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Abstract

A multilevel superelement substructuring approach for linear-static analysis of
rectangular boxlike caissons is developed. The structure is considered as an assemblage
of superelements in three substructural levels. These are panel, layer, and caisson
superelements. Each superelement substructure is derived by applying the principle of

static condensation.

Rectangular 9-node flat shell elements, which are composed of membrane stress
and Mindlin plate bending elements, are assembled together to make the stiffness and load
matrices of each panel substructure. Every panel substructure is condensed to a panel
superelement. Then all of them in a layer are assembled together and condensed to layer
superelement. Finally, the layer superelement(s} are assembled and condensed to yield to

caisson superelement.

After assembling process, equilibrium equations are solved for the caisson
superclem“cnt.:Then a multilevel recovery process, with an inverse sequence of assembling
one, gives the internal degrees of freedom for caisson, layer, and panel superelements,
respectively. Finding all displacements, one can finally compute internal forces for every

individual flat shell element.

This special purpose superelement substructure method provides considerable
efficiency in practical analysis and design of boxlike caissons. Based on this approach,
a compufer program is developed Which takes the most advantage from the repetition of
similar individual elements and panels. Several numerical examples are solved indicating
good agreement with other analytical or numerical methods and proper convergency for

design purposes.
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Chapter 1

INTRODUCTION

1.1 General

The name “caisson” is derived from a French word which means a chest or box.
In civil engineering, it refers to a boxlike structure, round or rectangular, which is sunk
from the surface of the land or in water to a desired depth [1]. Based on construction
method and utilization, three main types of caissons are; open; pneumatic; and floating

caissons.

The first two types are mainly used for deep foundations. They are enclosing
shells which finally become an integral part of the foundation. The third type is usually
used in relatively shallow water and is suitable for sites where the bt;ftgm can be levelled

and has adequate bearing capacity.

This thesis is concerned with the analysis of rectangular floating caissons, which
are mainly used as marine structures like jetties, quay walls, and breakwaters. These
structures can be analyzed by an efficient finite element method. Generally, an efficient

computer program utilizes a good computing strategy and effective numerical techniquss.



Based on the stated requirements, a superelement substructure has been developed
to analyze boxlike caisson structures. A computer program is described which models the
caisson structure using superelements made up of rectanguiar Mindlin flat shell elements.
The computer program uses a direct stiffness method and is currently limited to isotropic

materials in a linear static analysis.

1.2 General Philosophy of Substructuring

In substructuring, a structure is divided into two or more parts. Each part, which
is called a substructure, is regarded as a “superelement”, that is a single element with
many nodes on its boundary and many interior degrees of freedom. The name

“macroelement” is appropriate too.

“Multilevel substructuring” is also possible in which a main substructure itself is
divided into secondary substructures. The substructuring method is a finite element
process which its elements are substructures with many internal degrees of freedom. In
this method, in contrast to the conventional finite element, a single stiffness matrix
operating on all degrees of freedom of structure is not formed. Instead, there are several
stiffness matrices, one for each substructure, which are finally assembled to make the
stiffness matrix of entire structure.

Boxlike caisson structures can be regarded as an assemblage of layer superelement
substructures which are connected at their exterior common boundaries. Fig. 1.1 shows
layer superelement substructures I, IT and IIT for a six compartment caisson structure. The
first layer substructure includes 6 base panel and 17 vertical panel (9 longitudinal and
8 transverse) superelements. Whereas the second and third layer substructures only
_iﬁclude 17 vertical panei superelements. | g



Fig. 1.1 A general view of a three-layer six-compartment caisson

Each panel substructure itself can be regarded as an assemblage of flat shell
elements. After assembling, all degrees of freedom related to its internal nodes are
condensed by applying the standard process of static condensation. This leads to the
panel superelement to be formed. Since all elements of a panel substructure are similar,
the stiffness matﬁx of individual elements is calculated once. Also, the stiffness matrix
calculation is not repeated for a panel substructure which is similar to the previously
assembled panel.

Again, after assembling the panel superelements into a layer substructure, the
‘process of 'static condensation yields to the layer superelement. Then the layer
superelemerits are assembled together to make entire caisson structure which is finally

condensed to the caisson superelement.



Unlike the conventional finite element, the multilevel superelement substructuring
method divides the process of solving equilibrium equations into several sequential stages.
For the present study, these stages include; the caisson superelement; the layer
superelement; and the panel superelement substructural levels. Therefore, it takes the most
advantage from the repetition of similar individual elements and panel superelements, and

also reduces the required storage capacity of the computer program.

1.3 Review of Previous Studies

The current thesis is concemned with the structural analysis of caissons by using
the superelement substructures which are made up of Mindlin flat shell elements.
Therefore, the review of Mindlin plate bending elements and superelement substructuring

as well as the development of caisson structure itself are briefly presented.

1.3.1 Mindlin Plate Bending Review

Mindlin [2] developed a plate bending theory which accounted for both bending
and shear deformations for the first time in 1951. Based on this theory, a variety of shell
and plate elements, assuming independent rotation and displacement interpolation, have
been proposed since the early days of the finite element method when the difficulties of

ensuring full C-1 continuous interpolation were discovered.

" Whilst such elements are capable of dealing satisfactorily with thick shell and
plate components, their performance degenerates rapidly as the shell and plate becomes
thin [3]. Many researchers tried to overcome this difficulty known as “shear lock”

phenomena. In the following paragraphs, a brief review of quadrilateral displacement-



based finite elements is presented.

a) Reduced Integration

In 1971, Zienkiewictz and co-workers [4] showed that reducing the order of
numerical integration improves the performance of Mindlin elements for a thin plate or
shell. At the same time, Pawsey and Clough [5] achieved similar results. Many authors

investigated the use of reduced integration in developing different Mindlin elements.

In 1978, Pugh, Hinton, and Zienkiewicz [3] performed a series of numerical
experiments on five different plate elements. Demonstrating the use of reduced
integration, they indicated that the main reason for its success is the relaxation of a
constraint on the shear strain. They also showed that the performance of a nine-node

Lagrangian element is near optimal.

b) Selective Integration

Many researchers [3,5,6] realized that the reduced integration technique may lead
to undesirable zero or low energy modes for a highly distorted element. Whereas a
selective integration eliminates (for Serendipity elements) or decreases (for Lagrangian
elements) the number of zero energy modes and improves the results. This technique uses

reduced integration for transverse shear and full integration for the bending contribution
to the stiffness matrix. '

Even the selective integration does not remove the entire difficulty in Lagrangian
family of elements. In 1978, Hughes and Cohen [7] developed the “heterosis element”
which neither locks nor possesses unwanted zero energy modes in plate bending. The
heterosis element is formulated using nine node Lagrangian shape functions for rotations

- and eight node Serendipity shape functions for lateral displacements.



¢) Kirchhoff Mode Criteria

In 1981, Hughes and Tezduyar [8] introduced displacement elements based on
Kirchhoff mode criteria. The interpolation function of these elements are so chosen that
the shear angles obey the Kirchhoff constraints throughout the element domain or at
certain key positions [9]. Therefore, different interpolation patterns have to be used for

the displacement and rotations.

These elements are not convenient for practical application, and special procedures
have to be adopted to retain the simplicity of the resulting elements. Based on these

considerations, some highly effective quadrilateral elements have been developed [8,10].
d) Substitute Shear Strain Fields

In 1985, Bathe and Dvorkin [11], used substitute shear strain fields in developing
the bilinear (4-node) Mindlin shell element. Huang and Hinton [12] developed the
quadratic (8 and 9 node) Mindlin plate elements based on the same concept. In the
development of these elements, it was observed that the polynomial terms for the rotations
and the derivatives of the lateral displacement do not match. Whils for hin plae
si ua fons, hey mus mach o be cancelled wi h each o her. Thus in he new elemens,

appropria e polynomial erms in he shear s rain represen a ion were adop ed o overcome
he difficul y [9].

A review of he developmen and applica ion of his me hod is presened by
Hin on and Huang in heir paper eniled "A Family of Quadrila eral Mindlin Plate
‘Elements with Substitute Shear Strain Fields” [9]. ‘They indicated that selectively
integrated Mindlin plates may be viewed as fully integrated elements with substitute shear
.~ strain ﬁelds. "



¢) Addition of Non-Confirming Displacement Modes

Another approach to improve the basic accuracy of the isoparametric element by
eliminating the excessive shear strain is the addition of non-confirming displacement
modes. It was firstly adopted by Wilson et al [13] in 1971. Then it was further modified
by Cook {14] and Taylor et al [15]. A summary of the development and application of
this method is given by Choi and Kim [16]). These two authors have also developed a
coupled use of both reduced integration and adding non-confirming modes in quadratic
Mindlin plate element [16,17].

1.3.2 Superslement Substructuring Review

In the early 70's, Wilson referred to the static condensation as a similar method
to the substructure technique, frontal solution method, and matrix partitioning [18]. He
mentioned that all of these methods appear to an application of the basic Gaussian
elimination procedure. He also extended the static condensation method to condense the
stress-displacement transformation matrix. Therefore, it became unnecessary to calculate

the eliminated degrees of freedom to evaluate the element stresses.

GangaRao et al [19] used a macro approach to analyze ribbed and grid plate
-systems in 1975. Then Gutkowsky and Wang introduced finite panel method for the
analysis of continuous isotropic plate systems [20]. Gutkowsky developed the method to
analyze orthotropic plate systems [21]. Finally in the same decade, Wah [22] partitioned
a quadrilateral plate into two triangles. He applied compatibility equations and used a

‘combination of analytical procedures based on the least square method.

In 1983, Jacobsen [23] introduced a finite element program which combined the
multilevel superelement concept with database concepts. He compared his program with

other popular finite element programs having superelement and substructure capabilities.
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Parsons, GangaRao, and Peterson [24] developed a macro flexibility approach for
the analysis of plates in 1985. The deflected shape of their rectangular macroelements
were obtained by shape functions which satisfied all four boundary conditions and the bi-

harmonic equation. They also verified the convergence of the macro approach.

In late 80’s, Liu and Chen [25] presented a two-dimensional superelement mesh
generator using variable order triangular or quadrilateral elements. Depending on the
geometrical complexity and material variation, their superelements are manually

determined to be refined into different linear or quadratic elements.

Li [26] utilized a macroelement substructure to analyze straight box-girder bridges.
She used rectangular four-node (bilinear) flat shell elements to model the similar
macroelement substructures of the straight box-girder bridge. In 1992, a three-
dimensional mesh generator was presented by Martins and Barata Marques [27]. Their
;Srogram generates the isoparametric superelements consisting of 20-node hexahedral
elements specified by the user. It automatically subdivides the analyzed structure into a

mesh of §-node hexahedral elements.

1.3.3 Review of the Caisson Structure Development

White presented a historical review of caissons in Chapter 10 of “Foundation
Engineering” [1]. He mentioned the early eighteenth century caisson construction using
foﬁr-sided wooden boxes. These early open boxes were sunk due to their own weight or
Dby the aid of weights placed on top of them. But it was difficult to attain a great depth
because of the wet ground flowing up into the bottom of the box. Brunel (1806-1859),
who was a British pioneer in railroad engineering, adapted the pneumctic process to
caisson work. He used cast- iron cylinders with bottom cutting edge and heavy we'ights

and air-lock doors at the top. Hence compressed air was introduced to keep the water out.



Being named open and pneumatic caisson, the two above mentioned types are also
called drop caissons [1]. They may be defined as enclosing shells for getting a foundation
to its final position [28]. Many authors [1,28,29,30,31,32] have explained the development

and applications of these caissons, which are mainly used as deep foundations.

Floating caissons, also called box [28,29,31,32] or closed-box [1] caissons, are
usually used in shallow water. They are shaped as boxes with sides and bottom. Floating
caissons are built on dry land and towed to the site, then they are filled with sand, gravel
or concrete to be lowered to the prepared and levelled bed. They have been used in river
and harbour development in many parts of the world [28]. The development of floating
caissons, which are mainly used as jetties, quay walls, and breakwaters [33], is presented
by many investigators [1,28,29,30,31,32,33). Preliminary design of a quay wall caisson
is explained through a numerical example in “Shore Protection Manual” {33]. The stability

of a caisson under extreme wave action during construction is evaluated in this example.

In recent years, researchers are mostly concemmed with the evaluation of dynamic
forces like waves, seismic loads, and ice impacts on marine caissons. In 1988, a software
system for the analysis and preliminary design of marine caissons [34], called CAISSON,
was dqveloped by Acres International Limited for Public Works, Canada. Dynamic forces
are treated like quasi-static loads in this program. It uses a rectangular nine-node
Lagrangian Mindlin flat shell element for structural modelling. Also, it has a substructure

option which can condense each four adjacent elements into a 25-node supereleinent.

14 Objective'and Scope

The objective of this thesis is to develop the superelement substructures for the
modelling and analysis of boxlike caisson structures. This method of superelement

substructuring has been derived from the classic displacement-based finite element and



provides a simpler and more effective procedure in the analysis and design of boxlike

caissons.

A special purpose computer program has been developed in this thesis which takes
the most advantage from the ref.)etition and other special characteristics of the boxlike
caisson structures. Reading a very small input data file, it autornatically generates all
finite element mesh data including the nodal coordinates and element node numbering.
It also generates the equivalent nodal loads of elements pertaining to dead weight,
hydrostatic and earth pressure, and concentrated loads.

The computer program is planned to be as general as possible and capable of
treating any kinds of rectangular boxlike structures as well as two dimensional plate
bending and membrane .prob]ems. All displacements, support reactions, and internal
forces including; bending moments; shear forces; and membrane stresses can be obtained

at required locations.

1.5 Outline of the Thesis

The first chapter introduces a general feature of the present study. Since this thesis
is specially concerned with the anhlysis of boxlike‘caissons, an introduction to caisson
structure is given in Chapter two. Chapter three deals with Mindlin plate bending theory
and derives the Mindlin flat shell element. ‘ \

| Multilevel caisson substructuring, which is the main contribution of his hesis, is
presenteci in Chapter four. Chapter five includes application of the program and
verification of the results. Several numerical examples are solved and the results are

.compared with those of other investigators. The last chapter is devoted to the conclusions

10
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of present thesis and includes some recommendations for further study.

Appendix A represents a brief explanation and the flow chart of each principal
subroutine of the main program. Appendix B shows the sample input files of a 3-D
example given in chapter five. Finally, in Appendix C a list of the computer program in
FORTRAN is presented.
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Chapter 2

CAISSON STRUCTURE

2.1 Introduction

Floating caissons are boxlike structures which are built on land or in a dry dock,
launched and towed to the desired site, and then sunk into their final position. They are
usually used as marine structures like breakwaters, quay walls, and jetties in shallow
waters provided that a fairly strong bed is available. The bed should be prepared and
levelled before the sinking process. For sinking the caissons, internal compartments are
usually filled with sand or gravel. After installing the caissons, a backfill andfor a

concrete deck may be constructed on top of them.

2.2 Geometry and Physical Characteristics

The boxlike caisson considered in this study consists of vertical external walls in
a rectangular arrangement on a rectangular base slab. The interior of the caisson may be
. divided into compartments with vertical internal walls in two perpendicular directions

parallel to the external walls.

12



. A caisson may be divided into various layers in height. Material properties and
thicknesses may differ from a one layer to another. Each part of a wall in a layer or the
base slab, which is separated from its adjacent patts by perpendicular walls, is called a
panel. All vertical panels parallel to the length or width of the caisson are called

longitudinal or transverse panels, respectively.

A plobal system of Cartesian coordinates is utilized to define the caisson
geometry. Three right-handed axes x, y, and z are parallel to the length, width, and height

of the caisson (Fig. 2.1). The origin of the coordinates is at the intersection of the

midsurfaces of the two external walls and base slab.

Caissons are usually constructed with rcinforced concrete. However, steel and
composite steel and concrete structures are also practical alternatives. A steel caisson may
be constructed with stiffened flat shells. The combination of steel frames and reinforced
concrete slabs could be an example of a composite caisson. In this study, we are

concerned with the reinforced concrete caissons made up of simple flat shells.
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Fig. 2.1 A boxlike caisson structure
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2.3 Foundation

The caisson structure is supported by the soil bed (subgrade) which could be
considered as an elastic foundation. Using elastic half-space equations [34], the foundation

modulus of subgrade reaction is computed as follows.

- = 8

K =K, 3y Gr,
_ 4

K = T~ Gr,

where;

K, , K, = lumped elastic stiffness in horizontal directions
K, = " " " vertical direction
G = shear modulus of the foundation material

[ " " n

v = Poisson’s ratio

r,= ,[ -B?L = equivalent  raduis

B = foundation width
L = “  length

The elastic modulus of subgrade reaction, k is equal to the lumped stiffness
divided by the foundation area (e.g. k, = K, / A)). It should be noted that for the small
values of poisson's ratio, vertical and horizontal modulus of subgrade reaction are almost

equal.

..L(g 4Gr,
4 A

K=4Gr, ‘ k=

* The computer program of this thesis utilizes a single value, spéciﬁed by the usér, for
subgrade modulus in all three directions.
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2.4 Loading

Both static and dynamic loads should be considered in a complcte structural
analysis of the caissons. Static loads are; dead weight of the ballast including water andfor
soil and the structure itself; hydrostatic and soil pressure; and external concentrated forces.
Dynamic loads include ice, wave, and seismic forces. Wind force is usually negligible duc
to the small projected area of the caisson above its waterlinc. Dynamic loads are beyond

the scope of this study. However, they can be casily considered as quasi-static loads.

a) Dead weight

Knowing the geometry and material specific gravity of layers, onc can easily
calculate the dead weight of a caisson structure. The ballast weight is also determined
provided that the levels of water or soil and their specific gravities are given at all

compartments for each load case. Dead weights are applied in downward vertical (-2)

direction.
b) Hydrostatic pressure

Hydrostatic pressure increases Iihearly with the increase of water depth (p = Yh).

|
d
-
u
H
=

1

Fig. 2.2 Hydrostatic and soil pressure on a boxlike caisson
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it exerts a lateral linearly varying and an uplift force on vertical and base panels,
respectively (Fig. 2.2). As it was mentioned before, hydrostatic or soil pressure on base

panels is considered as a ballast dead weight regarding internal compartments.

¢) Soil pressure

The lateral soil pressure force is computed assuming a granular cohesionless
backfill using Coulomb's theory of active earth pressure. Generally, it is assumed that the
caisson moves away from the soil mass [34], hence active soil pressure is developed.

Terzaghi [35] gives the active lateral soil force predicted by Coulomb's theory as:

_1,.,.2Ng K,
Pa= 3 (125 ) 2 oS
__ Sine
Sin (a+f}
K, - Sin a+¢) Cosd

: — Sin {(9+8) Sin (¢-B) P-5P
Sin a Sin (a-8) [1 Y | S (a=3) Sz’n(wﬁ)] ]

where;
"y =soil specific gravity (dry or submerged for soil aboive ot below water table,
respectively),
q = vertical surcharge on top of backfill,
Z= distaﬁce from the top of backfill,
¢ = soil internal friction angle,
a's wall inclination from horizontal (always 90 degree for vertical wall caisson),
B= slope of backfill surface from horizontal,

and & = wall friction angle (with soil).
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Fig. 2.3 Lateral soil pressure on a vertical wall
d) Concentrated forces

The external concentrated forces and their point of application are also considered
in this study. Each set of forces may include six (3 forces and 3 moments) components,
and its point of application is defined in global coordinates. These forces represent crane
loads, bollards, and so on. '
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Chapter 3

MINDLIN FLAT SHELL ELEMENT

3.1 Introduction

A marine caisson is a three dimensional structure made up of some fairly thick
panels which sustain both lateral and in-plane loads. Flat shell elements, with both plate -

bending and membrane behaviour, are used for structural modelling.

Mindlin'plate elements, which account for transverse shear deformation as well
as bending deformation, can model the fairly thick panels of a caisson better than classical
thin plate elements. Therefore, a Mindlin flat shell element, which is the combination of
a Mindlin plate bending element and a membrane element, is developed to model the

caisson structure. '

Because in this case the bending and membrane actions are not coupled, the
bending element and membrane element are developed separately and then combined
together into a Mindlin flat shell element, Because of the rectangular geometry of caisson,
rectangular element is a good choice, and a nine-node Lagrangian element with quadratic |

. interpolation functions in two directions is adopted.

All superelements used in this caisson analysis are made up of nine-node

. rectangular Mindlin flat shell elements,

18



3.2 Plate Bending Element
3.2.1 General

The plate bending element adopted in this thesis is based on Mindlin plate theory.
Mindlin plate theory assumes: 1) points on the middie surface of a plate move only in the
lateral direction, and 2) any line that is normal to the mid-surface remains a straight line
during deformation, but this line is not necessarily normal to the deformed mid-surface.
Thus transverse shear deformation is allowed, and the displacement of a point not on the
mid-surface depends on rotations 9, and 6,. These are the rotations of the line that was
normal to the mid-surface of the undeformed plate, and are independent of the lateral
displacement of the mid-surface. Therefore, any point on the mid-surface of a Mindlin

plate has three independent displacements: lateral displacement w, and normal rotations |

Since a Mindlin plate has three independent degrees of freedom at any point, it
is a C-0 type element. This type of element only needs the continuity of interpolated
values themselves, not their derivatives. Whereas in a classic (Kirchhoff) thin plate
element, the rotations 8, and O, are the derivatives of w in x and y directions. Thus a
classic thin plate is a C-1 element which needs the continuity of interpolated quantities
as well as their first derivatives. Therefore, the formulation of a Mindlin plate element is |

easier than that of a classic thin plate element [36].

The shape functions of a nine-node Lagrangian | _(quadriiateral' isoparamettic)

element are given by many authors [36,37]. They can be derived by using quadratic

interpolation functions in two directions as follows:
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Fig 3.1 A rectangular nine node Lagrangian element

N = Eq(1-B)(1-n)/ 4 N = n(1-E3) (n-1)/2
N = En(1+E) (1-m)/ 4 N = E(1-7?) (E+1)/2
N = Eq(1+8) (1) [ 4 N = 7(1-8) (1) 2
N = En(1-B) (1)) 4 N = E(1-0%) (E-1)/2
N = (1-8)(1-9%) (3.1)

where E and n are natural coordinates (between -1 and +1). Any shape function N, is -

equal to 1 at node i and equal to O at other nodes.

These shape functions can be used to find all three independent degrees of
freedom at any point of (E,n):  « ‘
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w= ) Nw = Nw+Nw . +Nwg
6,= Y N,B8,; =NB6,+N,8,%...+N;O,, (3.2)

8, = Elmieﬂ. = N1 B, +N,6,,+. . .+Ny 6,

where w; , 8,; and 0, are the nodal displacements and N,; is the shape function value of

point (£,1) at node i.

The cartesian coordinates of any point of an element are also interpolated with

{xx‘} (3.3)
Y;

Jacobian matrix of element is defined as:

these shape functions:

i=9

o= X

I=]l

N; O
0 N,

ox 9y 9 aN;

198 98| _ X[ ee

J = x oy _12-;% {x; y; | (3.4}
on on on

The inverse of J may be expressed as:

98 dn 9y _9%
ox ox| 1 |dn og
8 ag|” TAT|_ox ox
dy oy on 0§

!-L:l: (3.5)

where . |J| is determinant of the Jacobian matrix.

To evaluate the cartesian shape function derivatives, the chain rule of

21



differentiation is used:

ON, _ON gt N
9x OE 9x om ox
(3.6)
oN, 9N € |, 9N oy
d¥ 0§ oy on Iy
or in matrix form:
oN; ON; .
| g0 T 3 5
an,[ = L= | v, (3.7
oy an

The strain-displacement matrix, B, can then be explained in terms of shape functions and
their Cartesian derivatives.
3.2.3 Strain-Displacement Relation-

For the element shown in fig. 3.2, the bending strains ¢€,, , €, , and y,, vary
linearly through the plate thickness. '

so,
A ox
I Ml SO B S , (3.8)
€p = Y[ 7 2 oy =2 Wy[ = 2 Ky .
Yy 96, , doy Y
| dx dy ]

where x,, , k,, , and k,, are curvatures.

The transverse shear strains are assumed to be constant through the element
_ thickness.
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e = X = ax y = H} = K . (3-9)
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Fig. 32 A Mindlin plate bending element
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3.2.4 Stress-strain Relation

For plane stress condition, i.e. 0,, = 0, and for an isotropic material, plate bending

and shear stresses are as follows:

a) bending stresses:

T

” i v 0O .

xx Xy ’

o, = {a”} - E2 vi O e”} (3.10)
i 2

b) shear stresses:
- Tz = Yxz {3.11)
s {tyz} G{sz}

—E _
2(1+v)

E = Elastic modulus,

where G = = shear modulus,

v = Poisson's ratio.
Since the bending strains and consequently the bending stresses vary linearly with

z, it is desirable to express the stress field in terms of bending moments. The basic

equations for bending moments per unit width of the plate are:

12 42 12
M = [o,zd M= [o,zd M= [r,2d
-2} 2 -1]2 -2

Substituting o, fromeq.(3.10)and ¢, fromeq.(3.8)in the above equations

gives:
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(3.12)
_v -
00 LYK,
g
2 3
where D= —2 [ z2dz = _E'"__ i the flexural rigidity of the plate.
1-v? 1Z(1-v)

Similarly, for the shear forces:

! 4
z z

V, = ffndz kt .t V. = f'r)zdz = k1t
-4 -4

where k is the shear correction factor, which permits the parilbolic distribution of t,, and
T,, to be replaced by uniform distributions. Assuming k=5/6 for a rectangular cross

section [36], we can write the above equations as:
- VXZ} =
¥ {Vyz

¢ - 3Gt _  S5E
where S, = S, = § - 2w

S, 0
lo s,

xl_p . (3.13)
{Vw} D, - K

Differentiating the basic relations for displacements (equations 3.1) with respect

to x gives:
i=9 =9 i=y
Z_"i B WM, By .y Ny
=i ox ox £ ox gx &£ dy 7

And similar relationships could be derived for y direction. Now we can write the

curvature vectors k, and x

k. interms of the nodal displacements:
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oN]
Xy o 0
% i-9 aN. W; s9
K= -_a_x = o-a' 0 xi:Z_%gp
yaa il Ad ” i=l f i
By % oN. ON,
dy ox| 0 -= 3
oN
-g§+9y i=9 j;f 0 Ngjjwi| ie
e Vaw o [ X Oxsf =3 By, dp
—"ex Ii=1 aNi -N 0 fe] i i=] t i
ay ay i ¥

= vector of normal displacements of node i,
B, = bending strain-displacement submatrix of node i,
5,

= shear strain-displacement submatrix of node i.

From virtual work consideration, it can be shown that:

kK- [B"DEdA
where;
K = stiffness matrix of element,
B = strain-displacement matrix of element,
D = constitutive matrix,

dA =‘elgment area.
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Now we can write the bending and shear parts of the stiffness matrix of the

Mindlin plate element.

For the bending part :

K, - [B] D, B, da (3.17)
where §b=[§bl, _Bib.,_’ cee _Bb9] = [ §h’_] , I=1,2,...,9 .

Substituting B, in eq. (3.17) leads to the following equation:

[ K, « o«
E“11 —B;5 K"ls
K .

Etl21 —bay &29
« I . (3.18)
=B(27x27) . ['hijt:*m]

_&’91 Koy =+ - &99.

P P=1,2,...,9
where }_i’bﬁ—fgb,_ Q,_._@,jcﬁ,and {,-=1‘2““‘9.

And similarly, the shear part of stiffness matrix is:

-k i=1,2,...,9

&(27!27) _aij(ax3)] ’ .=1'2'o..'9 (3-19)

where ﬁ’_j =f§:,.2;-§.:jd‘4-~

The stiffness matrix of the Mindlin plate element is sum of the bending and shear
contributions: "

K4(27*27) Eh + K__ﬂ [K ] r {J=1' '..-'9 (3_20)

2
_p-ij(:ixa) 2
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where K, =K, +K_=[(BIDB,

+BTD B ) dA
i J i

The above integrals for K, and K, are calculated numerically by Gaussian
g —£y =<

quadrature method for quadrilateral area A:

{(b =

, = [[BID B, 1 &t dn

P (3.21)
K, = [[B]D B V| dE dn
-1

i 4 i

-t -
—- L~

The stiffness matrix of a rectangular element with midside nodes is integrated
exactly by full integration, i.e. quadrature order 3. Since each integration point imposes
two constraints for shear strains, the full inteération may lead to shear lock phenomena
for very thin plates. Choosing a reduced or selective integration and redefining the

transverse shear interpolation are two techniques to overcome this difficulty {36].

In this thesis, the bending stiffness is determined using quadrature order 3, and
quadrature order 2 is used to integrate the shear stiffness. This selective integration rule
" provides the correct contribution for shear component in rectangular and parallelogram

shaped elements [5]. Also, it prevents shear lock for the case of a very thin element.

3.3 Membrane Eiement

3.3.1 General

i

. A nine-node rectangular membrane element with two degrees of freedom at each
node is adopted. These two degrees of freedom are in plane displacements u and v in the
x and y directioins respectively.
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3.3.2 Shape Function

Again the same shape functions for a nine-node Lagrangian element are used to

interpolate the nodal degrees of freedom.

I
L]

i

u=Y Nua=Nu+Nu+... +Nuy

i=

—

(3.22)

-,
n
L=

V= Nvi=Nwvn+Nwn+...+Nvy

-
1]
-

3.3.3 Strain-Displacement Relation

Strain-displacement relation for a membrane element [36] is presented in the

following equation:

du
€.0x gx
€n = Eyyl 7 3 T?Jj_‘; > 1 {3.23)
o |au ] o
‘ ldy ox

Differentiating eq. (3.22) with respect to x and y and substituting in eq. (3.23)

gives:
aw, ;
ox 0
Exx| in9 . =9
= = = 3.24
R R LR [ 5 SE N .24
X
4 aN; oN,
B
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where;

_c_!m’_ = vector of in-plane displacements of node i,
B, = membrane strain-displacement submatrix of node i.

[

3.3.4 Stress-Strain Relation

The membrane stresses of an isotropic material are:

l1v O
g €
E vl O ol
o= :” = = oy €l (3.25)
ay 0 0 —2— YJ)’
-or in simple form: ¢, = D, €,

where D, is membrane constitutive matrix.

3.3.5 Stiffness Matrix

The stiffness matrix of a membrane element can be obtained as follows:

&=f3_;'2m§mdﬂ (3.26)
where B,=[ B, , B, , ... , B, =1 B,], i=1,2,..:,9

R
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where ;

Kk, = [ B DB, dA=lf

and{;

nn

To calculate the above integral, a Gaussian quadrature of order 2 is used..

3.4 Mindlin Flat Shell Element

3.4.1 General

(3.27)

" Mindlin flat shell element is the combination of a Mindlin plate bending element

and a membrane &lement. It is subjected to both lateral and in-plane loads. This element

has five degrees of freedom per node. They include two in-plane displacements (u and

v) and three normal displacements (w, 6, , and 6,).

3.4.2 Stiffness Matrix ‘ L

The stiffness matrix of a Mindlin flat shell clerﬁent is easily obtained by

'combining the corresponding stiffness matrices of plate and membrane elemenfs [36].

There is no interaction between the two submatrices because the normal displacements
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associated with plate behaviour do not affect the in-plane displacements associated with

membrane action and vice versa.

Since the flat sheil element is to be used for modelling the three dimensional
caisson structure, the sixth degree of freedom of in-plane rotation, 0z, is also considered.

Now the stiffness matrix of the Mindlin flat shell element can be written as:

&u é;312 T &19
-Ig‘z 5522 Y 1{%9
I T (3.28)
&(54'54) . ] .o . [&ﬂ'csxﬁ)]

where each flat shell stiffness submatrix K,  is!
if

e 000 0] ...u
_.-mij 000 0 eV
_loo 0 +e- i=1,2,...,9
Key2"joo k, 0 -0 ca8d Gaaraniis (3.29)
00 —Fif 0|...0,.
00 000 0] ...6,

and S“u and Emy are the correspohding stiffness submatrices for plate bending

element (3'x3), and membrane element (2x2), respectively.

We can rearrange the etiffness matrix of the flat sheil element as it appears in the

following equilibrium equation:
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where each of the force vectors ( F, , F, ,..) and displacement vectors (u , v ....)

Iy
consists of nodal forces and displacements, respectively.

As shown in eq. 3.30, there are zero submatrices associated with [0,] in the
stiffness matrix. The reason is that 8, was not considered as a degree of freedom (drilling
freedom) in developing the ﬁat shell stiffness matrix. To overcome this problem, which
leads to the singularity of stiffness matrix, we can replace the [0],,, with the matrix shown

in the following equation:

¢

b1, (1 -1/8 -1/8 ... -1/8][.,
M| - -1/8 1 -1/8 ... -1/8|l8,,
M_sb=qrv]-1/8 -1/8 1 ... -1/8{{8,;} {3.31)
WZQ _-1/8 _1/8 -1/8 ... 1 ] ?29

1.

where E is elastic modulus, V is element volume, arid o is a number such as 0.3 or less,
The added matrix provides each 0, degree of freedom with a fictitious stiffness but offers

no resistance to the mode 8,, = 8,, = ... = 8, or to any other rigid body motiqh [36].
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3.4.3 Equivalent Load Vector

Equivalent load vector for each element is made up of equivalent nodal load

vectors:

E={£Li.EZ’--'!fa}T={F‘}T’ i=1’2’°--39 (3-32)

i 3
where Ei ={F4-,-o Fﬁ: sz: Mf’ %’ M}T .

Two load types are considered. They are concentrated load, and distributed surface
load.

a) The equivalent nodal load vector due to each concentrated load P acting at the

point(¢, , M,) of the natural coordinate system can be derived from the following

equation:
xi 'Px‘
vi iy
zi} o N (Eyr 1) <P’-' , ‘ (3.33)
xi xx
yd Pyy
zi :Pzz‘

or F, = N, (§,, n,) P where N(E, , 0,) is the shape function value of point(, , n,) at
node i, and P consists of six possible components of load P (three forces and three

moments in x, y, and z directions respectively).

b) Distributed lateral load q acting in local z direction gives the following

equivalent nodal load vector:

" E, = 10,0,F,;,0,0,0} ‘ o (3.34)
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Fy=[qN da

i1
[[ an /1 dE ay
-1-1

The above integral is determined numerically using the Gaussian quadrature

method for quadrilateral area A.

n

I
F,; =Z| g W W N(Ez, 1z) I (3.35)
Ve = X
where;
W, , W, = Gaussian weights
€x » M = natural coordinates of each Gauss point (j , k)
qu = value of the lateral load q at each Gauss point (j , k)

n = order of integration.

'Generally, a more rapidly changing function q(x,y) needs a higher order of
integration. For smooth distributions, a third order (n=3) integration provides enough

accuracy.

For special case of a uniformly distributed lateral load (q=q,) we have:

—

1 .
Fuu=a [ [ 8,171 dE dn = q, (3.36)
_1 .

-

where:

@=lo,e...,0,. .., a) = 2 11,4,1,4,1,4,1,4,16)7 .

Therefore, the whole equivalent element load vector, which only includes z

components 1is:

i
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E, - %4{1,4,1,4,1,4,1,4, 1617 (3.37)

The dead weight of each element (gravity load), which acts in the global Z
direction, has a similar equivalent load vector with g, =ty being the weight per unit area

of element.

3.5 Transformation of Coordinates

3.5.1 Gene

To assemble individual elements into a three dimensional structure, it is necessary °
to establish a global coordinate system. Then each element could be transformed from its

local coordinates to the global one.

‘ormatio at

4 A Mindlin flat shell element in local coordinates has already been discussed in
section 3.4. A transformation matrix, T, can transform the displacement components from

global coordinats xyz to local coordinates x'y'z’ as follows:
d=1d - | (3.38)

where d' and d arc element displacement vectors in local and global coordinates,

respectively. Since the same amount of work is done in the two coordinate systems, we
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have:

Fd - Fd (3.39)
Substiuting eq. (3.38) in the above equation and simplifying gives:

F=TTF {3.40)
Then the transformed stiffness inatrix, K, is derived as:

K = TTK,T (3.41)

where K, is the stiffness matrix in the loca! coordinates (eq. 3.28), and T is shown in the
following equation:

-Inzu - v o Ly
_221222"‘229
z=|* o ez (3.42)

_291 Isz e Ig

where;
Ly =L for ivy i=1,2,...,9
... and {.
i =0 for 1% =1,2,...,9
L-[re
oA

A Ay Ay,
_&: lylx l),fy A’lz

lz’x lzf), )"z’z
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and A, = cosine of angle between x’ and x, and so on.

3.5.3 Caisson Transformation Matrices

A caisson structure has three sets of panels including base, longitudinal, and
transverse panels. The first one lies in horizental xy plane, and the next two lie in vertical
xz and yz planes, respectively (fig.3.3). Three different transformation matrices are

considered for these three sets of panels.

a) For base panels, the local and global coordinates =~te the same:

z‘x’x=ly'y= z‘z—I
lx‘y = Ay

l"a = ”z =

Ay = Ay =

or in matrix form:

100
A, =[010=7
001
pr=l[6-6
Ibp:..L“-“

In other words, no transformation is required for base panels.
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Fig. 3.3 Three orthogonal planes of caisson panels

b) For longitudinal panels:

or in matrix form:

|

o

0
0

I
A, =0
0

—
S e
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c) For transverse panels:

lx'x = X'z =
)‘r'u = ;‘y'r =
Ay=2,=0

or in matrix form:

0 -10
L‘p =0 0 1
-1 00
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Chapter 4

MULTILEVEL CAISSON
SUBSTRUCTURING

4.1 General

Static condensation method is applied to obtain superelement substructures from
the assemblage of flat shell elements. This is an exact method and does not include any
approximations. It leads to the same accurate results as those given by the correspbnding
- finite elements used in the substructure assemblage The procedure of static condensation

and its application to multilevel caisson substructunng are discussed in this chapter. Also,

an outline of the computer program is presented.
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4.2 The Procedure of Static Condensation

In this approach, any substructure will be modeled as a superelement which is
condensed to its boundary nodes. The nodes of each substructure are divided into internal
and boundary nodes. The internal nodes, also referred to as condensed or slave nodes, lie
within the internal domain of a substructure. Whereas the boundary nodes, also referred
to as remained or master nodes, lie on the boundary of the substructure and may be

common with another aZjacent substructure.

By forcing displacement compatibility of common nodes, it is possible to
determine displacements and internal forces at each node of a substructure in terms of the
boundary nodal displacements. This allows to eliminate the internal “degrees of freedom”
(dof's) and form the substructure. Thus, the structural equilibrium equations are only
associated with common boundary dof's between substructures. By solving these
equi]ibfium equations, common boundary nodal displacements are obtained first. Then,
the displacements and internal forces of internal nodes can be easily obtained by applying

boundary constraints.

The method outlined above acts analogous to a Gauss elimination prior to the
stiffness assemblage of a substructure. Thus, it reduces the size of the stiffness matrix and
enhances the storage capacity of the computer program. The procedure of static

condensation is formulated below.

The equilibrium equation is of the form:

S8 =P N 4.1)

]

where 8, O, and P are stiffness matrix, displacement vector, and load vector of a

substructure, respectively. They can be partitioned as shown in the following equation:
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2 S| B, - b} (4.2)
‘s.-‘h ’Sﬁ i 4

where subscripts i and b represent internal and boundary values, respectively.

Since the equilibrium equations for the condensed nodes of a substructure only
contain the dof's of the substructure itself, the internal nodal displacements can be

expressed in terms of the boundary ones. This is achieved by solving the lower partition

of the eq. 4.2 for &, as follows:

6,=8,,(B,-8,86,) (4.3)

Substituting 8, from eq. 4.3 into the upper partition of eq. 4.2 gives:
SS, =F (4.4)

in which:

Ky

-8, -5, 8"s,
Z=-=2 -5, 5" &

8" and P’ are the boundary stiffness matrix and load vector of the substructure
after static condensation. The condensed substructure can now be treated like any other
element, and $" and P’ are assembled into the whole structure in the usual way, After
solving for &, from the structural equilibrium equations, §; can be obtained by a recovery

‘ process (eq. 4.3). §; is needed for the calculation of internal forces.
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4.3 Caisson Substructures

4.3.1 General

A caisson structure consists of one or more layer substructures in height. The first
layer includes both vertical panels and horizontal base panel(s) at its bottom. Whereas the

next possible layers only have vertical panels in longitudinal and transverse directions

(Fig. 4.1).

/l
/)
/;// £/

/

N
N
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\
N

/)

Fig. 4.1 A typical caisson with two layer substructures
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4.3.2 Panel Superelement

Each panel is modeled as a regular mesh. Material propeities and thickness could
be different in different panels. Also, panel span and number of elements in horizontal
direction could be different in every row of longitudinal or transverse panels. But within
an individual panel, material properties and element sizes are constant.

.

A panel is a substructure which is made up of one or more flat shell elements.
Assemblage of each panel has two steps. First, all of its individual elements are
assembled together. Then, the panel is condensed to its boundary nodes. This condensed
panel is called "panel superelement®. The assemblage process is performed
simultanecusly and similarly for both of the stiffness matrix and load vector of the panel,

After the boundary nodal displacements of the panel are computcd, the internal
ones are determined by a recovery process as explained in section 4.2. Then the internal
forces of individual elements, including bending forces and membrane stresses, can be

found for each panel.

L ] E » L
[ ] L] ] L ] ' L.
Before condensation After condensation

(panel superelement)

Fig. 4.2 A panel substructure before and after condensation
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.3 Laver Superelement

Material properties, thickness of panels, height and number of elements in height

could be different in different layers. But the number of longitudinal and transverse

panels, and number of their elements in horizontal direction are the same for all layers.

The first layer substructure consists of at least four vertical (two longitudinal and two

transverse) panels and one base panel.

The assemblage steps of a layer substructure are quite similar to those of a panel

one. First, all panel superelements are assembled together. Then, the layer is condensed

to its boundary nodes at its top and bottom levels. This condensed layer is called "layer

superelement”. The same assemblage process is performed for both of the stiffness

matrix and load vector of the layer substructure.

7
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After condensation'

(layer superelement)

Fig. 4.3 A layer substructure before and after condensation




After the boundary nodal displacements of the layer are found, its intemal ones
are determined by the recovery process. These boundary and internal displacements

altogether make the boundary nodal displacements of all the panel superelements of the
layer substructure.

4.3.4 Caisson Superelement

At the final stage of caisson assemblage, all the layer superelements are assembled
together and condensed to make "caisson superelément”. This caisson superelement has
dof’s only at its base and deck levels. Both the stiffness matrix and load vector of the

entire caisson structure are assembled in a similarl way.

) './‘,/T; *7%{

/ R/ -

7~

/

717
./4'—-4&4[.

Before condensation after condensation .

(caisson. superelement) |

Fig. 4.4 A caisson structure before and after condensation
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Solving equilibrium equation 4.4 for the caisson superelement gives the boundary
nodal displacements of the caisson structure. Then, the internal ones are found by the
recovery process. These boundary and internal displacements altogether make the .

boundary nodal displacements of all the layer superelements of the caisson structure.

4.3.5 Foundation Madelling

The caisson structure is supported by soil which can be modeled as an elastic
support. Elastic support can be represented by a foundation stiffness matrix, k for a
foundation element and K.=X k., for the entire foundation model [36]. These foundation
elements have the same shape and size as those of the base panel(s) of the caisson

structure.

A Winkler idealization [36] for the foundation modelling gives a k, as follows:

ko= [k N NaA (4.5)

Where:
'k = subgrade modulus
N = shape function of the element

A = area of the element

For our special case of a nine node rectangular Lagrangian element, we have:

kn‘ku o k19.|
kn 'kzz e kzs

kol k) W2 (4.6)
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where;

k=0 (fori*),

k, 0 0 0 0 0]
0 £, 0 0 0 0
0 0 £k, 0 0 0O
.kﬁ =% |0 o0 o k. 0 0 (for i=f) ,
000 0 £, O
000 0 0 &,
and

@; = 3% for 7=j=1,3,5,7 (comer nodes )

ja; = ’34 for i=j=2,4,6,8 (midside nodes ) (section 3.4.3)

@; = 59‘—4 for i=f=9 ( center  node )
k. =k, = k, = k = subgrade modulus (section 2.3)
K= k)= k= 0

All the base panel elements are assigned a foundation stiffness k., when

]

assembling these elements,

4.4 Computer Program Outline

The computer program performs the following main steps:
1. Input data including geometry and material properties.
2, Process the input data to generate the desired mesh.

3. Input loading data including water and soil levels of all compartments and point load(s)
at each load case. '
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4. Process the input loading to generate the load matrices: P, of elements; and P, of the
entire caisson structure.

5. Develop and condense load and stiffness matrices in panel and layer substructurai
levels.

6. Sum the load and stiffness matrices of the layer superelement, P* and S, into
the entire caisson load and stiffness matrices P, and S..

7. Condense the internal dof’s of both P, and S, to yield to the caisson superelement load
and stiffness matrices P_* and S_". |

8. Solve equilibrium equations for the caisson superelement to find the boundary nodal
displacements of the entire caisson structure 6

—ch~

9. Recover internal nodal displacements for; the entire caisson structure 8;; and then

—_—i?

for the layer and panel substructures &

S, and 8.
10. Write nodal displacements and base reactions.
11. Compute the internal forces of individual elements including bending forces and

membrane stresses.

A flow chart of the main program is given in the next page. Contribution of each
subroutine of the main program from the above steps is shown below.
Subroutine Steps
GEOMET 1and 2

LOADS 3and 4
GSTFNS 5 and 6
SOLVEQ 7,8 and 9
OUTDIS 10

OUTSTR 11
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@1 GEOMED
( Call LOADS )

—

IT=1

-,

@ll GSTFNS (I@

i
@l SQLVE@
T—

DO 10 ICASE=1.NCASE

||  loop over each load case
l

o

\  (canourpis)

\ A1
h ‘@Can OUTSTID

Fig 4.5 Flow chart of main program
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Chapt'er S

APPLICATION AND RESULTS

5.1 General

Several numerical examples are investigated in this chapter to show the practical
“application of the concepts presented in previous chapters. For convenience, the present
'program is called SAMFSS‘ (Structural Analysis by Mindlin Flat Shell Superelements).
All examples considered are in S.1. units. However, the program could be used in any
.other system of units provided that all values are consistent thrbughout. The SAMFSS
* program in FOIETRAN is listed in Appendix C.
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5.2 Comparison of Results

First, the results for plate bending and membrane behaviours are investigated and
verified in two dimensional examples. Then a tank and two caisson structures are

analyzed using the three dimensional model made up of flat shell elements,
Plate bending and membrane results are compared with analytical and closed form

solutions given by others. Whereas the results of the 3-D examples are compared with

those of another finite element program, SAP90, using 4-node flat shell elements.
5.2.1 Plate Bending Results

Two different examples are solved by SAMFSS. First a cantilever beam is
modeled by the plate bending elements. Then a square plate under two different types of
loadiug; i.e. a uniformly distributed load and a central point load, is analyzed. Because
of the symmetry in geometry and loading, only a quarter of the square plate is considered.
5.2.1.1 Cantilever beam model

The beam characteristics are as follows:

lengd L=40

width | W=10
thickness S t=0.1
modulus of elasticity E = 10°
Poisson’s ratio v =0,

tip uniformly distributed load q=10 @P=qw~=1.0)
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From the beam theory we have:

. . _ PL?
t{p deflection W = 3ET

_owred _ 1.000.1D)3 | s
[= 2= =0 8.33x10

3
W = 1.0(4.0)° __ _ g 256
3(10)%( 8. 33 %10 %)

end moment M=PL=1.0(4.0) =4.0

M _ 4.0 _ . .
m= <%= 139 4.0 moment per unit width
end shear V=P=1.0

v=-Y—=-l'—0-=l.0 shear per unit width

Using a coarse mesh made up of one element, the SAMFSS gives the following

results:

w, = 0.25610
m=4.0
v=10

1

which are similar to the values obtained by the beam theory.

5.2.1.2 Square plate model
Two different thickness ratios t/L = 0.01 anii t/L = 0.1 are considered to represent

a thin plate and a moderately thick plate, respectively. For a simply supported square

y pla!f:"; under a UDL, a wide range of thickness ratios are also tested.
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a) thin plate example

Two types of boundary conditions; 1) simply supported, and 2) clamped at all four

edges, are considered.

The plate characteristics are as follows:

length L=1.0

width W=1.0

thickness t=10.1

modulus of elasticity E = 10.92x10°
Poisson's ratio v=03

flexural rigidity D = E t412(1-v3) = 1.0

For such a thin plate (t/L = 0.{';1), we can compare the results with those of the

classic thin plate theory.
a.1) simply supported thin plate
Timoshenko [37] gives the following results for a simply supported square plate;

i) under a UDL, q=1;

: ‘ 4
center  deflection w, = 0. 00406 ﬂ% = 0. 00406
center bending moment ny, = 0.0479 ga? = 0. 0479
comer torsional - moment m, =-0,0325 ga? = -0. 0325

n

edge center shear v, = -0.338 ga = -0. 338
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ii) under a central load, P=1;

center  deflection w, = 0. 01160 P‘Lz = 0. 01160
center  bending moment m, =0.298 P=10.298

center torsional  moment m, = -0.061 P=-0.061

edge center shear V., = —-0.417 ;‘P = -0. 417

where a is the size of square plate.

Also, Hinton [38] has given a closed form solution in terms of a Fourier series for
a simply supported plate. He has included a program which gives the following results

for the above example;

i) UDL
w, = 0.0040645
m, = 0.047886
m, = -0.032482
v, = -0.33756

o

ii) central point load

0. 011648

W, =

- m, = 1.0785
‘m, = -0.060953
v, = -0.66731

For a simply supported plate under a UDL, the above results are quite similar to

those q§tained‘by the classic thin plate theory. But under a central point load, the closed
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form solution gives a center bending moment and an edge center shear much higher than
those of the thin plate theory. Whereas the results for the central displacement and comer

torsional moment are again in good agreement.

1t should be noted that in fact Timoshenko [37] gives the results for a square plate
under a UDL over a very small area instead of a central point load. This area is a circle
having a diameter of 0.1a. Running the program given by Hinton [38] for a patch load
uniformly distributed over a small square area having the size of 0.0866L, which has

equivalent area to a 0.1a diameter circle, leads to the following results:

W = 0.011427
m, = 0.29664
m, = -0.060703

v, = -0.41737

which are in good agreement with those given by Timoshenko [37].

Tables 5.1 and 5.2 compare the SAMFSS results with those of Timoshenko {37) |
and Hinton [38] for a simply supported thin plate under a UDL and a central lond,

respectively. In table 5.2, the star superscript for Hinton and 6x6 mesh results indicates

a UDL over a small area instead of a central point load.

a.2) clamped thin plate

Again Timoshenko [37] gives the following results for a clamped square plate:

ijunder a UDL, g=1;

4
central  deflection w, = 0.00126 L5 = 0. 00126
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center  bending moment my, = 0.0231 ga® = 0. 0231

edge center bending momnt m,, = -0.0513 ga? = -0. 0513

ii) under a central load, P=1;

2
W, = 0.00560 2 = 0. 00560
m,, = -0.1257 ga* = -0. 1257

Tables 5.3 and 5.4 compare the above values with the SAMFSS results for a

clamped thin plate under a UDL and a central load, respectively.
b) thick plate example

A simply supported thick plate under the two types of loading is analyzed. The

plate characteristics are as follows:

;e

length L=10
width , W=10
thickness t=0.1

modulus of elasticity E = 10920
Poisson’s ratio v=03

flexural rigidity D =E t}/12(1-v2) = 1.0
Applying the classic thin plate theory for this moderately thick plate, we expect
the same results as the thin plate example since the flexural rigidity is equal for both

cases. -

“ Closed form solution [38] leads to the following results:
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i) under a UDL, q=1;

w, = 0.0042728
m, = 0. 047886
m, = -0.032482

v, = -0.33756

ii) under a central load, P=1;

- for a central point load:

w, = 0.016341
m, = 1.0785
m, = -0.060953
v, = -0.66731

- for an equivalent central UDL over a small square area:

w, = 0.012718
m, = 0.29664
m, = -0.060703
v, = -0.41737

0o

Comparing the above values with those of the thin plate example (t/L=0.01), we
noticed that the centréi: deflection is increased about 5% and 11% for a UDL and an
equivalent central load, respectively. Whereas the internal forces (moments and shears)
have not changed. Therefore, it can be concluded that for this moderately thick plate, the
thin plate theory still gives acceptable results, especially for a UDL. |

Tables 5.5 and 5.6 compare the SAMFSS resulis with the above values for a
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moderately thick plate under a UDL and a central load, respectively. Again in table 5.6,
the star superscript for Hinton and 6x6 mesh results indicate a UDL over a small area

instead of a central point load.
¢) Simply supported plate (different thickness ratios)
The same square plate with different thicknesses but equal flexural rigidity (D=1)
is tested under a UDL. The SAMFSS results for center displacement are compared with
those of the closed form solution [38] in table 5.7 and diagram 5.1.
5.2.2 Membrane Results
Two membrane examples are investigated. First a cantilever deep beam model
under an in-plane tip load is analyzed. Then a square panel under a uniform stretching
load at one edge is considered.
5.2.2.1 Cantilever deep beam model
The beam characteristics are the same as the cantilever model for the plate |

bending example (5.2.1.1). The only difference is that the tip load P=1 is an in plane
UDL. Again, from the beam theory, we have:

. . Y /A
tip deflection Y-
_tWd_0.1(D)?
I=— v = (. 00833
, ‘
- —_1.004) = 0. 00256

W
~ 3(10°%) (0. 00833 )
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end moment M=PL=1.0(4.0) =4.0

(o)) . Mc_ 6M
& max 7 W2
- 8(4-0) 5400
() max 0.1(1)2 '

Using a coarse mesh made up of one element leads to the following results:

w, = 0.00264
o, = 2400

which are similar to the theoretical values.

5.2.2.2 Square panel model

The SAMFSS is used to analyze a square panel fixed at one edge carrying an in-

plane load uniformly distributed along the opposite edge. The panel characteristics are as
follows:

length L=10
width W=10
thickness t=0.1
Poisson’s ratio v=0

modulus of elasticity E = 10°
UDL over edge q=1

We can easily analyze this simple example:
Wr ~
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g - E-T 10.0
a 10 _ 5
= 2 oz o2 = 1x]
€ E° To° 0
tip eloigation w,=eL=1x10"5(1.0) = 1x107

SAMFSS gives the following results for a coarse mesh made up of one element:

w, = 0.00001
o, = 100

which is quite accurate.

5.2.3 A Cubic Tank

A cubic tank is analyzed under inside hydrostatic pressure. To evaluate the results

of SAMFSS, a set of results obtained by SAP90 are presented. The tank characteristics
are as follows:

length L=30
width W =30
height H=3.0
thickness t=0.1

modulus of elasticity E = 2.188 x 10°

Poissons's ratio v =0.15

The tank is assumed to be seated on the ground. The underground soil is modeled

as an elastic foundation. Soil and water data are as follows:
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subgrade modulus (in three directions) k = 10°

water specific gravity Y. = 1000 ( {‘

head of water (inside the tank) .................. 2.95
n 1]
A
. B
-
N
30 E
— pe 0-1 F
I G
L o "
A S—
¥

3 . I J KL [r
Fig. 5.1 The cubic tank

All four vertical walls and horizontal bottom of the tank are divided into the same
mesh size. A 4x4 mesh of 9-node elements or a 8x8 mesh of $-node elements is used tor

the SAMFSS and SAP90 models, respectively.

Table 5.8 and diagram 5.2 compare three sets of results at 13 points (from A to
M) on midsection of the tank. These three sets are: 1) midsectijon in-plane displacements
(6, ., §,) , 2) bending moments parallel to the edge along the midsection (m",) , and 3)
axial forces normal to the midsection (f° o
h i-"or further study of the convergence of the results, 2x2 and 3x3 mesh sizes are
tested for the SAMFSS model compared with equivalent mesh sizes of 4x4 and 66 for
the SAPS0 model. Only the maximum values, which occur at point E (Fig. 5.1) at center
of the wall, are compared in table 5.9 and diagram 5.3. |
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524 wo Compartment Caisson

A caisson with two equal compartments (named Caisson 2C) is analyzed under

three different load cases. The characteristics of Caisson 2C are as follows:

length L =120
width W =6.0
height h=30
thickness (all panels) t=02
Poisson’s rativ v =015

modulus of elasticity

specific gravity

E = 2.188 x 10°
Y = 2400

Fig. 5.2 A two-compartment caisson (Caisson 2C)'
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Caisson 2C is seating on the ground which is modeled as an elastic foundation.

The same soil is considered for the base subgrade and backfills. The soil and water data

are:

specific gravity of dry soil Y4 = 2000
specific gravity of wet soil Yo = 2500
subgrade modulus (in three directions) k = 10°

water specific gravity Y., = 1000

All the heads of water and soil pressure are measured from the top of the base.

Deadweight of structure is considered in all three load cases.

-load case 1
No earth pressure is considered in this load case.
head of water outside Caisson 2C ............... 1.9

head of water inside two compartments ....... 29

-load case 2
Two concentrated loads, ezch equal to 15000 acting at top of the middle transverse

panel, are considered. There is no hydrostatic or earth pressure.

-load case 3
The left compartment is filled' with soil whereas the right one contains water.
Besides the hydrostatic pressure of water, there is a backfili just at the left side of the left

compartment in longitudinal view.

head of water outside Caisson 2C .........ccceuceeeeeet 1.9
head of water inside the right compartment ....... 1.9%,
head of soil inside the left compartment ............ 29

~ head of soil outside Caisson 2C (only at left) ... 2.9
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The same mesh size is selected for all the panels of Caisson 2C. A 3x3 mesh of
"9 node elements and a 6x6 mesh of 4 node elements is used for the SAMFSS and SAP90

models, respectively.

The same set of results as for the cubic tank (5.2.3) is investigated along the
longitudinal midsection. For the first and second load cases, because of the symmetric
geometry and loading about the middle transverse panel, the results are given at 19 points
from Al to S. But for the third load case, the results are presented along the whole
longitudinal midsection consisting of 31 points from Al to Ar (Fig. 5.2).

Tables 5.10, 5.11, and 5.12 and diagrams 5.4, 5.5, and 5.6 compare the results of

the two programs for Caisson 2C under the three considered load cases, respectively.

5.2.5 A Three Compartment Two Layer Caisson

Named Caisson 3C and consisting of two layers, this caisson includes three equal
compartments. The base and vertical panels of the lower layer are thicker than the upper
panels. Only one load case including the dead weight of structure and hydrostatic pressure

is considered. Caisson 3C characteristics are as follows:

length L =120

width W =40
height h=30
thickness of lower layer panels ......... 0.2
thickness of upper layer panels ......... 0.1

The material characteristics of Caisson 3C for both layers, water specific gravity
and subgrade modulus are assumed to be the same as those of the previous example
(Caisson 2C, 5.2.4). Again head of water is measured from the top of the base.
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head of water outside Caisson 3C ..........cceeee.. 1.4
head of water inside the middle compartment ... 2.9

The left and right compartments are assumed to be empty.

Each base panel is divided into a 2x2 mesh of 9 node elements and a 4x4 mesh
of 4 node elements for the SAMFSS and SAP90 models, respectively. But in vertical

- direction, each layer is divided into one 9 node element and two 4 node elements for the

two models,
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Fig. 5.3 A two-layer three-compartmenf caisson (Caisson 3C)
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The same set of results, as for the previous example, is given at 15 points from
A to O along the longitudinal midsection. Table 5.13 and diagram 5.7 compare the results
of the two programs for Caisson 3C.

5.3 Convergence of the Results

This section investigates the convergence of presented results in the previous
section. For the plate bending and membrane examples, it can be easily studied since their
analytical or closed form solutions are available. But for the 3-D examples, the SAMFSS
results are only compared with those of the SAP90 program using a specific mesh size

for each example.

However, the mesh fineness of each 3-D example is selected differently, and it can
help to assess the convergence of the resuits. A 4x4 mesh is used to mode! each panel
of the cubic tank (5.2.3). Whereas the mesh size of panels for Caisson 2C is 3x3, and a
2x2 or 2x1 mesh is adopted to model the base or vertical panels of Caisson 3C,

respectively (5.2.4 and 5.2.5).

It should be noted that all the comparisons and discussions for the 3-D examples
are based on the longitudinal midsection results which could be a good sample of the
behaviour of the whole structure.
$.3.1 The Plate Bending Results

Here the results of the simply supported examples are compared with those of the

‘glosed form solution [38]. Whereas the results of the clamped examples are compared
‘with those of the thin plate theory [37].
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a) Under a UDL

The results for a UDL converge rapidly. For a coarse 2x2 mesh, the error involved
in center displacement is less than; 0.2% for the simply supported plate; and [.5% for the
clamped one. For the same mesh size, the maximum errors involved in moments and
shear forces are about 4.2% and 16% for the two boundary conditions, respectively. These

errors reduce to; 1.6% and 4.6% for a 4x4 mesh; and 0.9% and 2.1% for a 6x6 mesh
(tables 5.1, 5.3, and 5.5).

In general, the results for a UDL converge faster for the simply supported plate
than the clamped one. However, there is no significant difference in convergence rate
between the thin and thick plate examples (t/L=0.01 and t/L=0.1). For the simply
supported plate, the rapid convergence of the center displacement is shown for a wide

range of thickness ratios in table 5.7 and digram 5.1.

b) Under a central peint load

In contrast to the UDL case, under a central point load the results converge very
slowly.

b.1) The simply supported plate
Using a 4x4 mesh leads to about 0.2% and 12% error in the center displacefnent

of the thin and thick plate examples, respectively. These errots reduce to 0.1% and 9.3%
for a 6x6 mesh (tables 5.2 and 5.6).

In contrast to the errors for w,, the errors involved in internal fd;ces are almost
the same for the thin and thick plate examples. For a 6x6 mesh, they are about; 0.4% for
the comer torsional moment m; 65% for the edge center shear v.; and 161% for the
center bending moment m,. However, using a UDL over a small area instead of a central
point load, equivalent to whét Timoshenko [37] utilized, leads‘ to better results for
practical applicmtions. In this case, the errors for a 6x6 mesh are limited to about; .06%
for m; .1% for v,,; and 3% for m,,.
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b.2) The clamped plate

Classic thin plate theory [37] gives a center displacement, w,=0.00560 for the
clamped plate example under a central load. The SAMFSS results converge to a higher
value of about 0.00565. Besides w,, Timoshenko [37] gives the edge center bending
moment, m_, = -0.1257. But he has not presented the center bending moment m,,, or the
edge center shear v,,, for the clamped plate under a central load. The SAMFSS results for
m,,, converge fairly well (table 5.4).

5.3, e Membrane Results

Both of the presented membrane examples (5.2.2) give some accurate results even

for a coarse mesh made up of one element.

5.3.3 The Cubic Tank Results

Displacement results are in complete agreement for the two programs (table 5.8-a
‘and diagram 5.2-a). Difference between the two output values is less than 0.8% in vertical
displacements (in z direction), and 1.4% in horizontal displacements (in x or y direction).
The maximum 1.4% difference in horizontal displacements occurs at top of the wall

(point A of the midsection), and it reduces to 0.2% near the corner (point H).

For maximum m", , the two programs results differ about; 7% at point E at the
center of the vertical wall; and 6% at point J near the corner of the base. For maximum
f, the difference between the two programs results is about; 5% at point E and 9% at
point F (both on the wall); and 11% at point I, at the comer of the base. The differences

are a little more significant at point A at top of the vertical wall and at point 1 at the -

comer of the midsection (fa_ble 5.7-b and diagram 5.1-b). In generaf, 'the two outputs are
in good agreement. S
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Regarding the convergence study of the maximum results (table 5.9 and diagram
5.3), it may be concluded that the SAMFSS program gives enough accu:acy for design
purposes provided a 4x4 mesh division is utilized under distributed loading.

5.3.4 The Results of Caisson 2C

In general, the differences between the results of the two programs are higher than
those of the cubic tank example. This is due to the fact that a finer mesh is used to

analyze the cubic tank.

Results of the two programs have better agreement for the first load case which
includes hydrostatic pressure. For the second load case, which includes two concentrated
loads, there are some significant differences between the two programs results even in
horizontal displacements. Finally, for the third load case, which includes hydrostatic and
earth pressure, differences between the two programs results are fairly significant. This
is due to the different ways of applying the lateral earth pressure for the two programs.
The SAMFSS program uses a quadratic (second order) interpolation to calculate the
distributed loads, whereas a linear interpolation is used in hand calculation of input
loading for the SAP90 model. Since the lateral earth pressure distribution is parabolic,

quadratic interpolation evaluates it more accurately.

a) Load case 1

Maximum difference between the displacement results of the two programs is less
than 1.5% (table 5.10-a and diagram 5.4).

For the maximum values of m’, ., the two programs results differ about; 19% at

point Al at i'op of the external vertical panel; and 7% at point 11 of the base panel. For
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maximum f, , they differ about; 3% at point Al; 7% at point S at top of the intemnal
vertical panel; and 5% at point Gl, at the corner end of the base panel (table 5.10-b and
diagram 5.4).

b) Load case 2

Maximum difference between the two programs results is about 2% in vertical

displacements and 19% in horizontal displacements (table 5.11-a and diagram 5.5).

For maximum m’,, they differ about; 3% at point DI at the center of the external
vertical panel; and 5% at point J1 at the center of the base panel. For maximum f, the
difference is about; 64% and 23% at points Al and Gl, at the top and bottom of the
external vertical panel; 36% and 8% at points Gl, and Mi, at the two ends of the base
panel; and 26% and 8% at points M, and S at the bottom and top of the internal vertical
panel (table 5.11-b and diagram 5.5).

¢) Load case 3

At this load case, the results of the two programs have some significant
differences, especially for the right compartment. As it was mentioned before, this is due

to the fact that the input loading of the two programs are not exactly similar.

For the left compartment, i.e. from Al to M, the maximum difference of the two
- programs results is about; 4% in vertical displacements; and 15% in horizontal
displacements. For the right compartment, the differences are much more significant (table
5.12-a and diagram 5.6). '

- For maximum m’,, the difference is about; 1% at point Fl of the left vertical panel;
12% at point Il of the left base panel; 30% at point S of the internal vertical panel; 15%
at point Jr of the right base panel; and 54% at point Dr of the right vertical panel (table
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5.12-b and diagram 5.6).

For maximum f', the difference is about; 11% at point Al of the left vertical
panel; 27% and 31% at points J1 and MI, of the left base panel; 16% at point S of the
internal vertical panel; 28% at point Mr, of the right base panel; and 21% and 5% at
points Gr,, and Dr of the right vertical panel.

5.3.5 The Results of Caisson 3C

Since the selected meshes are coarse (2x2 and 2x1 for the SAMFSS model), the
differences between the two programs results are higher than the previous examples,
These differences are more significant in horizontal displacements and bending moments

compared with vertical displacements and axial forces, respectively.

Only for maximum values, the difference is about; 4% in horizontal displacements;
and 5% in vertical displacements. Internal forces, specially bending moments, have more

significant differences (table 5.13 and diagram 5.7). To obtain reliable results for design
purposes, a finer mesh should be adopted.
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j 0041960 | 05933 | -.03546 | -3634
2 0040712 | 04934 | -03385 | 3378 |
3 0040657 | 04843 | 03328 | 3373 |
4 0040649 | 04817 | -03301 | -3375

N 0040646 | .04806 | -.03286 | -3377 |
6 0040645 | 04801 | -03277 | -3377 |
7 0040645 | 04797 | -03271 | -3377 |

Timoshenko [| 00406 | 0479 |-.0325 |-338
Hinton || 0040645 | 04780 | -03248 | -3376

Table 5.1

Simply supported thin plate under UDL (¢/L = 0.01)

uperscnipt * indicates a

011693 | 2368 | -08546 | -.0162 |

o11602 | 2992 | -06399 | -2808 |

011617 | 3414 | -06197 | -3589 |

011624 | 3715 | -06149 | -3858 |

011628 | 3948 |-06128 | -3979 |

011631 | 4138 [-06118 | -4041 |
7 011634 | 4298 | -06112 | -4076
Hinton || 011648 | 1.0785 | -.06005 | -.6673
011310 | 2876 | -06074 | -4172

|| Hinton" [} .011427 | .2966 | -.06070 | -4174 |
Timoshenko || 01160 | 208 [-061 |-417 |

Table 5.2
. Simply supported thin plate under central load (t/L = 0.01)
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mesh size | w, m,, M,y Veo
1 0015431 | .04801 | -.03693 | -.5043
2 0012786 | .02534 | -.04420 | -.4371
3 0012698 | .02378 { -.04547 | -.4402
4 0012685 | .02335 | -.04903 | -.4411
5 0012681 { .02318 | -.04979 | -4411
6 .0012680¢ | .02310 | -.05023 | -.4410
7 0012679 | .02305 | -.05050 | -.4409 |
Timoshenko || .00126 0231 | -.0513 ?

Table 5.3

Clamped thin plate under UDL (t/L. = 0.01)

.0061809

0056358

0056333 | .2882 | -.1210
0056377 | 3180 | -.1222 | -.7295
0056413 | .3412 | -.1231 | -.7601
0056440 | .3601 | -.1238 | -.7733
| 7 0056460 | 3761 | -.1242 | -7795 ||
|Timoshenko II .00560 | ? -.1257 ? ||

Table 5.4

Clamped thin plate under central load (t/L. = 0.01)
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] mesh size Il w, mg, m,, | Veo |
| 1 " 0044083 | .05949 | -.03529 | -.3658
2 0042798 | .04936 | -.03376 | -.3406
3 .0042742 | .04843 | -.03324 | -.3383
4 0042733 | .04817 | -.03299 | -.3378
5 0042730 | .04806 | -.03285 |( -.3377
6 0042729 | .04801 | -.03276 | -.3377
7 0042729 | .04797 | -.03270 | -.3377
Timoshenko || .00406 0479 [ -.0325 |-.338
Hinton .0042728 | .04789 | -.03248 | -.3376

Table 5.5

Simply supported moderately thick plate under UDL (/L = 0.1)

mesh size W, mgy, m,, Voo l
1 013390 | 2370 | -.08521 | -.0129
2 013932 | 2994 | -06391 | -2798
3 014312 | .3416 | -.06193 | -.3588
4 014579 | 3717 | -.06147 | -.3857
5 014784 | 3950 | -06128 | -.3975
6 014951 | 4140 | -.06118 | -.4037
7 015092 | 4300 | -06112 | -4074
Hinton 016341 | 1.0785 | -.06095 | -.6673
6 012517 | 2880 | -.06074 | -.4169
Hinton® 012718 | 2966 | -.06070 | -4174
Timoshenko || .01160 | .298 -.061 - 417

uperscript * mdicates a over a small arca instead of a central point load,
-

O Table 5.6
Simply supported moderately thick plate under central load (t/L = 0.1)
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mesh r t/L
.1 01 001 0001 00001

1 440827 | 419596 | 419384 | 419382 | 419382
2 427979 | 407117 | 406908 | 406906 | 406907
3 427415 | 406573 | 406364 | 406362 | 406362
4 427325 | 406485 | 406277 { 406275 | 406277
5
6

427301 | 406462 | 406253 | 406251 | 406281
427292 | 406453 | 406245 | 406243 | 406287
427289 | 406450 | 406242 | 406240 | 406302

7
Hinton Il 427284 | 406446 | 406237 | 406235 | 406235

Displacements are multiplied by 10°

Tabie 5.7

Convergence of the center displacement of simply supported square plate under UDL
for different thickness ratios

L/t

—=— closed form ~+~ 2@mesh -* 3x3 mesh
B+ 4xdmesh M~ 5xSmesh

Diagram 5.1
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&, 5,
E SAMFSS | SAP90 | SAMFSS | SAP90
A -.000733 | -.000723 || -.003261 | -.003238 |
B -000871 | -.000864 || -.003261 | -.003239
C -.001032 | -.001030 ll -.003261 | -.003239
D -001185 1 -.001186 || -.003260 | -.003238
E -001270 | -.001272 || -.003259 | -.003237 4
F -001218 | -.001219 (| -.003258 | -.003236 |
G -.000977 | -.000971 [ -.003258 | -.003235 "
H -000522 | -.000523 || -.003257 | -.003234 |
I -.000011 | -.000012 |{ -.003258 | -.003234
J -000008 | -.000008 [ -.002525 | -.002916 |
| K -.000005 | -.000005 || -.002756 | -.002752 "
L -000002 | -.000002 || -.002669 | -.002673 “
|L 0.0 0.0 -.002645 | -.002649 “
Table 5.8-a

Midsection in-plane displacements of

the cubic tank (5.2.3)
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401.1
428.2
407.8

1
|
3190 || 1809 1927
156.5 ] 1625 15174
]

54.1
83.7
80.3
72.2
68.7

-52.2 1876 1424
1986 1792

1254 | 1051
1130 1112
1335 1398

| 1376 | 1528 |

Table 5.8-b
Midsection bending moments and axial forces of

the cubic tank (5.2.3)
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Diagram 5.2-a

Midsection in-plane displacements of the cubic tank (5.2.3)

SAMFSS (left)

_______ SAP90 (right)
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Midsection bending moments (left) and axial forces (right) of

the cubic tank (5.2.3)

SAMFSS
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output values

mesh 5, m’, t,

Size | SAMFSS | SAPS0 | SAMFSS | SAP9 | SAMFSS | SAPSO
2 001332 | 7106 | 4823 | 3610 | 2200
3 ~001288 | 3765 | 4420 | 2087 | 2145
a 001272 | 4515 | 4282 | 2007 | 2118

Table 5.9

Convergence of the results at center of the wall (point E) of the cubic tank

uomaej\
000136 \
0.00134 \
0.00132 \
0.0013 {\.&
0.00128 \‘\‘\-_
0.00126 i H
2 3 4
mesh sizo
[ SaMFss—=-SAP0 |
m E
o
\ X
I- = -
AN N\
f AN 1 AN
e N e
o = ‘ =

Diagram 5.3



point

)

z

6 b3
SAMFSS | SAP90

| SAMEFSS SAP90 l

Al -001535 || -.002699 | -.002669
| = 001399 || -.002698 | -.002668 |
cl -001248 || -002697 | -.002667 '
DI -001045 || -002697 | -.002666 '
El | -000767 || -.002695 | -002665
Fl -000412 || -.002694 | -.002663
‘l Gl -.000008 -002661
HI -.000005 -.001920
| n -.000002 001479 |
I -.000002 001395
" Kl -.000002 - 001645
LI -.000001 002140 |
M 0.0 -002495
“ N 0.0 -.002500
0 0.0 -.002504
“ P 0.0 -.002507
Q 0.0 -.002510
R | oo 0.0 -002513
s 0.0 9.0 -.002514
Table 5.10-a

Midsection in-plane displacements of Caisson 2C

at load case 1
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S
| samFss | sapoo

l £

SAMFSS | SAP90
al || si26 | 9669 || 2804

| B || 7809 | ss78 || 2454

| o || ess7 | soss || 2235 | 2203

| ot || sos7 | 6777 || 1995 | 2047
El 4343 | 4932 ll 1661 1642
Fo|| 2232 | 2544 || 1337 | 1243
l, | 67 |27 || se38 | 1086 |

“:Gl., | 222 [ 168 || 162 | 155
H || 3089 | 3189 | es38 | 6231

| o 4642 | 4333 | 7484 | 8533 |
n || 4619 | 4296 Il 702 | 8325 |

| ki || 362 | 3149 | 4015 | 3050 |

I || 00 [o0s || 220 [4sss |
o, || 2000|2064 _-_19_69_____;1_4_09__1
M, | o0 00 || -1982 |-2137
N 00 00 || as18 | 2348 |

|l o | oo 00 || 2535 | 2495 “

I 0.0 00 || w52 | 4602
Q 0.0 0.0 6292 | 6601 |
R 0.0 00 || ss12 | som

| S 0.0 0.0 11158 | 11957 |

Table 5.10-b

Midsection bending moments and axial forces of Caisson 2C

at load case 1’

84



SAP90
Al -000309 -002574
Bl || -.000383 | -.000331 -002574
cl || -000401 | -.000353 -002572
Dl || -000403 | -.000362 ‘ -002618 | -.002570
El || -000367 | -000333 || -.002616 | -.002568
Fl || -.00025t [-.000230 “T.oozsm -.002565

| G || -.o00005 |-000004 |j -.002611 | -.002562

| m | 000004 | -.000004 l-.oon'n -001751
© |l -.000004 | -000003 || -.001087 |-.001111

“ -.000002 || -.000961 | -.000972

0.0 -001360 | -.001384 |
-000002 |{ -.002286 | -002245 |

0.0 002901 | -002894 |

0.0 -002916 | -.002906

0.0 -002925 | -.002915
00 || -.002934 | -.002923
00 | -.002041 | -002930

0.0 -002946 | -.002925 |

0.0 |l -.002947 | -.002934 ||

" Table 5.11-a

Midsection in-plane displacements of Caisson 2C

at load case 2 '
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POt I sAMFss | SAPO0 || sSAMFss | saPgo |
Al 4303
BI

a | 2502 | 2663 | 1241 1742
Dl | 2508 | 2677 769.9
E! || 2457 256.3 -370.1
Fl 217.1 2213 -1834
Gl || 1740 | 1504 3597 |
Gl, || -1103 |[-1493 3176
H || 3414 | 3938 1787 |

pu 7487 | 7155 -874.2
1 7539 | 7902 -18.6
Kl | 6752 | 596 1143

LI 37.6 1254 3190 |

I M, || -3724 -682.7 7746 ”
M, | o0 00 6312
N 0.0 0.0 2865 |

| o || oo 00 1228 |
P 0.0 0.0 -1982 ||
Q 0.0 0.0 -5625

| r 0.0 0.0 -11283

|| s | oo [ o0 23209 |

“Table 5.11-b

Midsection bending moments and axial forces of Caisson 2C

at load case 2
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5, 3,
poinjll SAMFSS [ SAP90 || SAMFSS | SAP90
™A1 |l -.003026 |-.002712 || -012561 | -.012092
Bi || -.002628 | -.002355 || -.012561 | -.012091
cl || -002235 | -.002004 || -.012558 | -.012089
Dl || -.001823 | -.001630 || -.012557 | -.012086
El | -.001311 |-001169 [| -.012552 | -.012081
Fl || -.000582 |-.000505 || -.012546 | -.012074
Gl 000570 | .000543 || -.012534 | -.012064
Hi 000563 | .000537 || -.009074 | -.008794
1 || 000556 | .000531 || -.006118 | -.006121
Jl 000548 | .000524 || -.004907 | -.004919
Kl 000541 | .000518 i -.004875 | -.004505
LI 000536 | .000514 || -.005534 | -.005507
M 000535 | .000514 || -.005645 | -.005680
N 000248 | .000273 || -.005658 | -.005691
| o -000017 | .000058 || -.005666 | -.005699
p -.000368 | -.000233 || -.005674 | -.005706
Q -000803 | -.000611 | -.005678 | -.005710
R -001290 | -.001046 || -.005683 | -.005713
S -001790 | -.001497 || -.005685 | -.005716
Lr 000526 | .000507 || -.003980 | -.003967
Kr 000518 | .000500 [ -.001957 | -.002042
000513 | .000495 || -.000875 | -.000920
000508 | .000491 [ -.000347 | -.000444
000505 | .000488 || .000009 | -.000212
000503 | .000487 || .000550 | .000164
000090 | .000144 || .000547 | .000162
-000389 | -.000283 || .000548 | .000161
-000907 | -.000759 || .000546 | .000161
-001444 | -.001258 || .000547 | .000160
-001987 | -.001766 || .000546 | .000160
002530 | -.002273 || .000547 | .000160
Table 5.12-a
Midsection in-plane displacements of

i

at load case 3
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table 5.12-b

‘ ‘ f, |
point ISAMFSS SAP90 \ SAMFSS | SAPSO '
448 0 509.7 || 4652 5163
484 ] 5414 || 3818 4471
c1 519.9 5934 || 3888 4128
DI 602.8 6373 || 3688 3608
El 596.4 6535 || 3168 2761
Fl 625.1 617.7 || 2136 1376
Gl, || 6003 561.8 || 429.4 278.6
Gl, || -381.2 -534.7 || 2014 1277 1'
HI 8414 932.8 1684 1496 ||
il 1797 1599 2263 2573 |
30 1690 1606 2308 2038 l
Kl 1201 1127 1506 2108 l
11 328.1 359.7 || -203.6 175 ||
Mi, || -472.5 4779 || -2482 -1898
M, ‘ 169.8 2172 || -4546 -3333"1’
N -69.8 1280 || 2228 T4
0 -333.8 -3902 || 3105 3041
P -464.7 -569.5 || 5816 5466 “
Q -543.0 -681.7 || 8408 7635 "
R -603.8 -745.8 11760 10360
S -622.3 -810.5 || 16070 13910 _|
Mr, || -562.0 -698.6 || -3090 2411 I
97.4 2458 || -2348 2040
799.2 786.8 || -1986 1706
742.3 850.1 || -1219 -1232
4783 506.7 || -512.9 | -562.8
164.5 2227 || 8278 481.1
-107.4 -121.4 |1 2402 2214
93.1 S121.8 1797 2166 |
-121.4 -162.3 1746 1507
-120.6 -181.8 || 973.0 928.8
2126.5 -185.6 || 3258 | 3515
-114.8 -181.1 || -393.4 | -313.0
-114.4 -1746 || -1305 -1088
-1729 || -1944 -2038 ||

Midsection bending moments and axial forces of

Caisson 2C at load case 3 -
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o, )
point
SAMFSS | SAPS0 SAMFSS

Midsection in-plane displacements of

Caisson 3C (5.2.5)
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SAPSO |
A -000779 | -.000770
B -000777 | -000769 |
| c |l -000017 | 000002 || -000775 | -000766
| o -.000040 || -.000771 | -.000763
E -000012 || -.000769 | -.000759
F -.000014 |{ -.000440 | -.000438 “
G -000015 || -.000257 | -000305 "
| H -000015 | -.000559 | -.000552 l
I -.000015 [| -.000878 | -.000872 ||
I -000247 || -.000880 | -.000876
K || -000677 | -.000660 || -.000883 | -.000879 ‘l
| L | -001102 |-001127 [| -000885 [ -.000882
M || -.001389 |-.001441 || -.000888 | -.000884
I N || -000008 |-.000007 [{-.000999 | -.000981
Lo 00 0.0 |_|-.001089 -.001042 ﬂ
Table 5.13-a



f,
SAMFSS | SAP90

2196 |

Table 5.13-b

Midsection bending moments and axial forces of

Caisson 3C (5.2.5)
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Chapter 6

CONCLUSIONS AND
RECOMMENDATIONS

‘6.1 Conclusions

The multilevel superelement substructuring method presented in this thesis has
been successfully utilized to analyze boxlike caissons. Based on this approach, a computer
program, SAMFSS has been developed for caisson structures with different numbers of
layers and compartments.

Two types of structures can be analyzed using this computer program. The first
type includes two-dimensional structures like membranes, deep beams, and thin and thick
plate bending problems. The second type is three-dimensional boxlike structures like cubic

tanks and marine caissons.

For two-dimensional problems, the accuracy of this method and convergence of
results have been tested and verified on a variety of examples. SAMFSS program results
have been compared with exact analytical or closed form solutions. For special case of
square simply supported plate under a UDL, the accuracy and convergence of results have
been verified for a wide range of thickness ratios. In general, the results converge very

- rapidly under a UDL, but more slowly under concentrated load.
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For three-dimensional problems, the results of SAMFSS program have been
compared with those of SAP90 prograin. In these comparisons, mesh fineness has been
found to play the most important role in the accuracy and convergence of the results. The
finer is the adopted mesh, the closer are the results of the two programs. Also, it should
be noted that the two programs use different plate theories. For a caisson structure with

fairly thick panels, SAMFSS program gives better results since it accounts for shear

deformations.

This superelement substructuring approach significantly reduces data preparation
time. Profiting by the repetition of similar substructures and generating mesh and load
data, this method minimizes the required input file. Besides the time saving, it prevents

human mistakes in mesh generation and load computasion.
Moreover, this method reduces the required storage capacity and C.P.U. time of
computer. This is achieved by processing several smaller stiffness matrices instead of an

entire large stiffness matrix. Therefore, the multilevel superelement substructuring

approach has some economical advantages over the conventional finite element method.

6.2 Recommendations for Further Study

The improvements which could be made to the present study and some features

of future expansion are presented in this section.

a) Present study development

The following improvements may be added to the present program to enhance its .
capabilities: ' |
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1) developing other prismatic shapes including both cylindrical or polygon plans,

e.g. hexagon or octagon, and stepped or conical forms of these caisson shapes,

2) developing other types of shell elemeats, specially a triangular element, which

could be efficient for modelling other caisson shapes,

3) developing for caissons having some other convenient structural system or

material like stiffened steel shell or composite steel frames with reinforced concrete slabs,

4) accounting for dynamic loads including wave, ice, and seismic forces as quasi-

static loads in a linear static analysis, as provided by CAISSON software [34],

and 5) utilizing some sophisticated manipulation like block partitioning or skyline
storage for stiffness matrix and improved equation solving techniques to increase the

mesh fineness limit.
b) Future expansion

A comprehensive nonlinear dynamic analysis using multilevel superelement
substructuring method for caissons may be developed after the following steps are
performed: '

1) applying the above mentioned improvements for the present study, specially

items 4 and 5,

2) utilizing other general purpose programs for nonlinear and dynamic analj}sis of

caissons,

“and 3) comparing the results of different programs and those of full scale tests and

- investigating the performance of previously built caissons.
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Appendix A

PRINCIPAL SUBROUTINES

All subroutines called by the main program, except OUTDIS, are briefly
explained. The latter one only writes nodal displacements and support reactions. A simple

tflow chart for main subroutines is presented after each explanation.
a) Subroutine GEOMET

1. Read general input data including; length, width, and height; number of layers,
longitudinal and transverse panels, material types, and load cases; and material
properties.

2. Call BASETH to read subgrade modulus and thickness of each base panel.

3. Read height and number of elements in height for each layer.

4. Read number of elements in each longitudinal and transverse panel.

5. Call GEOLYR to determine the thickness and span of all longitudinal and transverse
panels of each layer.

6:-Call NOPEPS to find; number of elements in length, width, and height; and total
number of nodes and element.‘s.

7. Cail NODCOR to find the Cartesian coordinates of all nodes.

8. Call ELMNOD to détermine the material type and node numbering of each element,
* and also find whether each d o f is boundary or internal in panel, layer, and caisson

. structural levels.
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Read general input data @

(Call BASETH ) : )

L

Read general data of layers @

|

Read general data of vertical panels @

4

DO 10 KZ=1,NLAYR

/ loop over each layer
\ i

~ @ Call GEOLY%
\L‘
@all NOPEPS)@

.

@ll NODCO%
@n ELMNO

Fig A.1 Flow chart of subroutine GEOMET
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b) Subroutine LOADS
1. Initialize the load matrix of the caisson structure, P.= 0.

2. Call LOADIN to read input loading data for each load case including water and soil

level of all compartments and point load data.
3. Initialize the load matrix of elements, P, = 0.

4. Call HEAD to find water and soil head at every layer of each compartment.

5. Call LODBAS to find the contribution of base panél(s) to P, due to water and soil

pressure and gravity load.

6. Call LODWAL to find the contribution of vertical panels to P, due to water and soil

pressure and gravity load.
7. Call CONLOC to find which element is subjected to each point load.
8. Call CONLOD to add the contribution of each point load to P,

9. Write the nodal loads of each element and form the load matrix of the caisson structure
P.

—l

105



Initialize P.

X3

@1 LOADII\@

*
DO 1001 ICASE=1,NCASE
y, loop over each load case

/

Imtml:ze P, [3
DO 10 ICOMP—I NCOMP
’ ( loop over each compartment

/ ——--(o Call HEA

!
: @l LOZBAE
\

@an LODWAIE
—3

\ DO 300 IPTLD=1,NPTLD

\ y loop over each point load

\ @11 CONLOCX)
N .

x>~ (300 call conLop X(3)

Fig. A.2 Flow chart of subroutine LOADS
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»

¢) subroutine GSTFNS (IT)

_ 1. Initialize the stiffness matrix for; boundary dof’s, S.; and internal dof’s, 'S, and the
load matrix P, of the caisson structure. '

2. Initialize the stiffness matrix of elastic support K., and the stiffness and load matrices
of the layer substructure: Sy, Sy, and P,.

3.Call STBASE to process the stiffness and load matrices concerning the element(s) of
base panel(s) as follows:

I-Sum the load and stiffness matrices of individual elements into the load and stiffness
matrices of the relevant panel substructure; P, S, and *S,;.
II-Condense the internal dof's of both P, and S, to yield to the panel superelement load
and stiffness matrices P,” and S;".
III-Sum P’ and S’ into the load and stiffness matrices of the relevant layer substructure;
P, 8y and S;;.

4. Call STTRPL to do the same process as the above step concerning the elements of
longitudinal panels.

5. Call STLNPL to do the same process as step 3 concerning the elements of transverse
panels.

6. Call LYRCSN to process the stiffness and load matrices of the layer substructure(s) as
follows:

I-Condense the internal dof's of both P, and S, to yield to the layer superelement load
and stiffness matrices P\* and §;".
11-Sum P’ and S," into the entire caisson load and snffness matrices; P, S, and S.

7. Initialize Py, Sy, and §;; to repeat the above steps 476 for the next possible laycr.

8. Complete the symmetric lower triangles of S, and S,

'Sy = [Sew ¢ Sens)
S = (S » Syl
> 8o = [Sew ¢+ Spul
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@ IF (IT .GT. 1) @

[ELEM=0 fe——— nitialize Sy, S., and P, @

mr
Initialize K_ , Sy, , S, and P, @

Call STBASEX( 3)

L A\ DO 15 KZ=1 . NLAYR |
e wr ench Tav -
y: loop over each layer j

v
IF(T EQ. 2 .AND. KZ .EQ. NLAYR) |-><¥e>——p

Qo>
Call STTRPL )(4)
¥
(can stneL XG5)
T

Yes IF(T .EQ. 3 .AND. KZ .EQ. NLAYR)
] :

@zﬁ IF(IT .EQ. 3) ——)@———

- (canLyresy anX6)
v

~l-= = 4 15 mitialize §,,, , §, and g,@

ﬁ-_

Complete the lower triangles of S,,, and §ci

Fig.'A:3 Flow chart of subroutine GSTFNS
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d) Subroutine SOLVEQ

1. Initialize general nodal displacements & and caisson nodal displacements & = [§,,, ,
o

—.-ci]'

2. Condense P, and S, to the load and stiffness matrices of the caisson superelement P

and S.°.
3. Call MATINV to inverse S_* into S™!
4. Find the boundary nodal displacements of the entire caisson structure §.,.
5. Recover the internal nodal displacements of the entire caisson structure .

6. Rearrange caisson nodal displacements in their proper places.

7. Call SOLVLY' to compute the internal nodal displacements of the highest layer

substructure.

8. Call GSTFNS (IT=2,3) to find the internal nodal displacements; 8, of other layer
substructures; and §,; of the panel substructures.

9. Compute base reactions.
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Initialize & and 6, @

Condense P, and S. to P." and S * @
|
@al] MATINV (8.9

|
8, -5k [(3)

Rearrange ‘displacer.nents @

R

KZ=NLAYR

( Call SOLVLY (Kz@
DO 100 IT=2,3
loop over all layers and panels
N~ «(100 Call GSTFNS (11”

Compute reactions @

- Fig. A.4 Flow chart of subroutine SOLVEQ
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¢) Subroutine OUTSTR

1. Compute internal forces (bending forces and membrane stresses) for all elements os

base panel(s).
2. Compute internal forces for individual elements of longitudinal vertical panels.

3. Compute internal forces for individual elements of transverse vertical panels.

- DO 100 IBM=1,2
s - loop over; 1)bending and 2)membrane forces

4 »
/ IELEM=0

¥
( L1=1 and L2=2
base panel(s)

-
DO 10 IPNLX=1,NPNLX
— __| loop over each longitudinal panel
e DO 10 JPNLY=1,NPNLY
* loop over each transverse panel
]
// Determine material type and thickness
¥
DO 10 NUMEL=1NELPX(IPNLX)*NELPY(JPNLY)
loop over all elements of the panel
‘ C
\ ( | IELEM=IELEM+1

= |
N\ |
NS — = ——— ~{ 10 Call ELMSTR

___,_..
A

7~
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e~ ~-

DO 40 KZ=1,NLAYR
- | loop over each layer
7~ ¥
- L1=2 and L2=3
/ transverse panels
/ ]
7 DO 20 JPNLY=1,NPNLY
4 _{ DO 20 IPNLX=1,NPNLX+1
/ -~ loop over all transverse panels
/ pad at every longitudinal location

/ l A DO 20 NUMEL I,NELPY(JPNLY)*NELLA(KZ)
IELEM=]ELEM+1 '

/ \ ! ¥
I \\: === :(20 Call ELMSTI@

i ]

| L1=1 and L.2=3
| longitudinal panels
|

|

|

|

l

|

|

|

I ¥
I//
|

|

|

\

¥
\ DO 30 IPNLX=I,NPNLX
\ DO 30 JPNLY=1,NPNLY+1
\\ _ — — - loop over all longitudinal panels
- at every transverse location
\\ / 24

\\ [ | DO 30 NUMEL=1,NELPX@PNLX)*NELLA(KZ)
\\\ \ / YELEM=IELEM+1

SO :

N :Qo Call ELMS%
N v
~— — — - 40 CONTINUE
N ;

— = — — ={ 100 CONTINUE

- Fig—A:5Flow chart of subroutine OUTSTR

\
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Appendix B

SAMPLE INPUT DATA FILES

Input data files of the cubic tank exampic for both SAMFSS and SAP90 programs
are presented. Because of the symmetry in two horizontal directions {x and y), only a

quarter of structure is modelled in SAP90 program.

a) SAMFSS Input File
Cubic Tank

3.1,3.1,2.95

1,1,1

0,0,0,0,1,1
1,2.188E9,.15,2400.
le6

1,.1

2.95,1

4

4

1,.1,1,.1

1,.1,1,.1

1,1,1000.
1,2000.,2500.,0.,30.,0.,0.,30.
©0.,0.,0.,0.,2.95
0.,0.,0.,0.,0.
LLLL1

1,0.,1.,0.
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b} SAP90 Input File

Cubic Tank

system

=i

joints

I x=0.
9

37

45

46 x=.375
54

73 x=1.5
81

82 x=.375
85

94 x=1.5
97

springs
1
10289
46 64 9
37

73
85934
94 96

y=0. z=0.

y=15 2=0.
z=3. g=1,9,3745,1,9
y=0. z=0.

z=3. q=46,54,73,81,1,9
y=.375 z=0.
y=1.5
y=.375
y=1.5 - q=82,85,94,97,14

N

k=35156.25,35156.25,35156.25,0,0,0
k=70312.5,70312.5,70312.5,0,0,0
k=70312.5,70312.5,70312.5,0,0,0
k=35156.25,0,35156.25,0,0,0
k=0,35156.25,35156.25,0,0,0
k=70312.5,0,70312.5,0,0,0
k=0,70312.5,70312.5,0,0,0
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82 84 k=140625,140625,140625,0,0,0

86 88 k=140625,140625,140625,0,0,0
90 92 k=140625,140625,140625,0,0,0
97 k=0,0,35156.25,0,0,0

restraints

3745 r=0,1,0,1,0,1
8593 4 r=0,1,0,1,0,1
73 81 r=1,0,0,0,1,1
94 96 r=1,0,0,0,1,1
97 r=1,1,0,1,1,1

potential
1 97 w=1000.,3.0

shell

nm=1 p=-1.

1 e=2.188e9 u=.15

1 jq=1,46,10,82 etype=0 m=1 th=.1,.1
2 jq=46,55,82,86

3 jq=55,64,86,90

4 jq=64,73.90,94

5 jq=10,82,19,83

6 jq=19,83,28,84

7 jq=28,84,37,85

8 jq=82,86,83,87. g=3,3
17 jg=1,10.2,11 g=4,8
49 jq=1,2,46,47 g=8,1
57 jq=46,47,55,56 g=8,3
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loads

1 73 36 1=1 {=0.,0.,1.7578125

97 f=0.,0.,1.7578125
1028 ¢ =0.,0.,3.515625
46 64 9 =0.,0.,3.515625
8593 4 f=0.,0.,3.515625
94 96 f=0.,0.,3.515625"
82 84 =0.,0.,7.03125
86 88 f=0.,0.,7.03125
90 92 f=0.,0.,7.03125
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Appendix C

SAMFSS COMPUTER PROGRAM
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nnononNnoonNoonNoOnNOoOoDnNaAanDonNoOODoOa0ONOnNOOGCONONDOONON0O0

sS
Sss
58
s

S8
85

A+

YR

+ +

SS5S ARA MM MM FFFFEFFFFF 5858
55 AR AR MMNM HMMM FF SS -
AR AR MM MHH MM MM FF ss
AR AR MM MM MM MM FF S8
S AARRRAAAA MM MM MM MM FFFFFFF S8
S5 AR AR HM MM MM MM FF 58
55 Ah Ah M M MM FF ss
58 AR RA MM N MM FF SS
S5 AR AR MM MM FrF S5 sS
S5 AR AR MM MM FF 85585

STRUCTURAL ANALYSIS BY NINDLIN FLAT SHELL SUPERELEMETS

A MULTILEVEL SUPERELEMENT SUBSTRUCTURE FOR THE ANALYSIS OF
RECTANGULAR BOXLIKE CAISSOKRS USING
RECTANGULAR 9-NGDE LAGRANGIAN MINDLIN FLAT SHELL ELEMENTS

PREPARED BY:
SAEED ARONI HESARI

AS A PART OF THE M.SC. THESIS

DEPARTMENT OF CIVIL ERGIHEERIRG
URIVERSITY OF OTITAMA

APRIL 94

IMPLICIT REAL*B(A-H,0-I)

COMMON/BTFRR/ STFRR

COMNON/STFCV/ STFCV

COMMON/CLOAD/ CLOAD

COMMON/CCSLD/ CCSLD

COMMON/ELOAD/ ELOAD

CONMON/COORD/ COORD

DIKENSION ASDIS(918,5),CO0RD({153,3),ELOAD(36,54),

LNODS (36,9) ,MATNO(36) , PROPS(10,3) ,STREL(9,8),

TRERC(25,3,5),CLOAD(918,5) , STPRR (252, 252),
ETFCV(126,378) ,NELLA{3) ,NELPX(3) ,NELPY(3),
HIGHT(3),THPNX{3,4) , THPNY (4,3}, THRAS(3,3),
SPNXL(3),5PNTH{3),5KNOD(153),CCELD(378,5),
INDPL{153),INDLY{153,3),NLPRM(3) ,NLPCN({3),
NDLYR(42,2),NDLYC(16,2), IRDCS (153)

SS8S
55 S8
58
ss
ss
sS
SS
58
sS 88
5858

DATA NDOFN/&/,HNODE/$/,NGAUB/3/,NGAUS/2/,NGAUN/2/,MPOIN/15Y/

MIOTV=NPOIN*NDOFN

NEVAB=NNODE*NDOFN

CALL  GEOMET ({NPNLX,NPNLY,NLAYR,NELPX,NELPY,NELLA,
LNODS, PROPS, HATNO, RCASE, INDPL,
HPOIN,NDOFN, NELEM, NTOTV, THPNX, THPNY,
THBAS, HIGHT, ZHIGH, THCES, XLNGT, YWDTH,
SPNXL, SPHYN, XLHOD, YNHOD, NCPRK, NCPCR,
NNODE , NLPRN, NLPCN, NDLYR, NDLYC, INDLY,

: INDCS,5K)

CALL  LOADB  (NCASE,LNODS,MATNO,NELEM, -
NEVAB, RGAUB, NNODE,, PROPS , NDOFN,
NPNLX, NPNLY,NLAYR, NELPX, NELPY,
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10

111

4

NELLA, THPNX , THPNY ,HIGHT, ZHIGH, THCBS,
SPNXL, SPHNYNW, XLMOD, YWMOD)

IT=1
CALL GSTFHS (ASDIS,LYODS,MATNO,NEVAB, NGAUB, KGAUS,
+ NGAUM, NNODE , PROPE , NDOFN , NCPRM, NCPCN,
+ NPNLX,NPNLY,NLAYR,NELLA , NELPX, NELPY,
+ SPNXL,SPNYW, TFBAS, THPNX, THPNY, SKNOD,
* HPOIM,NCASE, INDPL, INDLY , HLPRM,HLPCK,
+ NDLYR,NDLYC, INDCS,SK,IT)
CALL SOLVEQ (TREAC,NPULIN,NCPRN,RCRCH,
+ ASDIS,LNODS, NEVAR,RGAUB, NGAUS , NGAUX,
+ MNODE, NDOFM, MATNO, PROPS , INDPL, NPNLX,
+ NPXLY,NLAYR,NELPX, NELPY ,NELLA, THBAS,
* THPNX, THPNY, SPNXL, SPNYW, INDLY , NLPRM,
* WLPCN, HDLYR,NDLYC, INDCS, SKRNOD, NCASE,
+ sX)
PO 10 ICASE=],NCASE
CALL QUTDIS (ICASE,ASDIS,NDOFN,NPOIN,TREAC,SKNOD}
CALL OQUTSTR (ICASE,ASDIS,LNODS,MATNG, NNODE,NDOFN,
+ HGAUS,PROPS,STREL, NPNLX, NPKLY , NLAYR,
+ NELPX,NELPY ,NELLA, THBAS , THPNX , THPNY)
CONTINUE
sTOP
END
SUBROUTINE GSTFNS (ASDIS,LRODS, NATHO, REVAB, NGAUB, NGRUS,
+ NGAUM, NNODE , PROPS , NDOFN , NCPRM, NCPCN,
+ NPNHLX,NPRLY , NLAIR,NELLA, NELPX,NELPY,
+ SPNXL, SPNYN, THBAS, THPNX, THPNY , SXNOD,
+ HPOIN,NCASE, INDPL, INDLY, RLPRM, NLPCN,
+ NDLYR,NDLYC, INDCS,SK,1T)
INPLICIT REAL*8tiA-X,0-2)
COMMON/STFRR/ STFRR
COMMOR/STFCV/ STFCV
COMMON/SLYRR/ SLYRR :
COMMON/SLICVY/ SLYCV
COMMON/ESTIF/ ESTIP
COKMON/GSTIF/ GSTIF
COMMON/CLOAD/ CLOAD
CONMON/CCSLD/ CCSLD
COMMON/CLYLD/ CLYLD
COMMON/COORD/ COORD
DIMENSION COORD(153,3),LNOD3(36,9) ,MAINO(26) ,FROPS(10,3),
+ ESTIF(54,54),05TIF(54,54),5TFRR{252,252),
+ STFCV(126,378), INDPL(153) ,NELLA(}) ,NELPK(3),
+ NELPY(3),SKNOD(153), THBAS(3,3),THPNX(3,4),
+ THENY(4,3),SPNXL(3),EPNYNW(3),KONTE(153),
+ CLOAD{918,5),CC5LD{378,5),ASD15(918,5),
+ INDLY(153,3),INDCS{153),RLPRH{3),NLPCN(]),
+ NDLYR(42,2),NDLYC(16,2),SLYRR({252,252),
+ SLYCV(J6,288),CLYLD(288,5)
WRITE(E,111)
FORMAT(’ subroutine gstins*)
IF(IT .NE. 1) GO TO S
CALL RAZERO (8TFRR,252,2352)
CALL RAIERO (BTFcCv,126,378)
CALL RAZERO (CCSLD,178,5)
HCVRNENCPRN*NDOFN
MCVCNaNCPCHYKDOFN
IELEN=0
CALL RVIERD (SKNOD,153)
CAaLL IVIERD (KONTE,133)
CALL RAZERO (BLYRR,252,252)
CALL RAIERO (SLYCV,36,288)
CALL RAZERO (CLYLD,288,5)
CALL STBASE (ASDIS,LNODS,MATNO,NEVAR, HGAUD, NGAUS,
* MGAUM, NNODE, PROPS , NDOFN, INDPL, XPNLX,
+ NPNLY, NELPX, NELPY, THBAS , SPNXL, 8PNYN,
-

SEMOD, 8K, TELEX, 1T, KONTE, KLYRN, NLPCM,

115



10
15
16

20

30

111

+ + 4+ &

+ + + 4+

+ + + +

T

DO 15 XI=1,NLAYR

NPOIN,NCASE, INDLY}

IF(IT .EQ. 2 .AND. KZ .EQ. NLAYR) GO TO 16

CALL STTIRPL

CALL STLNPL

(ASDIS,LNODS, NATNO, NEVAR , NGAUB, NGAUS,

NGAUN, NNODE, PROPS , NDOFN, INDPL, NPNLX,
NPNLY, NELLA, NELPY , THPNY , SPNYH, SKNOD,
XZ,IELEX, IT, KONTE, NPOIN, NLPRM, NLPCN,
NCASE, INDLY)

(ASDIS,LNODS, MATNO, NEVAB, NGAUB, NGRUS,

NGAUN, NNODE, PROPS, NDOFHN, 1NDPL, NPNLX,
NKPNLY,NELLA, NELPX, THPNX, SPNXL, SKROD,
KZ,1ELEM, IT,XOKTE, HPOIN, NLPRM, NLPCHN,
NCASE, INDLY)

IF(IT .EQ. 3) GO TO 15

NLRPR=NLPRM(KZ)
NLXPC=RLPCH(KXZ)
CALL LYRCSN

{IT,KZ,NDOFN, NCASE, NLKPR, NLKPC,

NCVRM, INDLY,, NDLYR, NDLYC, INDCS, ASDIS)

IF(KZ .EQ. NLAYR) GO TO 15

CALL RAZERO
CALL RAZERO
CALL RAZERC
CONTINUE

(SLIRR,252,252)
(CLILD,288,5)
(SLICV, 36,288)

DO 20 ICVRN=2,NCVRM

DO 20 JCVRM=1, ICVRM=1
STFAR{ICVRM, JCVRN) =STFRR( JCVRM, ICVRN)

DO 30 ICVCN=2,KCVCH

DO 30 JCVCH=1,ICVCR-1

STFCV{ICVCH, JCVCN+RCVRN) SSTFCV(JCVCN, ICVCN+HCVRN)

RETURN
END

SUBROUTINE

STBASE

{ASDIS,LNODS, MATNO, NEVAB, NGAUB, NGAUS,

NGAUN, HHODE , PROPS , NDOFN, INDPL, NPNLX,
NPNLY, NELPX,NELPY, THEAS, SPNXL, SPNYN,
SKNOD, SK, IELEM, 1T, RONTE, NLPRM, RLPCN,

NPOIN,HCASE, INDLY}

IKPLICIT REAL*B({M-H,0-Z)
COMMON/SLIRR/ SLYRR
CONNON/SLYCV/ SLYCV
COMMON/PNSRR/ PHSRR
COMMON/PNSCY/ PNSCV
COMMON/ESTIF/ ESTIF
COMMOR/GSTIF/ GSTIF
COMMON/CLOAD/ CLOAD
CONMON/CLYLD/ CLILD
COMMON/CPNLD/ CPNLD
COMMON/COORD/ COORD
DIMENSION

COORD(153,3),LNODS{36,9),MATNO (36} ,PROPE(10,3),

ESTIF(54,54) ,GSTIF(54,54), INDPL(153) ,NELPX(3},
MELPY(3),E5TF(9), 8KNOD(153),ELCOD(2,9),BHAPE(9),
THBAS(3,3),8PNXL(3),5PNEN(3), KONTP(153),
IPNOD(153),CPNLD{150,5),KONTE(153),CLOAD(918,5),
ASDIS(918,5),PNSRR(56,96),
PNSCV(54,150), INDLY (153,3) ,NDPRYF(10) ,NDPCP(6),
SLYRR(252,252),SLYCV()6,288),CLYLD(288,5),

NLFRK(3),NLPCH(3)
WRITE(G,111)
FORMAT(’ subroutine atbase’}
Ll=] .
L2=2
Ki=]
MLXPR=MLPRM(XZ)
NLKPCE=MLPCH(XZ)
NLVRMNINLKPR*NDOFN
DO 140 JPNLY=1,NPNLY
DO 130 IPNLX=1,MPNLX
HPPRM=D
NPPCN=0
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CALL IVZERQ (KOMTP,153)
CALL IVIERG (IPNOD,133)
DO 5 MUKEL=1,NELPX({IPNLX)*NELPY (JPNLY)
HOELH=IELEM+NUNEL
5 CALL PHNLNDV {HOELM,NNODE,LNODS, INDPL, IPHOD, NPPRM,
- NPPCHN, KONTP)

NPVRHzZNPPRM*NDOFN
RPVCNINPPCH*NDOFN
LPROP=MATNO( IELEN+1)
THICK=THBAS ( IPNLX, JPRLY)
IF(JPHLY .EQ. 1 .AND. IPNLX .EQ. 1) GO TO 20
NUN=0
IF(IPNLX .GT. 1) GO TO 10
IF (NELPY{JPNLY) .ME. NLPYO) RUM=NUM+l
1P (SPNYN(JPNLY) .MNE. SPNYO) KUM=NUMN+1

10 IF (NELPX(IPNLX) .ME. HLPXO0) NUN=NUM+1
IF (LPROP .NE.. LPRPO) NUN=RUM+1
IF{THICK .NE. THCKO) HUN=NUN+1
IF(SPNXL(IPNLX) .NE. SPNX0O) NUMaNUK+tl
IF{NUN .EQ. 0) GO TO 90

20 NUK=1 :
CALL  STIFKA (THICK,LNODS,LPROP,NGAUN,
+ NNODE, PROPS, NDOFN, IELEM, L1,12)
CALL  STIFPB (THICK,LNODS,LPROP,NGAUB,NGAUS,
+ NNODE, PROPS, NDOEN, IELEM, L1, L3)

DO 30 IELVA=1,NEVAB-1
DO 30 JELVASIELVA+1,NEVAB
30  ESTIF(JELVA,IELVA)SESTIF{IELVA,JELVA)
DO 40 INODE=1,HNODE
LNODEZLNODS { IELEN, INODE)
DO 40 IDINE=1,2
40  ELCOD(IDINE, INODE)=COORD(LRODE, IDIME)
RAREA=(ELCOD(1,3)-ELCOD(1,1))*{ELCOD(2,5)~ELCOD(2,3))
po 50 INODE=1,7,2
50  SHAPE(INODE)=1/3%.
DO 60 INODE=Z,B,2
€0  SHAPE(INODE)=1/9.
SHAPE(9)m4/9.
DO 70 INQDE=1,NNODE
SSTF (INODE)=SHAPE ( INODE) *RAREA+SK
DO 70 IDOFN=1,3
IPOSN= (INODE-1) *NDOFH+IDOFN
70 ESTIF(IPOSN, IPOSN)=ESTIF(IPOSN, IPOSN)+85TF ( INODE)
DO 80 I=1,NEVAB
DO 80 J=1,NEVAB
80  GSTIF{I,J)=ESTIF(I,J)
IELEN=IELEK-1
$0  LPRPOSLPROP
THCXOSTHICK
KLPXO=NELPX( IPNLX)
SPNX0=SPNXL(IPNLX}
CALL  RAZERO (CPNLD,150,5)
CALL  RAZERO (PNSRR,96,96)
CALL  RAZERO (PNSCV,54,150)
DO 100 NUNEL=1,NELPX{IPNLX)*NELPY{JPNLY)

. TELEN=IELEN+1
CALL  PMLASN (1,IELEN,LNODS,NNODE,NDOFN,
e 1PROD, S5TF, SXNOD, NPVRM, KONTE,
+ NCASE)

100 CONTINKUE
DO 110 IPVRN®2,NPVRN
DO 110 JPVRN=1,IPVRN-1
110 PNSRR(IPVRM, JPVRAN)=PNSRR{JPVRN, IPVRM)
DO 115 IPVCN=2,NPVCH
DO 115 JPVCN=l,IPVCN-1l =
115 PNSCV{IPVCN, JFVCR+NPVRN) =PNSCV(JPVCN, IPVCN+NPVRM)
CALL  CNDNSP (NCASE,NPVRN,NFVCN)
IF(IT .ME. 3) GO TO 120
CALL  SOLVPN (NCASE,NPPRN,NPPCM,MPOIN,NDO¥N,IPROD,
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30

+ + + +

FE++ T

ASDIS)

GO TO 130

CALL  LYRNDV (KZ,NPOIM,NPPRM,IPKOD, INDLY,NPPRF, NPPCF,
NDPRF, NDPCF)

CALL LYRASM (KZ,NLVRM,NCASE, NDOFN, NPPRF, NPPCF, NOPRF,
NDPCF, IPNOD, INDLY)

CONTINUE

SPNIO=SPNIW{JPHLY)

NLPYO=NELPY (JPNLY)

CONTINUE

RETURN

END

SUBROUTINE STTRPL {ASDIS,LNODS,MATNO,NEVAB,HGAUB,NGAUS,
NGAUM, KHODE, PROPS, NDOFN, INDPL, NPNLX,
NPHLY,NELLA, NELPY, TRPKY, SPNYH, SKNOD,
RZ,IELEM, IT,KONTE, NPOIN, NLPRM, NLPCN,
NCASE, INDLY)

IMPLICIT REAL*S{A-M,0-Z)

COMNON/SLYRR/ SLYRR

COMMON/SLYCV/ SLYCV

COMMON/PNSRR/ PMSRR

COMMDN/PNSCV/ PHSCV

CONMON/ESTIF/ ESTIF

COMMON/GSTIF/ GSTIF

COMMON/CLOAD/ CLOAD

COMMOR/CLYLD/ CLYLD

CONKON/CPNLD/ CPNLD

COMMNON/COORD/ COORD

DIMERSION COORD({153,3),LNODS(36,9),MATRO(36)},PROPS(10,3),

ESTIF{54,54),08TIF(54,54), INDPL{153) ,NELLA(J)},
NELPY(3),55TF(9),SKNOD(153) , THPNY{4,3),5PNIN(]),
KORTP(153),IPNOD(153),CPNLD{150,5) ,KONTE({153),
CLOAD{918,S) ,ASDIS(918,5),PNSRR(96,96),
PNSCV(54,150) , INDLY (153,3),NDPRF{10),
NDPCF(6),SLYRR(252,252),SLYICV{16,288),
CLYLD(288,5),NLPRM(3),RLPCN(])

WRITE(8,111)

FORNAT{‘ subroutine sttrpl’)

CALL RVZERO - (SSTF,9)

L1=2

L2=3

NLKPR=NLPRM(KZ)

NLKPC=NLPCH(KZ)

NLVRM=NLKPR*NDOFN

NLVYCN2NLXFC*NDOFN

DO 100 IPNLX=1,NPNLX+1

DO 100 JPRLY=1,NPHLY

NPPRM=0

NPPCH=0

CALL IVZERO (KONTP,153)

CALL IVZERO (IFNOD,153)

DO 10 NUMEL=1,NELPY(JPNLY)*NELLA(KZ)

NOELM=IZLEM+NUNEL

CALL PNLNDV  (NOELM,NNODE,LNODS, INDPL, IPXOD, NPPRK,

NPPCH,KONTP)

NPVRM=NPPRM*NDOPFN

NPVCNaNPPCN*RDOFXR

LPROP=HATRO{ IBLEN+1)

TRICK=THPNY (IPNLX, JPNLY)

IP(IPKNLX .EQ. 1 .AND. JPNLY .EQ. 1) GO TO 30

HUN=0 .

IF (NELPY(JPNLY) .NE. MLPYO) NUMsNUM+1
IF(LPROP .NE. LPRPO) RUM=NUM+1
IF({THICK .NE. THCKO) NUMaMUM+1

IF({SPHYN(JPNLY) .NE. SPNYD) NUM=NUN+1
IF(NUM .EQ. 0) GO TO €0

HuN=1 :

CALL  STIFMA (THICK,LNODS,LPROP,NGAUN,
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NNODE, PROPS , NDOFN, IELEN, L1,L2}

CALL STiFPB (THICK,LNODS,LPROP,NGAUB,NGAUS,
WNODE, PROPS, NDOFM, IELEN, L1,L2)

DO S0 IELVA=1,NEVAB-1

DO SO JELVA=IELVA+l,NEVAB

ESTIF{JELVA, IELVA) =ESTIF(IELVA,JELVA)

CALL  TRANSH (XNODE,NEVAB)

IELEM=TELEN-~1

LPRPOSLPROP

THCXO=THICK

NLPYO=NELPY (JPNLY)

SPNYOXSPNYH(JPNLY)}

CALL  RAZERO (CPNLD,150,5)

CALL  RAZERO (PNSRR,96,96)

CALL  RAZERO (PMSCV,54,150)

5O 70 NUKEL=1,NELPY({JPNLY) *NELLA(XZ)

IELERSIELEN+1

CALL  PNLASK (0,IELEM,LNODS,NNODE,NDOFN,
IPNOD, SSTF, SKNOD, NPVRN, KONIE,
NCASE)

CONTINUE

DO 80 IPVRM=2,NPVRN

DO 80 JPVRM=1, IPVRM-1

PNSRR(IPVRN, JPVRM)}ZPNSRR (JPVRN, IPVRH)

DO 85 IPVCN=2,NPVCH

DO 85 JPVCN=1,IPVCH-1

PNSCV [ IPVCN, JPVCN+NPVAM) 3PNSCV (JPVCHN, IPVCN+NPVRN)

CALL  CHDNSP (NCASE,NPVRN, NPVCK)

IF{1T .NE. 3) GO TO 90

CALL  SOLVPH (NCASE,NPPRM,NPPCN,NPOIN,NDOFN,IPHOD,

ASDIS)

GO TO 100

CALL  LYRNDV (KZ,NPOIN,NPPRK,IPNOD,INDLY,NPPR?,NFPCF,
WDPRF, NDPCF)

CALL  LYRASH (KZ,NLVRM,NCASE,NDOPFN,NPPRF,NPPCF, NDPRF,
NDPCF, IPNOD, INDLY)

CONTINUE :

RETURH

END

SUBROUTINE STLNPL (ASDIS,LNODS,NATNO,NEVAB,NGAUB,NGAUS,

HGAUM, NHODE, PROPS, NDOFN, INDPL, NPHLX,
NPNLY, NELLA, NELPX, THPNX, SPNXL, SKNOD,
KZ,IELEK, IT, KORTE, NPOIN, HLPRN, NLPCN,
NCASE, INDLY)
IMPLICIT REAL*G(A-H,0-Z)
COMMON/SLYRR/ SLYRR
COMMON/SLYCV/ SLYCV
COMMON/PNSRR/ PNSRR
COMMON/PRSCV/ PHSCV
COMMON/ESTIF/ EBTIF
COMNON/GSTIF/ GSTIF
COMMON/CLOAD/ CLOAD
CONMON/CLYLD/ CLYLD
COMMON/CPNLD/ CPNLD
COMMON/COORD/ COORD
DIMENSION COORD({153,3),LNODS(36,9),MATNO{36) ,PROPE{10,3),
XSTIF(54,54),G5TIF(54,54), INDPL(153) ,NELLA(3),
NELPX(3),S88TF(9),5KNOD{153), THPNX(3,4) ,SPNXL(3),
XONTP(153),IPNOD(153),CPHLD(150,5) ,KONTE(153),
CLOAD(918,5) ,ASDIS(518,5),PHSRR(96,9€),
rusCV(si,xsn),:umnr(lsa.s),unpnr(zo);g:
WDPCP(6),SLYRR(252,252),8LYCV(J65,288),
CLYLD(288,5) , MLFRM(3) , HLPCN(3)
WRITE(S,111)
FORMAT{' subrzoutine stlaupl’)
CALL RVIERD (S31F,9)
Ll=] :
L2=3
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a0

50
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70

S0

100

NLKPR=NLPRM{KZ)

HLXPC=NLPCN(XZ)

NLVRM=NLRPR*NDOFN

NLVCH=NLKPC*NDOFN

DO 100 JPHLY=1,NPNLY+1

DO 100 IPNLX=1,NPNLX

NPPRM=0

NPPCN=0

CALL IVZERO (KONTP,153)

CALL IVZERG (IPNOD,153)

DO 10 NUMEL=1,NELPX{IPNLX)*NELLA(KZ)

ROELN=IELEN+NUNMEL

CALL  PNLNDV (NOELM,NNODE,LNODS, INDPL, IPHOD, NPPRM,
MPPCN, KONTPY

NPVRM=NPPRM*NDOFR

NPVCN=NPPCH+NDOFN

LPROP=MATKO( IELEH+1)

THICK=THPHX(IPNLX,JPHLY)

IF(JPNLY .EQ. 1 .AND. IPNLX .EQ. 1) GO TO 30

NUM=0

IF(NELPX(IPNLX) .NE. HLPX0) NUMz=HUM+l
IF(LPROPFP .NE. LPRPO) NHUM=NUM+1
IF(THICK .NE. THCKO) NUM=NUM+1

IF (SPNXL(IPRLX) .NE. SPRX0) NUM=NUN+1

IF(NUM .EQ. 0) GO TO 60

RUM=1

CALL  STIFMA (THICK,LNODS,LPROP,NGAUM,
NRODK, PROPS, NDOFN, IELEN, L1,12)

CALL  STIFPB (THICK,LNODS,LPROP,NGAUB,NGAUS,
NNODE, PROPS, NDOFN, IELEN, L1, L2)

DO 50 IELVA=1,NEVAB-1

DO 50 JELVA=IELVA+1,NEVAB

ESTIF (JELVA, IELVA) =ESTIF { TELVA, JELVA)

CALL  TRANSL (NNODE,NEVAB)

IELEN=IELEN-1

LPRPU=LPROP

THCKO=THICK

NLPXO=NELPX ( IPNLX)

SPNXO=SPNXL(IPNLX)

CALL  RAZERO (CPNLD,150,5)

CALL  RAZERO (PNSRR,96,96)

CALL  RAZERO (PNSCV,54,1%0)

DO 70 NUMEL=1,NELPX(IPNLX)*NELLA(XZ)

IELENSIELEN+1

CALL PNLASK (0, IELEM,LNODS, NNODE, NDOPN,
IPROD, S5TF , SKNOD, NPVRM, XONTE,
NCASE)

CONTINUE

DO B0 IPVRM=2,HPVRM

DO BO JPVRM=1, IPVRM-1

PNSRR(IPVRN, JPVRK) =PNSRR (JPVRM, TPVRN)

DO 8BS IPVCHaZ,NPVCH

DO 85 JPVCN=1,IPVCN-1

PNSCV(IPVCN, JPVCN+NPVRN) SPNSCV (JPVCN, IPVCN+NPVRN)

CALL  CNDNSP (NCASE,NPVRM,NPVCHN)

IF(IT .NE. 3) GO TO 90

CALL  SOLVPH (NCASE,NPPRM,NPPCN,NPOIN,NDOFN, IPNOD,

ASDIE)

GO TO 100

GALL  LYRNDV (KZ,NPOIN,NPPRN,IPNOD,INDLY,NPPRF,NPPCP,
NDPRF, NDPCP)

CALL  LYRASN (KZ,NLVRK,NCASE,NDOFR,NPPRF,NPPCF,NDPRF,
NDPCP, IPNOD, INDLY }

CORTINUE

RETURN

ZND

SUBROUTINE  LYRCSN (IT,XZ,KDOFN,NCASE,NLXPR,HLXPC,

NCVRM, INDLY, NDLYR, NDLYC, INDCS , ASDIS)
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IMPLICIT REAL*8(A-H,0-Z)

COMMON/STFRR/ STFRR

COKMOM/STFCV/ STFCV

COMMON/SLYRR/ SLYRR

COMMON/SLYCV/ BLYCV

COMMON/CCSLD/ CCSLD

COMMON/CLYLD/ CLYLD

DIMENSION SLYRR{252,252),SLICV(36,288) ,CLYLD(288,5),
STFRR(252,252),5TPCV(126,378),CCSLD(378,5),
INDLY(153,3),INDCS(153),NDLYR(42,2} ,NDLYC(16,2),
NDLRF(32),NDLCF(21),ASDIS({918,5)

WRITE(S8,111)

FORMAT{’ subroutine lyrcsn’)

NLVYRXSNLKPR*NLDOFN

NLVCN=*NLXPC*NDOFN

DO 10 ILVRM=2,NLVRX

DO 10 JLVRM=1l,ILVRM-1

SLYRR{ILVRH, JLVRM)=SLYRR(JLVRM, ILVRN)

DO 20 ILVCHN=2,NLVCN

DO 20 JLVCN=1,ILVCN-1

SLYCV({XLVCN, JLVCN+NLVRK) =SLYCV{JLVCN, ILVCN+NLVRM)

CALL CNDNSL {MCASE,NLVRN, NLVCN)

IF(1T .EQ. 2) GO TO 30

CALL CSNNDV  (KZ,HNLXPR,NDLIR, INDCS,NLPRF ,NLPCF, NDLRF,

NDLCF}

CALL  CSRASH (KZ,NCVRM,NCASE,NDOFM,NLPRF,NLPCF,NDLRF,
NDLCF, INDLY, INDCS)

RETURN

CALIL,  SOLVLY (KZ,NCASE,NLKPR,NLKPC,NDOFN,NDLYR,NDLYC,
ASDIS) :

RETURN

END

SUBROUTINE PNLNDV (IELEN,NNODE,LNODS, INDPL, IPROD, NPPRN,

NPPCN, XONTP)

IMPLICIT REAL*B(A-H,0-Z)

DINENSION LNODS(36,9) ,KONTP{153), IPNOD(153) , INDPL(153)

DO 20 INODE=1,NNODE

LNODE=LNODS { TELEH, INODE)

XONTP (LRODE ) KONTP (LNODE) +1
IF{KONTP(LNODE) .GT. 1) GO TO 20

IVELESINDPL(LNODE)

IF(IVELE .GT. 0) GO TO 10

NPPCNaNPPCN+1

IPNOD (LNODE)=-NPPCN

GO TO 20

NPPRM=NPPRM+1

IPNOD (LNODE) =NPPRM

CONTINUE

RETURN

END

SUBROUTINE PHLASH (IBASE,IELEM,LNODS,NNODE,NDOFN,
IPNOD, SETF, SKROD, NPVRM, KONTE,
NCASE}

INPLICIT REAL+*8(A-H,0-Z)

CONMON/PNSRR/ PNSRR

CONNON/PHSCY/ PNSCV

COMMON/GBTIF/ GSTIF

COMNON/CLOAD/ CLOAD

CONMON/CPNLD/ CPNLD

DINENSION © °  LNODS(36,5),IPNOD(153),8STF(9),5XNOD(153},

. KONTE({153},PNSRR(56,96),PNSCV(54,150),

CPNLD(150,5),CLOAD(918,5) ,GSTIF(54,54),
IVREL(54),IEVRM(54), IVCEL(54), IEVCN{54)

| WRITE(S,111) IELEM :

FORT(' asmembling elsment no. *,I3)
NEVRN=D
NEVCN=D
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IELVA=0
p@ 70 INODE=1, NMODE
IF(IBASE .EQ. 0) GO TO 5
IF(INODE .EQ. 1 .OR., INODE .EQ. 2 .OR. INODE .EQ. 5 .OR. INODE
+ .EQ. 7) SS=SSTF(INODE)*2.25
1F{INODE .EQ. 2 .OR. IHODE .EQ. 4 .OR. INGDE .EQ. 6 .OR. INODE
+ .EQ.8) SS5=SSTF(INODE)*1l.125
IF(IHODE .EQ. 9) SS=SSTF(INODE)*.5625
5 LNODE=LNODS ( IELEM, INODE)
1POSK=(LNODE=-1) *NDOFN
KONTE {LNODE ) =KONTE (LNODE}+1
IF(IBASE .EQ. 1) SKXNOD{LNODE)=SKNOD({LNODE)+SS
IVPNL=IPNOD{LNCDE)
IF{IVPNL .GT. 0) GO TO 130
IVPNL=(-IVPNL~1) *NDOFN
DO 20 IDOFN=1,NDOFN
IVPNL=IVPNL+1
IPOSN=IPOSN+]
DO 10 ICASE=1,NCASE
10 CPNLD{ IVPNL+NPVRN, ICASE ) =CLOAD ( IPOSN, ICASE)
IELVA=IELVA+1
NEVCN=NEVCHN+1
IVCEL({IELVA)=IVPNL
IEVEN{NEVCR)=IELVA
20 CONTINUE
GO TO 70
30 IVPHL=(IVPNL-1) *NDOFN
DO 60 IDOFN=]1,NDOFN
IVENL=IVPNL+1
IPOSN=IPOSN+1
IF (XONTE(LNOBE) .GT. 1) GO TO 50
DO 40 ICASE=]1,NCASE
40 CPNLD{ IVPNL, ICASE)=CLOAD { IPOSH, ICASE)
50 IELVA=IELVA+]
NEVRMNEVRM+1
IVREL{IELVA)=IVPNL
IEVRM{NEVRM)=IELVA
60 CONTIRUE
70 CONTINVE
DO 110 IEVAR=1,NEVRN
IELVASIEVRM{IEVAR)
IVPNL=IVREL(IELVA)
DO 90 JEVAR=1,IEVAR
JELVA=IEVRM (JEVAR)
JVPNL=1VREL (JELVA)
IF(IVPNL .LE. JVPNL)} GO TO €0
PNSRR{JVPNL, IVPNL) =PNSRR { JVPNL, IVPNL)+QSTIF { IELVA, JELVA)
GO TO 90
80 PNSRR(IVPNL, JVPNL)=PNSRR{IVPNL, JVPNL)+GSTIF(IELVA, JELVA)
80 CONTINVE
DO 100 JEVAR=1,NEVCN
JELVASIEVCR(JEVAR)
JVPNL=IVCEL (JELVA)
100 PHNSCV(JVPNL, IVPNL)}=PNSCV{JVPNL, IVPNL)+GSTIF {IELVA, JELVA)
110 CONTINUE
DO 130 IEVAR=1,NEVCH
IELVA=IEVCN(IEVAR)
IVPNL=IVCEL (IELVA)
DO 130 JEVAR=1,IEVAR
JELVARIEVCH{ JEVAR)
JVPNL=IVCEL(JELVA)
IF(IVPNL .LE. JVPKL) GO TO 120
IVPNO=IVPNL+NPVRN
PRSCV(JVPHL, IVPNO) =PNSCV(JVPNL, IVPNO)+GSTI¥ ( IELVA, JELVA)
GO TO 130
120 JVPNO=JVPNL+NPVRM
PHSCV(IVPNL, SJVPNO ) =PNECV { IVPNL, JVPNO }+GSTIF ( IELVA, JELVA)
130 CONTINUE
RETURN
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END

SUBROUTINE CNDNSP (NCASE,NPVRM,NPVCN)
IMPLICIT REAL*B({A-H,0-2)

COMMON/PHSRR/ PNSRR

COMMON/PNSCV/ PNSCV

COHKON/CPNLD/ CPMNLD

DIMENSION PHSRR(96,96) ,PNSCV(54,150),CPNLD(150,5)
HPVAR=NPVRH+NPVCN

DO BO X=1,HPVCH

LL=NPVAR-K

KX=LL+1

Do 70 L=1,LL

IF(KK .LE. NPVRM)} GO TO 10

DUM=PNSCV (XK-NPVRM, L) /PNSCV (KK-NPVRM, KK )

Go TO 20

DUK=PNSRR({XK,L) /PRSRR{KK, KK}

DO 60 M=1,L

IF(L .LE. NPVRM .AND. KK .GT. NPVRM) GO TO 30
IF(L .GT. NPVRN .AND. XK .GT. NPVRM) GO TO 40
IF{L .LE. NPVRM .AND. KK .LE. NPVRN) GO 10 50
PNSCV{L-HPVRM, N)=PNECV(L-NPVRM, N) -PNSRR(KK,K) *DUN
GO TO 50

PNSRR (L, N)=PNSRR(L, M) -PNSCV (XK~NPVRN, N} *DUN

GO TO 60

PNSCV (L-NPVRN, H) =PNSCV{L-NPVRM, R) -PNSCV { KK-NPVRN, N) *DUX
GO TO 60

PNSRR(L,N)=PNSRR(L,K)-PNSRR (XK,X) *DUN

CONTINUE

PO 65 ICASE=1,NCASE

CPHLD (L, ICASE) *CPNLD{L, ICASE)~CPNLD{KK, ICASE) *DUM
CONTINUE

CONTINUE

DO 90 K=1,LL

DO 50 L=l,K-l

PNSRR{L,K)=PNSRR(K,L)

RETURN

END

SUBROUTINE LYANDV  {KZ,NPOIN,NPPRM,IPNOD, INDLY,NPPRF,NPPCF,
ROPRF , NDPCF)

INPLICIT REAL*8{A-M,0-2)

DIMENSION IPNOD(153) ,INDLY (153, 3) ,NDPRF(10) ,NDPCF (6)

NPFRF=0

NPPCP=0

DO 40 IPPRN=1,NPPRN

DO 10 IPOIN=l,NPOIN

IF (IPNOD(IPOIN) .EQ. IPPRN) GO TO 20
IF(INDLY(IPOIN,KZ) .GT. 0) GO TO 30
NPPCF=NPPCF+1

NDPCF (NPPCF)=IPOIN

GO TO 40

NPPRF=NPPRIF+1

NDPRF (NPPRF ) =IPOIN

CONTINUE

RETURN

EMD

SUBROUTINE LYRASN (KZ,NLVRM, NCASE, NDOFN,NPPRF,NPPCF, NDPRF,
WDPCF, IPNOD, INDLY)

INPLICIT REAL*S(A«H,0=2)

CONNON/SLYRR/ SLYRR

CONNON/SLYCV/ SLICV

COMMON/PNSRR/ PHERR

COMMON/CLYLD/ CLYLD

COMMON/CPNLD/ CPHLD

DINENSION IPHOD(153),CPNLD(150,5) ,PNSRR({96,96),
CLYLD(288,5),INDLY(153,3) , NDPRF(10) ,NDPCF(6),
SLYRR(252,252),8LYCV(36,288)
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DO 60 IPPRF=1,NPPRF

IPOIN=NDPRF (IPPRF)

IPPRM=IPHOD(IPOIN)

IPVRN=({IPPRM-1) *NDOFN

ILPRM=INDLY (IPOIN,KZ)

ILVRM={ILPRN-1)*NDOFN

DO 60 IDOFH=1,HDOFN

IPVRAN=IPVRN+1

ILVRM=ILVRN+1

DO 10 ICASE=1,NCASE

CLYLD(ILVRM, ICASE)=CLYLD{ ILVRM, 1CASE)+CPNLD ( IPVRM, ICASE)

DO 40 JPPRF=1, IPPRF

JPOIMN=NDFRF (JPPRF)

JPPRM=IPNOD(JPOIN)

JPVRM=(JPPRM-1) *KDOFH

JLPRM=INDLY (JPOIN,KZ)

JLVRN= (JLPRM=-1) *NDOFN

DO 30 JDOFK=1,HDOFN

JPVRM=JPVRM+1

IF{JPVRM .GT. IPVRN) GO TO 40

JLVRM=JLVRM+1

IF(ILVRN .LE. JLVRN) GO TO 20

SLYRR{JLVAM, ILVRN)=SLYRR{JLVRM, ILVRM)+PNSRR ( IPVRM, JPVRM)

GO TO 30

SLYRR(ILVRM, JLVRM)=SLYRR(ILVRM,JLVRM)+PNSRR({IPVRM, JPVRM)

CONTINVUE

CONTINUE

DO S0 JPPCF=1,NPPCF

JPOIN=NDPCF (JPPCF)

JPPRN=IPHOD (JPOIN)

JPVRN=(JPPRM-1) *NDOFN

JLPCN==INDLY (JPOIN,KZ)

JLVCH=(JLPCN-1) *NDOFN

DO S0 JDOFN=1,NDOFN

JPVRN=JPVRM+1

JLVCN=JLVCN+1

SLYCV(JLVCN, ILVAM) =SLYCV{JLVCN, ILVRM) +PNSRR({ IPVRM, JPVRM)

CONTINUE

DO 100 IPPCF=1,NPPCF

IPOIR=NDPCF ( XPFCF)

IPPRN=IFPNOD{IPOIR)

IPVRN=(IPPRN~1) *NDOFN

ILPCN=-INDLY (IPOIN,RZ)

ILVCN=(ILPCH-1)*NDOFH

DO 100 IDOFN=1,HDOFN

IPVRN=IPVRN+1

ILVCN=ILVCN+1

DO 70 ICABE=1,NCASE

CLYLD{ ILVCN+NLVRN, ICASE) =CLYLD ( ILVCN+NLVRN, ICASE)+
CPHLD ( IPVRM, ICASE)

DO 90 JPPCFal,IPPCF

JPOINSNDPCF { JPPCF)

JPPRN=IPNOD{JPOIN)

JPVRM= (JPPRN-1) *HDOFR

JLPCH=-INDLY {JPOIN,KZ)

JLVCH={JLPCN=-1) *NDOFN

DO 90 JDOFN=1,NDOFN

JPVRN=JPVRN+1

IF(JPVRM .GT. IPVAN} GO TO 90

JLVCN=JLVCN+1

IF(ILVCN .LE. JLVYCN) GO TO B0 !

BLYCV(JLVCH, ILVCN+NLVRM) =5LYCV( JLVCN, ILVCH+NLVRK) +

PHSRR{IPVRN, JPVANM)
GO TO 90
SLYCV(ILVCN, JLVCHM4NLVRM) =SLYCV{ ILVCN, JLVCH+NLVRN) +
PHSRR( IPVRH, JPVRN)
CONTINUE
CONTINUE
RETURN
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SUBROUTINE CNDNSBL (NCASE,NLVRM, NLVCN)
IMPLICIT REAL*B(A-H,0-Z)

COMMON/SLYRR/ SLYRR

COMMON/SLYCY/ SLYCV

COMMON/CLYLD/ CLYLD

DIHENSION SLYRR({252,252),SLYCV{16,288),CLYLD(288,5)
WRITE(S,111)

FORMAT(* subroutine cndnasl’)

NLVARSNLVRM+NLVCN

po 80 K=1,MLVCH

LL=NLVAR=-K

KX=LL+1

b 70 L=1,LL

IF(KK .LE. NLVRN) GO TO 10

DUM=SLYCV{KK-NLVRM, L) /SLYCV (KK=-NLVRM,KK)

GO TO 20

DUM=SLYRR (KK,L) /SLYRR(KK, KK)

DO 60 N=1,L

1IF{L .LE. HLVRM .AND. KK .GT. NLVRM} GO TO 20
IF{L .GT. NLVRM .AND. KK .GT. MLVRN) GO T0 40
IF(L .LE. NLVRM .AND. KK .LE. NLVRH) GO TO H0
SLYCV{L-NLVRR,M)=SLYCV{L-NLVRM, M) -SLYRR(XK, X) *DUN
GO0 TO 60
SLYRR(L,M)=SLYRR(L,M}=-5LYCV(KK-NLVRN, N) *DUM

GO TO &0

QLICV(L-HLW, M)=SLYCV{L-NLVRN,N}~SLYCV{KK=-)XLVRN, N) *DUM
G0 TO §0

SLYRR(L,N)=SLYRR(L,N)-SLYRR(KK,H) *DUN

CONTINUE

DO 63 ICASE=1,NCASE

CLYLD(L, ICASE)=CLYLD{L, ICASE)~-CLYLD (KK, ICASE) *DUN
CONTINUE

CONTINUE

po 90 K=2,LL

Do 90 L=1,X-1

SLYRR(L,K)=SLYRR(X,L)

RETURN

ERD

BUBROUTINE CSNNDV  (KZ,NLXPR,NDLYR, INDCS, NLPRF,NLPCF,NDLRF,

NDLCF)

INPLICIT REAL*B(A-H,0-Z)

DINENSION NDLYR({42,2),INDCS(153),NDLRF(32) ,NDLCF(21)
WRITE(S,111)

FORMAT(' subroutine csnndv’)

HLPRF=(

NLPCF=0

DO 40 ILXPR=],NLKPFR
" IFOINSNDLYR{ILKPR,KZ)

IF(INDCS({IPCIN) .GT. 0) GO TO 30

NLPCPSHLPCF+1

NDLCF (RLPCF)=IPOIN

Q0 TO 40

NLPRF=NLPRF+1

NDLRF (NLPRF)=IPOIN

CONTINUE

RETURN

END

SUBROUTINE CSHASH (KZ,NCVRAN,NCASE,NDOFN,NLPRF,NLPCF,NDLRF,

NDLCP, INDLY, INDCS)
INPLICIT REAL*B(A-H,0-Z)

COMMON/STFRR/ BTFRR

CONNON/BTFCV/ BTFCV

CONKON/SLYRR/ SLYRR .

CONMKON/CCSLD/ CCBLD '
CONNON/CLYLD/ CLYLD
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DIMENHSIOH INDLY(153,3),CLYLD(288,5), SLYRR({252,252),
CCSLD({378,5),STFRR(252,252),STFCV(126,378),
INDCS{153) ,NDLRF(32),NDLCF(21)
WRITE(8,111)
FORMAT(' subroutine csnasm')
DO 60 ILPRF=1,NLPRF
IPOIN=NDLRF (ILPRF}
ILPRM=1INDLY (IPOIN,KZ)
ILVEM={ILPRM-1)*NDOFN
ICPRN=INDCS (IPOIN)
ICVRN=(ICPRM-1}*NDOFR
DO 60 IDOFN=1,NDOFN
ILVRM=ILVRM#+1
ICVRM=ICVRM+1
DO 10 ICASE=]1,NCARSE .
CCSLD{ICVRM, ICASE)=CCSLD ( ICVRM, ECASE)+CLYLD ( ILVRM, ICASE)
DO 40 JLPRF=1,ILPRF
JPOIN=HDLRF (JLPRF)
JLPRM=INDLY (JPOIN,HKZ)
JLVRM={JLPRM-1)*NDOFH
JCPRM=INLDCS { JFOIR)
JCVRN=({JCPRN-1) *NDOFN
DO 30 JDOFH=1,NDOFN
JLVRM=JLVRN+1
IF(JLVRN .GT. ILVRM) GO TO 40
JCVRN=JCVRM+1
IF{ICVRM .LE. JCVRM) GO TO 20
STFRR(JCVRN, ICVRK) =STFRR (JCVRM, ICVRN} +SLYRR ( ILVRN, JLVRM)
GO TO 30
STFRR(ICVRN,JCVRN)}=STFRR(ICVRM, JCVRK)+SLYRR{ ILVRM, JLVRM)
CONTINUVE
CONTINVE
DO 50 JLPCF=1,NLPCF
JPOIN=NDLCF (JLPCF)
JLPRH=INDLY {JPOIN,KZ)
JLVRMN={JLPRM=1} *HDOFN
JCPCH=-INDCS (JPOIN)
JCVCN=(JCPCN=-1) *NDOFN
DO 50 JDOFN=1,NDOFN
JLVRN=JLVRN+1
JEVCH=ICVEN+]1
STFCV({JCVCH, ICVRAN)Y=STFCV (JCVCN, ICVRM) +SLYRR [ ILVRK, JLVRK)
CONTINUE
DO 100 ILPCF=1,NLPCF
IPOIN=NDLCF(ILPCF)
ILPRNAINDLY (IPGIN,KZ)
ILVRN={ ILPRM-1) *NDOFN
ICPCN=-IRDCS({IPOIN)
ICVCHN=(ICPCN-1) *NDOFN
DO 100 IDOFN=1,NDOFN
ILVRM=ILVRN+1
ICVCR=ICVCN+]
DO 70 ICASBE=]1, NCABE
CC5LD ( ICVCN+NCVRM, ICASE ) =CCSLD { ICVCR+NCVRM, ICASE) +
CLYLD{ILVRN, ICASE)
DO 95 JLPCP=1,I1ILPCF
JPOIN=NDLCF (JLPCF}
JLPRH=INDLY (JPOIN,KZ)
JLVRM={ JLPRM~1) *NDOFH
JCPCN=-INDCS (JPOINY
JCVCN=({JCPCN=-1) *NDOFN
Do 90 JDOFN=1,NDOFN
JLVAN=JLVRN+1
IF(JLVRN .GT. ILVRN) GO TO 95
JCVCK=JCVCR+1 b
IF{ICVCN .LE., JCVCH) GO TO 80
BTPCV{JCVCH, ICVCH+HCVAM) =8TFCV{JCVCH, ICVCH+NCVRM) +
. SLYRR{ILVAM, JLVRN)
GO TO 90 '
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STPCV{ ICVCN, JCVCN+HCVRN) =STFCV( ICVCN, JCVCN+NCVRM) +

SLYRR(ILVRM, JLVRM)
CONTINUE

CONTINUE

CONTINUE

RETURM

END

SUBROUTINE BMATHA (BMEM3,CARTD,KNODE)
IMPLICIT REAL*B(A-H,0-Z)

DIMENSTON BMEMB(3, 2}, CARTD(2,9)
DHKD1=CARTD(1,KNODE)

DNKD2=CARTD (2, KNODE)

CALL RAZERO (BMEMB,3,2)
BMEMB(1,1)=DNKD]
BMEMB(2,2)=DNXD2
BMEMB (3, 1) =DNKD2

BMENB (3,2)=DNKD1

RETURN

END

SUBROUTINE EMATPB (BFLEX,BSHER,CARTD,KRODE,SHAPE,
IFFLE, IFSHE)

IKPLICIT REAL*8(A-H,0-Z)

DIMENSION BFLEX(3,3),BSHER(2,3),CARTD(2,9),SHAPE(9)

DNKD1=CARTD(1,KNODE)

DNKD2=CARTD( 2, KNODE)

IF{IFFLE .EQ. 0) GO TO 20

CALL RAZERO (BFLEX,3,3)

BFLEX(1,3)zDRKD1

BFLEX(2,2)=~DNKD2

BFLEX(3,2)=-DNKD1

BPLEX(3,3)=DNKD2

IF(IFSHE .EQ. 0) RETURN

CALL RAZERO (BSHER,2,3)

BSHER{1,1)=DNXD1

BSHER(1,3)aSHAPE{KNODE)

BSHER(2,1)=DNKD2

BBHER(2,2)=~5HAPE (XNODE)

RETURN

END

. BUBROUTINE IVZERO(IVECT,HNSIZE)

DIMENSION IVECT(NSIZE)
DO 5 ISIZE=1,NSIZE
IVECT (ISIZE)=0

RETURN

END

SUBROUTINE IAZERO{IVECT,NBIZE,NSIZE)
DIMENSION IVECT(NSIZE,MSIZE)
DO S 1812E=1,NSIZIE

- DO 5 JSIZE=1,MS1ZE

IVECT(1512E,JSIIE)=0
RETURN
END

SUBROUTINE RVZERO(RVECT,NSIZE)
INPLICIT REALSB{A-R,0-2)
DIMENSIOR RVECT{NSIZE)

DO 5 ISIZE=1,NSIZE
RVECT(ISIZE)=0.

RETURN -

END

SUBROUTINE RAZERO(RVECT,NSXZE,NSIZE)
INPLICIT REAL*B(A~H,0-Z)
DINERSION Ry CT(RSIZE,NSIZE)
‘Do 5 181ZEw1,NSIZE
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Do 5 JSTZE=1,MSIZE
RVECT(ISIZE,JSIZE)=0.
RETURN

END

SUBROUTINE STIFMA (THICK,LNODS,LPROP,NGAUM,
MNODE, PROPS, NDOFN, IELEM, L1,L2}

IMPLICIT REAL<S (A-H,0-Z}

COMMON/ESTIF/ ESTIF

COMMON/COORD/ COORD

DIMENSION CARTD(2,9),COORD(153,3),DERIV(2,9),ELCOD(2,9},
ESTIF(54,54),GPCOD({2,9),LNODS{36,9),POSGP(]),
PROPS(10,3),SHAPE(9) ,WEIGP(3),DKEMB(3,3),
BMENI(3,3),BMENJ(3,3)

IELEN=IELEM+1

PO 10 INODE=1,NNODE

LNODE=LNODS (IELEM, INODE)

ELCOD(1, INODE)=COORD (LNODE,L1)

IF(L1 .EQ. 2) ELCOD(1,INODE)=-COORD(LNODE,L1)

ELCOD(2, INODE ) =COORD{ LNODE, L2}

CALL  RAZERO (ESTIF,54,54)

XGASP=0

CaLL GAUSSQ (NGRUM, POSGP,WEIGP)

DO 40 IGAUS=1,NGAUN

EXISP=POSGP(IGAUS)

DO 40 JGAUS=1,NGAUM

KGASPSKGASP+1

ETASP=POSGP (JGAUS)

CALL  SFR2 {DERIV,ETASP, EXISP, SHAPE, NNODE)

CALL  JACOB2 (CARTD,DERIV,DJACB,ELCOD,GPCOD, IELEK,

KGASP, NNODE, SHAPE)

DAREA=DJACBHEIGP ( IGAUS) *WEIGP (JGAUS)

CALL  MODMA  (DNEMB,LPROP,PROPS)

DO 30 INODE=1,HNNODE

CALL BMATMA (BMEMI,CARTD,INODE)

DO 30 JNODE=INODE,NNODE

CALL BMATHA (BMEMJ,CARTD, JNODE)

CALL SUBMA  (NDOFN,BMENI, BMEMJ, DARER, DMEME,

INODE, JNODE, 2,3, 2, THICK)

CORTINUE

DAREA=(ELCOD(1,3)-ELCOD({1,1))* (ELCOD(2,7?)~-ELCOD(2,1))

YOUNG=PROPS (LPROP, 1)

CONST=.3+YOUNG*DAREA*THICK

PO 30 INODE=1,NNODE

IELVA=IMODE*NDOFN

DO 50 JNODE=INODE,NNODE

JELVASINODE*NDOFN

ESTIF(IELVA, JELVA)=-, 1254CONST

IF(IELVA .EQ. JELVA) ESTIF(IELVA,JELVA)=COMST

CONTINUE

RETURN

END

SUBROUTINE STIFPB (THICK,LNODS,LPROP,NGAUB,NGAUS,
NNODE, PROPS, NDOFN, IELEN, L1,L2)

IMPLICIT REAL*8 (A-H,0-2)

COMMON/ESTIF/ ESTIF

CONNON/COORD/ COORD

DIMERSION  CARTD(2,9),COORD({153,3),DERIV(2,%),ELCOD{2,9),
ESTIF(54,54),GPCOD(2,9),LNODS(36,9),P0SCP()),
PROPS{10,3),8HAPE(9),NEIGP(3),DPLEX{3,3),DBHER(2,2),
BPLEI(3,3),BFLEJ(3,)),BSHEI(2,3),BSHET(2,3)

DO 10 INODE=1,NNODE

LNODE=LNODS ( IELEN, INODE)

ELCOD (1, INODE)=COORD (LNODE,L1)

IF(L1 .EQ. 2) ELCOD{1, INODE)=-COORD{LNODE,L1)

ELCOD(2, INODE) =COORD (LNODE, L2)

KGASP=0

CALL GAUSSQ (NGAUB,POSGP,WEIGP)
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DO 40 IGAUS=1,NGAUB

EXISP=POSGP(IGAUS)

DO 40 JGAUS=],NGAUD

KGASP=KGASP+1

ETASP=POSGP{JGAUS)

CALL SFR2 {DIRIV,ETASP ,EXISP,SHAPE, NRODE)

CALL JACOBZ (CARTD,DERIV,DJACH,ELCOD,GPCOD, IELEX,
XGASP, NNODE, SHAPE)

DAREASDIACB*WEIGP ( IGAUS) *WEIGP (JGALS)

CALL KODPB {THICK,DFLEX,DSHER, LPROP,PROPS,1,0)}

DO 30 INODE=1,MMODE

CALL BNATPR (BFLEX,BSHEX,CARTD, LRODE,SHAPE,1,0)

pO 30 JNODE=INODE,NMODE

CALL BMATPB (BFLEJ,BSHEJ,CARTID, JHODE, SHAPE,1,0)

CALL SUBPB (NDOFN,BFLEI,BFLEJ,DARER,DFLEX,
INODE,JNODE,3,3,3)

CONTINUE

KGASP=0

CALL CAUSS) (MGAUS,POSGP,NEIGP)

DO 60 IGAUS=]1,NGAUS

EXISP=POSGP(ICAUS)

DO 60 JGAUS=],NGAUS

KGASP=KGASP+1

ETASP=POSGP (JGAUS)

CALL, SFR2 (DERIV,ETASP,EXISP, SHAPE, NNODE)

CALL JACOBZ (CARTD,DERIV,DJACE,ELCOD,GPCOD,IELEM,
KGASP, NNODE, SHAPE)

DAREA=DJACB*WEIGP { IGAUS) *NEIGP { JGAUS)

CALL MODPB  (THICK,DFLEX,DSHER,LPROP,PROPS,0,1)

DO 50 INODE=1,NWODE

CALL BMATPE (BFLEI,BSHEI,CARID,IKODE, SHAPE,O0,1)

DO 50 JNODE=INODE,NNODE

CALL BMATPB (BFLEJ,BSHEJ,CARTD, JNODE, SHAPE,O,1)

CALL SUBPB  {NDOFN,BSHEI,BSHEJ,DAREA,DSHER,

INODE, JNODE, 3,2,3)
CONTINUE
CONTINUE
RETURN
END
SUBROUTINE GAUSSQ (MGAUS,POSGP,WEIGP)

INPLICIT REAL*8(A-H,0-Z)
DIMENSION POSGP({3},WEIGP(J)
G0 TO (1,2,3) NGAuUS
POSGP({1)=0.

NEIGP(1)=2.

RETURN
POSGP(2)=1./80RT{3.)
POSGP(1)=-PO3SCP{2)
WEIGP(1)=l.

WEIGP(2)=1.

RETURN ‘
POBGP{3)=8QRT(.6)
POSGP(2)=0.
POSGP({1)=-POSGP(3)
WEIGP([1)»5./%.
WEIGP(2)=8./9.
WEIOP(3)=5./9.

RETURNM

END

SUBROUTINE SFR2 (DERIV,ETASP,EXISP, SHAPE, NNODE)
INPLICIT REAL*E(A-H,0-I)

'DINENSLION DERIV(2,9),5HAPE(9)

3aEXIsP
T=ETASP
81w8+2.
Ta=T*2.
TInleT
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ST=S*T

SST=S*S*T

STT=S+TeT

ST2=5*T+2.
SHAPE(1)=({-1.+5T+55+TT-SST-5TT) /4.
SHAPE(2)=(1.-T-SS+55T}/2.
SHAPE(3)=(=1.-ST+55+TT-55T+5TT) /4.
SHAPE(4)=(1.+5-TT-STT)/2.
SHAPE(S)=(—1.+ST+SS+TT+SST+STT) /4.
SHAPE(6)=(1.+T-55-55T) /2.
SHAPE(7)={-1.-ST+S5S+TT+SST-STT) /4.
SHAPE(8)=(1.-5-TT+STT)/2.
DERIV{1,1)=(T+52-ST2-TT}/4.
DERIV(1,2)=-S+ST
DERIV(1,3)=(-T+52=-5T2+TT)/4.
DERIV(1,4)=(1.-TT)/2.
DERIV{1,5)=(T+52+5T2+TT)/4.
DERIV(1,6)=-5-5T
DERIV(1,7)=({-T+52+5T2-TT}/4.
DERIV(1,8)=(-1.+TT}/2.
DERIV(2,1)=(5+T2-55-5T2) /4.
DERIV(2,2)=(-1.+858)/2.
DERIV(2,3)=(~S+T2-55+5T2) /4.
DERIV(2,4)=-T-ST
DERIV(2,5)={S+T2+55+5T2) /4.
DERIV(2,6)=(1.-58)/2.
DERIV(2,7)=(-S+T2+55-5T2) /4.
DERIV(Z,8)=-T+ST
SHAPE(9)=(1.-5§5)*(1.=TT)
DERIV(1,9)==52%(1.-TT)
DERIV(2,9)=-T2%(1.~SS)

Do 10 I=1,7,2

SHAPE (1) =SHAPE(1)+SHAPE(9)/4.

bo 10 J=1,2

DERIV{J, I)=DERIV(J, I)+DERIV(J,9) /4.
0o 20 1=2,8,2
SHAPE(1)=SHAPE(1}-SHAPE(9) /2.

DO 20 J=1,2

DERIV{J,I)=DERIV(J,I)-DERIV(J,9)/2.

RETURN

END

SUBROUTINE JACOB2 {CARTD,DERIV,DJACB,ELCCD,GPCOD, IELEX,
XGASP, KNODE,, SHAPE)

INPLICIT REAL4E(A-H,0-Z}

DIKENSION CARTD(2,9),DERIV(2,9),ELCOD{2,9),

GPCOD(2,9),SHAPE(S) ,XIACI(2,2),XIACN(2,2)
DO 2 IDIME=L,2
GPCOD (IDIME,KGASP)=D.
DO 2 INODE=]l,RNODE
GPCOD ( IDINE , KGASP ) =GPCOD ( IDIME, KGASP) +ELCOD ( IDIME, INODE) *
SHAPE{ INODE)
CONTIRUE
DO 4 IDIME=1,2
DO 4 JDIME=1,2
XJACH(IDINE, JDINE)=0.
DO 4 INODE=1,NMODE
XJACH(IDIME, JDIMR } =XJACH(IDIME, JDIHE)+DERIV{IDIME, INODE)*
ELCOD (JDXME, INODE)
CONTINUE
DIACB=XJACH(1,1) *XJACH(2,2)-XIACM({1,2) *XJACM(2,1)
IF(DJACB) 6,6,8
WRITE(S,900) IELEN
atop '
CONTINUE
XJACI(1,1)=XJACN(2,2)/DIACE-
XJIACI(2,2)=XJACN(1,1) /DIACE
XJACI(1,2)=-XJACM(1,2)/DJACE

I
|
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XJIACI (2,1)==XJACH(2,1)/DJACE

po 10 IDIME=1,2

DO 10 INODE=1,NHODE

CARTD( IDIKE, INODE) =0,

DO 10 JDIME=1,2

CARTD ( IDINE, INODE) =CARYD( IDINE, INODE) +XJACI (IDIME, JDINE) =
DERIV{JDIKE, INODE)

CONTINUE

FORMAT(//,* PROGRAM HALTED IN SUBROTINE JACOB2’,/,1l1X,
+ ZERO OR NEGATIVE AREA‘,/,10X,° ELEMENT NUMBER *,I15)
RETURN

EZND

SUBROUTINE MODHA  (DMEMB,LPROP,PROPS)
IMPLICIT REAL*S(A-H,0-Z)

DIMENSION DNEMB(3,3) ,PROPS(10,3)
YOUNG=PROPS {LPROP, 1)

POISS=PROPS (LPROP,2)

CALL  RAZERO {DMEMB,3,3)
COMST=YOUNG/ ( 1-POLSS*POISS)
DKEMB(1,1)=CONST

DMEME(2,2)3CONST
DHEMB(1,2)=CONST*POLSS

DKEMB (2, 1} SCONST*POISS
DNEMB(3,3)=CONST*(1.-POISS) /2.

RETURN

END

SUBROUTINE MODPB  (THICK,DFLEX,DSHER,LPROP,PROPS,
IFFLE, IFSHE)

IMPLICIT REAL*8({A-H,0-Z)

DIMENSION DFLEX(3,3),DSHER(2,2),PROPS (20,3}

YOUNGaPROPS (LPROP, 1)

POISS=PROPS {LPROP, 2)

1F(IFFLE .EQ. 0) GO TO 20

CALL  RAZERO (DFLEX,3,3)
CONST=(YOUNG*THICK**3)/(12.* (1-POISS*POISS))
DFLEX(1,1)=CONRST

DFLEX(2,2)=CONST

DFLEX(1,2)=CONST*POLSS

DFLEX (2, 1)=CONST*POISS

DFLEX(3,3)=CONST* (1.-POISS) /2.

IF(IFSHE .EQ. 0) RETURN

CALL  RAZERO (DSHER,2,2)
DEHER(1,1)=(YOUNG*THICK) / (2.4+2.4*FOISS)
DSHER{3,2)=DSHER(1,1)

RETURN

END

SUBROUTINE SUBMA  (KDOPN,BINAT,BJIMAT,DAREA,DNATX,
INODE, JNODE, NCOLI , NROIJ, NCOLJ,
THICK)

INPLICIT REAL*S{A=H,0-I)

COMMON/ESTIF/ ESTIF

BINENSION BIMAT (NROLJ, HCOLI) , BIMAT{NROLJ, NCOLJ) ,
DMATX(NROIJ,NROLJ) ,DBNAT(3,3),
ESTIF(54,54),8NSTP(2,2)

DO 10 Jul,NCOLJ

D0 10 I=1,NROIJ

DBMAT(1,J)=0,

DO 10 K=1,NROIJ

DBKAT (1, J)=DBNAT (X, J)+DNATX (I, K} *BIHAT(X, 3)

DO 20 J=1,NCOLJ

DO 20 I=l,NCOLI

SNSTF(I,J)=0.

DO 20 K=1,MROIJ

SNSTF(I,J)=SMSTF(T,J)+BINAT (K, I) *DENAT(K,J)

IFROW= ( INODE-1) *KDOFN

JPCOLx(JNODE-1) *NDOFN
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DO 30 I=1,NCOLI

IRSUB=IFROH+I

DO 30 J=1,NCOLJ

JCSUB=JFCOL+J

ESTIF(IRSUB, JCSUB) =ESTIF ( IRSUB, JCSUB) +SMSTF(1,J) *DAREA*THICK
RETURN

END

SUBROUTINE SuBPB {NDOFN,BIMAT,BJMAT, DAREA, DMATX,
INODE, JNODE, RCOLI, NROIJ, NCOLJ)

IMPLICIT REARL*B(A-H,0-Z)

COMMON/ESTIF/ ESTIF

DIKENSION BIMAT (NROIJ,NCOLI) , BTMAT (NROIJ, NCOLJ),

DMATX (NROIJ, NROIJ) ,DERAT(3,3),
ESTIF(54,54),5B8TF(3,3)

DO 10 J=1,NCOLJ

DO 10 I=1,HROIJ

DEMAT(I,J)=0.

DO 10 K=1,NROIJ

DBMAT{I,J)=DBHAT{I,J)+DHATX(I,K) *BJNAT(X,J)

DO 20 J=1,NCOLJ

DO 20 I=]1,NCOLI

SBSTF(I,J)=0.

D0 20 X=1,NROIJ

SBSTF(I,J)=SasSTF(I,J)+BIMAT(K,I)"DBMAT(K,J)

IFROW=(INODE-1) *NDOFN+2

JFCOL=({JNODE=-1) *"NDOFN+2

DO 30 I=1,NCOLI

IRSUB=IFRONW+I

DO 30 J3=1,NCOLJ

JCSUB=JFCOL+J

ESTIF(IRSUB,JCSUB)}=ESTIF(IRSUB,JCSUR)+SBSTF{I,J) *DAREA

RETURN

ERD

SUBROUTINE TRANSL . {NRODE,NEVAB)
IMPLICIT REAL*B(A-H,0-I)
CONMON/ESTIF/ ESTIF

COMMON/GSTIF/ GSTIF

DINENRSIOR ESTIF(54,54),GSTIF(54,54)
IRON=1

DO 20 IHODE=],NHODE

Do 20 IN=1,2

JCOL=IROW

DO 10 JNODE=INODE,NNODE

DO 10 JK=1,2

IF(IK .EQ. 2 .AND. JX .EQ. 2 .AND. JMUDE .EQ. NNODE) GO TO 15
GSTIF(XRON,JCOL)= ESYIF(XRON,JCOL)
GSTIF(IRON,JCOL+1)> <ESTIF(IRON,JCOL+2)
OSTIF(IROW,JCOL+2)=  ESTIF(IRON,JCOL+1)
GSTIF:IRON+1,JCOL)=. -ESTIF(IROH+Z,JCOL)
GSTIF(IRON+1,JCOL+1)= ESTIF(IROM+2,JCOL+2)
GSTIF(IROW+1,JCOL+2)=-ESTIF(IROW+2, JCOL+1)
GSTIF(IROW+2,JCOL)=- ESTIF(IROW+1,JCO0L)
GSTIF(IRON+2, JCOL+1)=«ESTIF (IRON+1,JCOL+2)
GSTIF(IRON+2,JCOL+2)= ESTIF(IROW+1,JCOL+1)
JCOL=JCOL+3

CORTINUE

TRON=TROW+3

CONTINUE

DO 30 IRON=4,NEVAB

DO 30 JCOL=1,IROW-1

GBTIF(IROW, JCOL)=GSTIF(JCOL, IROM)

RETURN

END

SUBROUTINE TRANSW (NNODE,NEVABR)

IMPLICIT REAL*S(A-H,0-Z)
COMMON/ESTIF/ ESTIF
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COMMON/GSTIF/ GSTIF

DIKEKSION ESTIF (54,54} ,G5TIF(54,54)
IROM=1

DO 20 INODE=1,NNODE

po 20 Ix=1,2

JCOL=IROW

DO 10 JNODE=INODE,NNGDE

DO 10 JK=1,2

I7(IK .EQ. 2 .AND. JK .EQ. 2 ,AMD. JHODE .EQ. NNODE) GO TO 15
4STLIF {IROM,JCOL)= ESTIF([IROW+2,JCOL+2)
GSTIF(IROH,JCOL+1)=  ESTIF(IROW+2,JCOL)
OSTIF(IROW,JCOL+2)= <-ESTIF{IROM+2,JCOL+1)
GSTIF{IROW+1,JCOL)®  ESTIF{IROM,JCOL+2)
GSTIF(IROW+1,JCOL+1)= ESTIF{IROW,JCOL)
GSTIF({IRON+1,JCOL+2)s—ESTIF({IRON,JCOL+1)
GSTIF(IRON+2,JCOL)= -ESTIF(IROW+1,JCOL+2)
GSTIF(IRON+2,JCOL+1)=-ESTIF(IRON+1,JCOL)
GSTIF(IROW+2,JCOL+2)= ESTIF(IROWN+1,JCOL+1)
JCOL=JCOL+

CONTIRUE

IRON=IRON+3

CONTIRUE

pO 30 IRON=4,NEVAD

DO 30 JCOoL=1,IROW-1

GSTIF{IRON, JCOL)=GSTIF (JCOL, IRON)

RETURN

END

SUBROUTINE LOADS  (MCASE,LNODS,MATNO, NELEM,
NEVAB, NGAUB , HNODE , PROPS , HDOFH,
NPNLX,NPHLY, HLAYR, NELPX, NELPY,
NELLA, THPNX, THPNY , HIGHT, ZHIGK, THCBS,
SPNXL, SPNYW, XLHOD, YNKOD)
IMPLICIT REAL*S(A-H,0-1)
COMMON/CLOAD/ CLOAD
COMMON/ELOAD/ ELOAD
CONNON/COORD/ COORD
DINERSION COORD(153,3) ,LRODS (36,5)  HATNO(36) , PROPS(10,3),
ELOAD(36,54),CLOAD(918,5) ,NBTED(3,13),
SBTHD(3,13),WATLV{13,5),50ILV(13,5),ISOTP(13,5),
FORCE(8,6),FCORD(8,3),FACT1({5),FACT2(5),
FACT3(5),FACT4(S,8),NELFX(3),NELPY {3}, RELLA(D),
HIGHT{3) ,TRPNX(3,4),THPRY (4,3},
SPNXL(J),5PNYN(3),S0PRP(10,7)
WRITE(8,111)
FORMAT(* subroutine loads’)
CALL RAZERO (CLOAD,918,5) ‘ -
CALL LOADIR (NPNLX,NPNLY,NCASE,NDOFN,NCINP,HGANA,
' WATLV,SOILV, ISOTP, FORCE, FCORD, FACT],
FACT2,FACT), FACT4, SOPRP, NPTLD)
DO 1001 ICASE=1,NCASE
CALL RAZERO (ELOAD,36,54)
DWFACEFACT1 { ICASE)
WPFACEFACT2 (ICASK)
SPFAC=FACT (ICASE)
DO 10 ICONP=1, NCOMP
CALL HEAD {ICOMP, ICABE, NLAYR, HIGHT, ZHIGH, WATLY, BOILY,
THCBS, WBTHD, SBTHD)
CALL LODBAS (ICASE,LKODS,MATNO,PROPS,
NGAUB, NHODE, NDOPN, THCBS, NPNLX, NPNLY,,
WELPX, NELPY, DNFAC, NPFAC, SPFAC, MATLY,
BOILV,HOANA, IS0TP, SOPRP, IELEN)
CALL LODMAL  (ICASE,LMODS,MATMO,PROPS,
NGAUB, KNODE, NDOFN, HPHLX, NPNLY, NLATR,
MELPX,NELPY, NELLA, THPNX, THPNY , HIGHT,
DNPFAC, WPFAC, SPFAC, WBTHD, SBTHD, ISOTP,
SOPRP, NGAMA, TELEK)
NELMB=IELIK
DO 300 IPTLD=]1,NPTLD
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FACT=FACT& ( ICASE, IPTLD)
IF(FACT .EQ. 0.) GO TO 300
CALL CONLOC  (IPILD,NPHLX,NPNLY, NLAYR, NELPX, NELPY,

+ RELLA, SPNXL,SPNYW, HIGHT , XLNOD, YWHQD,

- ZHIGH, THCBS, FCORD, NELMB, IELEM, ITX)
CALL CONLOD (EELEN, IIX,IPTLD,NNODE,KDOFN,LNODS,

+ FORCE, FCORD,FACT)

300 CONTINUE
WRITE(6,925) ICASE
925  FORMAT(//10%,'LOAD CASE NO.’,I2,/10X,15(1H%},
+ [/SX,' TOTAL KODAL FORCES FOR EACH ELEMENT')
DO 115 IELENM=1,NELEM
115  WRITE(6,935) IELEM, (ELOAD[IELEK,IELVA), IELVA=1,NEVAB)
935  FORMAT(/1X,14,3X,6E12.4/(8X,6E12.4))
DO 125 IELEM=1,NELEM
IELVA=0
DO 125 INODE=1,NNODE
LNODE=LNODS ( TELEM, INODE)
IPOSN={LNODE-1) *NDOFN
DO 125 IDOFK=1,NDOFN
IELVA=IELVA+1
IPOSK=IPOSN+1
IF (ELOAD (IELEM, IELVA) .EQ. 0.) GO TO 125
CLOAD(IPOSH, ICASE) =CLOAD( 1POSN, ICASE)+ELOAD ( IELEN, IELVA}
125  CONTINUE
1001  CONTINUE

RETURN
END
SUBROUTINE LODBAS (XICASE,LNODS,MATNO,PROPS,
+ NGAUB, NNODE , NDOFN, THCES , NPNLX , NPNLY,
+ NELPX, NELPY ,DNFAC,WPFAC, SPFAC, WATLV,
+ SOILV,NCAMA, ISOTP,SOPRP, IELEM)
INPLICIT REAL*B{A-H,0-Z)
COMMON/ELOAD/ ELOAD
COKMON/COORD/ COORD
DIMENSION COORD(153,3),LNODS(36,9) ,MATNO(36) ,PROPS(10,2),
+ ELOAD(36,54) ,HELPX(3) ,NELPY(3),
+ HATLV({13,5),50ILV(13,5),I80TP(13,5),50PRP(10,7)
IELEM=0
Llal
L2=2
ICONP=4

DO 30 JY=1,MPNLY
DO 30 IX=1,NPNLX
1CONP=ICOMP+1
LPROPTMATNO { ZELEM+1)
BGAMA=PROPS (LPROP, 3)
CALL  BASEFR (ICOMP,ICASE,THCBS,WATLV,SOILV, ISOTP,SOPRP,
+ PRNET, HGAMA, BGAMA , DRFAC, WPFAC, SPFAC)
DO 20 I=1,NELPX(IX)
DO 20 J=1,NELPY(JY)
TELEN=IELEM+1
CALL  GRAVLD {XELEN,L1,L2,PRNET,LNODS,NGAUS,HNODE,
+ NDOFHN)
20  CONTINUE
30 CONTINUE
RETURN
END

SUBROUTINE LODWAL (ICASE,LNODS,MATND,PROPS,
NGAUB, NNODE , NDOFN, NPNLX, NPNLY , MLAYR,
NELPX,NELPY,NELLA, THPNX, THPNY , HIGHT,
DWFPAC,HPFAC, SPFAC, WBTHD, SBTHD, 150TP,
SOPRP, WGAKA, IELEK)

INPLICIT REAL*8(A-H,0-I)

COMMON/ELOAD/ ELOAD

CONNON/COORD/ COORD

DIMENSION COORD(153,3),LNODS(36,9}) ,MATNO(36) ,PROPS(10,3),

+ + + 4
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ELOAD{36,54) ,NELPX(3),NELPY(3) ,NELLA(3),
HIGHT(3),THPNX(3,4),THPNY (4,3}, I50TP(13,5),
SOPRP(10,7),HBTHD(3,13),5BTHD(3,1])

HELMB=IELEM

IIX=1

JJY=1

Do 100 IDW=1,2

IP(IDN .EQ. 1) GO TG 37

IF(WBTHD{1,1} .EQ. 0.) GO TO 100

NUMBR=0

DO 33 lcoMP=1,4

IF(SBTHD(1,ICONP) .GT. 0.) NUMBR=NUMBR+1

IF(NUNBR .EQ. 0) GO TO 100

DO 80 X2=1,NLAYR

DELTH=HIGHT {K2Z}/NELLA(KZ)

ICHPO=4

L1=2

L2a3

DO S50 IX=zl,NPNLX+i,IIX

ICHPO=ICHPO+ILIX

DO 50 JYsl,NPNLY

ICOMP=ICHPO+({JY-1) *NPNLX

LRDIP=)

IL=1

IR®2

Lxal

THICK=THPRY({IX,JY)

CALL WALLHD (ICASE,LRDIF,IL,IR,ICONP,KZ,IX, NPNLX,HBHDL,
WBHDR, SBHDL, SBEDR, 180TP, I8TPL, ISTPR, HRTHD,
SBTHD)

LPROPENATNO ( TELEN+1)

GAMMARPROPS (LPROP, 3)

UDLOD=-THICK*GAMMA *DNFAC

DO 40 J=1,NELPY(JY)

DO 40 R=1,NELLA(KZ}

IRLEN=IELEN+]

CALL WALELD (IX,LX,IDN,IELEM,K,WBHDL,WBHDR,SBHDL,SBHDR,
SOPRP, ISTPL, ISTPR,DELTH,L1,L2,NRODE,
NDOPFN, LNODS , NGAMA, NGAUB , WPFAC, SPFAC)

IF(IDN .EQ. 2) GO TO 40

CALL  GRAVLD (IELEN,L1,L2,UDLOD,LNODS, NGAUR,NNODE,
NDOFN)

CONTINUE

CONPINVE

ICHPO=§

Ll=}

L2=3

DO 70 J¥=), NPNLY+1,JJ%

ICHPOAICHPO+ (JY=1) *NPNLX

DO 70 IX=1,NPNLX

1COMP=ICHPO+IX

LRDIF=NPRLX

IL=3

IR=4

LY=2

THICK=THPNX(IX,JY)

CALL WALLHD (ICASE,LRDIF,IL,IR,ICOMP,KZ,JY,NPMLY,WBHDL,
WBHDR, SBHDL, SBRDR, IS0TP, ISTPL, ISTPR, WATHD,
SBTHD)

LPROP=KATNO ( IELEN+1)

GAMMAEPROPS (LPROP,3)

UDLOD=-THICK *GANNA*DNFAC

DO 60 I=], NELPX(IX)

DO 60 X=1,NELLA(XZ)

IELEN=IELEN+1

CALL WALELD (JY,LY,IDW,IELEN,X,NBHDL,WBHDR,SBHDL, SBHDR,
SOPRP, ISTPL, ISTPR,DELTH,L1,L2, NMODE,
MDOFHN, LNODE , WGAKA , NGAUB , WPFAC, BPFAC)

IF(IDN .EQ. 2) QO TO &0
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CALL CRRVLD (IELENM,L1,L2,UDLOD,LNODS,NGAUB,NNODE,
+ RDOFN)
60 CONTINUE
70 CONTIRUE
80 CONTINUE

IIX=NPNLX
JIY=NPNLY
IELEN=NELMB
100 CONTINUE
RETURN
END
SUBROUTINE LOADIN (NPNLX,NPNLY, NCASE, NDOFN, NCOMP, NGAMA,
+ HATLV, S0ILV, ISOTP, FORCE, FCORD, FACT1,
+ FACT2,FACT3,FACT4, SOPRP, NPTLD)
INPLICIT REAL*B(A-H,0-Z)
DIKERSION WATLV(13,5),SOILV{13,5), IS0TP(13,5),SOPRP(10,7),
+ FORCE(B,6) ,FCORD(8,3},FACT1(5) ,FACT2(5),
+ FACT3(5},FACT4(5,8)
NCONP=NPNLX*NPNLY+4

WRITE(6,1000) KCOMP
READ(5,*) NSOTP,NPTLD,KGAMA
WRITE(6,1010) WGAMA,RS0TP
DO 10 JSOTP=1,NSOTP
READ(S,*) I, (SOPRP(I,J),d=1,7)
10 WRITE(6,1020) I,(SOPRP(I,J),J=1,7)
DO 20 I=1,NCASE
READ(5,*) (WATLV(ICONP,I),ICOMP=1,MCONP)
RERD(5,*) (SOILV(ICOMP,I),ICOMP=1,HNCOMP)
20 READ(S,*) (ISOTP({ICONP,I),ICOMPal,NCONP)
WRITE(6,1025)
DO 30 I=1,HCASE
30  WRITE(6,1030) I, (ICONP,MATLV(ICONP,I),SOILV({ICON®,I),
+ ISOTP(ICONP,X),ICONP=1,NCONP)
DO 40 IPTLD=1,NPTLD
40  READ(5,*) I,(FCORD(I,J),J=},3),(FORCE(I,JDOFH),JDOFK=1, NDOFN)
WRITE(6,104C) (I, {FCORD{I,J),J=1,3), {FORCE(I, JOOFN},
+ JDOFN=1,NDOFM},I=1,UPTLD)
DO 50 ICABE=l,NCASE
50 READ(S,*) I,FACT1(I),FACT2(1),FACT3(I)
WRITE{6,1050) {I,FACT1(I),FACT2{I),FACTI(I),TI=1,NCASE)
DO 60 ICASE=1,HCASE
60  RERD(5,*) I,{FACT4(I,J),J=1,NPTLD}
Do 70 J=1,NPELD
70  WRITE(6,1060) J,(I,FACT4(I,J),I=1,NCASE)
1000 FORMAT(/10X, *TOTAL NO. OF COMPARTMENTS =',12)
1010 FORMAT(/10X, 'HATER BPECIFIC GRAVITY = ’,F10.3,
+ //10%,°'RO, OF SOIL TIPES =*,I2)
1020  FORMAT(//,* SOIL NO.',1X,’DRY DENS.’,1X,‘NET DENS.',2X,
+ 'COHESION’,1X,'PHI-ANGLE’,1X,’BTA-ANGLE’,1X,'SURCHARGE®,1X,
+ 'DLT-ANGLE’,/2X,8(1H-),2(1X,9({1H-}),2X,8(1H-),4(1X,9{14=)),
+ /(110,7F10.2)) :
1025 FORMAT(/' LOAD CASE’,1X,'COMPRTMNT’,4X,‘WATER LEVEL’,
+ SX,*SOIL LEVEL’,6X,’SOIL TYPE’,/2(1X,9(1i-)),4%,11(1KH-),
+ 5X,10{1H-),6X,9{1H~))
1030  FORMAT{/2110,2F15.3,I15,/(10X,110,2F15.3,115))
1040  FORMAT{/2X,'NO.’,1X,*X-COOR’,1X, '¥-COOR’,1X, ' 2-COOR’, 2X,
+ ’X-FORC.’,2X,*¥-FORC.’,2X, ' Z-FORC.",2X, *XX-MON. ’,2X, ' TY-MON. ",
+  2X,'2Z-MOM.’,/2X,3(1H=),3(1X,6(1H-)),6(2X,7 (1H=)),
+  /{I5,3r7.3,6F9.3)) ‘
1050 FORMAT(//,* LOAD COMBINATION PACIORS FOR DIFFERENT LOAD CASES‘,
+ /1X,50(1H*),// * LOAD CASE’,4X,'DIAD WEIGHT',1X,
+ °'MATER PRESSBURE’,2X, SOIL PRESSURE’,/1X,9({1H-),4%,11¢(1H-),
+ 1X,14(1H-),2X,13(1H-),/{110,3r15.2))
1060  FORMAT(/10X,' LOAD CASE’,4X,*POINT LOAD NO.’,I2,/11X,9(1K-),
+ 4%,16(1R-),/(10X,I10,F20.2))
RETURN
EMD
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£ UBROUTINE HEAD {ICOKP, ICASE, NLAYR, HIGHT , ZHIGH, WATLV,
SOILV, THCBS ,WBTHD, SBTHD)

IHPLICIT REAL*8(A-K,0-2)

DIMENSION WATLV{13,5),S0ILV(13,5),WBTHD(3,13),SBTHDP(3,13),
HIGHT (3}

WBHED=WATLV ( ICONP , ICASE)

IF(MBHED .EQ. 0.) GO TO 40

WTHED=WBHED-ZHIGK

IF(WTHED .GT. 0.)}GO TO 10

CALL HEADLY (ICOMP,NLAYR,WBHED, HBTHD,HIGHT,THCBS)

GO TO 20

po SO I=l,NLAIR

WBTHD (T, ICONP)=0.

GO TO 20

WRITE(6,1000) ICOMP,ICASE

FORMAT(/* CHECK WATER LEVEL FOR COMPARTMENT NC.',I2,° AT LUAD -,

*CASE NO.’,I2,/)

STOP :

SBHED=SOILV( ICOMP, ICASE)

IF(SBHED .KQ. 0.) GO TO 60

BTHED=SBHED-ZHIGH

IF(STHED .GT. 0.)GO TO 30

CALL HEADLY (ICONP,NLAYR,SBHED,SBTHD,HIGHT,THCBS)

RETURN

WRITE(6,1010) ICONP,ICASE

FORMAT(/* CHECX SOIL LEVEL FOR CONPARTMENT NO.’,I2,° AT LOAD ',

*CASE NO.’,12,/)

sTOP

DO 70 I=1,NLAYR

SBTHD (I, ICOMP)=0.

RETURN

END

SUBROUTINE HEADLY (ICOMP,NLAYR,BOTHH,BOTHD,HIGHT, THCBS)
IMPLICIT REAL*B(A~H,0-2)

DIMENSION BOTHD(3,13), HIGHT(3)

BOTHD (1, ICOMP)=BOTNH+THCBS/2.

IF(HLAYR .EQ. 1) RETURR

DO 10 ILAYR=2,HLAYR

BOTHD ( ILAYR, ICOMP }aBOTHD ( ILAYR-1, ICOMP } ~-HIGHT ( ILAYR=1)
IF{BOTHD{ILAYR,ICOKP) .GT. 0.} GO TC 10

BOTHD ( LLATR, {COMP)=0.

CONTINUE

RETUAN

END

SUBROUTINE BASEPR (ICOMP,ICASE,THCRS,NATLV,HOILV, ISOTP,
SOPRP, PRNET, WGAMA,, BGANA , DHFAC, WPFAC,
SPEAC)

IMPLICIT REAL*8(A-H,0-3)

DIMENSION WATLV(13,5),80ILV{13,5),I80TP(13,5),80PRP(10,7)

BASDN=THCBS*BGANA

WAHDI=WATLV(ICOMP, ICASE)

WAHDO=WATLY (1, ICASE) +THCRS
IF{WATLV(1,TCASE) .EQ. O.) NAHDO=0,

WATPR= (MAHDO-WAHDI) *NGAMA
SOHEDaSOILV{ICOMP, ICASE}
1SOLT=ISOTP{ICONP, ICASE)
SCGAMA=BOPRP{IS8OLT, 1)

BOLPR=SOHED*B0AMA

PRNET=-DHFAC* BASDH+NPFAC*HATPR-SPFAC*SOLPR
RETURN

END

SUBROUTINE GRAVLD {IELEN,L1,L2,UDLOD,LNODS,NGAUB,
NNRODE, RDOFN)

IMPLICIT REAL*S(A-H,0-2)

CONMON/ELOAD/ ELOAD

COMNON/COORD/ COORD
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DIMENSION LMODS(36,9) ,COORD(153,3),ELOAD(36,54),
POSGP(3),HEIGP(3),CARTD(2,9),DERIV{2,9},
ELCOD(2,9), SHAPE(9),GPCOD(2,9)

DO 10 INODE=1,NNODE

LNODESLNODS ( IELEN, INODE)

ELCOD( 1, INGDE) =COORD(LNOBE, L1)

IF{L1 .EQ. 2) ELCOD{1,INODE)=-COORD{LNODE,L1)

ELCOD (2, INODE ) =COORD { LNODE, L2}

KGASP=0

CALL GARUSSQ (MGAUB,POSGP,HWEIGP)

DO 30 IGAUS=1,NGAUB

EXISP=POSCP ( IGAUS)

DO 30 JGRUS=1,NGAUB

ETASP=POSGP {JGAUS)

KGASP=KGASP+1

CALL SFR2 (DERIV,ETASP,EXISP, SHAPE, NNODE)
CALL JACOB2 (CARTP,DERIV,DJACSH,ELCOD,GPCOD, IELEM, KUASP,
NRODE, SHAPE)

DAREA=DJACB*NEIGP(IGAUS) *NEIGP (JGRUS)

DO 20 INODE=1,HNODE

NPOSN={INODE=-1) *NDOFN+3

ELOAD{IELEM, NPOSH)=ELCAD [ IELEM, NPOSH )+ SHAPE { INGDE) *UDLOD *DAREA
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE WALLHD (ICASE,LRDIF,IL,IR,ICOKP,KZ,IXJY,NPLXY,
WBHDL, NBHDR, SBHDL, SBHDR, ISOTP, ISTPL,
ISTPR,WBTHD, SETHD)

INPLICIT REAL*S(A-N,0-Z}

DINENSION WBTHD(3,13),5BTHD(3,13),ISOTP(213,5)

IF(1XJY .EQ. 1) GO TO 10
WBHDL=WBTED({KZ, ICONP-LRDIF)
SBHDL=SBTHD{KZ, ICOMP-LRDIF}
1STPL=1SOTP (ICONP-LRDIF, ICASE}
GO TO 20

WBHDL=WRTHD (KZ, IL)
SSHDL=SBTHD(KZ, IL)
ISTPL=ISOTP{IL, ICASE)

IF{IXJY .EQ. NPLXY+l) GO TO 30
WBHDR=WBTHD (X%, ICOMP)
SBHDR=SBTHD(KZ, ICONP)
ISTPR=ISOTP(ICOMP, ICASE)
RETURN

WBHDR=WBTHD (KZ, IR)
SBHDR=88THD (K3, IR)

ISTPR=ISOTP (IR, ICASE)

RETURN

EHD

SUBROUTIKE HWALELD (IXJY,LXY,IDW,XELEM,K,WBHDL,WBHDR,SBHDL,

SBHDR, SOPRP, ISTPL, ISTPR,DELTH, LI,
L2, NNODE , NDOFN, LHODS , HGAXA, NGAUB,
WPFAC, SFFAC)
INPLICIT REAL*S(A-H,0-2)
COKMON/ELOAD/ ELOAD
CONNON/COORD/ COORD .
DINENSION ELOAD(36,54) ,60PRP(10,7) ,LNODS{36,9),
' COORD(153,3)
IF(IDN .GT. 1) GO TO 10
EWBEL=WBRDL~-(K-1) *DELTH
CALL ELEMHD (EWBHL,EWTHL,EWONL,DELTH)
INS=1
ILR=1 :
CALL ELEMLD  (LXY,IDW,INWS,1LR, IELEM,EWBHL, EWTHL,EHOHL,
ISOLT,SOPRP,WPFAC, EPFAC,LY,L2, NRODE,
. NDOFN, LNODS , DELTH, NGAMA , NGAUB)
EWBHR=NBHDR~-{K-1) *DELTH
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CALL ELEMHD (EWBHR,EWTHR,EWOHR, DELTH)

INS=1

TLR=-1

CALL ELEMLD (LXY,IDW,IHWS,ILR, IELEN, EHEHR, ENTHR,EWOHR,
ISOLT, SOPRP,HPFAC, SPFAC,L1,L2,NNODE,
HDOFN, LHODS , DELTH, HGAMA , NGAUB}

IP(IZJY .GT. 1 .AMD. IDW .GT. 1} GO T0 20

EZSBHL=SBHDL- (K-1) *DELTH

CALL ELEMHD (ESPHL,ESTHL,ESOHL,DELTH)

IHE=2

ILR=1

I150LT=ISTPL

CALL ELEMLD (LXY, IDW,INS, ILR, IELEX,ESBHL, ESTHL,ESOKL,
150LT, SOPRP,HPFAC, SPFAC,L1,L2, NRODE,
HDOFN, LNODS , DELTH, HGAMA , NGAUB)

IF(IDH .GT. 1) RETURN

E5BHRA=SBHDA-(K=1) *DELTH

CALL ELEMHD (ESBHR,ESTHR,ESOHR,DELTH)

INE=2

ILR=-1

ISOLT=ISTPR

CALL ELENMLD (LXY,IDN,IWS,ILR,IELEM,ESBHR,ESTHR,ESOHR,
ISOLT, SOPRP, NPFAC, SPFAC,L1,L2,NNODE,
HODOFN, LNODS , DELTH, HGANA , NGAUB)

RETURN

END

SUBROUTINRE ELEMHD (EBHED,ETHED,EOHED,DELTH)
IMPLICIT REAL*8(A-H,0-Z)
IF(EBHED .GT. 0.) GO TO 10
EBHED=O.

ETHED=0.

EQOHED=0.

RETURN

ETHED=EBHED-DELTH

IF(ETHED .GE. O0.) GO TO 20
EOHED==ETHED

ETHED=0.

RETURN

EOHED=2D,

RETURN

END

BUBROUTINE ELEMLD (LXY,IDW,IWS,ILR,IELEM,EBHED,ETHED,
EONED, IS0LT, BOPRP, NFFAC,
SPFAC,L1,L2, NNODE, NDOFR, LRODS,
DELTH, NGAMA , GAUB )

INPLICIT REAL*8(A-H,0-I)

COKHON/ELOAD/ ELOAD

COMNON/COORD/ COORD

DIMENSION ELOAD(36,54),80PRP(10,7) ,NEIOP(3),POSGP(3),

DERIV(2,9),CARYD{2,9),SHAPE(9),0GPCOD(2,9),
ELCOD(2,9),LNODB(36,9),C00RD(153,3)

IF(XBHED .EQ. 0.) RETURN

DO 10 INODEs),NNODE

LNODE=LHODS { IELEN, INODE)

ELCOD (1, INODE)=COORD { LNGDE, L.1)

IF{Ll .EQ. 2) ELCOD{1,INODE)=-~CQOORD{LNODE,L1)

ELCOD(2, INODE)=COORD (LHODE, L2)

KGASP=0

CALL GAUSSQ (NGAUB,POBGP,NEIGP)

DO 50 IGAUS=1,NOAUB

EXI8P=POSGP (IOAUS)

DO 50 JOAUS=1,NGAUB

ETASP=POSCP (JGAUSB)

KOASPEXGASP+1

CALL BFRZ {DERIV,ETASP, EXISP, BHAPE, NNODE)

CALL  JACOB2 (CARTD,DERIV,DJACB,ELCOD,GPCOD,IELEM,KGASP,

HNODE, SHAPE) )
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PAREA=DJACB*HWEIGP ( ICAUS ) *HEIGP (JGAUS)

GPHED=EBHED- (ETASP+1.)* (EBHED-ETHED) / (2.-2. *EOHED/DELTH)
IF(GPHED .LE. 0.} GO TO SO

IF(IDW .GT. 1 .OR. INS ,GT. 1) GO TO 20
GPPRS=GPHED*HCAMA*ILR

FACT=WPFAC

Go TO 20

CALL SOILPR (IDNW, ILR,ISOLT,SOPRF,GPHED,GPPRS)
FACT=5PFAC

DO 40 INODE=1,NNODE

HPOSH= (INODE-1) *HDOFN+LXY

ELOAD ( 1ELEN, NPOSN) =ELORD { IELEM, NPOSN) +SHAPE ( INODE) *DAREA*GPPRS*
FACT

COHTINUE

CONTINUE

RETURN

END

SUBROUTINE SOILPR (IDW,ILR,ISOLT,SOPRP,GPHED,GPPRS)
IMPLICIT REAL*8(A-H,0-2)

DIMENSION SOPRP(10,7}

PI=3.141592654

SGAMA=SOPRP (TSOLT, IDH)

IF{IDN .EQ. 2) SGAMA=SGAMA-SOPRP{ISOLT,1)
COHES=SOPRF ( ISOLT,3)

PHI=SOPRP(ISOLT,4)*PI/180.

BETA=SOPRP{ISOLT,S)*PI/180.

SURCH=50PRP (ISOLT, 6)

DELTA=SOPRP (ISOLT,7)*PI/180.

ALPHA=PI/2.

SA=SIN{ALPHR)

SAL1B=SIN{ALPHA+BETA)

FACN=SA/SAlB

SAIP=SIN(ALPHA+PHI)

CD=C0% (DELTA)

SA2D=SIN{ALPHA-DELTA)

SPID=SIN(PHI+DELTA)

SP2B=SIN(PHI-BETA)
FACKAZ{SA1P*BR1P*CD)/{BA*SA2D*(1.+SQRT({SP1D*SP2B/5A2D*5A1B))
«¢1.+50RT(SP1D*8P2B/SA2D*5A1B)))

GPPRS=0.5* (SGAMA+2. *FACN*SURCH/GPHED ) *GPHED *UPHED*FACKA/ {SR*CD) *
ILR

RETURN

ERD

SUBROUTINE CONLOC  (IPTLD,NPNLX,NPHLY,NLAYR,NELPX,NELPY,
NELLR, SPNXL, SPNYW, HIGHT , XLMOD, YWMOD,
ZHIGH, THCBS,FCORD, NELMB, IELEM, 1IX)
IMPLICIT REAL#S(A-H,0-2)

DIKENSIOR FCORD({8,3),NELPX(3),NELPY(3) ,KRELLA(3),5PNXL({23),
SPHYW(3) ,HIGKT(3) ’

PREC=1.E-1%

IIX%=0

J3e=0

XCORD=0,

FXCOR=FCORD (IPTLD,1)

IF (FXCOR-XLMOD .GT. PREC) GO TO 760
IF(FXCOR .GT. 0.) GO TO 5

IIX=1

IIPNX=1

GO TO 30

DO 10 IX=1,NPNLX
XCORD=XCORD+SPNXL(IX)

IF(FXCOR-XCORD .GT. PREC) GO TO 10

Go TO 20

CORTINUE

IIPNX=IX

IF (DABS (FXCOR-XCORD) .GT. PREC) GO TO 30
IIX=]l '
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TIPNX=IX+1
kY YCORD=0.
FYCOR=FCORD({IPTLD,2)
IF{FICOR-YWKOD .GT. PREC) GO TO 700
IF(FiCOR .GT. 0.) GO TO 35
Jar=l
JIPNY=1
IF(IIX .EQ. 1) GO TO 69
GO TO 65
35 DO 40 JY=1,NPNLY
YCORD=YCORD+SPNYN{JY)
IF{FYCOR-YCORD .GT. PREC) GO TO 40
GO TO 50
40 CONTINUE
50 JIPNY=JY
IF (DABS (FICOR-YCORD) .GT. PREC) GO TO 60
JIL=]
JIPNY=JY+1
GO TO 65
&0 IF(IIX .EQ. 0) GO TO 700
65 IF{IIX .EQ. O .OR. JJY .EQ. 0) GO TO 75
69 JJY=0
IF{JIJPNY .GT. 1) JIPNY=JJIPNy-1
75 IF(JJY .EQ. 0) GO TO 33
IF{XCORD .GT. 0.) GO TO 85
INELX=1
GO TO 800
a5 XCORD=XCORD=-SPNXL( IIPNX)
DELTX=SPNXL{IIPNX) /NELPX (IIPNX)
DO %0 I=1,NELPX(XIIPNX)
XCORD=XCORD+DELTX
IF(FXCOR-XCORD .GT. PREC) GO TO S0
Go ‘to 120
90 CONTIKUE
120 INELX=I
0o 10 800
a3 IF(YCORD .GT. 0.) GO TG 37
JRELY=1
GO TO BOO
37 YCORD=YCORD-SENIW (JIPNY)
DELTY=SPNYW (JIPNY) /NELPY (JIPKY)
DO 91 J=1,NELPY(JJIPNY)
YCORD=YCORD+DELTY
IF({FICOR-YCORD .GT. PREC) GO TO 91
g0 TO 121
91 CONTINUE
123 JNELY=J
GO TO 800
700 WRITE(S,1000) IPTLD
1000 FORMAT(‘ CHECK FOR POINT OF APPLYING COHCENTRATED LOAD NO.*,I12)
aTop
BOD 2CORD=0.
FZCOR=FCORD( IPTLD,3)
ZH1GB®ZHIGH+THCRS /2.
IF{FICOR-ZHIGB .GT. PREC) GO TO 700
DO 70 KZ=l, NLAYR
ZCORD=ZCORD+HIGHT (K2 )
IF(FLCOR-ZCORD .GT. PREC) GO TO 70
GO TO 80
70 CONTINUE
80 KKZ=K2
ZCORD=ZCORD-HIGHT (KKZ)
DELTZsHIGHT (KKZ)/NELLA(KKZ)
DO 100 K=1,NELLA{KKE)
ZCORDaZCORD+DELTZ ) -
IF(FICOR-SCORD .GT. PREC) GO TO 100
co T0 110
100 CONTINUE .
110 RNELISK -
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CALL CONELM (IELEM,NELMB,NPNLX,NPNLY,NLAYR,NELPX,
HELPY ,NELLA,IIX,JJY,IIPKX, JJPNY,XKZ,

INELX, JNELY, KNEL®)

RETURHN

END

SUBROUTINE CONELM (IELEN, NELMB,NPHLX, NPKLY, NLAYR, NELPX,

NELPY,NELLA, IIX,JJY, IIPNX,JJPHY ,XKZ,

INELX,JNELY,KNELZ)
IMPLICIT REAL*S(A-M,0-Z)
DIMENSION NELPX({3),NELPY(3),NELLA{3)
IELEN=NELMB
DO SO0 K2Z=1,NLAYR
DO 20 IX=1,NPNLX+1
DO 20 JY=1,NPNLY
Do 10 J=1,NELPY(JY)
DO 10 K=1,NELLR{KZ)
IELENSIELEN+1

IF(IIX .EQ. O) GO TO 10

IF(KZ .LT. XXZ) GO TO 10

IF{IX .LT. IIPNX) GO TO 10

IF(JY .LT. JJPNY) GO TO 10

IF(J .LT. JNELY) GO TO 10

IF(X .LT. XNELZ) GO TO 10

RETURN

CONTINUE

CONTINUE

DO 40 JY=1,NPNLY+1

DO 40 IX=1,NPNLX

DO 30 I=1,NELPX{IX)

DO 30 K=1,NELLA(KZ)

IELEN=IELEN+1

IF(JJY .EQ. 0) co TO 30

IF(KZ .LT. KXZ) GO TO 30

IF(JY .LT. JIPNY) GO TO 230

IF(IX .LT. IIPNX) GO TO 30

IF(I .LT. INELX) GO TO 30

IF(X .LT. XNELZ) GO TO 30

RETURN

CONTINUE

CONTINUE

CONTIRUE

RETURN

ERD

SUBROUTINE CONLOD  (IELEN, IIX,IPTLD,NNODE,NDOFN,LNODS,
FORCE, FCORD, FACT)

INPLICIT REAL*8(A-H,0-I)
COKMON/ELOAD/ ELOARD
COMNON/COORD/ COORD

DIMENSION LNODS (36,9) ,COORD (153, 3) , ELOAD(36,54) ,
FORCE(8,6), FCORD(S,3),DERIV{2,9),SHAPE(9),
ELCOD(2,9)

L2=3

IF(IIX .EQ. 1) GO TO 10

L1=1

GO TO 20

L1=2

DO 30 IMODE=1,NNODE

LNODE=LNODS ( IELEN, INGDE)

ELCOD{ 1, INODE) =COORD (LKGDE, L1)
ELCOD{2, INODE ) =COORD ( LRGDE , L2)

CONTINUE :
EXIFP=(FCORD(IPTLD,L1)-ELCOD(1,2))/{ELCOD(1,2)~ELCOD(1,1))
ETAFP=(FCORD(IPTLD,L2)-ELCOD(2,4) )/ (ELCOD{2,4)=ELCOD(2,3))
CALL  SFR2 (DERIV,ETAFP,EXIFP, SHAPE, NNODE)

IEVAB=0 .

DO 40 INGDE=1,NNODE

DO 40 IDOPN=1,NDOFN
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IEVAB=IEVAB+1

FORCI=FORCE ( IFTLD, IDOFR)

1P (FORCI .EQ. D.) GO TO 40

ELOAD { IELEM, IEVAB ) "ELOAD( IELEN, IEVAB) +FACT * SRAPE (INODE) *FORCI
COXTINUE

RETURN

EXD

SUBROUTINE OUTDIS (ICASE,ASDIS,NDOFN,NPOIN,TREAC, SKNOD)
INPLICIT REAL*B(A-H,0-2Z)

DIMENSION ASDIS(918,5), TREAC(25,3,5),SKNOD(153)
WRITE(S,111)

FORMAT(’ subroutine outdis‘)

WRITE({6,900) ICASE

FORMAT(///,5%,19(1H*),/5X,’* LOAD CASE MO.',I2,' ** LI5%,19¢(1H=),
/75X, *DISPLACEMENTS ', /5%, 13 (1H-))

WRITE{6,905)

FORMAT (4X, *NODE’ , 3X, *DISP=-X’, €%, *DISP-Y’,6X, 'DISP-Z7,6X,
*XX-ROT’,6X, ' YY-ROT’ ,6X, "ZZ-ROT")

DO S IPOIN=]1,NPOIN .

NGASH=IPOIN*NDOFN

NGISH=NGASH-NDOFN+1

WRITE(6,910) IPOIN, (ASDIS{IGASH,ICASE), IGASH=NGISH,NGASH)
FORMAT{IB,6E12.4)

WRITE(6,915)

FORMAT{/ /5%, *REACTIONS’ ,/5X,9(LH=-})

NRITE(6,920)

FORMAT (4X, "NODE’, 3%, *FORC-X',6X, *FORC-Y’',6X, "FORC-Z*)
ISPRT=0D

DO 10 IPOIN=1,NPOIN

IF{SKNOD({IPOIN) .EQ. 0.) GO TO 10

ISPRT=ISPRT+1

WRITE(6,910) IPOIN, (TREAC(ISPRT,IDOFN,ICASE),IDOFN=1,3)
CONTINUE

RETURN

END

SUBROUTINE OUTSTR (ICASE,ASDIS,LMODS,MATNO,NNODE,NDOFH,
NGAUS, PROPS, STREL , NPNLX, NPNLY, NLAIR,
NWELPX,NELPY,NELLA, THBAS,, TRPNX, THPNY)

INPLICIT REAL*S{A-H,0-2}

COMMON/CCURD/ COORD

DINENSION ASDIS{918,5),COORD{153,3),LNODS(36,9) ,HATNO(36), .

PROPS(10,3),5TREL(9,8) ,NELPX(3),NELPY(3),
NELLA(3),THRAS(3,3),THPNX(3,4),THPNY (4,3)

WRITE{B,111)

FORMAT(' subroutine outstr'} o

WRITE(6, 500) o

FORMAT{//5X, 'STRESS RESULTANTS',/5X,17(1H*})

DO 100 IAMal,2

IF(IBM .EQ. 2) GO TO 3

WRITE(E,501)

FORMAT(//1X, PLATE BENDING FORCES',/1X,20(1H-),//)

WRITE(6,905)

PORMAT(1X, ' ELEMENT NO.‘,4X, NODE’,2X, 'MOMENT 1-1°,2X,

‘MONINT 2-2°,2X, NOMENT 1-2',2X,’ SHEAR 1-3°,2X," SHEAR 2-3°,

/1X,11{1H=),4X, 4 (1H-) ,5{2X,10{1H-)))

co TO 7

WRITE(G,530)

FORMAT(//1X,’IN PLANE STRESSES’,/1X,17(1H~),//)

WRITE(6,935)

FORMAT(1X, *ELENENT XO.’,4X,*HODE’,4X, 'STRES5S 1-1°,4X,

*STRESS 2-2°,4X,‘STRESS 1-2°,/1X,11(1H-},4X,4(18=),

3{4X,10(14=)}))

TELEM=0

Ll=)

L2=2

DO 10 IPNLX=1,NPNMLX

DO 10 JPNLY=)1,NPNLY
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LPROP=MATNO ( IELEM#+1)
THEICK=THBAS(IPNLX, JPHLY)
DO 10 NUMEL=1,NELPX(IPNLX)*NELPY(JPNLY)
IELEK=IELEN+1
10 CALL ELMSTR (ICASE, IBM, IELEM,L1,L2,LNODS,ASDIS,
+ KNODE, NDOFN, NGAUS, PROPS, STREL, LPROP, THICK)
DO 40 KZ=I,NLAIR
L1=2
L2=3
DO 20 JPNLY=1,NPNLY
DG 20 IPNLX=1,NPNLI+1
LPROP=MATNO ( IELEM+1)
THICK=THPNY (IPNLX, JPNLY)
DO 20 NUHEL=1,NELPY (JPNLY)*NELLA({KZ)

IELEM=IELEM+]
20 CALL ELNSTR (XCASE, IBN, IELEN,L1,L2,LNODS,ASDIS,
+ NNODE, KDOFN, HGAUS, PROPS, STREL, LPROP, THICK)
Ll=1
L2=3

DO 30 IPNLX=S1,NPNLX
DO 30 JPNLY=1,NPNLY+1
LPROP=NATHO{ IELEN+1}
THICK=THPNX{ IPNLX, JPNLY)
DO 30 NUMEL=1,NELPX{IPNLX)*NELLA(KZ)
IELEM=IELEN+1
30 CALL ELMSTR (ICASE,IBN,IELEN,L1,L2,LHODS,ASDIS,
+ HNODE, NDOFN, NGAUS, PROPS , STREL, LPROP, THICK)
40 CONTINUE
100 CONTINUE

RETUANR

END

SUBROUTINE ELNSTR (ICASE,IBM,IELEM,L1,L2,LNODS, ASDIS,
+ NNODE, NDOFN, NGAUS, PROPS, STREL, LPROP,
+ THICK)

INPLICIT REAL*B({A-H,0-I)

COMMON/COORD/ COORD

DINENSION ASDIS(918,5),COORD(153,3),ELCOD(2,9),SPCOD(2,9),
+ : ELDIS(6,9},LNODS({33,9),CARTD(2,9),PROPS(10,3),
+ POSGP(3),SRAPE(9),DIRAD(6) ,POSSP(3) ,SHEAV(9,2),
* STRES(8),STREL{Y,8),STRSG(4,2),HEIGP(3),
+ ICODE(9),DERIV(2,9},DFLEX{3,3),DSHER(2,2),
+

DMENB(3,3)
DATA possp/-1.,0.,1./,1C0bE/1,8,7,2,9,6,3,4,5/
CALL RAZERO (STREL,9,8)
DO 10 INODE=1,NHODE
LNODE=LNODS ( TELEM, INODE)
ELCOD(1, INODE)=COORD {LNODE,L1)
IF(Ll .EQ. 2) ELCOD{1,INODE)=-COORD(LNCDE,L1)
ELCOD (2, INODE)=COORD {LNGDE, L2}
NPOBN=(LNODE-1) *NDOFN
DO 10 IDOFN=1,NDOFN
NPOSH=NPOSN+1
ELDIS{IDOFN,INODE)=ASDIS (HPOSN, ICASE)
10 CONTINUE
IF(L1 .EQ. 1 .AND. L2 .EQ. 2) GO TO 18
DO 14 INODE=1,NNODE .
ELDIS{2,INODE)=-ELDIS (2, INODE)
14 ELDIS{S,INODE)=-ELDIS{5,INODE)
IF(Ll .EQ. 1) GO TO 18
DO 16 INODE=1,NNODE
ELDIS(1,INODE)=-ELDIS(1, INODE)
16 SLDIS (4, INODE)=-ELDIS( 4, INODE)
18 IF{IBN .EQ. 2) GO TO 353
KSANP=0
DO 20 XSAMP=1,3
EXISP=POSESP (ISANP}
DO 20 JSANP=1,3
ETASPF=POSSP (JSAMP)
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CALL BENDM (ETASP,EXISP, IELEM,KSANP, LPROP,ELCOD,

+ PROPS , NMODE, DFLEX, DSHER, SPCOD,L1,L2,
+ CARTD, SHAPE ,E1,DIS,STRES,DGRAD, DERIV,
+* THICX)

INONE=ICODE ( KSANP)

DO 20 ISTRE=1,3

STREL(INODE, 1STRE)=STREL(INODE, ISTRE ) +STRES (ISTRE)
20 CONTINUL

KEBANP=0

CALL  GAUSSQ (MGAUS,POSGP,WEIGP)

DO 25 IGAUS=1,MGAUS

EXISP*POSGP (IGAUS)

DO 25 JGAUS™1,NGAUS

ETASP=POSGP (JGAUS)

CALL SHEAR  (ETASP,EXISP, IELEM, KSAMF,LPROP,DERIV,
- ELCOD, PROPS , NNODE, DFLEX,
+ DSHER, SPCOD, CARTD, SHAPE, ELDIS, STRES,
+ STRSG,DGRAD,L1,L2, THICK)

2s CONTINUE
CALL EXTRA  (SHEAV,STRSG)
DO 30 IBANWP<1,9
INODE=ICODE(ISAMP)
DO 30 ISTRE=1,2
KSTRE=ISTRE+D
30 !Imn(IHOD!,KSIR!]=31'R!I.(INODE.RSTRE)+SHEA\T(ISW,ISIRE)
WRITE(6,1000) ILLEN, (LNODS{IELEN,INODE), (STREL({INODE,XSTRE),
+ 1STRE=1,5),INODE=1,NNODE)
1000 rom'rusx.n,18.5212.4.1(12:,13,5:12.1))
RETURN
s KBANP=D
DO 40 ISANP=1,3
EXISPaPOSSP(I1SANP)
DO 40 JSAMP=l,3
ETASPaPOSSP (JEANP)
CALL KEMDR  (ETASP,EXISP,IELEW,KSANP,LPROP,DKEMB,ELCOD,
Y PROPS, NNODE, SPCOD, CARTD, SHAPE ,ELD1S, STRES,
+ DERIV,L1,L2)
INODE=ICODKE { XSANP)
DO 40 ISTRE=6,8
STREL(INODE, ISTRE)=STREL(IKODE, ISTRE)+STRES (LSTRE)
40 COKTINUE
WRITE(6,1010) IFLEM, (LNODS{XELEM,INODE), (STREL(IHODE,ISTRE),
+ ISTRE=6,8),INODE=],HNODE) '
1010 FORMAT(/9X,13,18,3E14.4,/{12X,18,3E14.4))

RETURK

XND

SUBROUTINE BENDM (ETASP,EXISP, IELEN, KSANP, LPROP, ELCOD,
+ PROPS, MNODE , BFLEX, DEHER, 5PCOD, L1,L2,
* CARTD, SHAPE,ELDIS, STRES, DGRAD, DERIV,
+ THICK)

IKPLICIT REAL*8({A-H,0-2)

DIKENSION CARTD(2,9) ,DERIV(Z,9),DFLEX{3,3) ,DGRAD(S),
+ DSHER(2,2) ,ELCOD(2,9) ,ELDIS(6,9), PROPS(10,3),
+ SHAPE(9),5PCOD(2,9) ,STRES (8)

KSANPEKSANP+),

CALL  SFR2 (DERIV, ETASP,EXIAP, SHAPE, NNODE)
CALL  JACOBZ (CARTD,DERIV,DJACS,ELCOD,SPCOD,

+ IELEM, KBANP, KNODE, SHAPE)
CALL  MNODFB  (THICK,DFLEX,DSHER,LPROP,PROPS,1,0)
CALL  STRPB  (CARTD,DFLEX,DGRAD,DSHER,ELDIS,

+ NRODE, SHAPE, STRES, 1,0,L1,L2)
RETURN
™D
BUBROUZINE SIRPB  (CARTD,DFLEX,DGRAD,DSHER,ELDIS,
+ : NNODE, SHAPE, STRES, IFFLE, IFSHE,L1,L2)

INPLICIT REALSS(A-H,0-)
DINEMSION CARTD(2,9),DFLEX(3,3),DGRAD(6),DSHER(2,2),

149



10
20

a0

10

20

50

+

ELDIS(6,9),SHAPE(9),STRES(8)
CALL RAZERO  (STRES,H,1)
CALL GRADPB (CARTD,DGRAD,ELDIS,NNODE,L1,L2)
IF{IFSHE .EQ. 0) GO TO 20
ROT11=0.
ROT22=0.
PO 10 INODE=1,NNCDE
ROT11=ROT11+SHAPE(IRODE)~ELDIS{L1+3, INODE)
ROT22=ROT22+SHAPE(INODE) *ELDIS{L2+3, INODE)
IF{IFFLE .EQ. 0) GO TO 30
EFLLI1=DGRAD{J)
EFL22=-DGRAD(S)
EFL12=DGRAD{6)-DGRAD(2)
STRES (1)=DFLEX(1,1)*EFL11+DFLEX{1,2)*EFL22
STRES(2)=DfLEX(2, 1) *EFL11+DFLEX (2,2} *EFL22
STRES({3)=DFLEX{3,3)*EFL12
IF(IFSHE .EQ. Q) RETURN
ESH13=DGRAD(1)+ROT22
ESH23=DGRAD{4)=ROT11
STRES(4)=DSHER{1,1)*ESH13
STRES(5)=DSHER(2,2)*ESH2]
RETURR
END

SUBROUTINE GRADPB  (CARTD,DGRAD,ELDIS,NNODE,L1,L2)
IMPLICIT REAL*8(A-H,0-2)

DINENSION CARTD(2,9),DGRAD(6),ELDIS(5,9),CONST(3)
CALL RAZERD (DGRAD,6,1l)

IF({L2 .EQ. 3) GO TO 20

DO 10 INODE=1,NNODE

DNID1=CARID(1,IXODE)

DNID2=CARTD (2, INODE)

DO 10 IDOFN=1,3

IPOSH=IDOFN+]

CONS=ELDIS({IDOFN+3, INODE)

DGRAD { IDOFN) *DGRAD ( IDOFN) +DNXD1*CONS

DGRAD { IPOSN ) =DORAD { IPOSN) +DNID2*CONS

RETURN

IF({L1l .EDQ. 1) GO TO 40

DO 30 INODE=]1,HNODE

CONST{1)=ELDIS{1, INODE)
CONST(2)=ELDIS (5, INODE)
CONST(J)=ELD1IS {5, INODE)

DNID1=CARTD(1, INODE)

DNID2=CARTD (2, INODE)

DO 30 IDOFN=1,3

IFOSN=IDOFN+]

DGRAD{ IDOFN) =DGRAD{ IDHOFN) +DNID] *CONST( IDOFN)
DGRAD{ IPOSK) SDORAD { TPOSH) +DNID2 *CONST{ IDOFN)
RETURN "

DO 50 INODE=1,NNODE

CONST(1)=ELDIS(2, IRODE)
CONST(3)=ELDIS(4,INODE)
CONST(3)=ELDIS(6, INODE)

DNID1=CARTID({1, INODE)

DRIDI=CARTD{2, INODE)

DO S0 IDOFN=1,)

IPOSHN=IDOFN+I

DGRAD ( IDOFN) =DGRAD ( IDOFN) +DNID1*CONST{ IDOFN)
DGRAD { IPOSNH) =DGRAD ( IPOSN)+DNID24 CONST ( IDOFN)
RETURN :

END
SUBROUTINE SHEAR  {ETASP,EXISP, IELIN,KSAMP,LPROP,DERIV,
: ELCOD, PROPS, NNODE, DFLEX,
DSHIR, 8PCOD, CARTD, SHAPE ,ELDIS, STRES,
STRSG,DGRAD, L1, 12, THICK)
IMPLICIT REAL*B(A-H,0-I)
DIMENSION CARTD(2,9),DERIV(2,9),DFLEX{3,3),DGRAD{S),
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DSHER(2,2),ELCOD{2,9),ELDIS(6,9),PROPS(10,3},
SEAPE(9),SPCOD(2,9),STRES(8) ,STRSG(4,2)
KSAMP=KSANP+1

CALL SFR2 {DERIV,ETASP,EXISF, SKAPE, NNODE)
CALL JACOR2 (CARTD,DERIV,DJACH,ELCOD,SPCOD, IELEN,
KSAMP , RNODE, SHAPE)

CALL  MODPB  (THICK,DPLEX,DSHER,LPROP,PROPS,0,1)

CALL STRPB  (CARTD,DFLEX,DGRAD,DSHER,ELDIS,
MNODE, SHAPE, STRES,0,1,L1,L2)

STRSG(KSAMP, 1) =STRES(4)

STRSG(KSAKP, 2) =STRES(3)

RETURN

END

SUBROUTINE EXTRA (SHEAV,STRSG)
1INPLICIT REAL*B(A-K,0-Z)

DINENSION SHEAV(9,2),STRSG(4,2)
FACT1%1.+0.5250RT(3.)

PACT2=-0.5

FACTI=2-0.5

PACT4=1.-0.5*SQRT(3.)
DO 5 ISTRE=1,2
SKEAV(1,I8TRE)=STRSG(1, ISTRE) *FACT1+STRSG(2, ISTRE} *FACT2+
STRSG({3, ISTRE) *FACT3+STRSG(4, ISTRE) *FACTA
SHEAV(J,ISTRE)=STREG(2, ISTRE) *FACT14STRSG(1, ISTRE) *FACT2+
STRSG(4,ISTRE)*FACTI+5TRSG(, ISTRE) *FACT4
SHEAV(7, ISTRE)=STRSG{3, ISTRE) *FACT1+STRSG{1, ISTRE) *FACT2+
SYRSG(4,ISTRE)*FACT3+STRSG(2, ISTRE) *FACT4
SHEAV(9, ISTRE) =STRSG (4, ISTRE ) *FACTI+STRIG (2, ISTRE) *FACT2+
STRSG(3, ISTRE) *FACT3+STRSG(1, ISTRE) “FACT4
SHEZAV(2, ISTRE)=0,5* (SHEAV(1, ISTRE)+SHEAV(3, ISTRE))
SHEAV(4,ISTRE)=0.54 (SHEAV(1, ISTRE) +SHEAV(7, ISTRE})
SHEAV(6, ISTRE)=0.5% (SHEAV (3, ISTRE ) +SHEAV(Z, ISTRE))
SHEAV(B, ISTRE) =0, 5+ (SHEAV(7, ISTRE) +SHEAV(S, ISTRE) )
SHEAV(5, ISTRE)=0,25* (STRSG(1, ISTRE)+5TRSG(2, ISTRE)+
STRSG(3, ISTRE)+5TRSG(4, ISTRE) )}
CONTINUE
RETURN
END

SUBROUTINE HEMBR  (ETASP,EXISP, [ELEK, KSANP, LPROP, DREMB,
ELCOD, PROPS , NHODE, SPCOD, CARTD, SHAPE .
ELDIS,STRES, DERIV,L1,L2)

IMPLICIT REAL*E(A-H,0-Z)

DIMENRSION CARTD(2,9),DERIV(2,9),DHENB(3,3),ELCOD(2,9),
ELDIB(S,9),PROPS(10,3) , SHAPE(9),5PCOD(2,9),
STRES(8) :

ASAKP=KSAMP+1

CALL SFR2 (DERIV,ETASP,EXISP, SHAPE, NNODE)

CALL  JACOB2 (CARTD,DERIV,DJACE,ELCOD,SPCOD, IELEN,
KSAMP, NNODE , BHAPE )

CALL  NODMA  (DMENB,LPROP,PROPS)

CALL  STRMA  (DMEMB,CARTD,NNODE,STRES,ELDIS,L1,L2)

RETURN .

END

SUBROUTINE .BTRNA  (DMEMB,CARTD, NMODE, STREG,ELDIS,L1,L2)

INPLICIT REAL*8(A-H,0-I)

DINEMSION CARTD(2,9),DMENB(3,3) ,ELDIS(6,9),STRES(B)

ENB1120. ;

ENB22=0.

ENB12=0,

DO 10 INODE=1,MNNODE

DRIDI=CARTD( 1, IMODE)

DNIDA=CARTD (2, INODK)

DIEP1aZLDIS (L1, INODE)

DISP2=ILDIS (L2, INODE)

SMBl11aEMB]11+DNID]1+DISP) |

ENB22=EXB22+DNID2*DISP2
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10 ENMB12=EMB12+DNID1*DISP2+DNID2*DISP1
STRES(6)=DMEMB(1,1) *EMB11+DMENB(1,2) *ENB22
STRES({7)=DHEMB(2, 1) *EMB11+DMENB (2, 2) *EMB22
STRES (8)=DNEMB(3, 3) *EMB2Z
RETURN
END

SUBROUTIKE SOLVEQ (TREAC,HPOIN,HCPRM, NCPCR,
ASDIS, LNDDS,NEVAB, NGAUB, RGAUS , NGAUN,
NHODE, NDOFN, MATNO, PROPS, INDPL, NPNLX,
NPNLY ,NLAYR,NELPX,NELPY ,NELLA, THBAS,
THPHX, THPNY, SPHAL, SPNYH, INDLY, NLPRN,
NLPCN,NDLYR, NDLYC, INDCS, SKNOD, NCASE,
SK)
IMPLICIT REAL*B(A-Y,0-Z)
CONMON/STFRR/ STFRR
COMMON/STFCV/ STFCV
CONMON/ESTIF/ ESTIF
COMMON/GSTIF/ GSTIF
COMMON/CLOAD/ CLOAD
COMMON/CCSLD/ CCSLD
COMMON/COORD/ COORD
DIMENSION ASDIS(918,5),TREAC(25,3,5),DISPL(37%8,5),
COORD(153,3),LNODS(36,9),MATNO(36) ,PROPS(10,3),
ESTIF(54,54),GSTYIF(54,54),STFRR{252,252),
INDPL{153),NELLA(3),NELPX({3),NELPY(3),
THBAS(3,3),THPNX(3,4),THPNY (4,3),SPNXL(3),
SPNYW(3),CLOAD(918,5),CCSLD(378,5),
STFCV(126,378),5KNOD{153),INDLY({153,3),
INDCS(153),NLPRX(3),NLPCN(3)},NDLYR(42,2),
NDLYC(16,2)

P SO

+ + + + + F + F

WRITE(S,111)

111 FORMAT(’ subroutine solveg’)
CALL RAZERO (DISPL,378,5)
CALL RAZERO (ASDIS,918,5)
HCVRN=NCPRM*NDOFN
NCVCN=NCPCH*NDOFN

Ceet s w2 sSTATIC CONDENSATIONA " A A A Attt taddddnadaddontsddeddanattddinstdisn
WRITE(B,112)

112 FORNAT(' static condensation’)
NCVAR=HCVCN+NCVAN
DO 35 K=1,NCVCH
LL=NCVAR~K
KE=LL+1
Do 25 L=1,LL
IF(KK .LE. NCVRX) GO TO 105
DUN=BTFCV(XK-NCVRM, L) /STFCV({KK-NCVRN, KK)
GO TO 113

105 DUM=STFRR(KK,L)/STFRR{KK,KK)
115 Do 1% M=1,L

IF(L .LE. NCVRK .AND. KK .GT. NCVRK) GO TO 125
IF({L .GT. NCVRM .AND. XK .GT. NCVRK) GO TO 135
IF(L .LE. NCVRM .AND. KK .LE. NCVRM) GO TO 145
STFCV(L-NCVRM, N} =STFCV(L-NCVRM, M) -STFRR (KK, ) *DUN

Go To 15 .
125  STFRR(L,M)=STFRR(L,N)-STFCV(KX-NCVRM, ) *DUN
GO TO 15
135  STFCV(L-NCVRN,N)=STFCV(L-NCVRN,N)-STFCV(RK-NCVRM,N) *DUN
GO TO 15 :

145  STFRR(L,N)2STFRR({L,N)-STFRR{KK,K) *DUN
15  CONTINUE
DO 10 JCASE=1,NCASE ‘ .
10  CCSLD(L,JCASE)=CCSLD{L,JCASE)-CCBLD (KK, JCASE) *DUK
25  CONTINUE '
35  CONTINUE
DO 45 Xx2,LL
DO 45 L=1,K-1
45  SYFRR(L,K)=STFRR(K,L)

ConeeresSOLUTION PHASE S # 0 a0 o 00ttt b u itk A e a b e b awd b A bk d S s ARG SR e NI PRI DY
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WRITE(8,113)
113 FORMAT(’ solution phasa’)
CALL MHATINV (NCVRM)
0O 99 ICASE=1,NCASE
DO 5¢ FCVRM=1,NCVRM
DO 50 JCVRM=1,NCVRH
S0 DISPL({ICVRM, ICASE)=DISPL(ICVRM, ICASE j +CCSLO( JCVRM, ICASE) *
+ STFRR{ICVRH,JCVRN) '
CerepeseRACK SUBSTITUTION FOR COXDENSED D.O.F.*tedebnwonnpotsasstsinncess
WRITE(8,114)
113 FORMAT{® back subatitution’)
DO 85 J=],NCVCN
JJI=NCVRM+J
DUN=0.
K=JJ=1
DO 75 L=1,K
75 DUKsDUM+STICV(J,L) *DISPL({L, ICASE)
85 DISPL(JJ, ICASE)=(CCSLD({J+HCVRN, ICASE)-DUN) /STFCV(J,JJ)
cﬁ....l.u-mﬂm or “onn Dlspums'i'..t'lﬁl-b.ti..-.tittt't.
WRITE(S,1015)
1015 FORMAT(® rearrangement of displacements’)
DO 60 ICPRN=1,NCPRM
ICVRH=(ICPRM~-1)*NDOFN
DO 53 IPOIN=1,NPOIN
=3 IF{INDCS{IPOIN) .EQ. ICPRM) GO TO 57
57 ITOTV= ( IPOIN-1) *NDOFH
DO &0 IDOFN=1,NDOFN
ITOTV=ITOTV+1
ICVRKEICVRN+ 1
60 ABDIS({ITOTV,ICASE)=DISPL{ICVRM, ICASE)
DO 95 ICPCM=1, NCPCN
ICVCH=(ICPCN-1)*NDOFR
DO &3 IPOIN=1,MPOIN
63 IF({INDCE(I¥OIN}) .EQ. -ICPCN) GO T0O 67
67 IT0TV={IPOIN-1) *NDOFN
DO 95 IDOFH=]1,NDOFN
ITOTV=ITOTV+1
ICVCH=ICVCH+1
95 ASDIS(ITOTV, ICASE)=DISPL({ICVCN+NCVRM, ICASE)
99 CONTINUE
KZ=NLAIR
NLKPR*NLPRK(XZ)
NLKPC=NLPCN{KZ)
CALL SOLVLY (XZ,NCASE,NLKPR,NLKPC,NDOFN,NDLYR,NDLYC,
* ASDIS)
Do 100 1T=2,3
CALL GBETFNS (ASDIS,LRODS,HATNO,NEVAR,NGAUB, HGAUS,
ROAUN, NNODE, PROPE , NDOFN, NCPRK, NCPCN,
NPNLX, NPNLY , NLAYR, NELLA , NELPX, NELPY,
SPNXL,SPNYN, THBAS, THPNX, THPNY , SXNOD,
NPOIN, NCASE, INDPL, INDLY , NLPRM, NLPCN,
NDLYR, NDLYC, INDCB, 8K, IT)

+ + &+ 4

100 CONTINUE .
ci..l..-mﬂxoa mn‘xo“ﬁ.'..Q.!.!..‘.q‘IQ!Q"lt.‘.....t“".....tfi
WRITE(2,1186)
116 FORMAT(* reaction calculation’)
DO 110 ICASE=]l,NCASE
HSPRT=0
DO S0 IPOIN=1,NPOIN
IF({SXHOD(IFOIN) .XQ. 0.} GO TO 90
ITOTV={IFOIN-1) "NDOFH
NSPRIRMZORT+1
DO B0 IDOYN=1,)
ITOTV=ITOTV+1
TREAC(MSPRT, IDOFN, ICASE) =SKNOD (IFOIN) *ASDIS ( ITOTV, ICASKE)
20 CONTINUE
%0 CONTINUE
110 CONTINUK
-~ REZURN

153



END

SUBROUTINE SOLVLY (XZ,NCASE,NLV.PR,NLKPC,NDOFN,NDLYR, NDLYC,
+ ASD1S)
IMPLICIT REAL*B{A-H,0-Z)
COMMON/SLYCV/ SLYCV
COMNON/CLYLD/ CLYLD
DIHENSION NDLYR(42,2),NDLYC(16,2),DISLY{2688,5),
+ ASDIS(918,5),SLYCV({36,288),CLYLD(288,5)
WRITE(8,111)
111 FORMAT{* mubroutine solvily’)
NLPAH=NLKPR
NLPCR=NLKPC
HLVRM=NLPRHN*NDOFN
HLVCN=NLPCHN*NDOFN
DO 30 ILPRM=]1,NLPRM
IPOIN=NDLYR{ILPRM,KZ}
ILVRN={ILPRN-1}*NDOFN
IPOSH={IPOIN-1)*NDOFN
0O 30 IDOFN=), NDOFN
ILVRM=ILVRM+1
IPOSH=IPOSN+1
DO 20 ICASE=1,KCASE
20 DISLY (ILVRM, ICASE)SASDIS(IPOSN, ICASE)
30 CONTINUE
DO 50 ICASE=]1,NCASE
DO 50 J=1,NLVCH
JI=NLVRM+J
DUN=0.
K=JJ-1
DO 40 L=l,K
40 DUN=DUM+SLYICV(J,L) *DISLY (I, ICASE)
50 DIBLY{JJ, ICASE )= {CLYLD (J+NLVRH, ICASE)-DUN) fSLYCV(J,3J)
DO 30 1ILPCH=1,MLPCN
1POINSNDLYC (ILPCN,KZ)
ILVCH={ILPCN=1)*NDOFHN
IPOSN=(IPOIN=-1)*NDOFN
00 B0 IDOFN=1,NDOFN
ILVCN=ILVCN+1
IPOSN=IPOSN+1
DO 30 ICASE=],NCASE
: 1] ASDIS (IFOSH, ICASE )=DISLY { ILVCN+KLVRM, ICASE)
90 CONTINUE

RETURN

END

SUBROUTINE SOLVPN ({NCASE,NPPRH, NPPCN,NPOIN, NDOFN, IPNOD,
+ ASDIS)

IMPLICIT REAL*8(A-H,0-Z)
COMMON/PKSCV/ PRSCV
COMMON/CPNLD/ CPNLD
DINENSION IPNOD(153),PNLDS(150,5) ,ASDIS({918,5),
+ PNSCV(54,150),CPNLD(150,5)
) NPVRHSNPPRNHDOFN
NPVCN=NPPCH*NDOFN
DO 30 IPPRN=l,MPPRN
DO 10 IPOIN=1,NPOIM
10 IF(IPHOD(IPOIN) .EQ. IPPRM) GO TO 20
20 IPVRN=(IPPRN-1) *NDOFN 1
IPOSH=(IPOIN-1)*NDOFN
DO 20 IDOFN=1,NDOFX
IPVRN=IPVEM+1
IPOSN=IPOSN+]1
DO 30 ICASE=1,NCASE
a0 PNLDS ( IPVRM, ICASE) =ASDIS (IFOSN, ICASE)
DO 50 ICASE=1,MCASE
DO 50 J=1,XPVCH
JIaNPYRN+T
DUNM=0.
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K=JJ=1

Do 40 L=1,K
DUM=DUM+PRSCV(J,L)*PNLDS{L, ICASE)
PHLDS (JJ, ICASE) =(CPNLD{ J+NPVRM, ICASE ) -DUN) /PHSCV(J,JJ)
Do 90 IPPCM=1,KPPCH

DO 60 IPOIN=1,NPOIN

IF(IPMOD(IPOIN) .EQ. -IPPCN) GO TO 70
IPVCN=({IPPCN~-1) *"NDOFN+NPVRM
IPOSH={IPOIN-1) *NDOFN

DO 80 IDOFPN=1,MDOFR

IPVCN=IPVCH+1

IPOSH=IPOSN+1

DO BO ICASE=l,NCASE

ASDIS (IPOSN, ICASE)aPNLDS  IFVCN, ICASE)
CONTINUE

RETURN

END

SUBROUTINE HATINV (N}
IMFLICIT REAL*EZ(A-H,0-Z)
COMMOM/STFRR/ ST

DIMENSION 5T(232,232)
MRITE(&,111)

FORMAT(® subroutina matinv‘)
po 19 I=1,N

ZaST(Y,I)

ST(I,I)=1.

Do 60 J=1,R
8T(1,J)=8T(I,J}/Z

DO 19 K=1,N

IF(%x-I1)3,19,3

2=8T(X,1)

ST(X,I)=0.

DO 4 JI=1,N

BT (K,J)=8T(K,J)-Z*ST(I,J)
CONTINUE

RETURN

END

BUDROUTINE GEOMET (NPNLX,NPRLY, NLAYR,NELPX,NELPY, NELLA,
LNODS, PROPS , MATNO, NCABSE, INDPL,
NPOIN, NDOFN, NELEN, RT0TV, THPNX, THPNY,
. THBAS, HIGHT, ZHIGH, THCBS, XLNGT, YNDTH,
SPNXL, SPNIN, XLKOD, YWMOD , RCPRM, RCPCN,
NMODE, NLPRM, NLPCN, NDLYR, NDLYC, INDLY,
INDCS, 5K)
INPLICIT REAL*B8(A-H,0-2)
COMNON/COORD/ CCORD
DIMENSION NELPX(J),NELPY(3),NELLA(J),SPNXL(3),
SPHYM()) ,HIGHT (3) ,THBAS (), ) , THPHX(3,4),
THPNY(4,3),COORD({153,3),LKODS(36,9) ,PROPS(10,3),
MATNO{36) ,NMATB(3,3),MMATL(3,4,3) ,NHATWH(4,3,3),
TITLE{20), INDPL{153), INDLY{153,3),NLPRM(3),
NLPCN(3),NDLYR(42,2),NDLYC(16,2), INDCS(153)
WRITE(S,111)
FORMAT(® subroutine gsomat'’)
READ(S,920) TITLE
WRITE(6,921) TLTLE

READ(S, *) XLNGT, YNDTH, SHIGH
WRITE(S,1000) XLNGT,YWDTH,ZHIGH
READ(S, *) NPNLX, NPNLY , NLAYR

WRITE(G,1010) NPHLX, HPHLY,KLAYR

ARAD(S, *) ILSPN, INSPN, IXTHC, IYTHC, NMATS, NCASE
"WRITE(6,1020) ILSPN, INSPN, IXTHC, IXTHC, NNATS, NCASE

WRITE(6,910)

DO 12 INATS=1,XMATS

READ{S,*}  NUMAT, (PROPS (NUMAT, IPROP) , IPROP=1,3)

WRITE(6,912) WUMAT, (PROPS (NUNAT, IPROP), 1PROP=1,3)

CALL  BASETH (MMATB,IXTHC, IYTHC,THBAS,NPNLX,NPHLY,THCBS,SX)
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WRITE(6,99) SK

WRITE(6,1030) THCBS

HRITE(6,1040) ((IX,JY,NMATB(IX,JY),THBAS(IX,JY),J¥=1,NPNLY),
1X=1,NPNLX)

WRITE(6,1049)

READ(5,*) (HIGHT(I),NELLA(I),I=1,NLAYR)
WRITE({6,1050) (I,HIGHT(I),HELLA(I),1=1,MNLAYR)
WRITE(6,1059)

RERD(S,*) (NELPX(IX),IX=1,NPNLX)
WRITE(6,1060) (IX,NELPX(IX},IX=1,NPNLX)
WRITE(6,1069)

READ(S,*) (NELPY(JY),JY=1,NPNLY)

WRITE(6,1070) (JY,MELPY{JY),J¥=1,6NPHLY)

DO 10 XZ=1,NLAYR

CALL GEOLYR (XZ,NPNLX,NPNLY,XLNGT, YNDTH, IXTHC, ITTHC,
ILSPN, IKSPN, THPHX, THPNY , SPNXL, SPNIW, NMATL,
NMATH, XLMOD, YHMOD)

WRITE(6,1079)

WRITE(6,1080) ((KZ,IX,JY,NMATL{IX,J¥,KZ),THPNX{IX,JY),

IX=1,NPNLX),JY=1,NPNLY+1)

WRITE(6,108%)

WRITE(6,10%0) ((KZ,JY,IX,NMATH(IX,JY,K%),THPNY(IX,JY),

J¥=1,NPNLY}, IX=1,NPNLX+1)

CONTINUE

CALL NOPEPS (NPNLX,NPNLY,NLAYR,NELPX,NELPY,NELLA,NPOIN,
NELBX,NELBY, NELNZ, NELEN)

NTOTV=NPOIN*NDOFN

WRITE(6,1100) NELBX,NELBY,NELMZ

WRITE(6,1110} NELEM,NPOIN

CALL HODCOR (NPNLX,NPNLY,NLAIR,NELPX, NELPY,NELLA,
SPNXL, SPNYW, HIGHT, THCES)

WRITE{6,1119)

WRITE(6,1120) (IPOIN,(COORD(IPOIN,I),I=1,3),IPOIN=1,NPOIN)

NLPXT=0

NLPXT=0

CALL ELMNOD (NNODE,NPOIN,NCPRN,NCPCN,NLAYR,NPNLX,
NPNLY,NELBX, NELBY , HELMZ, NELLA, NELPX,
NELPY,LNODS, MATHO , NKATB , NNATL , NNATH,
INDPL,NLPRM, NLPCN, INDLY, NDLYR, NDLYC,
INDCS, HIGHT)

WRITE(6,1129) (I,I=1,9)

WRITE(6,1130) {IELENM, {LNODS(IELEN,INODE),INODE=1,9)

. IELEH=1,NELEN)

FORMAT(//10X, 'ELASTIC NODULUS OF SUBGRADE REACTION =',E12.4)

FORMAT(20A4)

FORMAT(/////,1%,20A4)

FORMAT(//10X, 'ELEMENT PROPERTIES',/10X,1B(1M*),//2X, 'NUNBER‘,

5X, ' YOUNG MODULUS‘,SX, POISSON RATIO',2X,

*SPECIFIC GRAVITY',/2X,6({1H-),2(5X,13{1H-)),2X,16(1K-))

FORMAT(I8,3E18.6)

FORMAT(//,’ NODE’,EX,'CODE',6X, 'FIXED VALUES')

FORMAT(//10X,’TOTAL LENGTH’,SX,'TOTAL WIDTH',5X,

'TOTAL HEIGHT',/10X,3{13(1H-},5X%),/10X,3(F13,.3,5X))

FORMAT(/ /10X, *HO. OF PANELS’,5X, 'NO. OF PANELS',5X,

*NO. OF LAYERS',/1D0X,' X direction *,5X,’' ¥ direction ’,5X,

* Z direction *;/10X,3(13(1H-),5X),/10%,3(6X,12,10X))

FORMAT(//10X, 'ILSPN IWSPN IXTHC IYTHC’,/10X,4({5(1H-),1X),/10X,

4(4X,I1,1X),////20K, '"NO. OF MATERIAL TYPES=’,12,//,//20%,'NO. ',

‘OF LOAD CABE(8) =',12,//)

FORMAT(//10X, 'NININUN THICKNESS OF BASE PANELS =',F6.3,//10X,

*IX’,5X,'JY’,5X, ‘MATERIAL TYPR',5X, 'THBAS (IX,J¥)*,/10X,2(2(1M-)

+3%) ,2(13(1E-) ,5X))

FORMAT{10X,12,5X,12,16X,12,12X,F6.3)

FORMAY{//10X, *LAYER §#‘,5X, HEIGHT OF LAYER’,

5X,‘d OF ELEMENTS IN MEIGHT’,/10X,7(1H-),5X,15(14-),

5X,23(1H-))

FORMAT(15X,12,14X,r6.3,26X,12)

FORMAT(//10X,’PAMEL §',5X,’§ OF ELEMENTS LENGTHWISE’, /10X,

7(1H~),5X,24(1H-)}
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FORMAT (15X,12,16X,12)

FORMAT(//10X, 'PANEL #°,5X,’# OF ELEMENTS WIDTHWISE’,/10X,
7({1H=),5X,23¢(1H=))

PORMAT(15X,12,16X,12)

PORMAT(//10X, ‘LAYER 0*,5X, LONGT. PANEL #',5X,'TRANS.’

,' LOCATION §°,5X, MATERIAL TYPE’,5X,’PANEL THICKNESS',
/10x,7({18-},5%,14(1H-),5X,17 {1H=-},5%,13(18-),5%,15(1H=-))
PORMAT{15X,12,17X,12,20X,12,16X,12,15X,F5.3)
FORMAT{//10X,’'LAYER #',5X, TRANS. PANEL #',5X, 'LONGT.’

,* LOCATION §’,5X, MATERIAL TYPE’,S5X, PANEL THICKNESS',

/10X,7 (1H=-),5X,14{1H-),5X,17 (14-),5X,13(1H-),5X,15(2H-))

FORMAT (15X,12,17X,12,20%,12,16%,I2,15X,F5.3)

FORMAT(//5X,'# OF ELHNTS LENGCTHWISE’,3X,’d# OF ELHNTS’,

'  WIDTHWISE’,3X,"# OF ELNMNTS IN HEIGHT’,/5X,3(22(1H-),3X),
/5%,3(11%,12,12X)}

FORMAT(///10X, ' TOTAL NO. OF ELEMENTS =',I5,//10X, TOTAL KO.*
,*' OF NODES =',I5)

FORMAT(//10X, *NODE*,5X,’% COORD',5X,’'Y COORD’,5X,‘'Z COORD’, /10X,
4{18-),5X,3(7(1H-),5X))

FORMAT(10X,14,5X,F7.3,5X,F7.3,5X,F71.3)

FORMAT(//10X, "ELK #*,9(1X,’NODE’,X1,1X),/10X,5(18~),9(1X,5(1H=),
1X)) :

FORMAT(10X,14,517)

RETURN

ENHD

SUBROUTINE BASETH (NMARTB,IXTHC,IYTHC,THBAS,NPNLX,NPNLY,
THCRS, 5K)

IMPLICIT REAL*8(A-H,0-Z}

DINENSION THBAS(3,3) ,KMATB(3,3)

READ(S,*) BK

IF(IXTHC .RE. O .OR. IYTHC .NE. @) GO TO 20
READ(5,*) IBMAT,THCBS

DO 10 IX=1,NPHLX

DO 10 JY=1,NPNLY

NMATB(IX,JY)=IBNAT

THBAS(IX,JY)=THCES

RETURN

IF{IXTHC .NE. D .AND. IYTHC .NS. 0) GO TO §0
IF(IXTRC .HE. D) GO TO 40

READ(5,*) (NMATB(1,JY),THBAS(1,JY),J1=1,4PNLY)
DO 30 IX=2,NPNLX

DO 30 JYzl,NPNLY

NMATB(IX,JY)aNHATB(1,JY}
THBAB{IX,JY¥)=THBAS(1,JY}

Qo TO 80

READ(S,*} (NMATB(IX,1),THBAS{IX,1),IX=l,NPNLX)
DO S0 JY=2,NPNLY

DO 50 IX=l,NPNLX

NMATB(IX,JX)*NNATB(IX,1)
THRAS(IX,JY)aTHBAS({IX,1)

a0 TO B0

DO TU IXs=1,NPNLX

READ(S,%) (NMATB{IX,JY),THBAS(IX,JY),JY=1,HPNLY)
THCBS=THBAS(1,1)

DO 90 IX=1,NPNLX

DO 90 JY=1,NPNLY

IF(THBAS(IX,JY) .LT. THCBS) THCBS=THBAS({IX,JY)
RETURN

END

SUBROUTINE GEOLYR (XZ,NPHLX,NPNLY,XLNGT, YWDTH, IXTHC,
IYTHC, TLEPN, INSPN, THPNX, THPNY , SPNXL,
SPRYW, NNATL, KMATH, XLNOD, THNOD )

IMPLICIT REAL*8(A-H,0-I)

DINEHSION THPKX(3,4) , THPNE (4,3) , BPNXL(3) ,BPNINH(3),

MMATL(3,4,3) ,NMATW(4,3,3)
IF(IXTHC .NE. 0) GO TO 20
READ(S,*) (NMATL(1,JY,KZ),THENX(1,JY), =1, NPNLY+1)
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DO 10 IX=2,NPNLX

PO 10 JY=1,HPHLY+1

NMATL(IX,JY¥,KZ)=NMATL(1,JY,KZ)
THPNX(IX,J¥)=THPNX(1,JY)

GO TO 40

DO 30 IX=1,NPNLX

READ(5,*) (NMATL(IX,JY,KZ),THPNX(IX,JY),JY=1,HPNLY+1)
IF(IYTHC .NE. 0) GO TO 60

READ(S5,*) (NMATW(1X,1,KZ),THPNY(IX,1),IX=1,NPHLX+1)
DO 50 JY=2,NPNLY

DO S0 IX=1,MPNLX+1

NMATW(IX,JY,KZ)=NMATH(1X,1,KZ)
THPNY(IX,JY¥)=THPNY(IX,1)

GO TO BO

DO 70 JY=1,HPNLY

READ(S,*) (HNATW(IX,JY,KZ),THPNY(IX,JY),IX=1,NPNLX+1)
IF(KZ .GT. 1) RETURN

THMYL=THPNY(1,1)

DO 90 JY=2,NPNLY

IF(THPRY{1,JY) .LT. THNYL) THMYL=THPRY(1,JY)
THMYR=THPNY {(NPNLX+1,1)

po 100 JY=2,NPHLY

IF{THPNY (NPNLX+1,JY) .LT. THMIR) THMYR=THPNY (KPNLX+1,JY)
IF(ILSPN .NE. 0} GO TO 120

DO 110 IX=1,NPNLX

XLNOD=XLNGT~ { THNYL+THMYR) /2.

SPNXL{ IX)=XLMOD/NPNLX

GO TO 140

READ(S,*) (SPNXL(IX),IX=1,KPNLX)

XLMOD=0.

DO 130 IX=l,HPNLX

XLNOD=XLNOD+S5PNIL(IX)

XLNTR=XLNGT~- (THMYL+THMYR) /2.

IF(XLHOD .EQ. XLMTR) GO TO 140

HRITE({*,1000) XLMOD,XLNTR

FORMAT( 'CHECK FOR LENGTH OF PANELS IN X DIRECTIOH. XLMOD=',
F10.3,‘0R',F10.3)

THMXL=THPNX(1,1)

DO 150 IX=2,NPHLX

I¥ (THPRX(IX,1) .LT. THMXL) THMXL=THPNX(IX,1)
THMXRSTHPNX (1, NPNLY+1)

po 160 IX32,NPNLX

IF(THPNX(IX,NPNLY+1l) .LT. THMXR) THHXR=THPNX{IX,NPNLY+1)
IF{INSPN .NE. 0) GO TO 180

DO 170 JY¥=1,NPNLY

YHHOD=YNDTH- { THMXL+THNXR) /2.

SPNYN{JY }=YNHOD/NPNLY

RETURN

READ(S,*) (SPNYNW(JY),J¥=1, NPNLY)

YHMOD=0.

DO 200 JY=1,NPNLY

YHHOD=YNHOD+SPHEN (JT)

YNHTR=YHDTH- { THHXL+THMXR) /2.

IF{YWNOD .EQ. YWKTR) RETURN

WRITE(*,1010) YWHOD,YWNIR

FORMAT(‘CHECK FOR LENGTH OF PANELS IN Y DIAECTION. YWMOD=',

F10.3,’0R’,F10.3)

RETURN

END

SUBROUTINE NOPEPS (NPNLX,NPNLY,NLAYR,NELPX,NELPY,NELLA,

NPOIN,NELBY, HELBY , NELNZ , NELEN)
INPLICIT REAL*H{A-H,0-Z)

DIMENSION NELPX{3),NELPX(3),NELLA(3}

HOPLX=NPHLX* (NPNLY+1)

HOPLYSNPHLY* (NPNLX+1)

NPLYRsNOPLX+NOPLY

NOPLBaNPNLX*NPNLY

NLPXT=0
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NLPYT=0
HELMZ=0
NELBX=0
NELBY3D
DO 10 IX=1,NPNLX
10 NELBX=NELBX+NELPX(IX)
DO 20 JY=1,NPNLY
20 NELSY*NELBY+KELPY(JY)
DO 30 KZ=1,NLAYR
MELMISNELNZ+NELLA(KZ)
WLPXTANLPXT+NELBX * (NPNLY+1) *NELLA(KZ)
MLPYT2NLPYT+NELBY* (NPNLX+1) *NELLA (KZ)
k1) COKTINUE
HELNB=NELEX *NELBY
HPTPX=(NELBX*2+1)* {NPNLY+1)
NPTPY=(NELBY#*241) ¢ (NPNLX+1)
NPTHR=NPTPX+NPTFY-{NPNLX+1)* (NPNLY+1)
HPTWL=2 ¢ NPTHR*NELMNZ
HPOINSNPTHL+ {2*NELSX+1)* (2*NELBY+1)
Go TO 70
70 HPLIT=NOPLB+NLAYR*HPLYR
NELEN=NLPXT+NLPYT4NELNE

RETURN

END

 SUBROUTINE HODCOR  (NPHLX,NPNLY, HLAYR,NELPX,NELPY,NELLA,
+ SPHXL, SPNIW,HIGHT, THCBS)

INPLICIT AKAL*S(A-H,0-I)
COMMON/COORD/ COORD

DIKENSION NELPX{3),NELPY(3),NELLA(3),SPNXL(3),SPNH(3),
+ HIGHT(3),COORD(153,3)
HIGHT(1)=HIGHT(1)+THCES/2.
XCOOR=0,
NODEP=D

DO 100 IX=1,NPHLX
XINCR2SPUXL(IX)/ (2. *RELPX(IX))
HPHTX=2*HELPX{IX}+1
I1=2
IF(IX .EQ. 1) I1=°
DO 200 I=Xl,NPNTX
XCOORSXCOOR+XINCR .
IF{I .EQ. 1} XCOOR=XCOOR-XINCR
YCQOR=0.
PO 300 JY=l,NPNLY
YINCR=BPNYN(JY)/ (2. *NELPY(JY))
NPNTY®24NELPY (JY)+1
J1=2
Ir(JY .EQ. 1) Jis}
DO 400 J=J1,HPNTY
YCOOR=YCOOR+YINCR
IF(J .EQ. 1) YCOOR®=YCOOR-YINCR
NODEP=HODEP+1
COORD{MODEP, 1) =XCOOR
COORD (NODEP, 2) =YCOUR
COORD (MODEP, 3) =0,
IF(I .EQ. NPKTX .OR. J .EQ}. NPRTY) GO TO 10
IF(I .GT. 1 .AND. J .GT. 1) GO TO 400
10 DO 500 K2=1,HLAYR
XK=2*HELLA(KZ)
TINCR=HIGHT(KX) /KK
DO 600 X=]1,RX
HODEN=MODEP+X
COORD {NODEN, 1 )=XCOOR \
COORD {NODEN, 2 ) =YCOOR
600 COORD(NODEN, 1) =COORD ( NODEP, 3)+K*ZINCR
NODEPERODEN
500 CONTINUR
400 CONTINUE
300 CONTINUE
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CONTINUE
CONTIRUE
RETURN
END

SUBROUTINE ELMNOD (NNODE,NPOIN,NCPRM,NCPCN,NLAYR,NPNLX,
NPNLY, NELBX, NELBY, KELMZ, NELLA, NELPX,
NELPY,LNODS, MATNO, NHATB , NNATL , NMATH,
INDPL, NLPRM, NLPCN, INDLY , NDLYR, NDLYC,
INDCS, HIGHT)

IMPLICIT REAL*8(R=H,0-Z)

COMMON/COORD/ COORD

DIMERSION NELLA(3),NELPX(3),NELPY(3),LNODS(36,9),

NATRO(36) ,NMATB(3,3),NNATL(3,4,3),NNATW({4,3,3),
KONTP(153), INDPL{153), INDLY(153,3),INDCS(153),
KONTC(153) ,NDLYR{42,2),NDLYC(16,2) ,NLPRN({3),
NLPCN({3),CO0RD(153,3),HIGHT(3)
CALL IVZERO (INDPL,153)
CALL ELMPB1 (NPKLX,NPNLY,NELBY, NELMZ, NELPX, NELPY, NLPBT,
INPYY, INPYX,LNODS , MATND, NMATE , XKONTP)

NELMI=1

NELMF=NLPBT

CALL NODVPL (NELMI,NELMF,KNODE, LNODS, INDPL, KONTP)

b0 10 KZ=1,NLAYR

CALL ELMPY1 (KZ,NPNLX,NPHLY,NELBY,NELMZ,NELLA,NELPX,

NELPY,NLPART, NLPYT, NLPXT, INPYX, INPYX,LNODS,
MATHRO, HNHATN, KONTP)

NELEK=RELLA (XZ)} *NELBY * { NPNLX+1)

RELNFaNLPBT+NLPYT+NLPXT

NELMNI=NELMF=NELEM+1

CALL NODVPL (NELMI,NELMF,NNODE,LNODS, INDPL,KONTP}

CALL ELMPX1 (KZ,NPNLX,NPNLY,NELNZ, 6 NELLA,NELPX,NELPY,

NRLPBT,NLPYT, NLPXT, INPYY, INPYX, LNODS,
HATNO , NMATL , KONTP}

HELEM=NELLA (KZ) *HELBX* { NPHLY+1)

HELMF=KLPRT+NLPIT+NLPXT

NELMNI=NELNF-NELEK+1

CALL NODVPL (NELMI,NELNF,NNODE,LNODS, INDPL,KONTP)

CONTINUE

NPPRH=0

HPPCN=0

DO 30 IPOIN=],NPOIR

IVROD=INDPL{IFOIN)

IF(IVNOD .GT. 0) GO TO 20

NPPCN=NPPCN+1

INDPL(IPOIN)=-NPPCN

Qo TO 20

NPPRN=NPPRM+1

INDPL{IPOIN)=NPPRN

CALL  IAZERO (INDLY,153,3)

CALL  IVZERO (INDCS,153)

CALL IVIERO (XONTP,153)

CALL  BASELM (IELEN,MNPNLX,NPNLY,NELPX,NELFY,LNODS,
KONTP, INDPL, INDLY , INDCS)

ZBOT=0.

DO 60 KZ=1,NLAYR

ZTOP=2ROT+HIGHT (KZ)

CALL TRPELK (IELEM,KZ,ZBOT,2TOP, NPNLX,NPNLY,
HLAYR, NELPY, NELLA, LNODS , XONTP, INDPL,
INDLY, INDCS)

CALL  LNPELM (IELEM,KZ,ZBOT,ZTOP,NPNLX,NPNLY,
NLAYR, NELPX,NELLA, LNODS , KONTP, INDPL,

. INDLY, INDCS)

MLPRN(KZ)=0

NLPCN(KZ)=0

DO 50 IPOIN=1,RPOIN

IF{INDLY{IPOIN,XZ) .EQ. 0) GO TO S50
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IP(INDLY(IPOIN,XZ) .CO. -1) GO TO 40
KLPRM(KZ)=NLPRK(KZ)+1

INDLY { IPOIN,KZ) =NLPRM(KZ)
NDLYR({WLPRN(KZ) ,XZ)=IPOIN
IF(INDCS(IPOIN) .EQ. 0) INDCS(IPOIN)=-1
CO TO S0

NLPCK(XZ)=NLPCH({KZ)+1

IMDLY ( IPOIN,KZ)=-NLPCN(XZ)

NOLYC (NLPCM(XZ) ,KZ)=IPOIN
CONTINUE

ZBOT=2ITOP

CALL IVIERO (KONTP,153)
CONTINVE

NCPRM=0

NCPCN=0

CALL IVIERO (KONTC,133)

DO 80 IPOIR=1,NPOIN

I7 (INDCS(IPOIN) .EQ. 0) GO TO 80
KONTC ( IPOIN) =KONTC{ TPOIN)+1

1P (XONTC(IPOIN) .GT. 1) GO TO 80
IF(INDCS(IPOIN) .EQ. -1) GO TO 70
NCPRM=NCPRM+1

INDCS (IPOIN) =NCPRM

GO TO 80

NCPCN=MCPCHN+1

INDCS (IPOIN)=-NCPCN

CONTINUE

RETURN

END

SUBROUTINE ELNPB] (NPNLX,HPNLY,NELBY, NELMZ,NELPX,NELPY,
' HLPBT, IRPYY, INPYX,LNODS,NATNO, NMATB,

KONTP)
INPLICIT REAL*8(A-H,0-Z)

DIMENSION KNODZ(9) , NELPX{3) ,NELPY (3},LNODS(26,9),

MATHO{36) , NHATB(3,3) , KONTP (153)
CALL  IVZERO (KONTP,1531)
HLPBY20
INPYY=({2*NELKZ+1)*({25NELBY+1)
INPYXx0
DO 10 JY=1,NPNLY .
INPYX=INPYX+2VNELPY (J1)-1
INPYX=INPYX+(24NELNZ+1) * (NPNLY+1)
KNODE(1)=1
KNODE(2) =INPYY+1
KNODE (3 ) "INPYYX+INPYX+1
DD 400 JYml,NPNLY
DO 300 IX=l,NPNLX - .
DO 200 I=1,NELPX{IX)
DO 100 J=1,NELPI{JY)
NLPBT=NLPET+1
MATHO (NLPRT) sHMATB(1X,JY)
IF(J .GT. 1) GO T0 30
XNOD1=XNODE(3)
KNODE (4) *KNODE () +2*NELKZ+1
DO 20 INODE=3,9
KNODE ( INODE) =XNODE { INODE-7 ) +2*NELNZ+1
GO TO 60 /
DO 40 INODE=1,3
KNONE ( INODE ) =XHODE ( 8~ INNDE)
KNODE (4) sKNODE (3)+1
DO S50 IMODE=S,S
XNODE ( INODE ) »XNODE { IMODE=T)+1
IF(X .XQ. 1) KNODE (8)=XNODE( 8)+2 *NELNZ
IF{1 .EQ. MELPX(IX)) KNODE(4)=XNODE(4)+2*NELNZ
KNODE (S) =KNODE (4)+1
KNODZ (6} =KNODE (9)+1
XNODE (7 )=KNODE(B}+1
IF(I .EQ. 1) KNODE (7) 3KNODE(7 ) +2*HELMZ
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IF(I .EQ. NELPX(IX}) KHODE(S)=KNODE(S)+2*NELHZ
DO 70 INODE=1,9

LNODE=XNODE ( INODE }

LNODS (NLPBT, INODE ) =LNODE

KONTP (LNODE ) =KONTP ( LNODE) +1

CONTINUE

IF(IX .EQ. NPNLX .AMD. T .EQ. NELPX{IX)) GO TO 210
KRODE(1)=KNOP]
KNODE(2)=KNODE(1)+INPYX
KNODE(3)=KNODE({1)+2+INPYX
IF(I-NELPX(IX)+1) 200,110,120

IF(JY .EQ. 1) GO TO 200

INPYB=0

DO 11 JJY=1,J1-1
INPYB=INPYB+(2*NELPY (JJY)-1) *2*NELMZ
KNODE (3) =KNODE {3 ) +INPYB

GO TO 200

INPIA=0

DO 12 JIY=JY,NPNLY
INPYA=INPYA+({24NELPY (JJY)-1)*2*NELHZ
DO 13 INODE=1,3

KNODE { INODE ) =KNODE { INODE ) + IKPYA
IF(KELPX(IX+1) .GT. i .OR. JY .EQ. 1) GO TO 200
INPYB=0

DO 14 JJY=1,JY-1
INPYB=INPYB+(2*NELPY (JJY)~1) *2*NELNZ
KNODE {3)=KNODE{3)+INPYB

CONTINUE

CONTINUE

CONTINUVE

IF(JY .EQ. NPNLY) RETURN.

INPYI=O

INPXN=0

DO 320 JJ¥=1,JY

INPYISINPYI+24NELPY (JJY)*{2+NELMZ+1)
INPXX=INPXN+2*NELPY (JUY)~1
INPXN=INPXM+JY* (2*NELMZ+1)
KNODE (1) =INPYI+1

KHODE(2) =INPYY+INPXM+1
XNODE(3)=KNODE(2) +INPYX

IF(NELPX({1) .EQ. 1) KNODE({3)=INPYY+INPYX+INPYI+1
CONTINUE

RETURN

END

SUBROUTINE ELMPYLl (KZ,NPNLX,MNPNLY,MELBY,NELMZ,NELLA, NELPX,
NELPY, NLPRT, NLPYT, NLPXT, INPYY, INPIX,
_ LNODS , MATHO, NKATH, KONTP )
IMPLICIT REAL*E(A-H,0-Z)
DIKENSION KRODE(9) ,NELPX(3) ,NELPY(3),NELLA(3),
LNODS(36,9) ,MATNO(36) , NMATH(4,3,3) , KONTP{153)
CALY.  IVIERO (KONTP,153)
NODIN=0
DO 400 IX=1,NPNLX+1
KNODE(1) =4 *NELMZ+1
KHODE (2) =2 YNELKZ
KNobE(3)=-1
IF(KZ .EQ. 1) GO TO 30
INCNZ20
DO 10 KXZ=1,KZ-1
INCNZ=INCNZ+2*KELLA(KKZ})
DO 20 INODE=Y,?
KMODE ( INODE) »KNODE { INODE } +IHCNZ
DO 40 INODE=d,2 kS
KNODE { IMODE ) =KNODE { INODE ) +RODIX =
DO 300 JY=1,NPHLY
DO 200 J=1,NELPY{(JY)
DO 100 X=1,NELLA(KZI)
NLPITaMLPIT+1

162



30
100

110
200
210
300

310

400

10
20

30

40

50
100

IELEM=HLPBT+NLPYT+NLPXT

HATNO({ IELEN) =MMATH(IX,JY,KZ)
KMODE(&)=KNODE(3)+1

XHODE ({3 )=RMODE({3)+2

KNODE {6)=KNODE(2)+2

KNODE (7 )=KNODE(1)+2

KNODE(8)=KMODE(1)+1

KNODE(9)=KNODE(2)+1

DO 50 INODE=1,9

KNODE ( INODE ) *XNODE ( IHODE ) +2

LNODE=KNODE ( INODE)

LMNODS { IELFH, INODE ) *LRODE

KONTP (LMODE ) =KONTP (LNODE)+1

CONTINUE

IF{J{ .EQ. NPNLY .AND. J .EQ- NELPY(JY)} GO TO 210
DO 110 INODE=1,3
KNOD!(IRDDE)=KHODE(INODE)+4'HELH2-2'RELLA(KZ)02
CORTINUE

CONTINUE

CONTINUE

DO 310 INODE=1,3}

XNODE ( INODE) SKNODE { 1RODE) — (KELBY=1) * (4 YHELMZ+2)
IF(IX .EQ. NPMLX+1l) RETURM

MODIN=MODIN+INPYY+ (2*NELPX{IX)~-1)*INPYX

CONTINUE

RETURN

END

SUBROUTINE ELMPX1 (X32,NPNLX,NPNLY,KELMZ,NELLA,NELPX,NELPY,
NLPBT, KLPYT, NLPXT, INPYY, INPYX,LNODS,
HATNO , KMATL , KONTP)

INPLICIT REAL®E(A-H,0-Z}

DINENSION KNGUDE(9) ,NELPX(3) ,NELPY{3) ,MELLA(3),

LNODS (36,9) ,MATHO(36) ,NMATL(3,4,3) , KONTP(153)
CALL  IVZERO (NONTP,15))
KHODE{1)=-1
¥HODE(2) =INPYY-1
XNHODE (3) =INPEY+INPYX-1

IF(KT .EQ. 1) GO TO 20

DO 10 RKZ=1,XZ~1
INCHZ=INCNZ+2*NELLA(XXZ)

DO 400 JY=1,NPXLY+1

DC 30 INODE=1,3

XNODE ( THODE) »KNODE ( INODE) +INCHZ
DO 300 IXal,NPHLX

DO 200 I=l,NELPX(IX)

DO 100 K=1,NELLA(XX)
MLPXT=NLPXT+1
IELEN=NLPBT+NLPYT+NLPXT

MATNO { TELEM) SMMATL{1X, JY,K2Z)
DO 40 INODE=1,3

KNODE ( INODE }=XNODE { INODE)} +2
KNODE (4) =KNODE(3)+1

XNODE (5)=KNODE{I)+2
KNODE(6)}=XNODE(2)+2

KMODE{7 )=KNODE(1)+2
XNODE(8)=KNODE(1)+1

KNODE(9) =KNODE {2} +1

DO 50 INODER1,9
LXODE=KNODE(INODE)

LNODS ( IELEN, INODE ) sLNODE
KONTP (LNODE ) *KONTP (LNODE) +1
CONTINVE

IF(IX .EQ. NPNLX .AND. I .EQ. NELPX(IX}) GO TO 210
XMODE (1) wKNODE (3} -2*MELLA (KZ)
XNODE (2} =KNODE(1)+INPYX
KNODE({)) =KNODE(1)+2%INPYX
IF(I-MELPK(IX)+1) 200,110,120
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IF(JY .EQ. 1) GO TO 200

INPYB=0

Do 11 JJT=1,J1-1
INPYB=INPIB+(2*NELPY (JJY}~1) *2*NELKZ
KRODE(J)=KNODE(3)+INPIB

GO TO 200

IF(JY .EQ. NPHLY+1) GO TO 14

INPIA=0

DO 12 JJY=JY,NPNLY
INPYA=INPYA+(2*NELPY (JJY)-1) *2*NELNZ
DO 13 INODE=2,3

XNODE ( IRODE ) =SKNODE ( INODE) +INPYA
IP(KELPX(I%+1) .GT. 1 .OR. JY .EQ. 1) GO TO 200
INPTB=0

D0 15 JJY=1,J1-1
INPYB=INPYB+{2*NELPY (JJY)~1)*2*NELMNZ
KNODE (3)=KKGDE(3)+INPYB

CONTINUE

CONTINUE

CONTINUE

IF(JY .EQ. NPNLY+1) RETURN

INPYIZO

INPXN=0

DO 340 JJY=1,J7
INPYISINPYI+Z*NELPY (JJY)* (2Z*NELMZ+1)
INPXM=INPXN+2*NELPY (JJ¥)-1
INPXMSINPXN+JY* (2*NELMZ+1)

KNODE (1)=INPYI-1
KNODE(2)=INPYY+INPIM-1

KHODE (3) =KNODE(2) +INPYX

IF(NELPX(1l) .EQ. 1) XNODE(3)=INPYY+INPYX+INPYI-1
CONTINUE

RETURN

END

SUBROUTINE HODVPL  (MELMI,NELMF,NNCDE,LNODS, INDPL, KONTP)
IMPLICIT REAL*8(A-H,0-Z) )

DINENSION LHODS(36,9), INDPL(153) , KONTP(153)

DO 10 IELEN=NELMI,NELWF
DO 10 INObE=1,NRODE
LNODE=LNODS ( IELEM, INODE)
KOUNT=KONTP (LNCDE)
IF(XOUNT .EQ. 4) GO 10 10
ICODE=INODE-{INODE/2) *2
IF{ICaDE .EQ. 0 .AND. KOUNT .GT. 1) GO T0 10
IF(INODE .EQ. 9) GO TO 10
INDPL(LNODE)=1

CONTINUE

RETURN

EXD

SUBROUTINE BASELM ({IELEN,NPNLX,NPNLY,NELPX,NELPY,LNODS,
KONTP, INDPL, INDLY, INDCS)

INPLICIT REAL+*8(A-H,0-I)

DINENSION NELPX(3),NELPY{3),LNODS(36,9) ,KONTP(153),
IRDPL(153),INDLY(153,3), INDCS(153)

DO 20 JPMLY=1,NPHLY

DO 20 IPNLX®1,NPHLX

DO 10 NUMSL=1,NELPY(JPHLY)*NELPX(IPNLX)

IELINIELEN+1 '

DO 10 INODE=], 8

LMODEwLRODS { IELEN, INODX)

IF{INDPL(LMUDE) .LT. 0) GO TO 10

XOXTP (LRODK ) *KONTP (LMODE ) +1

IF{XONTP(LMODE) .GT. 1) GO TO 10

INDLI(LWODE,1)=1

IRDCS{LNODE)=1

CONTINUE

CONTINUE
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enD

SUBROUTINE TRPELM (1ELEM,KXZ,ZBOT,ZITOP,HPNLX,NPNLY,
NLAYR, NELPY, NELLA, LHODS , KONTP, INDPL,
INDLY, INDCS)

INPLICIT REAL*8(A-H,0-Z)

COMNON/COORD/ COORD

DIMENSION WELPY(3),NELLA(3),LNODS(36,9),COORD(153,3),
KONTP(153),INDPL(153),INDLY{152,3), INDCS(153)

PRECS1.E-15

DO 30 IPHLE=1,NPNLX+1

DO 30 JPNLY=1,NPNLY

DO 20 KUNEL=1,NELPIX(JPHLY) *HELLA{KZ}

IELEN=IELEN+1

DO 20 INODE=1,8

LXODZ=LNODS { IELEM, INODE)

IF(INDPL(LNODE) .LY. 0) GO TO 20

KOXTP (LNODE} SKONTP{LNODE)+1

IF(XONTP(LNODE) .GT. 1) GO TO 20

ZCOOR=COORD {LXODE, 3)

IF(DABS({ZCOOR-ZROT) .LT. PREC .OR. DABS(ZCOOR-ZTOP) .LT. PREC)

Go T0 10

INDLY (LNODE, XZT)=-1

GO TO 20

INDLY (LWODE,XZ)=1

IF(XZ .2ZQ. 1  AND. DABS(ZCOOR-ZBOT) .LT. FREC) INDCS(LNODE)=)

IF(XZ.IQ.NLAYR .AND. DABS{ZCOOR-ZTOP) .LT. PREC) INDCS(LNODE)=1

CONTINUE

CONTINUE

RETURN

ENXD

SUBROUTINE LNPELM (IELEM,XI,ZBOT,ITOP,NPNLX,NPNLY,
MLAYR, NELPX, NELLA, LNODS, XONTF, INDPL,
INDLY, INDCS)

IMPLICIT REAL*S(A-H,0~2)

COMMOM/COORD/ COORD

DINENSION MELPX(3),NELLA()) ,LNODS{36,9),CO0RD{153,3),
XONTF (153}, INDPL(153) , INDLY(153,3), INDC5(153)

PREC=].E-15

DO 30 JPHLYx=1,NPHLY+1

DO 30 IPNLX=1,NPNLX

DO 20 NUNEL=1,NELPX(IPNLX)*MELLA(XZ)

TELEMSIELEN+1

po 20 INODE=1,8

LNODE=LMODS { IELEK, INODE)

IF(INDPL{LNODK) .LT. 0) GO TO 20

XONTP (LXODE) =KONTP (LNODE ) +1

IF(XKONTP(LMODE) .GT. 1) GO TO 20

ZCOOR®COORD (LNODE, 3}

IF (DABS{ICOOR-IBOT) .LT. PREC .OR. DABS(EICOOR-ITOP) .LT. PREC)

Qo TO 10

INDLY{LNODE,KZ)=-1

G0 T0 20

INDLY {LNODE,XZ)=1

IF(XS .EQ. 1  .AND. DABS(ICOOR-ZBOT) .LT. PREC) INDCS(LMODE)=1

IP(KT.XQ.NLAYR .AND. DABS(ICOOR-ITOP) .LT. PREC) INDCS(LMODE)=l

CONTINUE

CONTINUE

RETURN

END
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