \qwdA (1)
‘A A

The stress-strain relationships may be written as

M = DgX Q= Dy




where D is the matrix of flexural rigidities and D, is the

matrix of shear rigidities and are defined as follows:

1 0
D = Et3/(12(1-v?)) < hk 0

R S oW
D5= Bt S/ (2.8 (14v)) il 300

' s

Substituting the stress strain relationships into eq. (1)

yields

= 0.5 \ ([xIp,[x] + lofp_le1)da - \ quaa
A A
For isoparametric formulation, element shapes are
expressed by the same function as the assumed displacement

field and are expressed as

8
= 3 Ni[I] (2)




and

8

where Ni is

The element

n
N2
N3
N4
N5
N6
N7

N8

£ and
by Fig. 2.
equaling 1.

8
. . . : t
=i§lNl[I]Gl where 6i = (w,r © ;0 eyi] (3)

the element shape function for the ith node.

shape functions are

= 0.25(1-gn —g2+g?n +gn?tn?)

= 0.,50(1-n =-£%+&2n) |

= 0,25(-1 -&n +&*~£%n+in’+n?)

= 0.50(1 +& —&n®-n?) (4)
= 0.25(-1 +&n +£%n+En®+n?)

= 0.50(1 +n —£2=£2p)

"

0.25(-1 =&n +&%+&%n-gn2+n?)

= 0,50(1 —£ +En%-n?)

n are local, natural coordinate axis as defined
The shape functions have the charateristic of

0 at their corresponding node, and identically

0.0 at all other nodes. The characteristic shape of corner

and midside node shape functions are illustrated in Fig.

3(a,b).
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LOCAL COORDINATE AXIS AND NODE NUMBERS

FIGURE 2

Corner Node Midside Node
a b

CORNER AND MIDSIDE NODE SHAPE FUNCTIONS
FIGURE 3



B |

The strain-displacement relationship for the quadri-

lateral isoparametric element under consideration is

8
E= g3 Biodi
i=

where
e 1Ol
(ef = [(X],1811,

and

0 - JNi/dx 0
0 0 - ¥INi/dy
[Bi] =) Bg [ = 0 - ¥i/dy - ¥Ni/ox
Bl Al s - AT e 0
ONi/dy 0 ~-Ni

To assemble the strain matrix it is necessary to obtain
the derivatives of the shape functions with respect to the
cartesian coordinate system, To do this the chain rule of

differentiation is used

®Ni/B®x = (dNi/DBE) (dE/dx) + (dNi/3n) (3n/dx)  (5)
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ONi/dy = (dNi/3&) (d&/dy) + (dNi/3n) (on/3dy) (6)
or, in a matrix formulation

ONi/dx oE/dx dE/bx DNi/DE (7)

dNi/dy dE/ By ?n/dy dNi/dn

inverting this matrix yields

INi/dE ¥3XK/DE Sy/BE dNi/dx dNi/px
= [J] (8)

dNi/dn d¥x/3n dy/dn ANi/py aNi/dy

where the matrix [J] is known as the Jacobian Matrix.

To evaluate the Jacobian it is necessary to determine
‘the values of dx/d&, dy/d&, dx/3n, and 3y/on. Different-

iation of eq. 2 yields

8
Z (dNi/8g)x,+ Ni(ox, /%n)

0x/0&=
: 1

1

since x 1is a constant, 3x/02§% = 0.0, this yields
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[0}

dx/vE= r (3Ni/ag)x, (9)
i=1 1

‘ a similar proceedure is used to evaluate 3y/e&, 9x/3n, and
oy/dn. |

When ?dx/d&, dy/d&, .3x/8n, and ay,soh are Kknown, the
determinant .of the Jacobian Matrix is evaluated. If the
determinant is less than or equal to zero, there is an error
in the coordinate mapping proceedure and the element grid
selected must be reviewed . for errors. Once the Jacobian is
"known, it is inverted to obtain the shapé function
derivatives required in the assembly of the strain matrix.

‘To  obtain the element stiffness métrix the following

function must be evaluated:

[k] = S[Bﬁ[D][B]dA,=X§[B][D][B]det[J]didn (10)

A g ‘
To integrate this function a numerical method known as Gauss
Quadrature is used. The option of using either a 2 x 2 (4
gauss points) or a 3 x 3 (9 gaﬁss points) rule is available
to the  user, A review of this ihtégration technique is

presented in (4,5).:




SUBGRADE MODELS

Since 1867 when E. Winkler modeled an elaétic subgrade
as closely spaced, indepéndent springs, numerous models for'
subgrades have been developed. The most common of the more
advanced models is based upon the Boussineéq équation for a
point load on an elastic half space (3). cher ﬁodels
include: Pasternak, a Winkler model with a plate element

bonded -to its surface that can deflect only in shear;

| Hetenyi, a Winkler model with a plate element bonded to its

surface that can deflect only in bending;
Filonenko-Borodich, a Winkler model with a stretched
membrane bonded to its surface; a Generalized model, which

consists of a Winkler model with the additional  aspect of

" moment terms proportional to the rotation of a point (6).

Due to computational difficulties encountered, only the
Winkler model will be considered. For this model the force

exerted is linearly propdrtibnal to the deflection of the

subgrade.

Two methods of modelling the Winkler subgrade are
considered, The first is a more precise method of actually
integrating an assumed diéplacemeﬂt field over the elemental
area. The second is to "lump" the subgrade stiffnesé at
each node, which result in a diagonai .suggrade stiffnessv

matrix.
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Integrated Winkler Subgrade Model

TheAproportioﬁality constant for a‘Winkler subgrade is
commonly denoted as B, or "the modulus of subgrade
reactionf. For the integrated model it is necessary to
" assume a displacement field, For consistency the
displacement - field used is the same as used for the plate
element. The assumed displacement field for a given point

on the element can be described by the function
wo= ap +ab o+ an o+ g+ afn+ an’+ at’ntaEn? (11)

or, for the entire subgrade element

8
Wi = iElf(gi’ni)ai' (12)
]
where £(g, )=l £, n, &2 £.n. ni Eini Einil

The local nodal numbering scheme and coordinates are
illustrated in Fig. 4. Substituting the'nodal coordinate

values for & and n into the matrix F(g,n) where
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8

FlEpn)ee." T ELE s on. ) (13)
i=1 e

yields the following matrix:

To solve for the wunknown constants it is necessary

to invert the above matrix. This yields




157/

b e {05k (1 1)
. 4
F 6 57’
n
(-1,0) ¢ 8 - 44 (1,0)
1 2 3
Pt ° >
(_ll—]—) (O,"l) (ll—l)

NATURAL NODAL COORDINATES
FIGURE 4
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«0425 0450 ¢ 0257 "0a50," =025 0450  =0,25 0,50
0.00 0.00 0.00 0,50 0.00 0.00 0.00 -0.50
0.00 -0.50 0.00 0.00 0.00 0.50 0.00 0.00
0:25. =0.50 0.25 0.00 0.25 -0.50 0.25 0.00
0.25 0.00 -0.25 0.00 0.25 0.00 -0.25 0,00
0.25 0.00 029 —0325 0.25 0.00 0.25 -0,.50

w0.a00 D50 =0 .25 0500 0.25 -0.50 0.25 0.00

-0.25 0,00 0.25 -0.50 0.25 0.00 -0.25 0,50

Multiplying the above matrix by the displacement vector
yields the shape functions recorded earlier (Eq. 4). Using

the potential energy of the subgrade

U= 0.5 ngA (14)
A

the following relationship is established:

(k] = g[mt [N]dA =\%[N1t [N]det[J]dedn (15)
A £

The values for the shape function at a given point (a gauss

[

point) are computed in the subroutine STIFPB. This makes

the determination of the subgrade stiffness matrix by the
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integrated method an easily implemented proceedure.
Lumped Winkler Subgrade

A simpler Version of the Winkler model is the lumped
model, Thié model consists of a diagdnal stiffness matrix
whose terms are evaluated by multip}ying the subgrade
modulus, B, 'by'a tributary area associated with each node.

To establish the values of the tributary area the following

empirical derivation is presented:

1) -Divide the plate area into sections as shown
in Fig. 5a and compute the tributary areas

"to be associated with each node.,

2) Rotate the element 90° and repeat the first.

step, Fig. 5b.

3) Sum the tributary areas for each node given
in steps 1, and 2 and divide this sum by 2.0.
This gives an approximate tributary area to

be associated with each node, Fig. 5c
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74 VA2 1/12 LT 2a /]2
1/4
1712 1/ 2 1/4 1/4
1/4
1RV 1/ 2 e A0 iyl gt o e (7
a b
L2 1/6 1412

1/6 ¢ + 1/6
s PO ¢
1/12 1/6 1/12

TRIBUTARY AREAS FOR CORNER AND MIDSIDE NODES
FIGURE 5
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This yields tributary stiffnessgs of (1/12) +times the area
for corner nodes, and (1/6) times the area for midside
nodes. Since the area 1is computed in the subroutine STIFPB
the addition of this option is also easily accomplished.

The critical factor in using the Winkler model is
selecting a value for the subgrade modulus that accurately
represents the subgrade. Table.lhgives some guidelines to
follow in the selection of the subgrade modulus. It must be
realized that this table cannot dvérride the necessity of

performing an analysis of the subgrade to be used.




22

SUBGRADE MODULUS, B, Kips/cubic inch

T T I | t
190 HSO 290 250 | I 500 8D (

General soil rating as subgrade,subbase or base

Very poor Poor Fair to good Best Good Goodt:st
subgrade subgradsg subgrade subgrdg subbase basebase

S-Sand

M-"Mo" ,very fine sand,silt
C-Clay ap |
F-Fines,material less than

0.lmm GF

0O-Organic
W-Well graded SW
P-Poorly graded
L-Low to medium compressibililty
H-High compressibility Sp

G-Gravel i GW 4j
B

G

SC

SF

oy ———

CH ML

—_—

OH CL

OL

MH

TABLE 1




RIGID BODY ACTION

Areas of the footing in éontact wiﬁh columns' or
foundation walls will experience 1little or‘ no in plane
deformation., To model " this action . a plane strain/plane
stress ‘element could bé used. = This modificatiqn would
require the use of a translated stiffness matrix. The
stiffness of the entire wall would have to be condensed or
translated to an equivalent stiffness along the surface of
the plate; -Thén, rigid body tfanslatibns would have to be
implemented to translate these ‘terms to the neutral axis of
the plate. Axial degrees of freedom would have to be addéd
to the plate in order to properly merge the stiffness
matrices of the plate . with those of the wall. This would
require the expansion of the. plate elemental stiffness
matrix to a 40 x 40 matrix. Also, the additipnal
stiffnesses added to the system will result in an
ill-conditioned stiffneéé matrix if the wall or column is
very stiff compared to the footing. This leads to numerical
problems in obtaining'the solution. -

A simpler method of modelling foundation walls and
columns is to treat them as pure rigid bodies. This reduces
the degrees of freedom for all nodes in contact with the
rigid body to a total of 3. To incorporate thé rigid bddy

modes into the program it is necessary to identify all nodes .
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on é given rigid body. Then, before me:ging the elemental
stiffness matrix into the global matrix, the elemental
matrix must be transformed to reduce the degrees of freedom.
The number of degrees of ~freedom for an elément will be
(3(8~N) + 3) where N is the number of nodes in contact with
a rigid body. It is important to understand the development
of the transformation matrix.

From basic- engineering mechanics it is known that the
relative velocities Qf two points on a. rigid body can be
expressed as A

QB = ?f_A + Sxx ;B/A (16) .
This expression can be integrated with fespect to time,
eliminating a Eime dependency, to achieve an ekpression
relating relative displacements of two points on a rigid
body. | |

"W =W +6xr. | (17)
B A B/A

Expanding this expression by putting it into component form-

gives




25

W Wik (0. u S @y 0 ‘o Bt
kB kB Xy yj) ( R yj) B/A
= Wkp+ L y(exi -r x(eyj)
= W + re -r e (18)
A y X B
For plate bending applications the sign convention is

not a statical sign convention, To-«-modify ""eqgs :l8 the

following change in variables must be implemented

This change in variables yields

wB=wA+rfx+rfY (19)
Rotations of any point A will be equivalent to the rotations
of a reference point B ogince it i & rigld " body
displacement., In matrix form, the relative displacements of

two points on a rigid body can be expressed as
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[T]{6xa (20)

To develop the necessary modifications to the program

the following relationships will be used:

{s} =

where {E}

the system displacement

modes,

follows:

and

Characteristics of

{D}

is the elemental displacement

vector with

»
@

o Sl » IR -

=
©

vector, and {5} is

respect to rigid body

the transformation matrix are as
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{Fe} = [kel{s}

~ but

{61 = [TI{p}

The strain energy of the system becomes

u = 0.5{S}Tkel {3} = 0.5{5}iTItkellTI{B} =~  (21)
This résults in a transformed stiffness matrix

[kl = [TITke] [T] | | (22)
The total displacement formulation then becomes

{F} = [TI{Fe} = [TITkel [TI{P} = [k]{D} (23)

To avoid formulating the entire transformation matrix,

requiring 2N’ multiplication operations ' to perform the
stiffness transformation, it 1is convenient to modify only
those rows and columns of the elemental stiffness matrix
that require modification. This is easily done during the

assembly of the global stiffness matrix,  To perform this

operation it . is necessary to identify' which, if any, nodes
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on an element are 1in contact with a rigid body. ‘If an
element 1is determined to contain nodes in contact with a

rigid body the following sequence of events will occur

1) The x and y distances from a reference node
to the first node of the element in contact

with a rigid body will be calculated.

2) The transformation matrix will be formulated;
rows of the elemeﬁtal matrix corresponding to
the node under consideration will- be pre—mul?
tiplied by [Tf} the columns will be pbst—mul—

tiplied by [T].

3) - The next node on the element in contact with a
with a rigid body will be sought out and the

operation will be. repeated.

4) All 3 x 3 sub-matrices corresponding to 2 nodes
in contact with the same rigid body will be
overlayed into the same 3 x 3 sub-matrix along
the diagonal (their original. positions will be

set to 0.0).
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5) If the element is in contact with more than one
riéid body the above proceedure will be repeated

for all rigid bodies in contact with the element.

6) The merging of the elemental matrix into the
global stiffness matrix will continue as if

no modification has occured,

It is necessary to use a ceftain émount of intuition
when using the rigid body option. Obviously, if the height
of a column or wall is similar to the footing.thickness,
little or no effect of their aéditional stiffness will be
reaiized by the fqoting. In this instance the rigid body

assumption will give an erroneous solution.




RESULTS

The finite element.program yields three quantities that
are' of primary concern to the user, . These include
deflections, subgrade contact stresses, and stresses within
the footing itself. Three verifiable problems are analysed
to document the accuracy of the finite element solﬁtiona
The three problems include: a circular plate with a4ppint
load at the.center, a notched rectangular footing with an
eccentric column 1odd, and a cantilever footing with two

column loads.

Circular Plate With Point Load

The first problem analysed is a circular plate with a
point load at the cénter supported by a Winkler subgrade.
This problem was solved exactly, using thin plate theory, by
Timoshenko and Woinowsky-Krieger, 1959, (7). A.C. Ugural,'
1981, solQed a similar problem using a two-parameter Ritz
solution (8). The deflections predicted by the exact
solution, the Ritz_solution, and the finite element solution
are compared, and their differences .analyzed.

The problem parameters are given as (7)

1= (D/Bff = 5.0
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P = (0.,00102) (8yB13)
D = Et3/(12(1-v?)
where
D = plate bending stiffness
B = ﬁodulus of suﬁgrade
E = Youngs modulus of elasticity
v = Poissons ratio

P = magnitude of the point load

In order to minimize,fhe cost of analysis, advantage of
symmetry is taken and only one quadrant of the plate is
analyzed. The boundry conditions, then, are that no bending
deformation normal to the X or Y axis is allowed. The
element grid and nodal numbering scheme selected is
illustrated in Fig.'6 o Fig. 7 illustrates a compariéon of
the deflection profile along a radial axis predicted by the
three metﬁods of analysis. The two-parameter Ritz solution
yields. a very poor solution when compared to the exact
solution, Thié result is not unekpected due to the poor
selection 6f the assumed deflection function. However, the
finite element solution also Variesysignificantly‘from the

exact solution, This difference is attributable to shear
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deformation., Classical theory suggests that the effects of
shear deformation are negligible if the rafio of the plate
thickness to the radius of the plate is less than 0.4 (7).,
This is reflected by the finite'eiement solution of a thin
plate with no suéporting subgrade. However, shear
deformation is predicted to be significant for thin plates
supported by a Winkler subgrade.

A significapt difference is appérént in examining the
deflection profiles predicfed by the exact splution as
compared to the finite element solution. The exact solution
predicts positive curvature and, therefore, positive radial
bending moments along a radial axis. This behavior is not
reflected by the finite elemént solution., The finite
element soiution predicts negative, or reverse curvature
toward the outside edge of the plate. This é;ofile results
in negative momenfs. Obviously, thé difference in signs of
the moments predicted is an important one to the design

engineer responsible for the safe design of a footing.
Notched Rectangular Plate

The second problem solved is used to verify soil

contact pressures predicted by the finite.element solution.
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L
A solution for a notched rectangular plate is presented as

compared to .the solution for a similar plate presented by
Bowles, 1977, (1). The footing geoﬁetry and the element
grid used is illustrated in Fig. 8. A footihg depth of 24
inches.was selected in order to insure a minimum of bending
deformation., The loading is eccentric to the mass center of
the footing; therefore, an overturning moment will exist.
This insures that the contact stresses at the outside
corners of the footing will bound the contact pressures
present under the footing. Accordingly, the comparison of
predicted pressufes will be restricted to the'pressﬁres at
the corners of the footing, The results predicted by a
rigid footing analogy '(1), finite -element solution (not
including shear deformation) (1), and the finite element
soiution bredicted by the program developed in this paper
are shown in Table 2.

The results predicted by the finite element solutions
compare favorably with each other, certainly within the
difference to be expected by considering plates of different
thicknesses. Also, a small degree of variance‘is to be
expected due to shear deformation. However, the finite

element solutions vary significantly from the solution
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Sy 9.6 2 55002 6.90
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62 95616 609D 6,275

TABLE 2
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predicted by the rigid footing analysis. As expected, the:

finite element solution predicts much more uniform contact
stresses .than the rigid footing analogy. This 1is due

primarily to the relief of contact -stresses fesulting from

bending in the plate and a corresponding increase in contact -

stresses in low pressure areas, The problem parameters
inciude a maximum allowable contact stress of 6.0 ksi. The
rigid - footing solution predicts streéses much higher than
this, requiring a larger footing to distribute the load.
The finite element solution however, predicts a pressure
‘distribution that nowhére exceeds the maximum allowable
pressure, This would require néifher re-solution of the

problem nor additional materials for the footing.
Cantilever Footing Analysis

Wang and Salmon, = 1979, solve the problem of a
cantilever footing using a rigid beam asshmptioh (9). A
finite element solution of the problem is preéented and the
solutions compared as a final example., Problem geometry.qnd
parémeters are illustrated in Fig; 9. Since the footing is
symmetric abéut the X=-axis, only one half oflthe footing

need be analysed. This use of symmetry reguires the use of
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boundry conditions constraining rotation in the Y direction
along »the X-axis, The finite é€lement grid wused is
illustrated in Fig. 10. A listing of the computer solution
for this problem is given in appendix C.

The £finite element solution preéents shear forces and
bending moments in terms of a unit width. To compare'
solutions with those predicted by the rigid beam analogy it
.is necessary to sum the bending moments and shear forces at
given points along the X-axis.. f‘igo 11 illustrates the
bending moments and shear forces predicted by the finite
 element solution at selected points along the X-axis. By
computing the approximate areaé‘ under each of these cﬁrves,
moment‘ and shear diagrams for the footing are developed,
Fig, 12. These diagrams are compared with the moment and
shear diagrams resulting from the rigid beam analogy. The
diagrams developed from the finite elemént solution compare
closely with their counterparts} Bending moments under the
rigid columns and adjacent areas are close to zero since no

bending is allowed to occur in these areas.,
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SUMMARY AND CONCLUSIONS

This paper presents an overview of the finite element
method application to footing analysis. Specifically, the
use of the eight—node‘ isoparametric plate element is
studied, The modification of a documented finite element
plate analysis program, BOKl, to include the effec£s of a
Winkler subgrade and rigid body action of foundation walls
and columns is discussed.,

Selection of the Winkler model to represent a subgrade
is based on limitations of the frontal solution techhique
used in solving the displacement formula. The frontal
technique requires the use of elemental stiffness matricies
to maintain its efficiency. For an accurate representation
of - more andvanced subgrade models, elemental matricés are
difficult to generate. |

| It is considered to be desirable to model the
stiffening effects of columns and walls in contact with a -
footing. A rigid body model is selected for efficiency and
to avoid numerical instability problems. This requires the
-reduction of the degrees of freedom of all nodes in contact
with the rigid body to the three degrees of freedom of a
reference node. After defiections are calculated  the
translations of the reference node deflections to eliminated

nodes is accomplished by rigid body relations,
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Shear deformation is determined to have a“significant
contribution to the total deformation of - a plate on a
Winkler subgrade. This appears to be true even for plates
that would be considéfed as thin plates in qlassical theory.
This is important to a design engineer because of the
possible difference in sign 6f the bending moments predicted
by- thin plate analysis as compared to ﬁhick plate analysis.
The importance of including shear deformation is most
prominent under a point load.

Soil contact pressures are éhown to vary significantly
from those predicted by a rigid footing analogy. The high
contact stresses predicted by a rigid footing_analbgy are
"relieved" by allowing bending in the fooi:ing° This results
in a possible savings of materials needed to constfuct the
fobting. | |

Shear stresses and bending moments predicted by the
finite element method agree closely with those predicted by
a more approximate method (9). Due to the profiles of the
moments or ‘shedrs at a given cross section it may be
possible to vary the spacing of the reinforcement to realize

some savings in material.




RECOMENDATIONS

Perhaps the most impoftant modification to the computer
program developed is the addition of the ability to use more
advanced subgrade models. This alteration would require the
modification of the solution routine to include a method of
célculating global stiffness addresses for additional
'degrees of freedom required by the subgrade model selected.
Perhaps the simplest method of éécomplishing this would be
to formulate - the '-éntire global stiffness matrix.
Unfortunately, this would require large increases in the-
required memory resources as well as the cost of analysis.

For a much more accurate and theoretically significant
program the addition of a viscoelastic subgrade could.be
employed. This would allow the analysis of various
structures, including the analysis of foundations on snow.
This would also allow the accurate prediction of the’
settlement of large structures which is also of interest to
the design.engineer.

Ultimately, if a large computer system were accesSib}e;
the addition of a three-dimensional frame program could be
impleinented° This, combined with a viscoelastic subgrade,
| would allow the study of structure behavior 6ver a period of
years, thus allowing the study of- earthquakes, fatigue

. problems, and other time dependent loading patterns.
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On a more immediate level, there are several
modifications that would be of value to a design erigineer°
One very .real problem with a fiqite element analysis is the
large volume of informaﬁion 'yielded, This vast bulk of
information is, at best, very difficult to interpret. The
added capability of graphical contour mapping of stresses,
moments, deflections, etc, would vastly simplify the
interpretation of the data. Also, Ehe ability to compute
the total stresses and moments .at a given cross -section
would enable the design engineer to visualize the total
moment and shear diagrams much easier, thus allowing some
insight as to the behavior of the footing.

To eliminate shearing deformation, it is necessary to
~analyze an extremely thin plafé. The circular plate problem
analyzed is subjgct to shear deformation for plates with a
thickness to radius ratio of 0.02. For plates thinner than
this a numerical instability in the program becomes -
apparent, 'Since the flexural rigidity of the plate is left
constaﬁt. for the problem, shearing term increases are
inversly proportional to the square of the change 1in
thickness, The resulting shear stiffnesses become much
greater than the flexural rigidity, resulting in. an

ill-conditioned matrix. To minimize the effects of this
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instability recompiling the program with a_doublé preciséion
option is  necessary. Beyond this there -is little that can
be done. For very thin plates with an extraordinarily high
modulus of elasticity, solutions in which the thickness is
changed slightly, and the flexural rigidity held constant
should be run as a stability check, .

A final important modification that should be included
is the ability to modify the éubgrade stiffness matrix
whenever a state.,of- uplift occufs. This condition will
occur whenever the resultant of the 1loading is located
outside the kern of the footing. In order to correctly
analyie this problem, The: subgrade material must not be
allowed to bond to the footing as this suggests the ability.
to pull the footing down. This_ modification would require
the inversion of the subgrade stiffness matrix to obtain the'
flexibility matrix. Once the flexibilty matrix is obtained,
the rows and columns of the matrix that correspond to a node
in uplift ﬁould “have to be set to zero. The matrix then
must be re-inverted to obtain a modified stiffness matrix
(2) . The problem then must be resolved to obtain the
co;rect solution. The additional expense of the inve;sion'
routine and the extra computer .time would - have to be

justifiable - before this solution" package should be
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implemented,

Furfher study is-needed on the effects of considering
rigid body action of columns and. walls contacting the
footing. Particularly, limiting values of the ratio 6fvthe
‘'wall or column height to the footing thickness need to be
established, This limiting value would be the lowest ratio
for which rigid body action could reasonably be expected to

yield a good solution,
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Appendix A
Instructions for Preparing Input Data

CARD SET 1--PROBLEM CARD(I5)-one card '
Cols. 1-5 NPROB .Total number of problems
: T to be solved in one run.

CARD SET 2~-SUBGRADE TYPE(I5)-one card
Cols. 1-5 IFND Type of subgrade modeled
' 0=no subgrade
l1=lumped Winkler
2=integrated Winkler

CARD SET 3--TITLE CARD(18A4)-one card

Cols, 1-72 Title Title of problem—-limited
to 72 alphanumeric
characters

CARD SET 4--CONTROL CARD(12I5)-one card

Cols., 1-5 NPOIN Total number of nodal
' : v points.
6-10 NELEM Total number of elements.

11-15 NVFIX Total number of restrained
o ‘boundary points-where one
or more degrees of freedom
are restrained.

16-20 NCASE . Total number of load cases
_ to be analysed,

21-25 NTYPE Blank

26-30 NNODE Number of nodes per element

31-35 NDOFN Number of degrees of freedom
per node (= 3).

36-40 NMATS Total number of different

. ‘materials.

41-45 NPROP Number of independent
properties per material
(= 4)

46-50 NGAUS Order of integration formula
for numerical integration
(2 or 3) :

51-55 NDIME Number of coordinate

i dimensions (= 2).
_56—60. NSTRE A Number of independent

*
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generalized stress
componant (= 5)

CARD SET 5--ELEMENT CARDS-One card for each element.
Total of NELEM cards (see Card Set 4)

Cols, 1-5 NUMEL Element Number
6-10 MATNO (NUMEL) Material property number
11-15 LNODS(NUMEL,1) lst Nodal connection
' number

46-50 LNODS(NUMEL,8)  8th Nodal connection
number

NOTE: The nodal connection numbers must be listed in
an anticlockwise sequence, starting from any
corner node; the element be1ng v1ewed from
above the plane z = 0.

CARD SET 6-~NODE CARDS(I5,2F10.5,I5)-One card for
each node whose coordinates are to be
- input.
Cols., 1-5 IPOIN Nodal point number
6-15 COORD(IPOIN,1) x—-coordinate of node
16-25 COORD(IPOIN,2) y—-coordinate of node
26-30 NDTYP Type of node
l = corner
2 = midside

NOTES: The coordinates of the highest numbered node
must be input, regardless of whether it is a
midside node or not

The total number of cards in this set may
differ from NPOIN (see Card Set 4) since
for element sides which are linear it is
only necessary to specify data for corner
nodes; intermediate nodal coordinates being
automatically 1nterpolated 1f on a straight
line.
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If a type one Winkler model is used all
nodal coordinates must be specified since
it is necessary to identify the node type.

CARD SET 7--RESTRAINED NODE CARDS(1X,I4,2X,311,3F10.6)
One card for each restrained node,Total
of NVFIX cards (see Card Set 4).,

Cols. 2-5
8

10

11-20
21-30
31-40

NOFIX (IVFIX)
IFPRE (IVFIX,1)

IFPRE (IVFIX,2)

IFPRE (IVFIX,3)

PRESC (IVFIX,1)
PRESC (IVFIX,2)
PRESC (IVFIX,3)

Restrained Node Number
Condition of restraint
on displacement, w.

0 No restraint

1 node restrained
Condition of restraint
on nodal rotation, e .
0 No restraint ,

1l Node restrained
Condition of restraint
on nodal rotation, Oy
0 No restraint |
1 node restrained

The prescribed value of w.
The prescribed value of e,.

The presqribed value of e

NOTE: 1If a subgrade is used it is not necessary to
prescribe any displacements,

CARD SET 8--RIGID BODY CARDS(21I5)-one card

ColSo 1-5 '
6-10

NRGD
NNDRGD

Number of rigid bodies
Total number of nodes
on all rigid bodies

yﬂ

CARD SET 9--REFERENCE NODE CARDS(I5)-One card for each

Cols. 1-5

rigid body.
REF (IRGD)

with the rigid body.

"Reference node associated

CARD SET 10-MAXIMUM NO. NODES ON RIGID BODY(I5)-one card

Cols. 1-5

MAXRGD

Maximum no. of nodes
on any rigid body.
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CARD SET 11-RIGID BODY NODE CARDS(I4,8X,20I3)-One card
. for each rigid body.
Cols. 1-3 RGDND (IRGD,1) lst node on rigid body

RGDND (IRGD,MAXRGD) .last node on rigid
. body o

CARD SET 12-MATERIAL CARDS{I5,4F10.5)-One. card for each
different material. Total of NMATS cards
(see Card Set 4). :
Cols. 1-5 NUMAT Material identification
) number,
6-15 PROPS(NUMAT,1) Elastic Modulus, E.

16-25 PROPSéNUMAT,Z)- Poisson's Ratio, v.
26-35 PROPS(NUMAT,3) Material Thickness, t.

36—-45 PROPS(NUMAT,4) Distributed load, g.

CARD SET 13-LOAD CASE TITLE CARD(18A4)-one card
Cols. 1-72 TITLE _ Title of the load case
-limited to 72 characters.

CARD SET 14-LOAD CONTROL CARD(I5)-one card
Cols., 1-5 IPLOD ~Applied point load
‘ control parameter )
0-No applied point loads
l-Applied point loads
to be input. .

CARD SET 15-APPLIED LOAb CARDS(1I5,3F10,3)~one card
for each loaded nodal point.

Cols., 1-5 LODPT Node number
6-15 POINT(1) " Load componant in the
' z—-direction.
16-25 POINT(2) Nodal couple in the
xz -plane.
26-35 POINT(3) Nodal couple in the

yz plane,

NOTES: The last card should be that for the highest
numbered node whether it is loaded or not.
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If IPLOD = 0, omit this card set.
CARD SETS 13 TO 15 TO BE REPEATED FOR EACH LOAD CASE
IN ACCORDANCE WITH 'NCASE' IN CARD SET 4,

CARD SETS 3 TO 15 TO BE REPEATED FOR EACH PROBLEM IN
ACCORDANCE WITH 'NPROB' IN CARD SET 1.




Appendix B

Program listing

PROGRAM PLATE

#4s INPUT,OUTPUT,TAPEIOS=INPUT ,TAPEI08=0QUTPUT,
TAPE 1, TAPE 2, TAPE 3, TAPE &

R aXaKal

DIMENSION TITLE(12)
COHMON/LGDAYA/COORD(80¢2):PROPS(10;L),PRESC(LO;3):
ASDIS(240),ELOAD(24,24) ,NOFIX(40),

* IFPRE(40,3) »LNODS(25,8),MATNO(25)
COMMON/WORK/ELCOD(2+8) »SHAPE(B),DERIV(2,8)+DMATX(5,5),

* CARTD(2,8) »DBMAT(5,24) ,BMATX(5,24) »

* SMATX (5,264 ,9) ,POSGP(3) JWEIGP(3),

. GPCOD(2,9) ,NEROR(24)
COMMON/CONTRO/NPOIN/NELEM,NNODE,NDOFN,NDIME,

. NSTRE,NTYPE,NGAUS,NPROP,NMATS,

NVFIX,NEVAB,ICASE/,NCASEL,ITEMP,

* IPROB,NPRO3
COMMON/WINKLR/

- IFND,BMODLS,TAREA,NDTYPLENFLNC,

. WINKMD(25) 4NOTYPE (BO)SEFSTIF(24,24),CPSTIF(24,24),

. BEFMAT(8),ELDISP(24,8),NDFRC(24)

COMMON/RIGID/ NRGDMAXRGD»REF(S),RGDOND(S5,80),LNADS(25,8)
OPEN (1,NAME="+1"',USAGE="CREATE")
OPEN (2,NAME='#2"',USAGE="'CREATE")
OPEN (3,NAME="#3',USAGE="CREATE")
OPEN (4 NAME="'#*4"',USAGE="CREATE")
OPEN (S5S,NAME=*#5',USAGE="CREATE")
OPEN (6,NAME='%6',USAGE="CREATE")
READ(105,900) NPROB
900 FORMAT(15)
WRITE(108,905) NPROB
905 FORMATC(IHO,5X+23HTOTAL NO. OF PROBLEMS =,15)
DO 20 IPROB=1,NPROB
READ (105,920) IFND
920 FORMAT(IS)
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
READ(105,910) TITLE
910 FORMAT(18A4)
WRITE(C108,915) IPROB,TITLE
915 FORMAT(///7/+6%X+12HPROBLEM NO. »13,10%,
18A4)
IFCIFND.NEL,1) GO TO 930
WRITE(108,925)
925 FORMAT(IX/1X, '**LUMPED WINKLER FOUNDATION##")
GO TO 940
930 IF(IFND.NE.2) GO TO 940
WRITE(108,935)
935 FORMAT(IX/1X,*#«+INTEGRATED WINKLER FOUNDATION#«"')
9640 CONTINUE
(%
Ce#* CALL THE SUBROUTINE WHICH READS MOST OF THE DATA
C

O S wWN -

CALL INPUT
C
Cowe CREATE THE ELEMENT STIFFNESS FILE
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CALL STIFPB
DO 10 ICASE=1,NCASE

C##s COMPUTE LOADS, AFTER READING THE RELEVANT
C EXTRA DATA

CALL LOADPB

Co#ss MERGE AND SOLVE THE RESULTING EQUATIONS
C BY THE FRONTAL SOLVER

CALL FRONT
Cens COMPUTE THE STRESSES IN ALL THE ELEMENTS,

CALL STREPB
CALL FPRES
10 CONTINUE
20 CONTINUE
STOP
END
SUBROUTINE INPUT
C
Cewe READ THE FIRST DATA CARD, AND ECHO IT

C IMMEDIATELY,
c
COMMON/LGDATA/COORD(B0,2)+,PROPS(10,4),PRESC(40,3),
. ASDIS(240),ELOAD(24,24) o NOFIX(40),
* IFPREC4D,3) »LNODS(25,8),MATNOC(25)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8),0MATX(5,5),
. CARTD(2,8) »D3MAT(5,24) »BMATX(5,264)
* SMATX(5,2449),POSGP(3) ,WEIGP(3),
. GPCOD(2,9) NEROR(24) J
COMMON/CONTRO/NPOIN/NELEM,NNODE,NDOFN,NDIME,
. NSTRE,NTYPE,NGAUS,NPROP,NMATS,
* NVFIXsNEVAB+I1CASE/NCASELITEMP,
. IPROB,NPROS
COMMON/WINKLR/
* IFND,BMODLS,TAREA,NDTYPLENFLNC,
WINKMD(25) JNDTYPE(BO) SEFSTIF(24,24),CPSTIF(24,24),
* SEFMAT(B),ELDISP(24,8),NDFRC(24)

COMMON/RIGID/ NRGD ,MAXRGD ,REF(5),RGOND(5,80),LNADS(25,8)
READ(105,900) NPOIN,NELEM,NVFIX,NCASE,NTYPE,
*NNODE,NDOFN,NMATS,NPROP,NGAUS,NDIME,NSTRE
B0OO FORMAT(1015,F10.5)
900 FORMAT(1215)
NEVAB=NDOFN*NNODE
WRITE(108,905) NPOIN/NELEM/,NVFIXsNCASE-NTYPE,
*NNODE,NDOFN,NMATS,NPROP,NGAUS,NDIME,
*NSTRE,NEVAB
905 FORMAT(//BH NPOIN =,14,4X,8H NELEM =,14,
4X »8BH NVFIX ®,14s4Xs8H NCASE =,14,4X,
BH NTYPE =,14,4X,8H NNODE =,14,4X,
8H NDOFN =m,I14// B8H NMATS =,14,4X,
BH NPROP =,14,4X,8H NGAUS =,14,4X,
BH NDIME =,14,4Xs8H NSTRE =,14,4X,
BH NEVA3 =,14)
CALL CHECK1

L Y

C##s ZERO ALL THE NODAL COORDINATES
C IT IS NECESSARY TO READ IN ALL NODE
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C COORDINATES FOR A LUMPED FOUNDATION

DO 20 IPOIN=1,NPOIN
DO 20 IDIME=1,NDIME
20 COORD(IPOIN,IDIME) =0,0
D0 21 IELEM=1,NELEM

21 WINKMD(IELEM)=0,0

C

Ce%e READ THE ELEMENT NODAL CONNECTIONS, AND
C THE PROPERTY NUMBERS.,

C

IF(IFND.EQ,0) GO TO 170
WRITE(108,810)
810 FORMAT(//BH ELEMENT,3X,BHPROPERTY, 18X, 12HNODE NUMBERS
* ,16X,12HSOIL MODULUS)
DO 110 IELEM=1,NELEM
READ(105,800) NUMEL,MATNO(NUMEL),
* (LNODS(NUMEL »INODE),INODE=1,NNODE),WINKMD (NUMEL)
110 WRITEC108,815) NUMEL,MATNO (NUMEL) .,
*(LNODS(NUMEL»INODE), INODE=1,NNODE) »WINKMD(NUMEL)
815 FORMAT(IX,15,19,6X,815,5X,F10.5)
IFCIFND.EQ.2) GO TO 115
C
Cw*x READ NODAL POINT COORDINATES AND FOUNDATION MODULUS
C
WRITE(108,820)
820 FORMAT(//25H NODAL POINT COORDINATES,6X,9HNODE TYPE)
WRITE(108,825)
825 FORMAT (6H NODE+7XsTHX»9Xs1HY) 5
130 READ(105,830) IPOIN,(COORD(IPOIN,IDIME),
* IDIME=1,NDIME) /NDTYPE (IPOIN)
IFCIPOIN.NEL.NPOIN) GO TO 130
830 FORMAT(I5,2F10.5.15)
DO 150 IPOIN=1,NPOIN
150 WRITE(108,835) IPOIN,(COORD(IPOIN,IDIME),
* IDIME=1,NDIME),NDTYPE(IPOIN)
835 FORMAT(1X,15,2F10.3,5X,15)
GO TO 190
170 WRITE(108,910)
910 FORMAT(//B8H ELEMENT,3X,BHPROPERYY ,6X,»
* 12HNODE NUMBERS)
DO 10 IELEM=1,NELEM
READ(105,900) NUMEL,MATNO(NUMEL) .
* (LNODS (NUMEL +INODE) »INODE=1,NNODE)
10 WRITE(108,915) NUMEL,MATNO(NUMEL)»
# (LNODS (NUMEL »INODE),INODE=1,NNODE)
915 FORMAT(1X,15,19,6Xx,815)

C

Ce#*» READ SOME NODAL COORDINATES, FINISHING
C WITH THE LAST NODE OF ALL.

C

115 CONTINUE
WRITE(108,920)
920 FORMAT(//25H NODAL POINT COORDINATES)
WRITE(108,925)
925 FORMAT(6H NODE,7Xs1HX,9X,1HY)
30 READ(105,930) IPOIN,(COORDCIPOIN,IDIME),
* IDIME=1,NDIME)
930 FORMAT(I5,5F10.5)
IFCIPOINJ.NELNPOIN) GO TO 30
C
C*#es INTERPOLATE COORDINATES OF MIDSIDE NODES




IF(NDIME.EQ.T1) GO TO 40
CALL NODEXY
40 CONTINUE
DO S50 IPOIN=1,NPOIN
50 WRITE(108,935) IPOIN,(COORDCIPOINLIDIME),
* IDIME=1,NDIME)
935 FORMAT(1X,15,3F10.3)
190 CONTINUE
IF(NVFIX.EQ.O0) GO TO 90
C
Coxs READ THE FIXED VALUES.,
C
WRITE(108,940)
940 FORMAT(//17H RESTRAINED NODES)
WRITE(108,945)
945 FORMAT(S5H NODE,2X,4HCODE,10X.,
*12HFIXED VALUES)
IF(NDOFN.NE.2)GO TO 70
DO 60 IVFIX=1,NVFIX
READ(105,950) NOFIXCIVFIX), (IFPRECIVFIX,
* IDOFN),IDOFN=1,NDOFN) »(PRESCCIVFIX,IDOFN),
* IDOFN=1,NDOFN)
60 WRITEC(I08,950) NOFIXCIVFIX)»CIFPRECIVFIX,
* IDOFN),IDOFN=1,NDOFN) »(PRESCCIVFIX,IDOFN).,
* IDOFN=1,NDOFN)
950 FORMAT(1X»14,3X,211,2F10.6)
GO0 T0 %90
70 DO B0 IVFIX=1,NVFIX
READ(105,955) NOFIXCIVFIX)»C(1FPRECIVFIX,
* IDOFN)»IDOFN=1,NDOFN) »(PRESCCIVFIX,
* IDOFN),IDOFN=1,NDOFN)
BO WRITE(108,955) NOFIXCIVFIX),(IFPRECIVFIX,
* IDOFN),IDOFN31,NDOFN) »(PRESCCIVFIX,
* IDOFN),IDOFN=1,NDOFN)
955 FORMAT(1X,14,2X,311,3F10.6)
90 CONTINUE
READ(105,700) NRGD,NNDRGD
700 FORMAT (215)
WRITEC108,710) NRGD,NNDRGD
710 FORMAT(//26H NUMBER OF RIGID BODIES =,13,/
*+ 354 NUMBER OF NODES ON RIGID BODIES =,13)
IF(NRGD.EQ.0) GO TO 240
WRITE(108,720)
720 FORMAT(//37H RIGID BODY NUMBER REFERENCE NODE)
DO 210 IRGD=1,NRGD
READ(105,730) REFCIRGD)
210 WRITE(108,740) IRGD,REF(IRGD)
730 FORMAT (15)
7640 FORMAT(IX,10X,13,17X,13)
READ(105,750) MAXRGD
750 FORMATC(IS)
WRITE(108,760) MAXRGD
760 FORMAT(//43H MAXIMUM NUMBER OF NODES ON A RIGID BODY =,I13)
DO 220 IRGD=1,NRGD
220 READ(105,770) (RGOND (IRGD ,NODE) »NODE =1,MAXRGD)
770 FORMAT(2413)
WRITE(108,780)
780 FORMAT(/23H RIGID BODY NODES)
D0 230 IRGOD=1,NRGD
230 WRITE(108,790) IRGD,(RGOND(IRGD,NODE),NODE=1,MAXRGD)
790 FORMAT(I14,8X%,2013)
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2460 CONTINUE

C
C#we READ THE AVAILABLE SELECTION OF ELEMENT
C PROPERTIES »
C
WRITE(108.,960)
960 FORMAT(//21H MATERIAL PROPERTIES)
WRITE(108,965)
965 FORMAT(8H NUMBER,6X»14HYOUNGS MODULUS »2X,»
# 15HPOISSON'S RATIO,2X,9HTHICKNESS,2X,
* 12HUNIFORM LOAD)
DO 100 IMATS=1,NMATS
READ(105,930) NUMAT,(PROPS (NUMAT,IPROP),
* IPROP=1,NPROP)
100 WRITE(108,970) NUMAT,(PROPS (NUMAT,IPROP),»
* IPROP=1,NPROP)
970 FORMAT(IX,15,7X,5E14,.6)
C
Ce#x SET UP GAUSSIAN INTEGRATION CONSTANTS
C
CALL GAUSSQ
CALL CHECKZ2
RETURN
END
SUBROUTINE NODEXY
C
Ce#es LOOP OVER EACH ELEMENT
C
COMMON/LGDATA/COORD(80,2),PROPS(10,4),PRESC(40.,3),
* ASDIS(240),ELOAD(24,24) ,NOFIX(40),
* IFPRE(4D,3) »LNODS(25,8) ,MATNOC(2S)
COMMON/WORK/ELCOD(2,8) »SHAPE (B),DERIV(2,8),DMATX(5,5),
* CARTD(2,8) »DBMAT(5,24) ,BMATX(5,24) »
SMATX(5,24,9) +POSGP(3) »WEIGP(3),
* GPCOD(2,9) /NEROR(24)
COMMON/CONTRO/NPOIN,NELEM,NNODE ,NOOFN,NDIME,
* NSTRESNTYPE,NGAUS,NPROP,NMATS,
* NVFIXsNEVAB-ICASE,NCASE,ITEMP,
. IPROB,NPROB
COMMON/WINKLR/
* IFND,BMODLS,TAREA,NDTYPLENFLNC,
. WINKMD(25) oNDTYPE(BO)JEFSTIF(24,24),CPSTIF(24,24),
. SEFMAT(8),ELDISP(24,8),NDFRC(24)
DO 30 IELEM=1,NELEM
(2
Ce#s LOOP OVER EACH ELEMENT EDGE
C
DO 20 INODE=1,NNODE,2
C
C##* COMPUTE THE NODE NUMBER OF THE FIRST NODE
C
NODST=LNODSCIELEM, INODE)
IGASH=INODE+2
IFC(IGASH.GT.NNODE) IGASH=1
C
Ce«e COMPUTE THE NODE NUMBER OF THE LAST NODE
4
NODFN=LNODSCIELEM, IGASH)
MIDPT=INODE+1
C

Cw##% COMPUTE THE NODE NUMBER OF THE INTERMEDIATE NODE
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NODMD=LNODSCIELEM,MIDPT)
TOTAL=ABS (COORD(NODMD, 1))+
* ABS(COORD(NODMD,2))

C
Ceww [F THE COOORDINATES OF THE INTERMEDIATE

C NODE ARE BOTH ZERO, INTERPOLATE BY A
C STRAIGHT L INE,
C

IF(TOTAL.GT.0.0) GO TO 20
KOUNT=1
10 COORD(NODMD,XOUNT)=(COORD(NODST,KOUNT) +
* COORD(NODFN,KOUNT)) /2.0
KOUNT=KOUNT+1
[F(KOUNT,EQ.,2) GO TO 10
20 CONTINUE
30 CONTINUE
RETURN
END
SUBROUTINE GAUSSQ
COMMON/LGDATA/COORD(B0,2) »PROPS(10,4),PRESC(40.,3),

* ASDIS(240),ELOAD(24,24) »NOFIX(40),

* IFPRE(40,3),LNODS(25,8) ,MATNO(25)
COMMON/WORK/ELCOD(2,8)»SHAPE(B),DERIV(2,8),DMATX(5,5),

* CARTD(2,8) ,DBMAT(5,24) »BMATX(5,24) »

" SMATX(5,26,9)»POSGP(3) ,WEIGP(3),

* GPCOD(2,9) /NEROR(24)
COMMON/CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,

* NSTRE,NTYPE,NGAUS,NPROP,NMATS,

* NVFIX/sNEVAB,ICASE,NCASELITEMP,

* IPROB,NPROB
COMMON/WINKLR/

* [FND,BMODLS,TAREA,NDTYP,ENFLNC,

. WINKMD(25) NDTYPE (BO)»EFSTIF(24,24),CPSTIF(24,24),

* SEFMAT(B),ELDISP(24,8),NDFRC(24)

IF(NGAUS.GT.2) GO TO 10
POSGP(1)=-0.577350269189626
WEIGP(1)=1.0
GO T0 20

10 POSGP(1)=-0.774596669241483
POSGP(2)=0.0
POSGP(3)=-POSGP (1)
WEIGP(1)=0.555555555555556
WEIGP(2)=0,888888888888889
WEIGP(3)3WEIGP(1)
GO TO 40

20 KGAUS=NGAUS/2
DO 30 IGASH=1,KGAUS
JGASHENGAUS+1-IGASH
POSGP(JGASH)==POSGP(IGASH)
WEIGP(JGASH)=WEIGP (IGASH)

30 CONTINUE

40 CONTINUE

RETURN
END
SUBROUTINE STIFPB
c
Cewse CALCULATES ELEMENT STIFFNESS MATRIX
C FOR PLATE BENDING ELEMENT
C

COMMON/LGDATA/COORD(80,2),PROPS(10,4),PRESC(40,3),
* ASDIS(240),ELOAD(24,24) 4 NOFIX(40),
* IFPRE(4D,3) »LNODS(25,8),MATNO(25)




COMMON/ WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8),DMATX(5,5),
* CARTD(2,8) »DBMAT(5,24) ,BMATX(5,24)
* SMATX(5,24,9),POSGP(3) ,WEIGP(3),
. GPCOD(2,9) NEROR(24)
COMMON/CONTRO/NPOIN,NELEMsNNODE,NDOFN,NDIME,
* NSTRESNTYPE,NGAUS,NPROP,NMATS,
* NVFIX/NEVAB,ICASEANCASE-ITEMP,
. IPROB,NPROB
COMMON/WINKLR/
* IFND,BMODLS,TAREA,NDTYPLENFLNC .,
* WINKMD(25) oNDTYPE(BO)»EFSTIF(24,24),CPSTIF(24,24),
* SEFMAT(B),ELDISP(24,8),NDFRC(24)
DIMENSION ESTIF(24,24)
£
Cw##** LOOP OVER EACH ELEMENT
C
DO 70 IELEM=1,NELEM
LPROP=MATNOCIELEM)
IFCIFNDGLTL1) GO TO 15
BMODOL S=WINKMD (1IELEM)
15 CONTINUE
C
Ce##ax EVALUATE THE COORDINATES OF
C THE ELEMENT NODAL POINTS
C
00 10 INODE=1,NNODE
LNODE=LNODS(C(IELEM, INODE)
DO 10 IDIME=1,NDIME
ELCOD(IDIME, INODE)=COORD(LNODE,IDIME)
10 CONTINUE
C
Cweww INITIALIZE THE ELEMENT STIFFNESS MATRIX
C
DO 20 IEVAB=1,NEVAB
DO 20 JEVAB=1,NEVAB
ESTIFC(IEVAB,JEVAB)=0.0
IFCIFND.LT.1) GO TO 20
EFSTIF(IEVAB,JEVAB)=0,0
CPSTIFC(IEVAB,JEVAB)=0,.0
20 CONTINUE
TAREA=0,0

Cwes CALCULATE MATRIX OF ELASTIC RIGIDITIES

CALL MODPB(LPROP)
KGASP=0

Co** ENTER LOOPS FOR NUMERICAL INTEGRATION

C
DO 50 IGAUS=1,NGAUS
EXISP=POSGP(IGAUS)
DO 50 JGAUS=1,NGAUS
ETASP=POSGP(JGAUS)
KGASP=KGASP+1

C

Cows EVALUATE THE SHAPE FUNCTIONS.,

C ELEMENTAL AREA(ETC,

C

CALL SFR2(EXISP,ETASP)

CALL JACOB2(IELEM,DJACB,KGASP)
DAREA=DJACB*WEIGP(IGAUS)*WEIGP(JGAUS)
TAREA=TAREA+DAREA




C
C##x EVALUATE THE B AND DB MATRICES

c
CALL BMATPB
CALL DBE
C
C#we CALCULATE THE ELEMENT STIFFNESS
<
DO 30 IEVAB=1,NEVAB
DO 30 JEVAB=IEVAB,NEVAB
DO 30 ISTRE=1,NSTRE
ESTIF(IEVAB,JEVAB) =ESTIF(IEVAB,JEVAB) +
*BMATX(ISTRE-IEVAB) *DBMAT(ISTRE,JEVAB)
**DAREA
30 CONTINUE
C
Ceex CALCULATE THE INTEGRATED WINKLER
C STIFFNESS MATRIX IF REQUIRED
C
IFCIFND.NE,2) GO TO 37
DO 35 INODE=1,NNODE
I=3+INODE~2
DO 35 JNODE=INODE,NNODE
J=23*JNODE=~2
35 EFSTIFC(I,J)=SHAPECINODE)*SHAPE(JNODE) *DAREA
*+*BMODLS+EFSTIF(I,J)
37 CONTINUE
C
C##x STORE THE COMPONANTS OF THE DB MATRIX
C FOR THE ELEMENT
C
DO 40 ISTRE=1,NSTRE
DO 40 IEVAB=1,NEVAB
SMATX(ISTRE,IEVAB,KGASP) =
*DBMAT(ISTRE,IEVAB)
40 CONTINUE
S0 CONTINUE
C
Cwas CONSTRUCT THE LOWER TRIANGLE OF THE
C ELEMENT AND FOUNDATION STIFFNESS MATRACIES
C

DO 60 IEVAB=1,NEVAB
D0 60 JEVAB=1,NEVAB
ESTIF(JEVAB,IEVAB)=ESTIF(IEVAB,JEVAB)
IFCIFND.NE.2) GO TO 60
EFSTIF(JEVAB,IEVAB)=EFSTIF (IEVAB,JEVAB)
60 CONTINUE
IFCIFNDLLT.1) GO TO 67
IFCIFNDL.GT.1) GO TO 65
DO 63 INODE=1,NNODE
LNODE=LNODSCIELEM, INODE)
NDTYP=NDTYPE (LNODE)
IF(NDTYP.EQ.1) ENFLNC=1,0/12.0; GO TO 63
IF(NOTYP,EQ,2) ENFLNC=1,0/6.0
63 EFSTIF(3*INODE~2,3+INODE=~2) =BMODLS*TAREA*ENFLNC
65 DO 66 I1EVAB=1,NEVAB
00 66 JEVAB=1,NEVAB
66 CPSTIF(IEVAB,JEVAB)=ESTIF (IEVAB,JEVAB)+EFSTIF(IEVAB,JEVAB)
WRITE(5) EFSTIF
WRITE (6) CPSTIF
67 CONTINUE




63

C#ee STORE THE STIFFNESS MATRIX,STRESS MATRIX
C AND SAMPLING POINT COORDINATES FOR
C EACH ELEMENT ON DISK FILE
WRITE(C1) ESTIF
WRITE(3) SMATX,GPCOD
70 CONTINUE
RETURN
END
SUBROUT INE MODPB(LPROP)
C
Ce##s CALCULATES MATRIX OF ELASTIC RIGIDITIES
C FOR PLATE BENDING ELEMENT
C
COMMON/LGDATA/COORD(80,2) »PROPS(1044) »PRESC(40,3),
* ASDIS(240),ELOAD(24,24) »NOFIXC4LO),
» IFPRE(4D,3) ,LNODS(25,8),MATNOC(25)
COMMON/WORK/ELCOD(2,8),SHAPE(8),DERIV(2,8),DMATX(S5,5),
* CARTD(2,8) »DBMAT(5,24) ,BMATX(S5,24) »
* SMATX(5,24,9),POSGP(3) »WEIGP(3),
* GPCOD(2,9) »NEROR(24)
COMMON/ CONTRO/NPOINSNELEM,NNODE,NDOFN.NDIME,
* NSTRE,NT YPE,NGAUS,NPROP,NMATS,
* NVFIXsNEVAB,ICASE/NCASELITEMP,
. IPROB, NPROB
COMMON/WINKLR/
. IFND,BMODLS, TAREA,NDTYP,ENFLNC,»
WINKMD(25) NDTYPE (BO)»EFSTIF(24,24)0,CPSTIF(24,24),
* JEFMAT(B),ELDISP(24,8),NDFRC(24)
DO 10 ISTRE=1,NSTRE
DO 10 JSTRE=1,NSTRE
DMATX(ISTRE,JSTRE)=0,0
10 CONTINUE
YOUNG=PROPS(LPROP,1)
POISS=PROPS(LPROP,2)
THICKSPROPS(LPROP,3)
DMATX(1,1)3YOUNG*(THICK#*#*3)
*/(12.0%(1.0-POISS**2))
DMATX(2,2)=DMATX (1,1)
DMATX(1,2)=POISS*OMATX(1,1)
DMATX(2,1)2DMATX(1,2)
OMATX(3,3)=(1,0~POISS) *DMATX(1,1)/2.0
DMATX (4 ,4)=YOUNG*THICK/(2.4+(1,0+P0OISS))
DMATX(S5,5)=DMATX (4 ,4)
RETURN
END
SUBROUT INE SFR2(S.,T)
C
Cowe CALCULATES SHAPE FUNCTIONS AND THEIR
C DERIVATIVES FOR 20 ELEMENTS
g
COMMON/LGDATA/COORD(B0,2)»PROPS(10,4) ,PRESC(40.,3).,
* ASDIS(240),ELOAD(24,24) »NOFIX(LOD),
* IFPRE(LD,3) »LNODS(25,8),MATNO(25)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8),DMATX(5,5),
* CARTD(2,8) »D3MAT(5,24) ,BMATX(S5,24),
* SMATX(5,24,9),POSGP(3) ,WEIGP(3),
. GPCOD(2,9) JNEROR(24)
COMMON/CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,

" NSTRE/NTYPE ,NGAUS,NPROP,NMATS,
* NVFIXsNEVAB, ICASE,NCASEL,ITEMP,
" IPROB,NPROB

COMMON/WINKLR/
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. IFND,BMODLS,TAREA,NDTYP,ENFLNC,
* WINKMD(25) 4NDTYPE(BO)+EFSTIF(24,24),CPSTIF(24,24),
. BEFMAT(B),ELDISP(24,8),NDFRC(24)
$2=5+2.0
T2=T7+2,0
SS=S*§
TTuTeT
STeSeT
SST=SeaeT
STT=SaT we?
ST2aS#*T#2,0

C

Ce#xs SHAPE FUNCTIONS

C
SHAPE(1 )= (=1, 0+ST+SS+TT-SST=STT1) /4,0
SHAPE(2)=(1,0-T~SS5+55T1)/2.0
SHAPE(3)=(=1,0-ST+SS+TT=-SST+STT) /4,0
SHAPE(4 )= (1,04S-TT=-S5TT7)/2.0
SHAPE(S)= (~1,04ST+SS+TT+SST+STT) /4,0
SHAPE(6)=(1,0+T~-58-55T7)/2.0
SHAPE(7)a(~1,0-ST+SS+4TT+4SST=-STT)/4,.0
SHAPE(B8)=(1,0-5~TT+5TT)/2.0

C

Ce#s SHAPE FUNCTION DERIVATIVES

C
DERIV(1,1)=(T452-ST2-TT1)/4,0
DERIV(1,2)=~S+ST
DERIV(1,3)=(~-T+52-ST2+TT) /4.0
DERIV(1,4)=(1,0-T7)/2.0
DERIV(1,5)=(T+S2+4ST2+4TT)/4.0
DERIV(1,6)==~5~-ST
DERIV(1,7)=(=T+524ST2-TT) /4,0
DERIV(1,8)=(-1,0+4TT7)/2.0
DERIV(2,1)=(S+T2-55-8T2)/4,0
DERIV(2,2)=(~1,0+55)/2.0
DERIV(2,3)a(~5¢4T72-55+4S5T72)/4.0
DERIV(2,4)==T~ST
DERIV(2,5)=(S+T2+55+572)/4,.0
DERIV(2,6)=(1,.0~-55)/2.0
DERIV(2,7)=(~S+T24S5-5T72)/4.0
DERIV(2,8)==T+ST
RETURN
END
SUBROUTINE JACOB2(IELEM,DJACB,KGASP)

C

Ce#e CALCULATES COORDINATES OF GAUSS POINTS

¢ AND THE JACOBIAN MATRIX AND ITS DETERMINANT

C AND THE INVERSE FOR 2D ELEMENTS

C
DIMENSION XJACM(2,2),XJACI(2,2)
COMMON/LGDATA/COORD(80,2) »PROPS(10,4),PRESC(40,3),

* ASDIS(240),ELOAD(24,24) ,NOFIX(4L0),

* IFPRE(40,3) ,LNODS(25,8),MATNO(25)
COMMON/WORK/ELCOD(2,8) ySHAPE(B),DERIV(2,8),DMATX(5,5),

* CARTD(2,8) ,DBMAT(5,24) ,BMATX(S5,24),

. SMATX(5,26,9)»POSGP(3) ,WEIGP(3),

* GPCOD(2,9) NEROR(24)
COMMON/CONTRO/NPOIN/NELEM,NNODE ,NDOFN,NDIME,

* NSTRE-NTYPE,NGAUS,NPROP,NMATS,

. NVF1XsNEVAB, I CASE/NCASELITEMP,

* IPROB,NPROB

COMMON/WINKLR/
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* IFND,BMODLS,TAREA,NDTYP,ENFLNC,
WINKMD(25) JNDTYPE(BO)»EFSTIF(244,24)sCPSTIF(24424),
* BEFMAT(8) ,ELDISP(24,8),NDFRC(24)

C
Cw#s CALCULATE COORDINATES OF SAMPLING POINT
C

DO 10 IDIME=1,NDIME
GPCOD(IDIME,KGASP)=0,0
DO 10 INODE=1,NNODE
GPCOD(IDIME,KGASP)=GPCOD(IDIME,KGASP) +
* ELCODCIDIME,INODE)*SHAPE (INODE)

10 CONTINUE

3

Ce«x CREATE JACOBIAN MATRIX», XJACM

C
DO 20 IDIME=1,NDIME
DO 20 JDIME=1,NDIME
XJACMC(IDIME,JDIME)=0.0
DO 20 INODE=1,NNODE
XJACMCIDIME,JDIME)=XJACM(IDIME,JDIME) +

* DERIV(IDIME,INODE)*ELCODC(JDIME,INODE)
20 CONTINUE

C

Cexes CALCULATE DETERMINANT AND INVERSE OF

(- JACOBIAN MATRIX

C

DJACB=XJACM(T,1)*XJACM(2,2)=XJACM(1,2)*
* XJACM(2,1)
IF(DJACB.GT.0.0) GO TO 30
WRITE(108,900) IELEM
sTOP
30 XJACIC(1,1)=XxJACM(2,2)/DJACB
XJACI(2,2)=XJACM(1,1)/DJACB
XJACI(1,2)==XJACM(1,2)/DJACB
XJACI(2,1)==XJACM(2,1) /DJACB
C
C##s CALCULATE THE CARTESIAN DERIVATIVES
C
DO 40 IDIME=1,NDIME
DO 40 INODE=1,NNODE
CARTDC(IDIME,INODE)=0,0
DO 40 JDIME=1,NDIME
CARTDCIDIME, INODE) =CARTDC(IDIME,INODE) +
* XJACICIDIME,JDIME)*DERIV(JDIMEL,INODE)
40 CONTINUE
900 FORMAT(//,1X,24HPROGRAM HALTED IN JACOB2,
* /+11X,22H LZERO OR NEGATIVE AREA,/.,
* 10Xs16H ELEMENT NUMBER »I5)

RETURN
END
SUBROUTINE BMATPB
C
Co##» CALCULATES STRAIN MATRIX 3
C FOR PLATE BENDING ELEMENT
C
COMMON/LGDATA/COORD(B0,2) »PROPS(10,4) »PRESC(40,3),
. ASDIS(240),ELOAD(24,24) »NOFIX(L0),
* IFPRE(4LD,3) »LNODS(25,8),MATNOC(25)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8),DMATX(5,5),
* CARTD(2,8) »DBMAT(5,24) »BMATX(S5,24),»
* SMATX(5,24+9) »POSGP(3) ,WEIGP(3),

* GPCOD(2,9) NEROR(24)
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COMMON/ CONTRO/NPOIN,NELEM, NNODE,NDOFN,NDIME,

* NSTRE,NTYPE,NGAUS,NPROP,NMATS,
* NVFIX,NEVAB, ICASE,NCASE,ITEMP,
L4 IPROB,NPROB
COMMON/ WINKLR/
* IFND,BMODL S, TAREA,NDTYP,ENFLNC.,
. WINKMD (25) JNDTYPE (BO)»EFSTIF(24,24),CPSTIF(24524),
* JEFMAT (8),ELDISP(24,8),NDFRC(24)

DO 10 ISTRE=1,NSTRE
D0 10 I1EVAB=1,NEVAB
10 BMATX(ISTRE,IEVAB)=0.0
JGASH=0
DO 20 INODE=1,NNODE
IGASH=J GASH+1
BMATX (4 ,IGASH)=CARTD(1,INODE)
BMATX(5,1GASH)=CARTD(2,INODE)
IGASH=I GASH+1
JGASH=IGASH+1
BMATX(1,IGASH)=~CARTD(1,INODE)
BMATX(3,IGASH)=~CARTD(2,INODE)
BMATX(4,IGASH)==SHAPECINODE)
BMATX(2+JGASH)==CARTD(2,INODE)
BMATX(3,JGASH)==CARTD(1,INODE)
BMATX (5+,JGASH) ==SHAPE (INDDE)
20 CONTINUE
RETURN
END
SUBROUTINE DBE
(4
Ce#ws CALCULATES D#B
(4
COMMON/LGDATA/COORD(80,2) ,PROPS(10,4) »PRESC(40,3),
* ASDISC(240),ELOAD(24,24) 4 NOFIX(C4D),
* IFPRE(40,3) ,LNODS(25,8) ,MATNO(25)
COMMONIHORK/ELCOD(Z.B):SHAPE(8);DERIV(2:B)aOMAYX(S,S):
CARTD(2,8) ,DBMAT(5,24) ,BMATX(5,24) »
. SMATX(5,2649),POSGP(3) ,WEIGP(3),
. GPCOD(2,9) JNEROR(24)
COMMON/ CONTRO/NPOIN,NELEMsNNODESNDOFN,NDIME,
* NSTRENTYPE,NGAUS,NPROP,NMATS,
* NVFIX,NEVAB,ICASE,NCASE,ITEMP,
* IPROB,NPROB
COMMON/WINKLR/
* IFND,BMODLS,TAREA,NDTYP,ENFLNC»
* WINKMD (25) /NDTYPE(B0) JEFSTIF(24,24),CPSTIF(24,24),
» BEFMAT(B8),ELDISP(24,8) NDFRC(24)
DO 10 ISTRE=1,NSTRE
DO 10 1EVAB=1,NEVAB
DBMAT(ISTRE,IEVAB)=0,0
DO 10 JSTRE=1,NSTRE
DBMAT(ISTRE,IEVAB)=DBMAT(ISTRE,IEVAB) +
*DMATX(ISTRE+JSTRE) *BMATX(JSTRE,IEVAB)
10 CONTINUE
RETURN
END
SUBROUTINE LOADPB
C
C#%% CALCULATE NODAL FORCES FOR PLATE ELEMENT
C
DIMENSION TITLEC12),POINT(3)
COMMON/LGDATA/COORD(80,2) »PROPS(10,4),PRESC(40,3),»
* ASDIS(240),ELOAD(24,24) »NOFIX(40),
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* IFPRE(4LO,3),LNODS(25,8)»MATNO(2S)
COMMON/WORK/ELCOD(2,8) »+SHAPE(B),DERIV(2,8),0MATX(S5,5),
* CARTD(2,8) ,DBMAT(5,24) ,BMATX(5,24)
* SMATX(5+,264,9),POSGP(3) ,WEIGP(3),
. GPCOD(2,9) JNEROR(24)
COMMON/ CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,
. NSTRE/NTYPEsNGAUS,NPROP,NMATS,
* NVFIXsNEVAB, I CASE/NCASE,ITEMP,
* IPROB,NPROB
COMMON/ WINKLR/
* IFND,BMODLS,TAREASNDTYPLENFLNC,
* WINKMD(25) JNDTYPEC(BO)»EFSTIF(24,24),CPSTIF(24,24),
* SEFMAT(B),ELDISP(24,8)/NDFRC(24)

DO 10 IELEM=1,NELEM
DO 10 TEVAB=1,NEVAB
ELOADCIELEM,IEVAB)=0,.0
10 CONTINUE
READ(105,900) TITLE
900 FORMAT(18A4)
WRITE(108,905) TITLE,ICASE
905 FORMAT(1X/1X,18A4s5X»12H LOAD CASE =,13)

C

Ca#% READ DATA CONTROLLING LOADING
C TYPES TO BE INPUT

C

READ(105,910) IPLOD
910 FORMAT(IS)

WRITE(108,915) IPLOD
915 FORMAT(IS)

GO TO 60
C
C##+ READ NODAL POINT LOADS
C

15 CONTINUE
IF(IPLOD.EQ.D) GO TO 115
20 READ(105,920)
*LODPT,(POINTCIDOFN),IDOFN=1,NDOFN)
WRITE(108,925)
*LODPT,(POINTCIDOFN),IDOFN=1,NDOFN)
920 FORMAT(I5,3F10.5)
925 FORMAT(IS5,3F10.5)

C
Ce#es ASSOCIATE THE NODAL POINT LOADS
C WITH AN ELEMENT
C
D0 30 IELEM=1,NELEM
DO 30 INODE=1,NNODE
NLOCA=LNODS(IELEM,INODE)
IFC(LODPT,EQ.NLOCA) GO TO 40
30 CONTINUE
40 DO 50 IDOFN=1,NDOFN
NGASH=(INODE=~1)*NDOFN+IDOFN
ELOAD(IELEM,NGASH) =POINTC(IDOFN)+ELOAD(C(IELEM/NGASH)
50 CONTINUE
IFCLODPT.NE.NPOIN) GO TO 20
GO TO 115
60 CONTINUE
C
Ce*x LOOP OVER EACH ELEMENT
C

DO 110 IELEM=1,NELEM
LPROP=MATNOCIELEM)
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UDLOD=PROPS(LPROP, &)
IF(UDLOD.EQ.D.0) GO TO 110

C

Ce%s EVALUATE THE COORDINATES OF THE
C ELEMENT NODAL POINTS

C

DO 70 INODE=1,NNODE
LNODE=LNODS(IELEM, INODE)
DO 70 IDIME=1,NDIME
ELCODCIDIME,INODE) =COORD(LNODE,IDIME)
70 CONTINUE
DO 80 IEVAB=1,NEVAB
ELOADCIELEM,IEVAB) =0,0
B0 CONTINUE
KGASP=0
c
C##e ENTER LOOPS FOR NUMERICAL INTEGRATION

C
DO 100 IGAUS=1,NGAUS
EXISP=POSGP(IGAUS)
DO 100 JGAUS=1,NGAUS
ETASP=POSGP(JGAUS)
KGASP=KGASP+1
C
Cwas EVALUATE THE SHAPE FUNCTIONS AT THE
C SAMPLING POINTS AND ELEMENTAL AREA
C

CALL SFR2(EXISP,ETASP)
CALL JACOB2(IELEM,DJACB,KGASP)
DAREA=DJACB*WEIGP(IGAUS)*WEIGP(JGAUS)

Co#xx CALCULATE LODES AND ASSOCIATE WITH
C ELEMENT NODAL POINTS

DO 90 INODE=1,NNODE
NPOSN=(INODE=1) «NDOFN+1
ELOAD(IELEM,NPOSN)=ELOADCIELEM,NPOSN)+
*SHAPE(INODE) *UDLOD *DAREA
90 CONTINUE
100 CONTINUE
110 CONTINUE
GO T0 15
115 WRITE(108,930)
930 FORMAT (1HO,5X.,
*36H TOTAL NODAL FORCES FOR EACH ELEMENT)
DO 120 IELEM=1,NELEM
WRITE(108,935) IELEM,
*(ELOADCIELEM,IEVAB),IEVAB=1,NEVAB)
120 CONTINUE
935 FORMAT (1X»14,5X»BE12.4/7C10X,8E12.4)/
*(10X,8E12.4))
RETURN
END
SUBROUT INE FRONT
DIMENSION FIXED(240),EQUAT (60),VECRV(240),
* GLOAD(60),GSTIF(1830) ESTIF(24,24),ELDIS(3,8),
* IFFIX(2640),NACVAC60)»LOCEL(24),NDEST(24)
COMMON/LGDATA/COORD(80,2) »PROPS(10,4),PRESC(4L0,3),

. ASDIS(240),ELOADC24,24) »NOFIX(4LD),

. IFPRE(4D,3) ,LNODS(25,8) »MATNO(2S5)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8) ,DMATX(S5,5),

. CARTD(2,8) +DBMAT (5,24) 4BMATX(5,24)
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* SMATX(5,24,9) ,POSGP(3) ,WEIGP(3),
. GPCOD(2,9) JNEROR(24)

COMMON/ CONTRO/NPOINsNELEM, NNODE,NDOFN,NDIME,
. NSTRE/NTYPE+NGAUS,NPROP,NMATS,
. NVFIX,NEVAB,ICASE,NCASE,ITEMP,
* IPROB,NPROSB

COMMON/ WINKLR/

» [FND,BMODLS,TAREA,NDTYPLENFLNC,
. WINKMD(25) JNDTYPE(BO)SEFSTIF(24,24),CPSTIF(24,24),
* S3EFMAT(B),ELDISP(24,8),NDFRC(24)

COMMON/RIGID/ NRGD,MAXRGD#REF(5),RGOND(5,80),LNADS(25,8)
NFUNC(I »J)m(yny=y)/2+1
MFRON=60
MSTIF=1830
¢
C#xs INTERPRET FIXITY DATA IN VECTOR FORM
.4
10 NTOTVENPOIN#NDOFN
DO 100 ITOTV=1,NTOTV
IFFIXCITOTV)=0
100 FIXEDC(ITOTV)=0,0
IFCNVFIX,EQ.0) GO TO 115
DO 110 IVFIX=1,NVFIX
NLOCA=(NOFIXCIVFIX)=1)*NDOFN
00 110 IDOFN=1,NDOFN
NGASH=NLOCA+IDOFN
IFFIX(NGASH)=IFPRECIVFIX,IDOFN)
110 FIXED(NGASH)=PRESC(IVFIX,IDOFN)
115 CONTINUE
C
C#*«*CHANGE THE SIGN OF THE LAST APPERANCE
C OF EACH NODE
¢
IF(NRGD.EQ.0) GO TO 118
DO 112 IELEM=1,NELEM
DO 112 INODE=1,NNODE
112 LNADSCIELEM,INODE) =LNODSCIELEM,INODE)
DO 117 INODE=1,NNODE
DO 117 IELEM=1,NELEM
DO 117 IRGD=1,NRGD
INRGD=REF (IRGD)
DO 117 IMAX=1,MAXRGD
IRIGID=RGONDC(IRGD, IMAX)
NODE=LNADSC(IELEM,INODE)
IF(NODELEQ.IRIGID) LNODSCIELEM,INODE)=INRGD
117 CONTINUE
WRITE(108,735)
735 FORMAT(1x/1x,*' REVISED NODAL CONNECTIONS FOR RIGID BODY"')
DO 119 IELEM=1,NELEM
119 WRITE(108,725) I1ELEM,(LNODS (IELEM,INODE),INODE=1,NNODE)
118 CONTINUE
725 FORMAT(I1X,1X,15,5%X,815)
DO 140 IPOIN=1,NPOIN
KLAST=0
DO 130 IELEM=1,NELEM
DO 120 INODE=1,NNODE
IFCIABS (LNODSCIELEM,INODE) ) .NE.IPOIN) GO TO 120
KLAST=]ELEM
NLAST=INODE
120 CONTINUE
130 CONTINUE
IF(KLAST.NE.O) LNODS(KLAST,NLAST)==IPOIN




140 CONTINUVE

C

Conn
C
C

150

160

161
C
Cann
C
C

162
C

Cunn

C

170
C
Cann

C

180

C
Chan
C
C
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START BY INITIALIZING IMPORTANT QUANTITIES

TO ZERO

DO 150 ISTIF=1,MSTIF
GSTIFCISTIF)=0,0

DO 160 IFRON=1,MFRON
GLOADC(IFRON)=0.0
EQUAT(IFRON)=0.0
VECRV(IFRON)=0.0
NACVACIFRON)=0

DO 161 IPOIN=1,NPOIN
ASDISCIPOIN)=0,0

AND PREPARE FOR DISC READING AND WRITING

OPERATIONS

REWIND 1
REWIND 2
REWIND 3
REWIND 4

IFCIFND.EQ.,O0) GO TO 162

REWIND 5
REWIND 6
CONTINUE

ENTER MAIN ELEMENT ASSEMBLY-REDUCTION LOOP

NFRON=0
KELVA=0
DO 380 IELEM=1,NELEM
KEVAB=0

IFCIFNDL.GT.0) READ (6) ESTIF ; GO TO 165

READC1) ESTIF
CONTINUE

DO 170 INODE=1,NNODE
DO 170 IDOFN=1,NDOFN

NPOSI=( INODE=1) *NDOFN+IDOFN

LOCNO=LNODSCIELEM, INODE)

IF(LOCNOL.GT.0) LOCEL(NPOSI)=(LOCNO=1)+

* NDOFN+IDOFN

IFCLOCNOLLT.0) LOCEL(NPOSI)=(LOCNO+1)+

* NDOFN=-IDOFN
CONTINUVE

START BY LOOKING FOR EXISTING DESTINATIONS

DO 210 IEVAB=1,NEVAB

NIKNO=IABS(LOCEL (IEVAB))

KEXIS=0
00 180 IFRON=1,NFRON

ITF(NIKNOJ.NE.NACVACIFRON))

KEVAB=KEVAB+1
KEXIS=1
NDEST(KEVAB)=]FRON
CONTINUE

IF(KEXIS.,NE.O) GO TO 210

GO TO 180

WE NOW SEEK NEW EMPTY PLACES FOR

DESTINATION VECTOR
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DO 190 IFRON=1,MFRON
IF(NACVACIFRON).NE.O) GO TO 190
NACVACIFRON)=NIKNO
KEVAB=KEVAB+1
NDEST(KEVAB)=IFRON
G0 TO0 200

190 CONTINUE

C
Ceavs THE NEW PLACES MAY DEMAND AN INCREASE
C IN CURRENT FRONTWIDTH
C
200 IF(NDEST(KEVAB).GT.NFRON) NFRON=NDEST (KEVAB)
210 CONTINUE
I1F(NRGD.EQ.0) GO TO 217
IALPHA=D
DO 215 IRGD=1,NRGD
DO 215 INODE=1,NNODE
215 TFCIABS (LNODSCIELEM,INODE)) JEQ.REF(IRGD)) IALPHA=IALPHA+1
IFCIALPHALEQ,0) GO TO 217
CALL TRANSF C(ESTIF,IELEM)
C

C #«#» MODIFY NECESSARY ROWS AND COLUMNS IN ESTIF
C
217 CONTINUE
C
Ceax ASSEMBLE ELEMENT LOADS
C
D0 240 IEVAB=1,NEVAB
IDEST=NDEST(IEVAB)
GLOAD(IDEST)=GLOAD (IDEST) +ELOADCIELEM,IEVAB)
Ce#wa ASSEMBLE THE ELEMENT STIFFNESSES
& BUT NOT IN RESOLUTION
C
IFCICASE.GT.1) GO TO 230
D0 220 JEVAB=1,1EVAB
JOEST=NDEST(JEVAB)
IF(ESTIF(IEVAB,JEVAB).EQ.0.0) GO TO 220
NGASH=NFUNC(IDEST,JDEST)
NGISHENFUNC(JDEST,IDEST)
IFCJDESTL.GELIDEST) GSTIF(NGASH)=
* GSTIF(NGASH)+ESTIF(IEVAB,JEVAB)
IFCJDESTLLT.IDEST) GSTIF(NGISH)=
* GSTIF(NGISH)+ESTIF(IEVAB,JEVAB)
220 CONTINUE
230 CONTINUE
240 CONTINUE

C

C*#* RE-EXAMINE EACH ELEMENT NODE., TO
c ENQUIRE WHICH CAN BE ELIMINATED
C

DO 370 IEVAB=1,NEVAB
NIKNO==LOCELC(IEVAB)
IF(NIKNO.LE.O) GO TO 370

Cewx FIND POSITIONS OF VARIABLES READY
C FOR ELIMINATION

DO 350 IFRON=1,NFRON
IF(NACVACIFRON) .NE.NIKNO) GO TO 350

Ce«s EXTRACT THE COEFFICIENTS OF THE
C NEW EQUATION FOR ELIMINATION
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IFC(ICASE.GT.1) GO TO 260
DO 250 JFRON=1,MFRON
IFCIFRONJLTL.JFRON) NLOCA=NFUNCCIFRON,JFRON)
IFCIFRON,GELJFRON) NLOCA=NFUNC(JFRON,IFRON)
EQUATC(JFRON)=GSTIF (NLOCA)

250 GSTIF(NLOCA)=0.0

260 CONTINUE

C
Cwas AND EXTRACT CORRESPONDING RIGHT
(¢ HAND SIDES
¢
EQRHS=GLOADCIFRON)
GLOADCIFRON)=0,0
KELVA=KELVA+1
C
Ceas WRITE EQUATIONS TO DISK OR TAPE
C

IFCICASEL.GTL.1) GO TO 270
WRITE(2) EQUAT,EQRHS,IFRON,NIKNO
GO TO 280
270 WRITE(L) EQRHS
: READ(2) EQUAT,DUMMY,IDUMM,NIKNO
280 CONTINUE
C
Ce##x DEAL WITH PIVOT

c
PIVOT=EQUATC(IFRON)
EQUAT(IFRON)=0,0

C

C*##+ ENQUIRE WHETHER PRESENT VARIABLE IS

c FREE OR PRESCRIBED

C
IFCIFFIX(NIKNO).EQ.0) GO TO 300

c

C##%s DEAL WITH A PRESCRIBED DEFLECTION
C
D0 290 JFRON=1,NFRON
290 GLOAD(JFRON)=GLOAD(JFRON)~=FIXED(NIKNO)*
* EQUAT(JFRON)

GO TO 340
C
C##** ELIMINATE A FREE VARIABLE-DEAL WITH THE
C RIGHT HAND SIDE FIRST
C

300 b0 330 JFRON=1,NFRON
GLOAD(JFRON)=GLOAD(JFRON)~EQUAT(JFRON) *
* EQRHS/PIVOT
C
Cex» NOW DEAL WITH THE COEFFICIENTS IN CORE
L4
IFCICASE.GT.1) GO TO 320
IFCEQUAT(JFRON).EQ.0.0) GO TO 330
NLOCA=NFUNC(O,JFRON)
DO 310 LFRON=1,JFRON
NGASH=L FRON+NLOCA
310 GSTIF(NGASH)=GSTIF(NGASH) ~EQUAT(JFRON) *
* EQUATC(LFRON)/PIVOT
320 CONTINUE
330 CONTINUE
340 EQUATC(IFRON)=PIVOT
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Ce#s RECORD THE NEW VACANT SPACE, AND REDUCE

¢ FRONTWIDTH IF POSSIBLE
c
NACVACIFRON) =0
GO 10 360
C
Ce#%s COMPLETE THE ELEMENT LOOP IN THE FORWARD
3 ELIMINATION
C
350 CONTINUE
360 IF(NACVA(NFRON).NE.O) GO TO 370
NFRON=NFRON=-1
IF(NFRON.GT.0) GO TO 360
370 CONTINUVE
380 CONTINUE
C
Ca#e ENTER BACK SUBSTITUTION PHASE., LOOP
C BACKWORDS THROUGH VARIABLES
C

DO 410 IELVA=1,KELVA
C
Cw#x* READ A NEW EQUATION
c
BACKSPACE 2
READ(2) EQUAT,EQRHS,IFRONANIKNO
BACKSPACE 2
IFCICASE.EQ.T1) GO TO 390
BACKSPACE &
READ(4) EQRHS
BACKSPACE 4
390 CONTINUE
C
C#*+ PREPARE TO BACKSUBSTITUTE FROM
C THE CURRENT EQUATION
PIVOT=EQUAT(IFRON)
IFCIFFIX(NIKNO) . EQ,1) VECRV(IFRON) =
* FIXED(NIKNO)
IFCIFFIX(NIKNO) ,EQ.0) EQUATC(IFRON)=0.0
c
Cess BACK~SUBSTITUTE INTO THE CURRENT EQUATION
C
DO 400 JFRON=1,MFRON
400 EQRHS=EQRHS=-VECRV(JFRON)*EQUAT(JFRON)
L
Ce#s PUT THE FINAL VALUES WHERE THEY BELONG
C
IFCIFFIX(NIKNO) ,EQ.0) VECRV(IFRON) =
* EQRHS/PIVOT
IFCIFFIXONIKNO) .EQ.1) FIXED(NIKNO)=-EQRHS
ASDIS(NIKNO)=VECRV(IFRON)
410 CONTINUE
IF(NRGD.EQ.0) GO TO 419
DO 404 IRGD=1,NRGD
DO 404 IELEM=1,NELEM
DO 404 INODE=1,NNODE
IFCIABS (LNODSCIELEM, INODE)) ,EQ.REF(IRGD)) GO TO 402
GO TO 404
402 NODE=LNADS(IELEM,INODE)
IFCLNADSCIELEM,INODE) . EQ.REF(IRGD)) GO TO 404
IDUM=3« (NODE=1)+1
ASDISC(IDUM)=0,0
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ASDIS(IDUM+1)=0,0
ASDIS(IDUM+2)=0.0
404 CONTINUE
WRITE(108,700)
700 FORMATCI1X/1X,' DISPLACEMENTS OF REFERENCE NODES AND FREE
*« NODES ONLY")
DO 401 IPOIN=1,NPOIN
NGASH=IPOIN*NDOFN
NGISH=NGASH-NDOFN+1
401 WRITE(108,920) IPOIN,(ASDIS (IGASH) /IGASH=NGISH,NGASH)
DO 416 IELEM=1,NELEM
DO 416 INODE=1,NNODE
DO 415 IRGD=1,NRGD
DO 415 IMAX=1,MAXRGD
415 IFCIABS (LNODSCIELEM,INODE)) .EQ.REF(IRGD)) GO TO 411
GO TO 416
411 NODE=LNADSCIELEM,INODL}
REFNOD=REF (iRGD)
X==-(COORD{NODE~»1)=~COORD(REFNOD,1))
Y=COORD (NODE,2)~COORD(REFNOD,2)
IDUM=3+ (NODE=1) +1
JDUM=3# (REFNOD=1)+1
ASDISCIDUM)=ASDISCJDUM)=X*ASDISCJDUM#1)+Y*ASDIS(JDUM+2)
ASDISCIDUM+1)=ASDISC(JDUM+1)
ASDISCIDUM+2)=ASDIS(JOUM+2)
IFCIFFIXCIDUM).EQ.O0) GO TO 425
FIXED(IDUM)=FIXED(JOUM)
425 IFCIFFIXCIDUM+1).EQ.0) GO TO 426
FIXEDCIDUM#1)=FIXEDCJDUM) «X+FIXEDC(JOUM+T)
426 IF(FIXED(IDUM+2).EQ.0) GO YO 416
FIXED(IDUM#2)=FIXED(JDUM) # (=Y)+FIXED(JDUM+2)
416 CONTINUE
DO 418 IELEM=1,NELEM
DO 418 INODE=1,NNODE
LNODSCIELEM, INODE)=LNADSC(IELEM,INODE)
418 CONTINUE
419 CONTINUE
WRITE(108.,900)
900 FORMAT(IHO,5X,13HDISPLACEMENTS)
IF(NDOFN.NE.2) GO TO 430
IF(NDIME.NE.1) GO TO 420
WRITE(108,905)
905 FORMAT(IHO,5X,4HNODE »6XsSHDISPL,7X s
*+ BHROTATION)
GO TO 440
420 WRITE(108,910)
910 FORMAT(1HO,SX,4HNODE»SXs7HX=DISP.»
* 7Xs7HY=-DISP,)
GO TO 440
430 WRITEC(108,915)
915 FORMAT (THOD,SX,4HNODE,6X,SHDISP.,8X,
* 7HXZ=ROT .,7Xs7HYZ=ROT,)
440 CONTINUE
DO 450 IPOIN=1,NPOIN
NGASH=IPOIN*NDOFN
NGISH=ENGASH=NDOFN+1
450 WRITE(108,920) IPOIN,(ASDIS (IGASH) ,IGASH=
* NGISHsNGASH)
920 FORMAT(I10,3E14,6)
WRITE(108,925)
925 FORMAT(1HO,SX,9HREACTIONS)
IF(NDOFN.NEL2) GO TO 470
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IF(NDIME.NE.1) GO TO 460
WRITEC108,930)
930 FORMAT (1HO,5X+4HNODE »6X,SHFORCE,B8X ,6HMOMENT)
GO TO 480
460 WRITE(108,935)
935 FORMAT (1HO,S5X»4HNODE»SXs7HX=FORCE,7X,
« 7HY=FORCE)
GO TO 480
470 WRITE(108,940)
9640 FORMAT (1HO,S5X,4HNODE,6X,SHFORCEL6X,
* GHXZ~MOMENT,5X,9HYZ~MOMENT)
480 CONTINUE
D0 S10 IPOIN=1,NPOIN
NLOCA=(IPOIN-1)*NDOFN
DO 490 IDOFN=1,NDOFN
NGUSH=NLOCA+IDOFN
[FCIFFIX(NGUSH).GT.0) GO TO 500
490 CONTINUE
G0 TO 510
S00 NGASH=NLOCA+NDOFN
NGISH=NLOCA+1
WRITE(108,945) IPOIN,(FIXED(C(IGASH),IGASH=
* NGISH,NGASH)
510 CONTINUE
945 FORMAT(I110,3E14,6)
C
Ceea POST FRONT=-RESET ALL ELEMENT CONNECTION
C NUMBERS TO POSITIVE VALUES FOR SUBSEQUENT
C USE IN STRESS CALCULATION
C

DO 520 IELEM=1,NELEM
DO 520 INODE=1,NNODE
520 LNODSCIELEM,INODE)=IABS(LNODSC(IELEM,INODE))
RETURN
END
SUBROUT INE TRANSF (ESTIF,IELEM)
DIMENSION ESTIF(24,24)
COMMON/LGDATA/COORD(B0,2) »PROPS(10,4),PRESC(4D,3),
. ASDISC240),ELOAD(24,24) o NOFIX(40),
* IFPRE(4D,3),LNODS(25,8),MATNO(25)
COMMON/WORK/ELCOD(2,8) SHAPE(B),DERIV(2,8),DMATX(S5,5),
. CARTD(2,8) ,DBMAT(5,24) ,BMATX(5,24),
. SMATX(5,24,9),POSGP(3) ,WEIGP(3),
* GPCOD(2,9) 4NEROR(24)
COMMON/ CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,
* NSTRE/NTYPE+,NGAUS,NPROP,NMATS,
- NVFIX,NEVAB,ICASEANCASE,ITEMP,
* IPROB.NPROB
COMMON/ WINKILR/
* IFND,BMODL S, TAREASNDTYPLENFLNC.
. WINKMD(25) JNDTYPE(BO),EFSTIF(24,24),CPSTIF(24,24),
* BEFMAT (8),ELDISP(24,8),NDFRC(24)
COMMON/RIGID/ NRGD,MAXRGD,REF(5),RGOND(5,80),LNADS(25,8)

## 4 MODIFY NECESSARY ROWS AND COLUMNS IN ESTIF

o

DO 240 IRGD=1,NRGD
KDUM=0
LDUM=0
100 CONTINUE
110 D0 220 INODE=1,NNODE
ITFCIABS (LNODSCIELEM,INODE) ) .EQ.REF(IRGD)) GO TO 130
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GO 10 220

130 NODE=LNADSC(IELEM,INODE)
REFNOD= IABS(LNODSCIELEM,INODE))
X==(COORD (NODE,1)~COORD(REFNOD,1))
Y=COORD (NODE,2)~COORD(REFNOD,2)
IOUM=3« (INODE=1) +1
IF(KDUMJ.EQ.1) GO TO 140
ELT=ELOAD (IELEM,IDUM)
EL2=ELOAD(IELEM,IDUM+1)
EL3=ELOAD CIELEM,IDUM+2)
ELOAD(IELEM,IDUM+1)=EL2~ELT1#X
ELOADCIELEM,IDUM#2)=(ELTI*Y)+EL3

140 CONTINUE
IF(LODUM.GELT) GO TO 150
LLODUM=3#(INODE=1)+1

150 LOUM=LDUM+1
D0 200 JNODE=1,NNODE
JOUM=3« (JNODE~1) +1
IF(KDUMLEQ,1) IDUM=JDUM;JDUM=3x(INODE=1)+1
E1=ESTIF(JDUML,IDUM)
E2=ESTIF(JDUM,IDUM+T)
ES=ESTIF(JDUMLIDUM4+2)
EA=ESTIF(JDUM+1,1DUM)
ES=ESTIF(JOUM+1,IDUM+1)
E6=ESTIF(JOUM+1,IDUM+2)
E7=ESTIF(JDUM+2,1DUM)
EB=ESTIF(JDUM+2,1DUM+1)
E9=ESTIF(JDUM+2,IDUM+2)
IF(KDUM,EQ,.1) GO TO 170

C

Cees [F KDUM=0, MODIFY COLUMNS,LOAD VECTOR,AND THE DISPLACEMENT VECTOR
C IF KDUM=1, MODIFY ONLY THE ROWS IN ESTIF

€

ESTIF(JOUM,IDUM) =E1
ESTIFC(JDUM,IDUM+T) =(~ET1#X) +E2
ESTIF(JDUM,IDUM+2) =ET1#Y+E]
ESTIF(JDUM#1,IDUM) =E4
ESTIFCJDUM+T,IDUM+ 1) =(~ELX)+ES
ESTIFCJOUM#T,IDUM+2) 2ELeY+ES
ESTIF(JOUM#2,10UM) =E7
ESTIF(JDUM#2,I0UM+ 1) =(~E7+X)+ES
ESTIFCJDUM*2,IDUM+2)=E7+Y+EQ
GO TO 200

170 CONTINUE
ESTIF(JODUM,IDUM) =E1
ESTIFCJDUM,IDUM1) =E2
ESTIF(JDUM,IDUM+2) =E3
ESTIFCJDUMH1,IDUM) =(=ET1#X) +E4
ESTIFC(JOUM#1,IDUM+ 1) =(~E24X)+ES
ESTIF(JOUM#1,IDUM+2)=(~E3*X)+ES
ESTIF(JOUM+2,I0UM) =ET1*Y+E7
ESTIF(JDUM+2, IDUM+1)=E2+Y+EB
ESTIF(JDUM+2,IDUM+2) =E3#Y+EQ

200 CONTINUE

220 CONTINUE
KDUM=KDUM+1
IF(XDUM.EQ,1) GO TO 100

260 CONTINUE
DO 260 IRGD=1,NRGD
LDUM=0
DO 250 INODE=1,NNODE
IFCIABS (LNODS(IELEM,INODE) ) .EQ.REF(IRGD)) GO TO 221




7

GO TO 250
221 IDUM=3+ (INODE=1)+1
IF(LOUM.GE.1) GO TO 222
LLDUM=IDUM
222 LDUM=LDUM+1
DO 230 JNODE=1,NNODE
IFCIABS (LNODSC(IELEM,JNODE ) ) .NEL.REF(IRGD)) GO YO 230
JDUM=3# (JNODE=1) +1
IFCIDUM.EQ.LLDUM.AND.JDUM.EQ.LLDUM) GO TO 230
IFCINODE.EQ.JNODE) GO TO 225
ESTIF(LLOUM,LLDUM)®ESTIFC(LLOUM,LLDUM)
* +ESTIFCIDUM,JDUM) +ESTIFCJDUM,IDUM)
ESTIF(LLDUM/LLOUM#1)=ESTIF(LLDUMALLOUM*1)
* +ESTIFC(IDUM,JDUM# 1) +ESTIF(JDUM,IDUM+1)
ESTIF(LLOUM,LLDUM#2)=ESTIF (LLDUM,LLDUM+2)
* +ESTIF(IDUM,JDUM#2)+ESTIF(JDUM,IDUM+2)
ESTIFC(LLDUM+1,LLOUM)SESTIF (LLDUM+1,LLDUM)
* +ESTIF(IDUM#1,JDUM)+ESTIFC(JDUM+1,IDUM)
ESTIFCLLOUM+T1,LLDUM+ 1) =ESTIF(LLOUM+T1,LLDUM+1)
* +ESTIFC(IDUM#1,JDUM+T)+ESTIF(JOUM+I,IDUM+T)
ESTIFCLLOUM+T1,LLOUM+2)=ESTIF(LLOUM+T,LLDUM+2)
* +ESTIFC(IDUM+1,JDUM+2) +ESTIF(JDUM+1,1DUM+2)
ESTIF(LLDUM#2,LLOUM) =ESTIF (LLDUM+2,LLDUM)
* +ESTIFC(IDUM#2,JDUM)+ESTIF(JDUM+2,1IDUM)
ESTIF(LLDUM#2,LLDUM+ 1) =ESTIF(LLOUM+2,LLOUM*1)
* +ESTIF(IDUM#2,JDUM#1)+ESTIF(JDUM+2,IDUM+T)
ESTIFCLLOUM+2,LLOUM+2) =ESTIF(LLOUM+2,LLDUM+2)
* +ESTIFC(IDUM+2,JDUM+2) +ESTIF(JDUM+2,1DUM+2)
GO To 228
225 CONTINUE
ESTIFCLLOUM/LLDUM)=ESTIF(LLOUM,LLDUM)
* +ESTIF(IDUM,JDUM)
ESTIF(LLOUM/LLOUM+ 1) =ESTIF(LLOUM,LLDUM*T)
* +ESTIFC(IDUM,JDUM+T)
ESTIF(LLOUMALLOUM#+2)=ESTIF (LLOUM,LLDUM+2)
* +ESTIF(IDUM,JDUM+2)
ESTIF(LLOUM#1,LLDUM)=ESTIF(LLDUM#1,LLDUM)
* +ESTIF(IDUM+1,JDUM)
ESTIF(LLOUM#1,LLDUM#1)=ESTIF(LLOUM+1,LLDUM+1)
* *ESTIFCIDUM+1,JDUM+T)
ESTIFC(LLDUM#T,LLOUM+2) =ESTIF(LLOUM+T1,LLDUM+2)
* +ESTIF(IDUM+1,JDUM+2)
ESTIF(LLOUM42,LLDUM)=ESTIF (LLDUM+2,LLDUM)
* +ESTIF(IDUM+2,JDUM)
ESTIF(LLDUM#2,LLDUM+ 1) =ESTIF(LLPUM+2,LLDUM+T)
* +ESTIFC(IDUM+2,JDUM+T)
ESTIFC(LLOUM#2,LLOUM+2) =ESTIF(LLDUM+2,LLOUM+2)
* +ESTIFCIDUM+2,JDUM+2)
228 CONTINUE
DO 229 I=IDUM,IDUM+2
DO 229 J=JDUM,JDUM+2
ESTIF(I,J)=0.0
229 ESTIF(J,1)=0,0
230 CONTINUE
250 CONTINUE
260 CONTINUE
RETURN
END
SUBROUT INE STREPB
C
Coes CALCULATES THE STRESS RESULTANTS AT
C GAUSS POINTS FOR PLATE BENDING ELEMENT
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DIMENSION ELDIS(3,8),STRSG(S)

COMMON/LGDATA/COORD(B0,2) »PROPS(10,4) ,PRESC(40D,3),
ASDISC240),ELOAD(24,24) ,NOFIX(40),
IFPRE(4D,3) »LNODS(25,8) »MATNO(25)

COHHON/HORK/ELCOD(Z:B):SHAPE(8)-DER1V(2'8)10HATX(505)r

CARTD(2,8) »0BMAT(5,24) »BMATX(5,24)
SMATX(5+,24,9),POSGP(3) ,WEIGP(3),
GPCOD(2,9) 4NEROR(24)

COMMON/ CONTRO/NPOINsNELEMoNNODE,NDOFN,NDIME,
NSTRE/NTYPE,NGAUS,NPROP,NMATS,
NVFIXsNEVAB,ICASE/NCASE,ITEMP,
IPROB,NPROB

COMMON/ WINKLR/

IFND,BMODLS,TAREA,NDTYPLENFLNC.,

WINKMD(25) JNDTYPE(BO)»EFSTIF(24,24),CPSTIF(24,24),

BEFMAT(B),ELDISP(24,8),BNDFRC(24)
WRITEC108,900)
WRITE(108,905)

OOP OVER EACH ELEMENT
DO 40 IELEM=1,NELEM

EAD THE STRESS MATRIX, SAMPLING POINT
OORDINATES FOR THE ELEMENT

READ(3) SMATX,GPCOD
WRITE(108,910) IELEM

DENTIFY THE DISPLACEMENTS OF THE
LEMENT NODAL POINTS

DO 10 INODE=1,NNODE
LNODE=LNODS(IELEM, INODE)

NPOSN= (LNODE=1)*NDOFN

DO 10 IDOFN=1,NDOFN
NPOSN=NPOSN+1
ELDISCIDOFN,INODE) =ASDISC(NPOSN)
CONTINUE

KGASP=0

NTER LOOPS OVER EACH SAMPLING POINT

DO 30 IGAUS=1,NGAUS
DO 30 JGAUS=1,NGAUS
KGASP=KGASP+1

DO 20 ISTRE=1,NSTRE
STRSG(ISTRE)=0.0
KGASH=0

OMPUTE THE STRESS RESULTANTS

DO 20 INODE=1,NNODE

00 20 IDOFN=1,NDOFN

KGASH=KGASH+1

STRSGC(ISTRE)=STRSG(ISTRE) +
SMATX(ISTRE,KGASH,KGASP)*ELDISCIDOFN,INODE)

20 CONTINUE

(",
Chnn

C

0

UTPUT THE STRESS RESULTANTS
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WRITE(108,915) KGASP,
*(GPCOD(IDIME,KGASP),IDIME=1,NDIME)»
*(STRSGC(ISTRE)»ISTRE=1,NSTRE)

30 CONTINUE

40

CONTINUE

900 FORMAT(/,10XsBHSTRESSES./)

905

910
915

30

40
50
810
820
830
840

FORMAT C1HO,4HG#P,»2XsBHX=COORD.#2X,

*BHY~COORD . #3X,BHX=MOMENT »4X ,BHY=-MOMENT »

*3Xs OHXY~MOMENT ,2X, 10HX2Z-S,FORCE,2X,

*10HYZ-S ,FORCE)

FORMAT(/,5X,12HELEMENT NO,.=,15)
FORMAT(I5,2F10.4,5€E12.5)

RETURN

END

SUBROUTINE FPRES

COMMON/LGDATA/COORD(80,2) »PROPS(10,4),PRESC(40D,3),

. ASDIS(240),ELOADCR24,24) o NOFIX(40),

* IFPRE(LD,3) »LNODS(25,8) ,MATNO(25)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8),DMATX(5,5),

* CARTD(2,8) ,DBMAT(5,24) ,BMATX(5,24) ,

* SMATX(5,24,9) ,POSGP(3) ,WEIGP(3),

» GPCOD(2,9) ANEROR(24)

COMMON/ CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,
» NSTRE,NTYPE,NGAUS,NPROP,NMATS,
" NVFIXsNEVA3, 1 CASE/,NCASE,ITEMP,
. IPROB,NPROB

COMMON/WINKLR/

. IFND,BMODLS,TAREA,NDTYPL,ENFLNC,
* WINKMD(25) NDTYPE(BO) »EFSTIF(24,24),CPSTIF(24,24),
* BEFMAT(B),ELDISP(24,8),BNDFRC(24)

DIMENSION ELDSP(24)
WRITE(108,820)

WRITE(108,830)

DO 50 IELEM=1,NELEM
BMODLS=WINKMD (IELEM)

DO 5 1EVAB=1,NEVAB
ELDSP(IEVAB)=0.0

READ (5) EFSTIF

WRITE(108,810) I1ELEM

b0 10 INODE=1,NNODE
LNODE=LNODSCIELEM, INODE)
NPOSN=(LNODE=1) *NDOFN

DO 10 IDOFN=1,NDOFN

NPOSN=NPOSN+1

DOFRD=3+( INODE=1)+IDOFN
ELDSP(DOFRD)=ASDIS (NPOSN)
CONTINUE

DO 30 I=1,NNODE

K=3a]-2

BNDFRCCI)=ELDSP(K) #BMODLS
IF(EFSTIF(K,K).EQ,0,0) BNDFRC(I)=0.0
CONTINUE

DO 40 I=1,NNODE
LNODE=LNODSCIELEM,I)
WRITE(108,840) LNODE,(BNDFRC(I))
CONTINUE

CONTINUE

FORMAT (1X/1X,"ELEMENT NUMBER :',2X,13)
FORMAT(1X/1X,*WINKLER FOUNDATION NODE POINT FORCES')
FORMAT (1X /25X, "NODE',4X,"NORMAL')
FORMAT(1X»25X+13,3X,E12.4)

RETURN
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END
SUBROUTINE CHECK1

Ceww TO CRITISIZE THE DATA CONTROL CARD AND

C
C

C

PRINT ANY DIAGNOSTICS

COMMON/LGDATA/COORD(B80,2),PROPS(104,4),PRESC(40,3),

. ASDIS(240),ELOAD(24,24)NOFIX(40),
. IFPRE(40,3),LNODS(25,8),MATNO(25)
COMMON/WORK/ELCOD(2,8) »SHAPE(B),DERIV(2,8) ,DMATX(5,5),
. CARTD(2,8) »DBMAT(5,24) ,BMATX(5,24) ,»
SMATX(5,264,9) »POSGP(3) JWEIGP(3),
. GPCOD(2,9) /NEROR(24)

COMMON/ CONTRO/NPOIN,NELEM/NNODE,NDOFN,NDIME,

* NSTRE/NTYPE »NGAUS,NPROP,NMATS,
* NVFIXsNEVAB, ICASE/NCASELITEMP,
. IPROB,NPROSB
COMMON/ WINKLR/
. IFND,OMODLS,TAREALNDTYP,ENFLNC,
* WINKMD(25) /NDTYPE(BGC)LEFSTIF(24,24),CPSTIF(24,24),
* BEFMAT(8),ELDISP(24,8),NDFRC(24)

DO 10 IEROR=1,24
10 NEROR(IEROR)=0

C##e CREATE THE DIAGNOSTIC MESSAGES

4

C

[FCNPOINL.LE.O) NEROR(1)=1
IFCNELEM*NNODELLTL.NPOIN) NEROR(2)=1
TF(NVFIXoLTL1.ANDL.IFNDEQ.O0) NEROR(3)=1
IF(NVFIX.GT.NPOIN) NEROR(3) =1
IF(NCASEL.LE.O) NEROR(4)=1
IF(NTYPE.LT.D.OR.NTYPEL.GT.2) NEROR(S)=1
IF(NNODE.LT.3.0R.NNODE.GT.8) NEROR(6)=1
IF(NDOFN.LT.2,0R.NDOFN.GT.3) NEROR(7)=1
IF(NMATS.LE.OLOR.NMATS .GT.NELEM) NEROR(8)=1
IFCNPROP.LT.3.0R.NPROP.GT.5) NEROR(9)=1
IF(NGAUS.LT.2.,0R.NGAUS.GT.3) NEROR(10)=1
IF(NDIME.LT.1.,0R.,NDIME,GT.2) NEROR(11)=1
IF(NSTRE.LT42,0R.NSTREL.GT.5) NEROR(12)=1

Cews EITHER RETURN, OR ELSE PRINT THE ERRORS

C
¢

C

DIAGNOSED

KEROR=D
DO 20 IEROR=1,12
IF(NEROR(CIEROR).EQ.0) GO TO 20
KEROR=1
WRITE(108,900) IEROR

900 FORMAT(//25H ##« DIAGNOSIS BY CHECK1,
* 6H ERROR,I3)

20 CONTINUE
IF(KERORLEQ.O) RETURN

Co##x OTHERWISE ECHO ALL THE REMAINING DATA

C
C

WITHOUT FURTHER COMMENT

CALL ECHO

END

SUBROUTINE ECHO

DIMENSION NTITL(80)

COMMON/LGDATA/COORD(B0D,2) »PROPS(10,4),PRESC(40,3),
. ASDIS(240),ELOAD(24,24) ,NOFIX(4D),
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* IFPRE(40,3),LNODS(25,8),MATNO(25)
COMMON/ WORK/ELCOD(2,8) ySHAPE(B),DERIV(2,8),DMATX(5,5),

* CARTD(2,8) +DBMAT(5,24) »BMATX(S5,24)

* SMATX(5,24,9) ,POSGP(3) 4WEIGP(3),

* i GPCOD(2,9) \NEROR(24)

COHHON/CONTRO/NPOIN.NELEH;NNODE;NDOFN'NDIME:
NSTRESNTYPE,NGAUS,NPROP,NMAT S,
* NVFIXsNEVAB, ICASE/NCASELITEMP,
* : IPROB,NPROB
COMMON/ WINKLR/
* IFND,BMODL S/ TAREA,NDTYP,ENFLNC»
» WINKMD(25) /NDTYPE (BO),EFSTIF(24,24)+CPSTIF(24,24),
SEFMAT(8),ELDISP(24,8)/,NDFRC(24)
HRIYE(1OB.900)
900 FORMAT(//2SH NOW FOLLOWS A LISTING DF,
* 25H POST=DISASTER DATA CARDS/)
10 READC(105,905) NTITL
905 FORMAT(80A1)
WRITE(C108,910) NTITL
910 FORMAT(20X,80A1)

G0 TO 10

END

SUBROUTINE CHECKZ2
C
Caax TO CRITICIZE THE DATA FROYM SUBROUTINE INPUT
€

DIMENSION NDFRO(25)
COMMON/LGDATA/COORD(BO,2) »PROPS(10,4) ,PRESC(4D,3),

* ASDIS(240),ELOAD(24,24) »NOFIX(40),

* IFPRE(4LO,3) »LNODS(25,B) ,MATNO(25)
COMMON/WORK/ELCOD(2,8) »+SHAPE(B)DERIV(2,8) ,OMATX(5,5),
* CARTD(2,8) JDBMAT(5,24) 4sBMATX(5,24)

* SMATX(5,24,9) ,POSGP(3) ,WEIGP(3),

. GPCOD(2,9) JNEROR(24)

COMMON/ CONTRO/NPOIN,NELEM,NNODE,NDOFN,NDIME,

* NSTRE/NTYPE,NGAUS,NPROP,NMATS,

* NVFIXsNEVAB,ICASE,NCASELITEMP,
* IPROB,NPROB

COMMON/WINKLR/

* IFND,BMODLS,TAREA,NDTYP,ENFLNC,

. WINKMD(25) NOTYPE (BO),EFSTIF(24424),CPSTIF(24,24),
* BEFMAT(B),ELDISP(24,8)/,NDFRC(24)

MFRON=460

C
Cewa CHECK AGAINST TO IDENTICAL NONZERO
C NODAL COORDINATES
C
DO 10 IELEM=1,NELEM
10 NDFROCIELEM)=0
DO 40 IPOIN=2,NPOIN
KPOIN=IPOIN=-1
DO 30 JPOIN=1,KPOIN
DO 20 IDIME=1,NDIME
IFC(COORDCIPOIN,IDIME) NE.COORDCJPOIN,
*+ IDIME))GO TO 30
20 CONTINUE
NERORC(13)=NEROR(13)+1
30 CONTINUE
40 CONTINUE
C
Cowa CHECK THE LIST OF ELEMENT PROPERTY NUMBERS
C
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DO 50 JELEM=1,NELEM
50 IF(MATNO(IELEM) LE.O.OR.MATNOCIELEM),.GT,
* NMATS) NERORC(14)=NEROR(14) +1
C
Cees CHECK FOR IMPOSSIBLE NODE NUMBERS
C
DO 70 IELEM=1,NELEM
DO 60 INODE=1,NNODE
IFCLNODSCIELEM,INODE),EQ.0) NEROR(15)=
* NEROR(15)+1
60 IF(LNODSCIELEM,INODE) . LT.0.0R.LNODSCIELEM,
* INODE).GT.NPOIN) NEROR(C16)=NEROR(16)+1
70 CONTINUE

C
Cean CHECK FOR ANY REPETITION OF A NODE
C NUMBER WITHIN AN ELEMENT
4
DO 140 IPOIN=1,NPOIN
KSTAR=0
DO 100 IELEM=1,NELEM
KZERO=D
DO 90 INODE=1,NNODE
IFCLNODSCIELEM,INODE).NEL.IPOIN) GO TO 90
KZERO=K ZERO+1
IF(KZERO.GT.1) NEROR(17)=NEROR(17)+1
C
Caws SEEK FIRST,LAST, AND INTERMEDIATE
C APPEARANCES OF NODE IPOIN
C
IF(KSTAR.,NE.O) GO TO 80
KSTAR=IELEM
C
Ceas CALCULATE INCREASE OR DECREASE IN
C FRONTWIDTH AT EACH ELEMENT STAGE
C
NODFROCIELEM)=NDFROCIELEM) +NDOFN
80 CONTINUE
c
Cwes AND CHANGE THE SIGN OF THE LAST
C APPERANCE OF EACH NODE
C
KLAST=IELEM
NLAST=] NDDE
90 CONTINUE
100 CONTINUE
IF(KSTAR,EQ.0) GO TO 110
TF(KLASTLLT.NELEM) NDFRO(KLAST+1)=
* NDFROCKLAST#1)=-NDOFN
LNODS(KLAST,NLAST)==IPOIN
GO TO 140
C
Cees CHECK THAT COORDINATES FOR AN UNUSED
C NODE HAVE NOT BEEN SPECIFIED
C

110 WRITE(108,900) 1POIN
900 FORMAT(/15H CHECK WHY NODE,l&4,
* 14H NEVER APPEARS)
NEROR(18)=NEROR(18)+1
SIGMA=0,0
DO 120 IDIME=1,NDIME
120 SIGMA=S IGMA+ABS(COORD(IPOIN,IDIME))
IF(SIGMALNEL.O.O0) NEROR(19)=NEROR(19)+1
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C

Cx%s CHECK THAT AN UNUSED NODE NUMBER IS NOT
C A RESTRAINED NODE

C

IFCIFND.GT.O.AND.NVFIX.EQ.0) GO TO 140
DO 130 IVFIX=1,NVFIX
130 IF(NOFIXCIVFIX).EQL.IPOIN) NEROR(20)=
* NEROR(20)+1
140 CONTINUE
Cens CALCULATE THE LARGEST FRONTWIDTH
C
NFRON=0
KFRON=0
DO 150 IELEM=1,NELEM
NFRON=NFRON+NDFROCIELEM)
150 IF(NFRON.GT.KFRON) KFRON=NFRON
WRITE(108,905) KFRON
905 FORMAT(//+1X,28HMAX FRONTWIDTH ENCOUNTERED =,15)
IF(KFRONJGT.MFRON) NEROR(21)=1
C
C#as CONTINUE CHECKING THE DATA FOR THE FIXED VALUES
c
IFCNVFIX,EQ.0.AND. IFND.GE. 1) GO TO 175
DO 170 IVFIX=1,NVFIX
TFCNOFIXCIVFIX).LE.OLORNOFIXCIVFIX).
* GT.NPOIN) NEROR(22)=NEROR(22)+1
KOUNT=0
DO 160 IDOFN=1,NDOFN
160 IFCIFPRECIVFIX,IDOFN).GT.0) KOUNT=1
IFCKOUNT.EQ.D) NEROR(23)=NEROR(23) +1
KVFIX=IVFIX=1
DO 170 JVFIX=1,KVFIX
170 IFCIVFIXJNELT.ANDJ.NOFIXCIVFIX),.EQ.
* NOFIXCJVFIX)) NEROR(24)=NEROR(24)+1
175 CONTINUE
KEROR=0
00 180 IEROR=13,24
IF(NERORCIEROR).EG.0) GO TO 180
KEROR=1
WRITE(108,910) IEROR,NEROR(IEROR)
910 FORMAT(//30H*#« DIAGNOSIS BY CHECK2, ERROR.,
* 13,6X,18H ASSOCIATED NUMBER,IS)
180 CONTINUE
IF(KEROR.NE.O) GO TO 200

C

Cex* RETURN ALL NODAL CONNECTION NUMBERS TO
€ POSITIVE VALUES

C

DO 190 IELEM=1,NELEM
DO 190 INODE=1,NNODE
190 LNODSC(IELEM,INODE)=IABSC(LNODSC(IELEM,INODE))
RETURN
200 CALL ECHO
END




TOTAL NO., OF PROBLEMS = 1

PROBLEM NO. 1 #x+ WANG AND SALMON===20,13,2 %2

**INTEGRATED WINKLER FOUNDATIONw=

NPOIN = 70 NELEM = 15 NVFIX = 19 NCASE = 1 NTYPE = 0 NNODE = 8 NOOFN =
NMATS = 3 NPROP = 4 NGAUS = 3 NDIME = 2 NSTRE = S NEVAB = 24
ELEMENT PROPERTY NODE NUMBERS SOIL MODuULUS

1 1 3 7 11 12 13 8 b 4 «17500

2 2 1 ] 9 10 1 2 3 2 «17500

3 1 13 15 19 20 21 16 13 12 «17500

4 1 9 14 17 18 19 15 LR 10 «17500

S 1 19 23 27 28 29 24 21 20 «17500

(-] 1 7 22 25 26 27 23 19 18 .17500

¥ 1 25 30 32 33 34 31 27 26 «17500

8 1 32 35 37 38 39 36 34 33 «17500

9 1 37 4«0 42 43 44 41 39 38 «17500

10 1 42 47 S0 51 52 4“8 44 43 «17500

11 1 44 48 52 53 S4 49 46 45 «17500

12 3 S0 SS 58 59 60 56 52 51 «17500

L3 1 52 56 60 61 62 57 54 53 «17500

14 1 S8 63 66 67 68 64 60 59 «17500

1 1 60 64 68 69 70 65 62 61 «17500

NODAL POINT COORDINATES

NODE X Y
1 .000 .000
2 .000 3.000
3 -.000 6.000

D xTpuaddy

-
-

butjo0,] ISADTTIURD




-000
.000
6.000
6.000
6.000
12.000
12.000
12.000
12.000
12.000
22.500
22.500
22.500
33.000
33,000
33.000
33.000
33.000
43.500
43,500
43.500
54,000
54.000
54,000
54,000
54,000
75.333
75,333
96.667
96.667
96.667
118,000
118.000
139.333
139.333
139.333
160.667
160.667
182.000
182.000
182,000

25.000
44,000
.000
6.000
44,000
.000
3.000
6.000
25.000
44.000
.000
7.000
44,000
.000
4.000
8.000
26.000
44,000
000
9.000
44,000
.000
S.000
10.000
27.000
44,000
.000
9.500
.000
4.500
9.000
.000
8.500
.000
4.000
8.000
.000
7.500
.000
3.500
7.000

S8




45
46
47
438
49
50
51
52
53
54
5SS
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

182.000
182.000
198.500
198.500
198.500
215,000
215.000
215.000
215.000
215.000
222.000
222.000
222.000
229.000
229.000
229.000
229.000
229.000
245,500
245.500
245.500
262.000
262.000
262.000
262.000
262.000

RESTRAINED NODES

NODE
1
6
9

14
17
22
25
30
32
35
37

CODE
001
0eC1
001
001
001
001
001
001
001
001
001

.J00000
.000000
.000000
.000000
.000000
.000000
.000000
.00G000
.000000
.000000
.000000

23.500
40.000
.000
7.000
40.000
.000
3.500
7.000
23.500
40.000
.000
7.000
40,000
.000
3.500
7.000
23.500
40.000
.000
7.000
40.000
.000
3.500
7.000
23.500
40.000

FIXED VALUES
. 000000
.000000
.000000
. 000000
-« 000000
.000000
. 000000
.000000
. 000000
- 000000
.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

98




40 001 .000000 -.000000
42 001 .000000 . 000000
47 001 .000000 . 000000
50 001 .000000 . 000000
S5 001 .000000 .000000
58 001 .000000 - 000000
63 001 .000000 .000000
66 001 .000000 . 000000

NUMBER OF RIGID BODIES = 2

MATERIAL PROPERTIES

NUMBER YOUNGS MODULUS
1 «300000€ +04
2 «300000€+04
L «300000€+04

#+e VERTICAL COLUMN LOADS ONLY
0

.000000
.000000
-.000000
.000000
.000000
.000000
.000000
.000000

NUMBER OF NODES ON RIGID BODIES = 16
RIGID BODY NUMBER REFERENCE NODE
1 1
2 50
MAXIMUM NUMBER OF NODES ON A RIGID BODY =
RIGID BOQDY NODES
1 1 e ey, 9 A0S
2 50 51 52 55 56 58 S9 60

POISSON'S RATIO
«250000€+00
«250000€+00
«250000€E+00

MAX FRONTWIDTH ENCOUNTERED = 30

hn

0 TOTAL NODAL FORCES FOR EACH ELEMENT
1 .0000€+00 «0000€E+00
.0000E+00 .0000E+00
-0000E+00 -0000E+00

THICKNESS
«240000E +02
«240000E+02
«240000E +02

-0000E+00
.0000€+00
.0000€+00

UNIFORM LOAD
«000000E+00
- 136000E+01
«170000E+01

-0000E +00 -0000E+00
.0000E+00 .0000€E+00
-0000€E+00 .0000E+00

-0000€E+00
.0000E+00
-0000€E+00

.0000€E+00
-0000€E+00
-0000E+00

-0000E+00
-0000€E+00
-0000€E+00

L8




10

) [

12

3

14

-8160E+01
-.0000€+00
-0000€E+00
-0000E+00
.0000E+00
.0000€E+00
-0000E+00
-0000€E+00
-0000E +00
-0000E+00
-0000E+00
-0000€+00
-0000E+00
-0000E+00
-0000E +00
.0000€e+00
-0000€+00
-0000£+00
.0000E+00
-0000€E+00
-0000€E +00
-0000E+00
.0000E+00
-0000E+00
.0000E+00
-0000E+00
-0000E+00
.0000E+00
-0000E+00
.0000E+0C
-1388€E+02
-0000E +00
-0000E+00
-.0000€+00
.0000€e+00
-0000E+CO
-0000€E+00
-0000€+00
-0000€E+00
-.0000E+00
-0000€+00

-.0000e+00
«3264E+02
-0000E+00
.0000E+00
.0000€+00
.0000€E+00
.0000€+00
.0000E+00
.0000E+00
-0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000€+00
.0000E+00
.0000E+00
.0000E+00
-.0000E+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E +00
.0000E+00
.0000E+00
.0000E+00
.0000e+00
-0000E+00
.0000€+00
.0000E+00
.0000E+00
«5553E+02
.0000E+00
.0000€E+00
.0000E+00
.0000€e+00
-.0000E+00
.0000€+00
.0000€E+00
.0000E+00
.0000€+00

-0000E+00
-0000E+00
«8160E+01
-0000€+00
.0D00E+00
.0000E+00
-000CE+00
-0000E+00
-0000E+00
-0000E+00
-0000E+00
.0000E+00
.0000€E+00
-0000E+00
-0000E+00
-0000E+00
-.0000€+00
.0000E+00
-.0000&+00
-0000€+00
-0000E+00
-0000E+00
-.0000€+00
-0000E+00
-0000E+00
-0000E+00
-0000€+00
-0000€+00
-0000€+00
-0000E+00
.0000€e+00
-0000€+00
-1388€+02
-0000E+00
.0000€+00
-0000E+00
-.0000E+00
-0000E+00
.0000€+00
-0000E+00
-0000E+00

«3264E+02
-0000€+00
-0000€+00
-0000€+00
-0000£+00
-0000E+00
-0000€+00
.0000£+00
-0000E+00
-0000E+00
-0000E+00
-C0000€E+00
-0000E+00
«0000E+00
-0000€E +00
-0000E+00

.0000€E+00

-0000E+00
-0000E+00
-0000€+00
-0000€+00
-0000€+00
-0000E+00
-0000€+00
«0000E+00
-0000E+00
.0000E+00D
-0000E+00
-0000€+00
-0000€ +00
«5553E+02
-0000E +00
-0000€E+00
-000CE+00
-0000€+00
-0000€+00
-0000E+00
.0000E+00
-0000E+00
-0000E+00
-0000€E+00

.0000€+00
«8160E+01
.000CE+00
«0000€E+00
.0000E+00
.0000€+00
.0000E+00
-0000E+00
-0000€+00
.0000E+00
.0000e+00
-0000E+00
.0000e+00
.0000E+00
.0000E+00
.0000£+00
.0000€e+00
«0000E+00
.0000E+00
-0000E+00
.0000€+00
.0000E+00
.0000€+00
-0000E+00
+0000E+00
.0000E+00
-.0000€E+00
.0000E+00
+.0000E+00
.0000E+00
.0000€E+00
«1388€+02
.0000€+00
.0000€+00
-0000€+00
.0000€e+00
«0000E+00
.0000£+00
-0000€E+00
.0000€+00
.0000€E+00

.0000E+00
.0000E+00
«3264LE+02
.0000E+00
.0000E+00
.0000E+00
-0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€+00
.0000E+00
.0000E+00
-0000€E+00
-0000E+00
-0000E+00
-0000E+00
-0000E+00
-0000€E+00
-0000€E+00
«0000E+00
-0000E+00
-0000€+00
-0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€+00
.0000E+00
-0000€+00
«5553E+02
.0000E+00
-0000E+00
-0000E+00
<0000E+00
-.0000E+00
-0000E+00
-0000E+00
-0000E+00

~«8160€+01
-0000E+00
.0000e+00
«0000E+00
-0000€e+00
.0000E+00
.0000€+00
.0000€E+00
-0000€E+00
-0000€e+00
-0000E+00
-0000E+00
.0000E+00
-0000E+00
-0000€e+00
-0000€E+00
-0000€+00
-0000E+00
.0000e+00
-0000E+00
-0000€e+00
-0000E+00
-.0000£+00
-0000€+00
.0000e+00
-0000e+00
-0000E+00
-0000€e+00
.0000E+00
.0000E+00

-.1388E+02

-0000E+00
-0000E+00
-0000E+00
-.0000E+00
-0000€+00
-0000E+00
-0000E+00
-0000€E+00
-.0000€e+00
-0000€e+00

-0000E+00
«3264E+02
-0000E+00
-.0000E+00
-0000€E+00
.0000E+00
-0000€+00
-0000E+00
.0000E+00
-0000E+00
«0000E+00
.0000E+00
+0000E+00
.0000E+00
.0000E+00
.0000€+00
-0000€+00
-0000E+00
+0000€E+00
-0000E+00
«0000E+00
-0000E+00
-0000E+00
-0000€e+00
-0000E+00
-0000€E+00
-0000E+00
«0000E+00
-0000€+00
-0000E+00
.0000E+00
«S5S53E+02
-0000€+00
«0000E+00
.0000€E+00
-0000€+00
.0000E+00
-0000E+00
-0000E+00
«0000E+00
+0000E+00

88




-0000E+00 -.0000€+00 -0000€E+00 -0000E+00 .0000€+00 .0000E+00 .0000E+00 .0000E+00

REVISED NODAL CONNECTIONS FOR RIGID BODY
1 1 1 1 12 13 8 S
2 1 1 1 1 1 1 1 1
3 1 15 b 20 21 16 13 12
4 1 14 g 18 19 15 1 1
5 19 23 27 28 29 24 21 20
6 1? 22 25 26 27 23 19 18
7 25 30 32 33 34 3N 27 26
8 32 35 37 38 39 36 34 33
9 37 40 42 43 44 41 39 38

10 42 4“7 50 50 50 48 44 43
1 44 48 50 53 54 49 46 45
12 50 50 50 50 S0 S0 50 50
13 S0 S0 50 61 62 57 5S4 S3
14 S0 63 66 67 68 64 S0 S0
15 50 64 68 69 70 65 62 51
DISPLACEMENTS OF REFERENCE NODES AND FREE NODES ONLY

1 «336898E+00 -.355909€-02 .000000E+00

2 .000000E+00 -000000€ +00 -000000€+00

3 .000000E+00 .000000€+00 .000000€+00

4 «331997E+00 =.348904E-02 =-.172927€-03

5 «326949E+00 ~-.342256E-02 -.206057€E-03

6 -.000000€E+00 .000000E+00 .000000€+00

7 .000000€+00 -000000E+00 -000000E+00

8 «306334E+00 ~-,343346E-02 =-,222299E-03

9 .000000E+00 .000000E+00 -000000E+00

10 .000000€E+00 .000000E+00 .000000€+00

11 .000000€+00 +000000E+00 .000000€+00

12 «290072E+00 =.345413E-02 =,176627E-03

13 «285681E+00 ~-,343516E-02 =-.220808E-03

14 «256309E+00 ~-.346135€-02 -000000€+00

15 «256089E+00 ~-.344895€E-02 =,625912E-04

16 «249768€+400 <-.340708€e-02 =-.200602e-03

17 .220059€+00 =-.328048E-02 .000000E+00

18 «219945E+00 =.329238E-02 =.366664E-04

19 «219687E+00 =-.329771E-02 =-.704405€E-04

20 «217801E+00 =-,.333616E-02 =-,173372€-03

21 «214006E+00 =-,337694E-02 =-,213347€E-03
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La
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
L6
L7
48
49
50
51
52
3
54
55
56
57
58
59
60
61
62

«185937€+00
-185633E+00C
«179367€+00
«154919E+00
«154624E+00
«153975€+00
«148760E+00
«144164E+00
«107907€+00
«107399E+00
«836369€E-01
«834926€-01
«831228€-01
.808835€e-01
«804972E-01
«975974€-01
«975391€-01
«973266E-01
«130623€E+00
«130424E+00
«175044E+00
«175105E+00
«175152€+00
«175191E+00
«174222€+00
«212518E+00
«212387€E+00
«210246E+00
«249987€E+00
.000000E+00
-000000€+00
«247341E+00
«245470E+00
-000000E+00
.000000€+00
«260194E+00
-000000E+00
-000000E+00
.000000E+00
«276439E+00
«274405E+00

-«303874€-02
~«307249€-02
-« 332231€-02
-« 266573€-02
-« 27224 2E-02
~«283958€-02
-« 326520€-02
-«331340€e-02
=« 170076€-02
~«169640E-02
-« 639302€-03
~«658911€-03
~.670928E-03
«294264E-03
«284345€E-03
«113426€-02
«113508€-02
«112518€-02
«176351€-02
«175204€-02
«214622E-02
«215516€~-02
«216650€E-02
«217601€-02
«218555€6-02
«219456E-02
«218294E-02
«214835€6-02
«208374€-02
-000000E+00
.000000E+00
«2113721€-02
«210859€E-02
-000000E+00
.000000E+00
.207843€-02
.000000€+00
-000000E+C0
-000000E+00
«204069€-02
«204909€-02

.0C0000E+00
-«120066E-03
-.205674€-03

.000000E+00
~.432663E-04
~«861015€-04
-«169355€6~-03
~«208120€-03

-000000£+00
-«111380E-03

-000000E+00
-«527238E-04
-+106313e-03

.000000£E+00
~.891379€e-04

.000000€+00
~«359526E-04
~e717422€E-04

-.000000€+00
~«447138E-04

-000000E+00
=e564434E-0S
~.117089€E-04
~«351970€-04
~«697906E-04

-000000E+00
~«238646E=-04
~«551412€-04

.000000€+00

-000000E+00

.000000E+00
-«788130E-04
~.718140E-04

-000000e+00

-000000€E+00
-.800766E-04

.000000€+00

-000000€+00

-000000E+00
~.B843768E-04
-.809728€E-04

06




«310706E+00

64 «310522€+00
65 .307584€+00
66 «342535€E+00
67 «342544E+00
68 «342437E+00
69 «341576E+00
70 «340007E+00C
DISPLACEMENTS
NODE DISP.

1 «336898E+00

2 «336898E+00

3 «336898E+00
4 «331997€+00

S «326949E+00
6 «315543E+00

7 «315543€+00
8 «306334E+00

9 «294189E+00
10 «294189E+00
11 «294189E+00
12 «290072€+00
13 «285681E+00
14 «256309E+00
15 «256089E+00
16 «249768E+00
17 «220059€+00
18 «219945E+00
19 «219687€+00
20 «217801E+00
21 «214006E+00
22 «185937€+00
23 -185633€+00
24 «179367E+00
& «154919E+00
26 «154624E+00
27 «1539725€e+00
28 «148760€+00
29 «144164E+00
30 «107907€E+00
31 .107399E+00

«197250€-02
«198111e-02
«200296€-02
«197831€-02
«197351€-02
«197096€~-02
«198627€-02
«196859€-02

XZ=ROT,
-« 355909€-02
-«355909€-02
-« 355909€-02
~+348904E-02
e 342256€-02
-+355909€-02
-« 355909€-02
~«343346€E-02
-« 355909€~-02
-« 355909€-02
-« 355909&-02
~e 345413E-02
-« 343516€-02
~e346135€6-02
~«344895€E~02
-« 340708€-02
~«328048€-02
-+ 329238€-02
-+329721€e-02
-« 333616€E-02
~«337694E-02
-.303874€-02
-«307249€~-02
-.332231€e-02
~«266573E-02
-« 27224 2E-02
-.283958€-02
-« 326520€E-02
-+331340€-02
-« 170076€-02
~«169640€~02

-000000E+00
~«314681E~-04
~e747995E~D4

-000000E+00
-« 130420€-0¢
-.246402€-0¢
~«615966E~-04
~«924109E-04

YZ-ROT,
.000000E+00
.000000E+00
-000000E+00

-« 172927€-03
-.206057e-03
-000000E+00
.000000€E+00
~<222299€-03
-0000C0E+00
.000000€+00
«000000E+00
~«176627€-03
-.2208C08E-03
.000000E+00
~«625912€-04
-.200602€-03
.000000E+00
=e366664E-04
-.704405€-0¢4
-« 173372€-03
~e213347€-03
-000000€E+0C
-«120066€E-03
~e205674E-03
.000000E+00
-.432663E-04
-.861015€-04
~«169355E-03
-.208120€e-03
.000000E+00
--111380€-03

16




-836369€-01

33 «834926E-01
34 «831228E-01
35 .808835€e-01
36 «8064972E-01
3¢ «975974E-01
38 «975391E~01
39 «973266E-01
40 «130623€+00
41 «130424E+00
42 «175044€E+00
43 «175105S€E+00
44 «175152E+00
45 «175191€+00
-] «174222E+00
&7 «212518€+00
48 «212387E+00
49 «210246E+00
50 +249987E+00
S1 «2499B7E+00
52 «249987E+00
53 224734 1E+00
54 +245470E+00
55 «264574E+00
56 «264574E+00
57 «260194E+00
58 «279160E+00
59 «279160E+00
60 «279160€+00C
61 «276439E+00
62 .274405E+00
63 .310706E+00
64 «310522€+00
65 -307584E+00
66 «342535€6+00
67 «342544E+00
68 «342437E+00
69 «341576E+00
70 «340007E+00
REACTIONS
NODE FORCE

~+639302€-03
-« 658911€6-03
~.670928€-03
«294264E-03
«284345€E-03
«113426€-02
«113508€e-02
«112518E-02
«176351€-02
-« 175204€-02
«214622E-02
«215516€-02
«216650€E-02
«217601€-02
«218555€~-02
«219456E-02
«218294E~-02
«214835€-02
.208374€-02
«208374€-02
.208374€~02
«211371€~-02
«210859€-02
«208374E-02
«208374€-02
.207843€-02
+208374E-02
«208374E-02
.208374E-02
. 2040 69E-02
.204909€-02
«197250€-02
-198111€=-02
« 200296€-02
«197831€-02
«197351€e-02
«197096€-02
«198627€-02
+196859€-02

XZ=-MOMENT

-000000€+00
~«527238E-04
~«106313€-03

.000000€+00
-.891379€-04

-000000€E+00
~+359526€-04
~«717422€-04

.000000E+00
-.447138E-04

-000000E+00
-« 564434E~-0S
-.117089€-04
~.351970€~-04
=« 697906E-04

-000000€+00
~.238646E-04
-5514126-04

-000D00E+0DD

.000000£+00

-.000000€E+00
-+ 788130€E-04
-.718140€E-04

-000000E+00

.000000E+00
-.800766E-04

.000000€E+00

.000000E+00

.000000€E+00
~.84376BE~-04
-.809728E~04

-000000£+00
~«314681€E-04
-~ T47995E-04

.000000€+00
-«130420E-04
~«246402E-04
~+615966E-04
~«924109E-04

YZ-MOMENT

Z6




OG'P‘

VO NOWV SN -

VBN -

.000000E+00
.000000€E+00
.000000e+00
14 .000000E+00
17 .000000E+00
22 .000000€E+00
25 .000000E+00
30 .J00000E+00
32 .000000€E+00
35 .000000E+00
37 .000000E+00
40 .000000E+00
42 .000000E+00
47 .000000E+00
50 .000000E+00
55 .000000E+00
58 -000000€+00
63 .000000E+00
66 .000000e+00

0O -

STRESSES
X-COORD. Y=COORD.
ELEMENT NO.= 1
1.352¢4 10.2827
1.3524 25.0000
1.3524 39,7173
6.0000 10.2827
6.0000 25.0000
6.0000 39,7173
10.6476 10.2827
10.6476 25.0000
10,6476 39: 7123
ELEMENT NO.= 2
1.3524 6762
1.352¢
1.3524 5.3238
6.0000
6.0000

-000000€E+00
-000000E+00
-000000E+00
«000000E+00
-000000€E +00
.000000E+00
-000000€+00
-.000000£+00
-000000E+00
-000000E+00
-000000€+00
-000000€&+00
.000000£+00
-000000E+00
-000000E+00
.000000E+00
-000000€+00
.000000E+00
-000000E+00

X=MOMENT

«-62110E+01
-« 34095E+01
«21604E+D
«58781E+01
-« 53331€+01
-« 13536E+01
«52861E+01
= 75158E+01
-.51269€+01

«129152€E+04
-000000E+00
-000000€e+00
«254225E+403
«154938E+03
«294727E+03
-.253857€+02
-« 117055€+03
«421934E+02
~.147383E+402
«128076E+02
~.228766E+02
-.201345E+02
«294021€+03
«165896E+04
.000000E+00
-.000000E+00
«400564E+03
«797737E+02

Y=-MOMENT

XY=MOMENT

«40347E+02
«18362E+02
«17409E+00
«40866E+02
«18884E+02

-« 51942E+01
-« 28394E+01

«23393e-01
~«70717€+01
= 41439E+01

XZ-S,FORCE YZ-S,FORCE

=.33219E~01 -,47801E+01
=«12431E+00 -.19732€E+01
-.18320E+00 -,11679E+01
=«17905E+00 -.43554E+01
=« 476156400 -.15149€+01

«70017e+00 -.70806E+00 -,281456+00 =.63476E+00

«40353€+02
«18374€402
-19382€+00

-+ 55251€-03 -_,15860€E-03

3.0000 -.77161E~-03 -,17968E~-03

=« 50574E-03 -,11274E-03

«6762 -.62197E-04 -,15210€E~04
3.0000 -.96828€E-04 -.19968E-05

~«91504E+01
~<56495E+01
-« 16406E+01

-« 43004E-03
~«16363E-03
-« 31460E-03
-a15783€-03
«59903e-05

~«34080E+00 =.39746E+D1
~.89531E+00 -.11992€+01
~«49841E+400 -.34324E+00

~.65144E-03 -,10288E-02
~-70605E-03 -,28911€-03
=« 54081E~03 -.91616E-03
~+20604E-03 -.68452E~03
~«15609E~03 -.39048E-04
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6 6.0002 5.3238
7 10,6476 6762
8 10.6476 3.0000
9 10.6476 5.3238
ELEMENT NO.= 3
1 14,3667 10.4827
2 14,3667 25.1127
3 14,3667 39.7427
4 22.5000 11.1700
5 22.5002 25.5000
6 22.5000 39.8300
7 30.6333 11,8573
8 30.6333 25.8873
9 30.6333 39,9173
ELEMENT NO.= 4
1 14,3667 «7016
2 14,3667 31127
3 14,3667 5.5238
4 22.5000 «7889
S 22.5000 3.5000
6 22.5000 6.2111
4 30.6333 <8762
8 30.6333 3.8873
9 30.6333 6.8984
ELEMENT NO.= 3
1 35.3667 12,2573
2 35.3667 26.1127
3 35.3667 39.9681
4 43,5000 12.9446
S 43,5000 26.5000
6 43,5000 40.055¢
7 51.6333 13.6319
8 $1.6333 26.8873
9 51.6333 40,1427
ELEMENT NO.= ]
1 35.3667 <9270
2 35.3667 4.1127

-« 59485E~04
-« 37SSTE-03
~.62716E-03
~.56743€-03

- 17615€+02
~.95887€E+01
“e 9519SE+0Y
-.30792€+02
-.17073E+02
-.11663E+02
- 42968E+02
-.23402€+02
-.12510€E+02

-.24111E+02
-.26947E+02
-.30425E+02
-« 39759E+02
-+38267E+02
-«37270€E+02
-.60561E+02
“e55162€+02
=+ 50139€4+02

~.54787E+402
-.15043E+02
- 15773E+02
-.59646E+02
-.11455E+02
-.55200E+01
-.63483E+02
-.65908E+01
«61847E+01

-.64885E+02
- 71411E+402

~.41066€E-04 -,13921E-03 -,18506€E~-03

- 164928E-03
~«164916€-03
-=11291€-03

«31052€+02
«15397€E+02
~a22484E+D
«19331E+02
«86227E+01
~eb1624E+01
«12518€E+02
«69475E+01
~.79185€E+00

<47377+0
«37484E+01
«25985E+01
«22068E+02
«21335€+02
«20479€+02
«19278E+02
- 18860€+02
«18348E+02

«71813E+01
-80068E+01
-.12863€+01
«17595E+01
«55893E+01
-« 11449E+01
«20805€+01
. 90186E+01
«49274E+D1

<2284 3E+402
«19510€+02

-.38542€-03
-« 76910E-04
-.32801€-03

-.18035€+01
-.34253€+01
-.28240E+01
-.18898€+01
-.20242€+01
«16889E+00
-.10603€+01
.28273€+00
«40615E+01

-« 37402e-01
«35696E+01
«70701E+01

-.10203€+01

~.624L26E+00

-.31033e+00
«26139E+01
«22353€+00

-.22294E+01

«14164E+02
«76250E+01
«15460E+01
«21412€+402
« 944 14E+01
~.20421€+401
«30427E+02
«12696E+02
-.45203€+01

«23299E+01
«56937E+01

-.70065€-03
-.61621E-03
-.56893€-03

- 24727E+01
-.13093€+01
-.19791€+00
-.17032€+01
-.65752€+00
- 17792E+00
- 14164E+01
~.2894LB8E+00
-.244LB7E+D0

-.25830€+01
-.27903E+01
-.31004E+01
-« 16758E+01
-.18503€+01
-.21430E+01
-.19000E+01
-.18164E+01
-.18707€+01

- 12469E+01
-.56402E+00
«11452€+01
-.58904E+00
«28858€+00
. 14856E+00
«15539€+00
«14750€E+01
~«26359€E+00

-.21030E+01
~.16727€+01

-.69399e-03
~«75948E-03
~.24156€-03
-+82106€E-03

-a29778E+01
--72369E400
-+26457€+00
~.65855€E+00
«23085E+00
~.28696E+00
«46563E+00
«45192€+00
-«58139€+00

~.64827E-01
«16356E-01
«91348€-01
-+19305€+00
«14841E-01
.20088€+00
~«23417E+00
~14732€E+00
~«98339€-01

«71710€+00
«59979E+00
-+39453€+00
=.24025e+00
«25708€E+00
~.19370e-01
~«35662E+01
-.18860E+01
~.87667€E+00

-15403E+00
.23888E+00

76




VOO NO WS WN - VO NOWNHUWN - VR NOWVSsW

VOO NOO WS WN -

35.3667
43,5000
43,5000
43.5000
51.6333
51.6333
51.6333

ELEMENT NO.=

58.808%
58.8086
58.808%
75.3335
75.3335
75.3335
91.8584
91.8584
91.8584

ELEMENT NO.

101.4755
101.4755
101.4755
118.0000
118.0000
118.0000
134.5245
134.5245
134.5245

ELEMENT NO.

1441416
144,146
144,146
160.6665
160.6665
160.6665
1771913
177.1914
177.1914

7.2984 -_,70924E+02
1.0143 -, 94576E+02
4.5000 -.88416E+02
7.9857 -, 76456E+02
1.1016 -,12965E+03
4.8873 -.11178E+03
8.6730 -.89136E+02

L
1.1143 -_15673E+03
4.9436 ~.17040€+03
8.7730 ~-.18705€+03
1.0707 -.16457€+03
4.7500 -.16750E+03
8.4293 -,17368€+03
1.0270 -, 17395€E+03
4.5564 -,16571E+03
8.0857 -.16100E+03

8
1.0016 -.15607€+03
4,4436 -, 15818E+03
7.8857 =.15940€E+03
<9580 -.14416E+03
4.2500 -.14529E+03
7.5420 =, 14545E+03
«9143 -, 13234E+03
4.0564 =, 13244E+03
7.1984 -, 13149E+03

9
«8889 -.11223E+03
3.9436 -.11105E+03
6.9984 -,11043E+03
«8453 ~,82015E+02
3.7500 -.82574E+02
6.6547 -,83755€+02
«8016 ~-,52542E+02
3.5564 -,54933E+02
6.3111 -_58016E+02

«17929€+02
«23450€E+02
«24001€+02
-26003E+02
-37058E+01
«77843E+01
«13058€+02

-.60152€+01
-« 95868E+01
-« 13902€+02
- 764488E+00
~«13564E+01
~«27778E+01
~«21520E+01

«33039€+00

«19308e+01

«37447E+00
«29953E+00
«44556E+00
~.18789€-01
e 7952 6E~01
«10161€+00
-+81250€E+00
-+.87058E+00
~«66392E+00

«10035€+01
«12324E+01
«13218€+01
«84826E-02
~<«39403e-01
~«24284E+00
~<38448E+01
~«41756E+01
- 46797E+01

«92044E+01
=« 13454E+01
«47415€+01
«10954€+02
«59695E+01
«14086E+02
«223126+02

«49108€+01
«17298E+02
«29709€E+02
~.64867E+01
-« 13790E+00
«62363E+01
«64921E+00
«47127€+00
«32105€+00

«S1301€+01
«35237€+01
« 18999E+01
«11390€E+01
«12397€+01
«13216E+01
-« 10995€+01
«87175+400
«28223€+01

-.45659E+00
«15123E+01
«34916E+01
«72597€+00
«12281E+01
«17419€+01

-« 19408E +01

~«30588E+01

~«41636E+01

~«13151€E+01
=~.15822€+01
~.16036E+01
-.13042E+01
-« 27398E+01
~.2L856E+D1
-« 15199E+01

~.84186E+00
«47296E-01
«17167E+01
«59597€+00
«42271€+00
«65268E+00
«99028€+00
«94337€+00
«92288€E+00

-10868E+01
«13889E+01
«16190E+01
«81661E+00
«92644E+00
«10677E+01
«19276E+01
«19616E+01
«21306E+01

«24655E+01
«24863E+01
«26755€E+01
«12579E+01
«13864E+01
«16145E+01
«35464E+01
«35968€E+01
«36786E+01

.28522€+00
«54991E+00
«64929E+00
«72390E+00
~«28240€+00
~«59218€+00
-«91285€+00

~e42959E+00
-.82350€+00
-«12223€+01
«14942E+00
«50781€e-01
~«45355€-01
«24599€-01
«646127€-01
«11362€+00

-«12460E+00
-.87198€-01
~«39460€E-01
~<21464E-01
~«25554E-01
~«24928E-01

«73022€-01

«33623€-01
-.64012€-02

=«59504E-02
~ab2145E-01
~«79672€-01
--10078€+00
-«10233€e+00
-.10218E+00
«26674E+00
«29173€+00
«32213€+00

S6




ELEMENT NO.= 10

1 185.7191 «7889 -,17275€+402 .40820E+01 -.97116E+00 .23330E+01 .18479E+00
2 185.7191 3.5000 -.134856+402 .53148E+401 -.90204E+00 ,20676E+01 ,28002€+00
3 .- 185.71%91 6.2111 -,95340E+01 .65878E+01 ~-,84332E+00 .17776E+01 .38109€+00
& 198.5000 «7889 .10281E+402 .14192€E+02 .26108E+01 .18610E+01 -.34867E+00
S 198.5000 3.5000 .11121E+402 L14562E+402 .20590E+01 .19444E+01 -_16511E+00
6 198.5000 6.2111  ,12121€6+02 L14973€E+402 .14967E+01 .20166E+01 ,21222E-01
7 211,2808 <7889 .34992E+02 .12920E+402 .10356E+01 .36103E+01 -.18047E+00
8 211.,2808 3.5000 .32881E+02 .12428E+02 -,.13746E+400 .37998E+01 -.11003€+00
9 211.,2808 6.2111  ,30931E+02 .11977€+402 -.13206E+01 .39916E+01 -_.38657€E-01

ELEMENT NO.=
185.7191 10.7192 -.81393E+01 .27698E+01 ,20989e+01 .12716E+01 ,65558E+00
185.7191 23.5000 =.19795SE+01 L43394E+01 ,21014€+01 _3778SE+00 .17316E+00
185.7191 36.2808 L65349€E+01 L64977E+401 -.33191€400 .31962E+00 -,.30677€+00
198.5000 10.7192 .10877E+402 .120SSE+02 .69811E+00 .14912E+01 -,.58973£+00
198.5000 23.5000 .78330E+01 .5233BE+01 ,32762e+01 .28641E+00 -.16135E+00
198.5000 36.2808 .71433E+01 -.99895€+00 .34183E+401 ,11301E+00 -.27086E+00
211.,2808 10,7192 .31022€+02 .25854E+02 -.35451E+01 ,31925€+01 -,27521€+01
211.2808 23.5000 .18774€E+02 .10642E+02 .1608SE+01 .10460E+01 =-,10372€+01
211,2808 36.2808 .88805E+01 -.39818E+01 .43261E+01 ,12677E+00 -.40077E+00

VOO NGOV WN -

ELEMENT NO.= 12

1 216,578 «7889 L27581E-03 ,.40882E-04 ,22870E-04 =-,.84249E-04 L.69424E-03
2 216.5778 3.5000 .42265E-04 -.11329€~05 -.11461€E-03 -.20096E-03 -.81772E-04
3 216.5778 6.2111 ,21207e-03 ,27937e-04 .10399€-03 -.135756-03 .13013€E~03
4 222.0000 «7889 =,26542E~064 -.37296E-06 =.12174E~-03 =-.91944E-04 =-,14460E-03
5 222.0000 3.5000 L21621E-04 -,82697E-06 =-,46223E-04 ~-,11711E-03 -,10781€e-04
6 222.0000 6.2111 -.34038€e~04 .10271€E-05 .32462€-04 -.90037E-04 =-.12992E-03
7. 220.6222 -7889 .29413E-03 ,75980E-04 .77935E-04 -,18373E~-03 .11543€-03
8 227.4222 3.5000 .74871E-04 ,29652€-04 -.20832€-04 =-,.23020E-03 =-.92596E-04
9 227.4222 6.2111 ,15068E-03 .26418E-04 .85415e-04 ,12729E-03 -,12281€-03

ELEMENT NO,.= 13
216.,5778 10.7192 .12159€+02 L24781E402 -,21296E+01 -,.32012E~-01 ~.34792E+01
216.5778 23.5000 .21469E+02 L13151E+02 .35954E+00 .34149E-01 =.13060£+01
216.5778 36.2808 .17109€E+02 -.18978E+01 ,27321e+01 .37277E+00 ~.37163€+00
222.0000 10.7192 .12314€E+02 .25547E+02 .B89396E+00 .38582E~01 =.33758€+01
222.0000 23.5000 .21462E+02 .13752€+02 L,7717SE+00 .35626E-01 -,11828E+01
222.0000 36.2808 .16939E+402 -, 14610E+01 ,53291E+00 ~.17766E+00 -.23971€+00
227.4222 10.7192 ,12347€+402 .25819€+02 .38970E+01 .10767E+00 -.35077€+01

NOWV SN -
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8 227.4222
9 227.4222

ELEMENT NO.=
232.719
232.7191
232.7191
245,5000
245,5000
245,5000
258.2808
258.2808
258.2808

VNS N -

ELEMENT NO.=
232.7191
232.719
232.7191
245.5000
245.5000
245.5000
258.2808
258.2808
258.2808

VRO NOWVS N -

ELEMENT NUMBER :

ELEMENT NUMBER :

23.5000
36.2808

14

=7 3%9
«5000
6.2111
.7889
3.5000
6.2111
«7889
3.5000
6.2111

15
10.7192
23.5000
36.2808
10.7192
23.5000
36,2808
10.7192
23.5000
36.2808

«21332E+02
«16647E+02

«33103€+02
«31817E+02
«30330:z:02
«16213E+02
«16456E+02
«16552E+02
~<37087€e+01
~.19295€+01
-.30106€+00

- 30008€+02
«16971E+02
«95939E+01
«13548€+02
« 72896E+01
«66909€E+01
=+ 18722E+01
-« 13517E+01
«48283€+01

WINKLER FOUNDATION NODE POINT FORCES

«13859€+02
-« 15179E+01

«13553€+02
«17i27€+02
«126X%E+02
> OV “+02
« 176 02
191, )2
«1462¢ 02
«14093E+02
«13521€+02

«27275€E+02
«11267€+402
~«33267€+01
«15544E+02
«63604E+01
~«14085€+01
«79742E+01
«56150E+01
«46708E+01

NODE NORMAL

P Gy
BV WN - W

«5896€E-01
«5522€-01
«5148€-01
«5076€-01
«4999€-01
«5361€-01
«5722€-01
«5810€-01 .

1 «5896€-01

«11633e+01
-« 16869E+01

«30943E-01
-« 73846E+00

~+32009E+00 -.34246E+01
-« 98225E+00 -.35809E+01

«22491E+01
~«12264E+01
-« 11532€+01
11161401

~.37914E+01
~«12578E+01
-+13322€+01
~«14734E+01

«77898E+00 -.73664E+00
=«37738E+00 -.59205E+00

~«15699€+01

«56610E+01

=<52677€+00

-+30621E+01

«13924€+400 -.10926E+01

~«33304E+01
~«30811e-01
-« 18699E +01
-« 16569E+01
~+36935€+01
-.18500E+01

«20456E+01

~.33466E+00
~«11485E+01
-«32647E+00
~.24528E+00
~+43569€+00
-.31093€e+00
~«45599€E+00

~«13362€+01
=.42544E+00

=«12429E+00
~.95971e-01
~«69251€-01
~.23508€+00
~+24503E+400
-.26582€E+00

«14745E+00
-.11522€+00
~«39563E+00

~«28641E+01
~-10788€+01
~.42508E+00
-«10272E+01
~«29809€E+00
~«24537E+00
-.21163€+00
-.19264E+00
~«39455E+00

L6




6 «5522€-01
9 «5148E-01
10 «5148E-01
1 «5148E-01
7 «5522€-01
3 «5896E-01
2 «5896E-01
ELEMENT NUMBER : 3
7M1 «5148E-01
15 «4482E-01
19 «3845€-01
20 «3812€E-01
e «3745E-01
16 «4371€-01
13 «4999E~-01
12 «5076E-01
ELEMENT NUMBER 4
9 «5148E-01
14 «4485€E-01
17 «3851E-01
18 «3849E-01
19 «3845E-01
15 «4482E-01
11 «5148E-01
10 «5148E-01
ELEMENT NUMBER : 5
19 «3845€-01
23 «3249E-01
27 «2695€E-01
28 «2603E-01
29 «2523€-01
24 «3139E-01
21 «3745€-01
20 +3812€-01
ELEMENT NUMBER : )
17 «3851€-01

22 «3254E-01
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ELEMENT NUMBER

ELEMENT NUMBER

ELEMENT NUMBER

ELEMENT NUMBER

:

11

12

13

14

51
52
48

43

44
438
52
3
54
49
46
45

S0
55
58
39
60
56
52
51

52
56
60
61
62
57
54
33

58
63
66
67

«4375€e-01
«4375€e-01
«3717€-01
«3065E-01
«3064E-01

-3065€E-01
«3717€-01
«4375€E-01
«4328E-01
«4296E-01
«3679E-01
«3049E-01
«3066E-01

«4375€-01
«4630€E-01
«4885€-01
«4885€E-01
«4885E-01
«4630E-01
«4375€-01
«4375€6-01

«4375€E-01
«4630€-01
«4885€~-01
«4838E-01
«4802€-01
«4553€E-01
«4296E-01
«4328E-01

«4885E-01
«5437E-01
«5994E-D1
«5995E~D1

66




ELEMENT NUMBER

ELEMENT NUMBER

ELEMENT NUMBER

ELEMENT NUMBER

10

25
26
27
23
19
18

25
30
32
33
34
31
27
26

S
35
37
38
39
36
34
33

37
40
42
43
44
41
39
38

42

50

«2711E-01
«2706E-01
«2695E-01
«3249€-01
«3845E-01
«3849E-01

«2711e-01
-1888€E~-01
«1464E-01
«1461E-01
«1455€-01
«1879€-01
«2695€-01
«2706€-01

«1464€-01
«1415€-01
-1708E-01
«1707e-01
«1703E-01
«1409E-01
«1455€E-01
«1461€-01

«1708€-01
«2286E-01
«3063€-01
«3064€-01
«3065E-01
«2282E-01
«1703€-01
«1707€-01

«3063€-01
«3719E-01
«4375€6-01

00T




68 «5993€-01

64 «5434E-01
60 .4885€e~-01
59 .4885€-01
ELEMENT NUMBER : 15
60 «4885E-01
64 «5434€-01
68 «3993E~-01
69 «5978E-01
70 «5950E-01
65 «5383E-01
62 «4802E-01
61 «4838E-01

10T
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