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ABSTRACT

An efficient macro-element substructure method for static analysis of straight
box-girder bridge structures is successfully developed. The structure is
considered as an assemblage of macro-element substructures. All of these
macro—element substructures are identical in geometry. Each substructure
is derived by applying the principle of static condensation in solving its
equilibrium equations. Stiffness and load matrices of each substructure are
assembled by rectangular flat shell elements which are composed of 8 de-
grees of freedom membrane stress and 12 degrees of freedom plate bending

elements.

This special purpose macro—element substructure method provides con-
siderable efficiency in practical designs of straight box-girder bridges. A
computer program is developed in which the proposed procedures are im-
plemented, and several numerical examples are presented which compare
the proposed method with other numerical methods. Good agreement is

found in all these examples.
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Chapter 1

INTRODUCTION

1.1 General

In recent years, there has been a general tendency to adopt box-girder
construction in highway bridges (Fig. 1.1). In the practical bridge design.
how to choose the most suitable type of bridge mainly depends on eco-
nomic and aesthetic [1| considerations. Because of their favorable torsional
stiffness and beautiful appearance, box-girder sections have been widely
used as economic and aesthetic solutions for overpasses, undercrossings,

separation structures and viaducts in today’s modern highway systems.

It is important to develop sound analytical techniques to analyze box-

girder bridges. Straight box-girder bridges can be analyzed by using the



efficient numerical method - computer program presented in this thesis.
Generally speaking, an efficient computer program relies on a good comput-
iug strategy and efficient numerical techniques, Based on these principles.
a macro-element substructure has been developed to analyze straight box-
girder bridges. Since the behavior of box-shaped cross-sections are closely
related to other thin-walled cross—sections. this program can also be used
to solve other thin-walled cross-section structures, as well as thin plate
bending and membrane problems which are two special cases of flat shell
structures. Several numerical examples are presented in Chapter 4 which
involved different types of structures. The computer program is limited to
isotropic materials. Any arbitrary bridge cross-section may be modelled as
an assemblage of rectangular flat shell elements (Fig.1.3). A direct stiffness

method is used in the analysis.

1.2 General Philosophy of Macro—Element

Straight box-girder bridge structural systems can be regarded as an assem-
blage of macro—element substructures which are interconnected at their
exterior common boundaries. Figure 1.2 shows macro—element substruc-
tures I, II and III for single cell and double cell box-girder structures. The
substructures in each case have the same geometric properties so that the
derivation of stiffness and force matrices is necessary only for one typical

macro—element substructure.

[{&]



Any arbitrary straight box-girder bridge section can be modelled in dif-
ferent ways. Typical modelling of different box-girder sections is shown
in Figure 1.3. Each macro-element substructure is assembled by Hat shell
elements in both directions as shown in Figure 1.4, I[n Figure 1.4, nodes
1,2,.... and 14 are within the sub-structure and separated from adjacent
sub-structures. These nodes are referred to as free nodes or internal nodes
which are condensed before assembling the macro-element substructure
into structure. Nodes 15.16,..., and 28 are on the boundary of the sub-
structure and connected to adjacent sub-structures. These nodes are re-
ferred to as boundary nodes or common nodes which will be solved at struc-
tural level. After assembling small flat shell elements into a macro-element
substructure, all internal degrees of freedom are condensed by applying
standard process of static condensation. Thus only degrees of freedom as-
soclated with external boundaries in two transversal planes are retained
for subsequent resolution in which each substructure is already viewed
as a single large element. Unlike the classic finite element method, the
macro-element substructure method divide the process of solving equilib-
rium equations into two stages, and in this way, the advantage of repetition

of box-girder bridges is reflected.

Flat shell elements, used to develop macro-elements, are the simplest
shell elements which are combinations of plate bending and membrane
stress elements. General elastic theory is used in deriving the stiffness
matrix of flat shell elements. In other words, straight box-girder struc-

tures are modelled as a number of macro—element substructures which are



assembled by flat shell elements.

All of the input data files of this computer program are much simpler
than those of the conventional finite element programs. This is because:
only one of the data file of macro-element substructures is needed to be in-
put and, all others can be generated from this typical substructure data file.
This provides an alternative solution to tedious mesh and data preparation
work of finite element. However, the same level of accuracy as provided by
the corresponding finite element method can be obtained. This is a more

efficient and practical way to analyze straight box-girder bridge structures.

1.3 Objective and Scope

The objective of the research is to develop a macro—-element substructure
with which straight box—girder bridges can be effectively modelled and an-
alyzed. This method of macro-element substructure has been derived from
established finite element method and provides a simpler and more effective

procedure in the design of box—girder bridges.

The computer program is devised to be as general as possible and ca-
pable of treating any kinds of straight box—girder bridges under different
load conditions. For the purpose of practical use, full attention is given to
computing economy and a relatively sophisticated program is developed in

order to achieve this purpose. All the displacements, moments and stresses



at required positions can be obtained from this program.

This special purpose computer program takes advantage of the repetition
and special structural characteristics of straight box-girder section struc-
tures. Applications of the program have been successfully made in static
analysis of rectangular plate bending, folded plate, and box-girder bridge

structures,

1.4 Review of Previous Research

A continuous research program on box-girder bridges has been conducted
at the University of Ottawa, including studies on the structural behavior
of box-girder bridges. The results of this research program have been pre-
sented in detail in 2 number of research papers. Two published papers are
“finite strip analysis of continuous structures” {33] and “analysis of contin-
uous, haunched box-girder bridge by finite strips” [36]. Many analytical
models and metho?s have been developed for linear elastic analysis of box-
girder bridges. Typical numerical solution methods are finite strip, finite

element, boundary element, etc.

The review of the current research is based on the analysis of box—
girder bridges by using the method of macro-v¢lement substructure which
is developed by applying static condensation principle. Thus reviews of

development of static condensation principle and research of box-girder



bridges are briefly presented in the following paragraphs.

Gutkowski [9, 10] and Wah [12] have demonstrated the macro-approach
for the analysis of plate system. Gutkowski's Finite Panel Method Ap-
proach [9] is for the analysis of continuous rectangular, isotropic plate sys-
tem. Wah(12] partitions a quadrilateral plate into two triangles which are
joined by writing continuity (compatibility) equations. His soluticn and ap-
proach for solving elastic quadrilateral plates by a combination of analytical

procedures are based on least squares.

GangaRao [13, 14] has developed a macro-approach to model beams
and plates. A macro flexibility approach for studying plate behavior was
introduced by Parsons, GangaRao and Peterson [11]. Deflected shapes
of macro—elements of rectangular shapes have been obtained by a shape
function that satisfies all four boundary conditions and the bi-harmonic

equation. The convergence of the macro-approach has been verified.

A finite element scheme for static and free vibration analysis of box-
girder bridges with orthogonal boundaries and arbitrary combinations of
straight and horizontally curved sections is presented by Fam and Turkstra
[15]. In that paper, a variety of special purpose elements for different types
of box beams is developed to suit the behavior characteristics of thin box

sections.

Zhang and Lyons [16] applied thin-walled box beam element to the anal-

ysis of multi-box bridges in practical design. By comparing with other nu-



merical methods, this method provides a versatile and accurate analytical

tool for the practical design of box-beam bridges.

A summary of the development and application of the finite strip method
in the field of bridge engineering was presented by Loo and Cusens [22].
They also developed a flexibility approach to extend the finite strip method
to the analysis of indeterminate bridge structures. Murray [21] also did
the elastic analysis of box-girders, stiffened plates and other folded plate

structures by using finite strip method and stiffness method.

In 1979, macro—element approach was applied to curved box-girder bridge
analysis by Jirousek, Bouberguig and Saygun. [8]. Their paper entitled “A
macro—element analysis of prestressed curved box-girder bridges™ was pub-
lished in 1988. An efficient macro—element formulation for static analysis
of curved box—girder bridges has been developed for a variety of cross-
sections. A substructure oriented finite element program of considerable

efficiency has been developed for practical applications.

Scordelis, Chan, Ketchum znd Walt (7] presented three new computer
programs which incorporate automatic prestressing and several other new
features into three existing computer programs for the analysis of box-
girder bridges. These computer programs make it possible to perform de-
tailed linear elastic analysis of a wide range of prestressed concrete box-
girder bridges in an expeditious and accurate manner with a minimum of

simplifications and assumptions.



Based on an extended Vlasov's thin-walled beam theory. Razaqpur and
Li {37] developed a box-girder finite element which includes extension. bi-
axial bending, torsion. torsional warping, distortion, distortional warping
and shear lag effects for multi-branch multi-cell box girder structures. The
exact shape functions are used to eliminate the need for dividing the box
into many elements in the longitudinal direction. Favorable results are

obtained.

There is the necessity to develop an appropriate computer program for
the analysis of straight box-girder bridges by taking advantage of its struc-
tural characteristics. This stems from the fact that previous works do not

specifically address this necessity.

There are two major advantages in this approach compared to the clas-
sical finite element method. Data preparation work is greatly reduced
because the element mesh and data preparation is required only for one
typical macro-element substructure. The computation efficiency of the
solution will also be greatly enhanced. The stiffness matrix of a typical
macro—element substructure is obtained by using the static condensation
principle. Once the typical macro—element substructure is derived, the
overall stiffness matrix of the structure can be assembled by using the same
stiffness matrix of a typical macro-element substructure. Therefore, the

computer memory and C.P.U. time are greatly reduced in the solution.
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Figure 1.4: Macro—element substructure
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Chapter 2

THEORY OF FLAT-SHELL
ELEMENT

2.1 Introduction

The macro-element used in this investigation is made up of flat shell ele-
ments Macro-elements extend over the full width of the structure and are
interconnected at their adjacent boundaries. Rectangular flat shell elements
are used in each macro—element. The flat shell element is the combination
of a plate bending element and a membrane element. Only the same type of
element for both membrane and plate bending can be combined. Because
of the particular geometric properties of straight box-girder bridges, the

rectangular bending element is adopted here and the corresponding rect-

13



angular membrane element is developed as well. In the next few sections.
membrane and plate bending elements will be described as well as the flat
shell element, Once the flat shell element is derived. the macro-element
substructure can be easily formed by using static condensation method

which will be introduced in the next chapter.

Other than nodal loads. the uniform surface loads and concentrated loads

may be applied anywhere on the surface of shell elements.

2.2 Membrane element

2.2.1 Introduction

An cight degrees of freedom rectangular membrane element in Figure 2.1
is similar to the membrane element which was fully described by Yang[2].
The element has length 2a, width 2b and constant thickness ¢. Two degrees
of freedom, displacements u and v in the z and y directions respectively,
are assumed at each of the four corners. There are four pairs of nodal forces

of Fxr and Fy and four pairs of nodal displacements of u and v.

2.2.2 Shape function

The basic assumptions in the derivation of shape functions are as follows:

14



1. The boundary lines of each element remain straight after deformation.
2. The displacement surface is expressed in a second-order equation.

3. The strain ¢; (or ¢,) is independent of & (or y) but varies lincarly

with y (or r). The shearing strain +,, varies linearly with both x and y.

4. Static equivalent can be used in unding element stress resultants

which act at the corners of elements.

Based on the above listed assumptions. displacement function « and ¢
can be assumed in the following simple form:
u(z,y) = & +or+cy+ery
v(z,¥) = cs+cer + oty + cuTy
where eight constants ¢ can be uniquely determined by using the following
eight nodal displacement conditions:
u=u, and v=1uv, at{0.0)
u=1u; and v =1, at(0.2b)
u=uzs and v =1ty at(2a.0)
u=uq and v=rv, at(2a.2b)

Substituting the above nodal displacement conditions into displacement

functions, the coefficients ¢; (i = 1,...8) are obtained. Back substitution of

15



the coetficients into the displacement equations( 2.1) and( 2.2) gives.

{ wy) }= [~ 16) (2.3)

v(z,y)

where [N] is the shape function,

- = — XL — =YL
N = [(1 DO-% 0 (-@F 0

0 F1-H 0 -2

(12 0 et 0} (2.4)

0 1-F): 0 2

2.2.3 Strain—displacement relations

The strain-displacement relations are:

. = &
¥ Oz
. Ov
gy = é—y-
du Ov

T = 3y + o5z
Substituting the displacement equation 2.3 into the above strain displace-

ment relations gives,

{e} = (B]{é} (2.5)

16



where

~a=(1 = %) 0 - 0
(B) = 0 ~&1-% 0 fa-D
~nll-5) —x0-% x(1-%) -5
u(l-% 0 5 0
0 - 0 = (2.6)
- w-%) 5 &

It is seen that the strains £, are constant in the x direction and vary
linearly in the y direction. The shear strains v, vary linearly with both

the r and y coordinates.

2.2.4 Strain-stress relations

The stress—strain relations are:

Tz dn diz dia Er
gy (= | da dan da €y (2.7)
Try da d3z da Try

In our particular problem, plane stress state should be considered. For

17



isotropic material, we have

o 1 v O g
oy =1 ;EU.. v 1 0 £y (2.8)
Toy 00 i3 Yoy
Symbolically,
{o} =[D]{¢} (2.9)

where [D)] is the material property matrix.

2.2.5 Stiffness matrix

Using energy method, stiffness matrix can be obtained as shown below:

{F} =[Kp| {¢} (2.10)

where [Kp] is stiffness matrix of membrane element and,

kpl=¢[ [ (B [DI[B] drdy (2.11)

18



After integration. the following stiffness matrix for plane stress state is

obtained.
’- (] ]
Ca C3
Cs Cs Cy
[Kp]= -C5 €y =—Ca2 C3 symmetry (2.12)

g =¢s —F a ¢
Cs Cg Ca —'% -2 Ca3
—-.-!L —Ca Cs €7 —Cs <1
-6 =% -5 ¢ cs Cs C: U3

where

_ (K l—u) Et
€2 = 4 8 "1-=°
_ (a+1—u£) Et
@ = 3b 6 a'l-—u?
_ i 1 VE) Et
@ = (-3 12 b'1=02
_ (Z_l u) Et
% = 3T T8 1o
_ ca l—ué) Et
Y N

19



b l—va Et

v = G~ Vi s
- a l-ué) Et
@ = 34 12 ¢'1 -7

(2.13)

The derivation of the stiffness coefficients &;; (i, j = 1....8) can be illustrated

by the following examples.

The stiffness coefficient k¢ which is defined as the amount of force F;
produced by a unit displacement vi is obtained by substituting the first
column in matrix [B] of Eq 2.6, and material matrix [D] of Eq 2.8 into

Eq 2.11 respectively:

bo = ¢ [7[7[-e-9 0 G-

1 v 0 0
E
T v 1 0 -5 drdy
00 || x1-%
Et 2a 2b
- == [ ]-@a-5 —wa-% -cpa-p]
0
—-;Tb dxdy
=(1—-%)
2a
= 1-u2/ f [( il Ob) Sb )(1"_ dzdy

20



Et [ v 4a* 162 1—-v
= = Zap Iy _ 2T Y
1—w?|8a% 2 (26 4b) Sab (ab)
_ Et v l—u] .
T o1-t e § |7

2.2.6 Stress matrix

After computing displacements wuy, vy, ..., iy, v4. membrane stresses of each
element can be obtained by following the steps shown below. From the

stress strain relation equations,

[ R 1l v O £r
E
oy, = 15210 Y 1 0 gy
Tzy 00 1;" Yry
= [D]{e}
= [D]{B]{é}
= [S] {6} (2.14)
That is,
{Fi} = [Si] {8:} (2.15)



Substituting matrices [D] and [B] into the equation{ 2.13), the stress matrix

[Si] at node § can be obtained.

[ —L1-%) (=H1-2) - (H-=
. E v z 1 4
[Si] 1 -2 (—32)1=-3) (=x)l-%) (=33 (301 —3%)
Sl o gy (mlE-d) (SH(1-£) (<
(&)1 —-%) — b P 5
(X1-% i o5 ik (2.16)
-5 (B0 -4) G

[
(3



Substituting the nodal coordinates (0.0). (0.2b). (2a.0), and (2u.2b). the

total membrane stress matrix [S] of element can be obtained as.

-L _x 0 & L 0 o9 0|
o N " R B
_13 _:;1» 14—; 0 0 e 0
0 -% -+ & 0 0 L 9
0 -—-x - 3 0 0 £ 0
E |- 0 L = g g g L=
Sl=t=m | L 0 g (;u Loz N
la 2u - 2
£ 0 0 0o & L 0o %
0 __1;: 0 0 _1;:: lq;uu 13; 0
0o 0 -L o0 0 - L 1L
0o 0 -£ 0 0 - & L
0 0 0 iR i 0 g AE ]

2.3 Plate bending element

2.3.1 Introdvction

The simplest type of plate bending element. the rectangular non-conforming
element, is used here. Mathematical derivations of this element is well doc-

umented by O. C. Zienkiewicz [3, 4]. Therefore. only the fundamental steps
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and results are described in this thesis.

2.3.2 Shape function

The deflection of plate bending element can be entirely described by one
quantity - the deflection w of middle plane of the plate. If complete slope
continuity is required, it will bring much more difficulty in computation.
Based on the continuity of w and partial continuity of rotation, a twelve
degrees of freedom non-conforming rectangular plate bending element is
taken as in Figure 2.2.

The deflection function w(z, y) is expressed in terms of a twelve—parameter
polynomial;

w(zr,y) = ap+ o+ azy+ aqxzasmy + agy® + arz®

agz’y + aszy® + aroy’anz®y + apzy’ (2.18)

Similar to the membrane element case, the relation between deflection

w(x,y) and nodal displacement {6} can be expressed as,
w(z,y) = [N} {4} (2.19)

where [N] is the shape function.



2.3.3 Strain—displacement relations

The generalized “strain’ can be defined as:

oz?
y - 8y2
dw
= 92 LA
oy “ 0z 0y (2.20)

(L]

Substituting the displacement equation 2.18 into the above equation, the

similar relationships to membrane element between ‘strain’ and displace-

ment can be obtained as,

{e} =(B] {8} (2:21)

2.3.4 Stress—strain relations

Similar to the membrane element, stress-strain relations are:

Oz dy diz di £r
oy (= | du dn dn Ey (2.22)
Tzy dyn dyy dy “foy
For isotropic bending plate,
Oz 3 1 v 0 &y
Et
= 2.23
ay 1201 = 7) v 1 0 &y { )
T.ry 0 0 .1;_., 'Txy



Syvmbolically:

{g} = [D] {¢} (2.24)

where (D] is the material property matrix.

2.3.5 Stiffness matrix

Using energy method, stiffness matrix can be obtained as shown below:
{F} = [Kb] {6} (2.25)

where

{F}=< )

and

{6}=4 "}

[KDb] is stiffness matrix,

[Kb]

I

/ /A [B” [D] [B} dzdy

= 6_01‘:5 (L] {dn [K1] + da2 [K2] +
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dyz [Ka] + dus [K4j} {L] L2.06)

where {1}, {Ka]. [K3]. [K4] and [L] are the same as shown hy Zienkiewicz
3, 4.

2.3.6 Load matrix

Three load types are considered. They are nodal loads acting at clement
nodes, concentrated loads acting anywhere on the elements and uniformly

distributed surface loads of shell element.

1. The load matrix due to uniform surface load q is given by,

( \

[ <"

[~

e TGS
Sl st nle -

> = 4dqab ¢
F

F

=1~ 3l
~—

o

‘
]|

-clcp- FAT ;Iﬂ

>

,
—
N
~



where

{Fi} =1 F,

2. The load matrix due to a concentrated load p acting at the point (xo,4p)
of the local coordinate system of the element can be derived from the fol-

lowing equation.

(F}) = (A" [ [ [NGzo,wo)l dady

3

!
To

Yo

1.‘02

Tolo

yu2

p{{AIT Y >

:r03

Pt

2.27)

2
Lo Yo
2
Zo¥Yo
3
Yo

3
o Yo

3
ToYo

. o

where matrix [A] relates the coefficients a; (¢ = 1,...,12) in the displace-

ments function to the nodal displacements, that is:
{6} =[A]{a} (2.28)
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and

(10 0 0 0 o 0 0 0 0 0 0
00 -1 0 0 0 0 0 0 0 0 0
01 0 0 0 0O 0 0 0 0 0 0
10 2 0 0 4 0o 0 0 8 0 0
00 -1 0 0 =4 0 0 0 —12° 0 0
A] = 61 0 0 2% 0 0 0 4 0 0 Sb
1% 0 4> 0 0 S 0 0 0 0 0
0 0 -1 0 =2 O 0 —da®* 0O ) —8a® 0
01 0 4 0 0 12) 0 0 0 0 0
1 2a 2 4a® 4ab 4b* 8a® 8a?b 8ab® SH° 16a%h  16ab?
0 0 -1 0 —% —-4b 0 —da® —8ab —126® —8a® —2dab®
(001 0 4a 2 0 122 8ab 482 0  -ba® S

(2.29)

2.4 Flat shell element

2.4.1 Introduction

Generally speaking, the shell element will be subjected to both bending and
membrane forces. The flat shell element, the simplest but the most effi-
cient shell element, is obtained by combining membrane and plate bending

elements.
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2.4.2 Stiffness of flat shell element in local coordi-

nates

Cousider a flat shell element shown in Figure 2.3, Its properties are eas-
ily obtained by combining the corresponding membrane element and plate
bending element (3, 4, 5, 6. The displacements prescribed for membrane
forces do not affect bending deformation and vice versa. The rotation 6,
does not enter as parameter into definition of deformation in either mode.
Because of the assembly of element, rotation 8. needs to be taken into

account and associated with fictitious couple M..

The stiffness matrix of flat shell element at each node can be made up

from the following submatrices:

. 000 o0
[Kp]
000 O
w=] 2O ° (2.30)
£Y = .
00 [A'8] 0
0 0 0
00 000 O

where [K'p] and [A'b] are the corresponding stiffness matrices for membrane(2x
2) and bending(3x 3) respectively. The following tables show how the above

equations work.
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Table a: membrane stiffness {A'p] (8 x 8. equation 2.12)
Y| Ap(l.2) | Ap(1.3)
V| Kp(2,2) | Ap(2.3)
Kp(3,2) | A'p(3.3)
Np(4,2) | Kp(4.3)

Kp Kp(l.4)
Kp(2.4)
Kp(3.4)

Kp(4,4)

AV
— —

(
Ip(

D
I p(

1.
3.
4,1

=
(1%]

)
)

where
k(1,1)

o k(1,2)
Kp(i,j) = (2.31)
k(2.1) k(2,2)

Table b: plate bending stiffness [] (12 x 12, equation 2.26)

where

Kb(1.1)

Eb(1,2)

Kb1,3)

Ib(1,4)

Kb5(2,1)

Kb(2,2)

Kb(2,3)

Kb(2,4)

Kb(3,1)

Kb(3,2)

Kb(3,3)

ICb(3,4)

Kb(4,1)

I'b{(4,2)

Kb(4,3)

Kb(4,4)

K(1,1) #(1,2) k(1,3)
K(2,1) K(2,2) K(2,3)
K(3,1) k(3,2) #(3,3)

Kb(i,j) =

Table ¢ in next page is a combination of tables a and b, which represents

the fiat shell element stiffness.
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Table ¢: flat shell stiffness [/ f] (24 x 24)

Kp(1,1) 0| Kp(1,2) 0| Kp(1,3) 0| Kp(1,4) 0
0 K51,1) |0 Ki1,2) |0 K6(1,3) | 0 Kb(1.4)
0 0}0 00 0lo 0
Kp(2,1) 0| Kp(2,2) 0| Kp(2,3) 0| Kp(2.4) 0
0 K&2,1) | 0 K52,2) |0 K52,3) | 0 Kb(2,4)
0 0|0 0f0 0o 0
Kp(3,1) 0| Kp(3,2) 0| Kp(3,3) 0| Kp(3,4) 0
0 K¥3,1) |0 K53,2) | 0 K5(3,3) | 0 Kb(3,4)
0 0o 0o 0|0 0
Kp(4,1) 0| Kp(4,2) 0] Kp(4,3) 0 | Kp(4,4) 0
0 Kb(4,1) | 0 K5(4,2) | 0 KH(4,3) | 0 Kb(4,4)
0 0lo 00 0|0 0
where

[ k(1,1) k(1,2) 0 0 0 0]

k(2,1) k2,2) 0 0 0 0

Kp(i, ) | oo 0 K(L,1) K(1,1) K(1,3) 0

{ Kb, ) ]_ 0 0 K(21) F(2,2) K(2,3) 0

0 0 K(3,1) K(3,2) K(3,3) 0

0 0 0 0 0 0

(2.33)
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2.5 Transformation of coordinates

To assemble individual elements into a macro-element and macro-elements

into a structure, it is convenient to establish a global coordinate system.

Flat shell element in local coordinates has already been discussed in
the previous section. Displacement components can be transformed from
global coordinates zy= to local covrdinates z'y’s' (Figure 2.4) by a suitable

transformation matrix [T] as,
[6] = (][9] (2.34)

because the same amount of work must be done in the two coordinate

systems,
[F]” (8] = [F']" [&) (2.35)
simplifying ,
[F (6] = [F']" [T} [4] (2.36)
or
[F] = [T)" [F] (2.37)

The transformed “stiffness” can be easily derived as
(K] = [T {Kf)(T] (2.38)

where [Kf] is stiffness matrix in local coordinates as shown in equation
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(2.30), and [T is,

'L o o0 0]
0L 0O _
0 0L O
|0 0 0 L
4\ 0
[L] = (2.40)
0 \
J\x'x /\r'y ’\.'l:":
Al =1 Az Ay e (2.41)

’\:'.7.‘ f\_-_ly /\_-.-l_-_

where A, = cosine of angle between z and 2’ axis, ete.

2.5.1 Local direction cosines

In the case of a straight box girder bridge, The global = axis (Figure 2.3)
can be always taken as to parallel to the length of the bridge. And each
local coordinate is selected in the way that its z’ axis is parallel to the
global = axis (Figure 2.5). Under this condition, all the relevant direction
cosines can be easily obtained from the element i j & [ as shown in Figure

2.6. Direction cosines of z' are,

A:fx = 1
dey = 0
Aye = 0



Direction cosines of y' are.

v’\y'r = 0
Ui~ W
iz = 20+, = w)?

'\y'y —

-
~2 -~y

Aj: = —== '
(zj =2+ (y —wi)®

Direction cosines of 2’ are,

/\zlr == 0
/\ , - _ Tj T o~
=y - ) “
V0= 20 + (5 — ui)?
’\=': = Yi— Wi

\/(zj = %)+ (y; = ui)?
The above geometrical relations can be obtained only by considering the

sectional plane passing vertically through ij.

Once the stiffness matrix has been transformed into the global coordinate
system, it is possible to assemble the overall stiffness matrix for the whole

structure in the conventional manner.
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Figure 2.1: Eight degrees of freedom rectangular element
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Figure 2.2: Twelve degrees of freedom non-conforming rectangular plate

bending element
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Figure 2.3: A flat shell element subjected to membrane and bending action
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Nxext

Figure 2.4: Local and global coordinates (zyz denotes common global sys-

tem and z'y'z’ denotes local coordinate system)
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Figure 2.5: Coordinate systems in a stright box-girder bridge (zyz is a

global system, z'y’z’ and zz'yy’zz’ are local systems)
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Figure 2.6: Local and global coordinates of a typical rectangular element
(Instead of taking an arbitrary global coordinate r,y,2z,, take a special
global coordinate zyz whose r axis is parallel to the length of the element,

along which its local axis z’ lies.}
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Chapter 3

MACRO-ELEMENT

3.1 Introduction

Macro-element substructure is obtained from the assemblage of flat shell
elements by applying static condensation method. In this chapter, the
principle of static condensation method and the computer program will
be discussed. The static condensation method which is used to develop
macro—element substructure is an exact process and not an approximation.
The same accurate result as the corresponding firite elements used in the

formulation of the substructure can be obtained.

42



3.2 The General Principle of condensation

The macro-approach being presented herein models the substructure with
its boundary conditions. The nodes of each substructure are divided into
two parts. One of them consists of those nodes which are modeled as free
boundaries and in most cases they lie within the internal domain of a sub-
structure. The other one consists of those nodes lying on the boundary
of the substructure. The former is referred to as centroidal nodes and the
latter, boundary nodes. By forcing deflection and slope compatibility of
boundary nodes between adjacent elements (common edge). it is possible
to determine deflection, slope and moment at any nodes in the substructure.
This allows internal degrees of freedom to be eliminated first and the sub-
structure be formed. In this case. equilibrium equations of the structure are
only associated with common boundary conditions between substructures.
By solving the equilibrium equations, common boundary nodal displace-
ments are obtained first. The displacements and stresses of internal nodes
can be obtained simply by applying boundary displacements. The proce-
dure outlined above is the alternative way to solve the problem and its

application is shown below.

The equilibrium equation is of the form:
(S]{¢} = {P} (3.1)

Equation 3.1 represents stiffness and force relationship of a substructure.

So the right side represents loads applied to nodes hy adjacent elements.
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Alternatively, equation 3.1 can be written as

Sc Scb 61: Pf-‘
= (3.2)
Sie S 3 P,

Where parameters with subscript ¢ represent internal values and those with

subseript b, boundary values.

¢, S and P matrices can be partitioned in the following forms,

. de
{8} = { ] (3.3)
by

S} = [Sc S°°] (3.4)
Sbc Sb

P, i
{P}= { P, } (3.3)

Since the equilibrium equations for internal nodes only contain the dis-
placement measures and have nothing to do with boundary conditions of
the structure, the internal displacements can be expressed in terms of the

boundary displacements of the macro—element substructure.

Using the upper part of equation 3.2, internal displacements {6} can be
solved for,
{6c} = =[Sc] ' ([Sen]{d6} — {Pc}) (3.6)
Substituting {d.} from equation 3.6 into the lower partition of equation 3.2
gives:

8] {ép} = {P} (8.7)
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in which
S} = ~[Sb] = [Sue)[Se] ™' [Seb]
{P}=—{Pv} ~ [Svc][Se] ' {P}

The above procedure outlines the principle of static condensation. The
condensed macro-element is now treated like any other element and {S] and
{P} in equation 3.7 can then be assembled into the structure in the usual
way. After solving for {6} from the structural equilibrium equations, {6}
can be solved by using equation 3.6. This is a recovery process. {de} is
needed for stresses calculation. Equation 3.6 serves as a constraint relation
between {é.} and {#p}. The typical macro-element substructure as shown
in Figure 1.4 can be treated like a conventional element in finite element

method.

When {é.} only contains a single degree of freedom, it is obvious that
equation 3.7 represents the Gauss elimination method of solving equilibrium
equations. The process ends only when the internal degrees of freedom {8}
have been eliminated. Elimination of the remaining degrees of freedom {6y, }
is done on the structural level, after all macro-element substructures have
been assembled. Thus condensation is simply the first step in solving the
structural equations [S] {6} = {P}. The same solution vector {§} would
result if all degrees of freedom were carried into {§}. Then there would
be more structural equations. However. the effort required to solve them

would be no greater if the degrees of freedom in {§} were analyzed so that
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all {de} were processed first - but this is accomplished when the {d¢} are

condensed before assembly.

3.3 Macro—element substructure

In order to describe the main features of macro—element substructure mod-

elling technique, the following example is included.

This is a twin-cell prestressed concrete bridge as shown in Figure 3.1.
This example demonstrates the usefulness of the macro-element substruc-
ture in reducing the data preparation for a three span bridge. Based on
different problems, the size of macro-element substructure is different, for
example, it can be as large as a whole span of the structure or it can be
a small part of a structural span. Let us take span 1 as a substructure.
For spans which are structurally identical and equal in length, only one
substructure needs to be defined, since the same substructure can be used
to generate data files for all identical spans. As indicated in Figure 3.1(a),
the model of one typical span can be used for all three identical spans. For

a very long multi~span bridge its advantage is obvious.

A typical three dimensional macro~element substructure grid layout for

a typical span is shown in Figure 3.1(¢).
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3.4 Computer program organization

Program organization may be summarized as follows:

1.  Input darta file.

I

Surn small element load matrix into macro-element substruce-
tural load matrix Po.
3 Sum small element stiffness matrix into macro-element sub-

structural stiffness S..

4 Condense the internal degrees of freedom for both matrices

Po and §..

[¥]]

Sum macro-element substructural load matrix Po into struc-
tural load matrix P.
6. Sum macro—element substructural stiffness matrix S.. into

structural stiffness matrix A..

Apply boundary conditions of the structure.

=1

Solve equilibrium equations of the structure.

© o

Compite condensed internal nodal displacements in each
substructure.

10. Compute small element stresses.

Alternatively, reference can be made to the main flow charts from figures

3.2 to 3.5.
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Figure 3.1: Macro—element substructure layout
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Input data

Call load(E,2,1)
form load matrix P

Call ddugd(E,2,1)
form structure stiffness K,

Apply boundary conditions
I

Solve for common nodal displacements

l

Call load(E,2,2) and ddugd(E,1,1)
compute condensed nodal displacements

call zb(NN,E,1)
find small element nodal displacements
in local coordinates

Call idugd(NN,E)
compute required element stresses

[
Stop

Figure 3.2: Flow chart of main program
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Subroutine ddugd(E,LLE, LEN)

I = 1, NEE (small element number)

call dugd(I,E,LLE)

Construct macro-element

stiffness Se

Condense the internal degrees of freedom

se(I,J)
cC= ——
se(I,I)
Se = Se - C * S¢e
Po = Po = C * PO

Return

Figure 3.3: Flow chart of subroutine DDUGD
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Subroutine load(E,LLE, LEN)

Insert nodal locad pj

Insert uniform plate bending load pf

call gdnl(E,NN,JJ)
call zb(NN,E, 1)

Insert concentrated bending lecad pxy

call pxoyo(E,NN,JJ)
call zb(NN,E, 1)

Return

Figure 3.4;: Flow chart of subroutine LOAD
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Chapter 4

NUMERICAL EXAMPLES

4.1 General

In this chapter several numerical examples are provided and tested to
demonstrate the practical application of the concept presented in Chap-
ters 1 and 3. For convenience, this special purpose substructure oriented
program will be named MESP (Macro-Element Substructure Program).
Unless otherwise stated, all units in these numerical examples are in S. I

units. The MESP in FORTRAN program is given in Appendix A.

(911
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4.2 Membrane Stress

The first example is the application of MESP 1o the in-plane tension stress
analysis. The second example involves the analysis of a cantilever bean.
using MESP. and then comparing the results with analytical solutions. It
is obvious from the examples that the accuracy of results is improved by

increasing numbers of elements.

The in-plane tension application is demonstrated by using Yang's square
plate [2] with parabolic tension forces at both sides as shown in Figure
1.1. Due to double symmetry. only one-quarter of the plate needs to be
analyzed. Two macro-element substructure models are adopted. First.
one-quarter of the plate is modelled as one macro-element substructure in
which 4 and 16 small elements are used. One-quarter of the plate is then
modelled as four macro-element substructures in which 16 small elements
are taken. The comparison of the extension with analytical solutions and
Yang's results are shown in Table 4.1. The stresses are also compared in
Table 4.2, From the comparisons in Table 4.1 and 4.2, the same accurate re-
sults as Yang's finite element method are ohtained from the macro-element

substructural method.

The second example involves a cantilever heam with a unit point load

at the end and,



Height h=20o0r30
Length A =10k =20 or 30
Thickness t=1.0

Modulus of elasticity £ = 1000000

Poisson's Ratio =103

The tip deflection and the maximum bending stress obtained from MESP

are compared with the results from beam theory in Table 4.3.

Table 4.4 shows the results of a cantilever beam analyzed by using dif-
ferent numbers of elements. The results show rapid convergency as the

number of elements Increases.

4.3 Plate bending

The MESP is applied to a clamped square plate with two types of loading;
a uniformly distributed and a concentrated load acting at the center of the

plate. The parameters of the plate are as follows:

Length A=40
Height B=40
Thickness t=0.05

Modulus of elasticity E = 1000000

Poisson's ratio v =0.3



With the double symmetrical nature of the plate, only one gquarter of

the plate is analyzed.
Below are results published by Timoshenko [32] for a clamped plate,

(1} For a unit uniformly distributed load q.

center deflection w = —0.001‘26%:} = —0.0232
edge moment M, = —0.05134%¢ = —0.8208
center moment M, = 0.0231.4% = 0.3696

(ii) For a concentrated load p

center deflection w = —0.00364p = —0.00783

edge moment M, = —-0.1257p = -0.1257

A comparison of the results obtained from MESP with Timoshenko's is

shown in Tables 4.5. and 4.6 respectively.

4.4 Thin—walled box section

As a first example, a straight single cell box-girder bridge model with
cantilever slab is examined. The model 1s ~hown in Figure 4.2. The load
considered is an asymmetrical point load of 224 Ibf applied at midspan and

producing torsional effects.

The symmetry structural model is analyzed by modeling its half span
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with Hve macro-element substructures. Each macro-element is formed by
48 small elements which are simple flat shell elements. Figure 1.3 is the
deformed shape of the cross section at midspan. Figure .4 shows the lon-
gitudinal in-plane stresses at midspan. The longitudinal and transverse
bending stresses at midspan are shown in Figures 4.5 and 4.6 respectively.
Detailed analysis of the problem can be found in Refs [8. 23, 24, 25]. Due
to different w' s of defining boundary conditions and the accuracy of the
different method employed. the results vary considerably in different refer-

QIces.

Figure 4.7 shows the model of example 2 which is a two-span three-
cell box-girder bridge with diaphragms provided at all support sections to
ensure stability and to reduce stress concentration around the supporting
columns. The bridge was previously analyzed by Scordelis [20] and Rockey
[33]. The rigid diaphragms at intermediate supports are treated as point
restraints. Scordelis studied the bridge by using folded plate theory, fi-
nite element and finite segment approach while Rockey ﬁsed a finite strip

approach. In both cases, fairly good results were obtained.

The two span bridge is analyzed by modelling each span with ten macro-
element substructures as shown in Figure 4.8. Each macro-element is
formed by 32 small elements which are simple flat shell elements. Fig-
ures 4.9 and 4.10 show the longitudinal in—plane stresses at loaded and
intermediate support sections respectively. Results from MESP compare

fairly well with those by Scordelis [20] and Rockey [33]. A slightly large
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torsional rotation is produced because of different ways of handling rigid
diaphragms.  This can be improved if using wmore elements and refined

boundary conditions.

-1
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One Four
Results macro-element macro-elements
Point from
Ref [34] Small element number in each macro-element
4 le 16

Yang MESP Yang MESP Yang MESP

1 1.4764 1.4769(1.4730( 1.4757|1.4760| 1.4769| 1.479
2 1.4550| 1.457
3 1.3895 1.3892|1.3890| 1.3899| 1.394
4 1.2842| 1.286
5 1.1428 1.149 [1.149 1.144211.1440) 1.1425| 1.143
6 0.9712| 0.9696
7 0.7786 0.7873|0.7873| 0.7795| 0.7790
8 0.59721 0.5788
9 0.3647 0.4946)|0.4966] 0.4159|0.4161| 0.3862| 0.3858

Table 4.1: The comparation of in-plane extension (x10~3 in)
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Point

Results Yang MESP Results Yang MESP

of Ref [34] of Ref([34]
A 9098.6 854.1 854.0 78.7 102.4 102.3
B 456.2 479.3 479.6 18.8 32.9 32.9
104 975.0 960.1 960,0 217.8 224.6 224.6
D 852.6 837.9 838.0 171.6 109.3 177.1
E 609.4 597.3 597.2 91.9 95.5 95.4
F 249,2 271.4 271.6 14.9 22.1 22.0
G 983.5 989.7 989.5 310.2 306.3 309.8
H 962.5 958.5 962.2 292.3 293.6 295.4
I 900.0 896.3 900.1 261.4 262.8 264.2
J 806.9 803.1 803.2 213.8 218.9 218.5
K 683.1 679.2 676.9 157.4 163.5 161.64
L 528.1 525.4 523.1 97.0 101.1 100.1
M 342.6 341.9 432.1 41.9 43.7 43.6
N 126.6 139.9 139.5 5.6 8.1 B.2

Table 4.2: The comparation of in—plane stresses (psi)
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P=1.0

Y
31 2 3 4 5 6 7 8 10 h
. ——
L=10h
| S
.1
Macro-elenment =2 h=3
Tip deflection from
bean theory 0.004 0.004
f= .EQ.
3E1
MESP results 0.003581 0.003812
Max. stress from
beam theory 30 20
o= P
= T
MESP results 27.93 20.11

Table 4.3: The comparison of the cantilever beam
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1=8h

E, =

0

-

Macro-element

Tip deflection

Max. bending

Macro-element

stress
numbers multiplier-iﬁ? multiplier—EE- type
2 688.5 14.0
4 1377.0 30.0
8 1836.0 41.33
1o 1913.0 43.33
10 1994.0 45.89
Bean theory Bs] 2066.8 48.0

Table 4.4: The analysis of the cantilever beam with different element meshes
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, |
Deflection Erron M Errori M Error
5 element types
w % % %

-0.03138 |11.28||-0.7617| 7.2 |([0.4445(20.27

-0.0298 5.67 [j-0.7929| 3.4 ||0.3983| 8.4

-0.02916 |3.4 -0.8045| 2.0 (|0.3834| 4.1

-0.02886 2.34(-0.8101] 1.3 |[0.3781] 2.3

-0.02869 1.74|-0.8133] 0.9 ||0.3745] 1.3

Results from
Timoshenko wz] w = -0,0282 M, = -0.8208)] M = 0.3696

e c

Table 4.5: The comparation of the plate bending results under uniform

load




1]
i Deflection | Error M, Error
5 element types
W % %
-0.008574 9.5 -0.1178 6.3
=-0.008261 5.5 -0.1214 3.42
-0.008111 3.6 -0.1233 2.0
-0.00803 2.6 -0.1214 1.3
-0.007981 2.0 -0.1245 1.0
Results from
Timoshenko {32 w = -0.00783 M, = -0.1257

Table 4.6: The comparation of the plate bending results under concentrated

load
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a)} Parabeolically loaded scquare plate

9—=383.31b 9+197.91b
A c 7——+370.81b
5 -'56_|6.7lb 2 5—»295.81b
B : 3——=170.81b
*116.71b L »31.31b
1 1

{b) One macro-element model

=19—99 71b
=8 >196.31b
Ubf = 4.448220N 717 -188.51b
. 6 ~171.41b
in = 25.4mm s 149.51b
Ubf/f1* = 0.04788K N/m? Xt » 20.41b
Ubf/in? = 6.804757K N /m? 3—=871
PTEN/m St2e46.41
8.1
1

{c}] Four macro-element model

Figure 4.1: Analysis of in—plane stresses
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Figure 4.2: Macro—element modelling of a straight single cell box-girder

bridge model
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Distribution of displacements at center cross section for the

box-girder bridge model in figure 4.2 with an eccentric point load p

Ibf at midspaq (in)

Figure 4.3
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Chapter 5

CONCLUSIONS AND
RECOMMENDATIONS

5.1 Conclusions

The macro-element substructure approach presented in this thesis has been
successfully used to analyze straight box-girder bridge structures with dif-
ferent types of cross-sections. Based on this approach, a general computer
program-MESP has been develéped for ditferent straight box—girder bridge
structures and other related structural problems. The following three types

of analysis can be carried out using the MESP computer program:

1. In-plane stress, deep beam and thin-plate bending problems.

T4



2. Folded plate structures.
3. Straight single-cell or multi-cell box -girder bridges

The accuracy of this method has been tested on a variety of exanples,
MESP program results have been compared with exact or other numerical

solutions in different numerical examples in chapter L.

The main advantage of this macro-element substructure approach over
the conventional finite element method is the significant reduction of data
preparation time. Unlike the classical finite element method which deals
with the whole structure, the macro-element approach considers only one
typical macro-element substructure. This produces a fairly small substrue-
ture grid as compared to that of the whole structure. More importantly,
only one typical data set preparation is required. Based on this. data Hles
for other substructures are automatically generated. This significantly ve-
duces the work of the engineer without compromising accuracy: The com-
puting efficiency is obvious because the whole structure is only the rep-
etition of one typical macro—element substructure and computer memory
and C.P.U. time in computer are greatly reduced, showing therefore, the

economical advantage of the macro-element substructure approach.

=1
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5.2 Recommendations

This ethictent macro-eclement substructure method as developed in this the-

sis should be continued and further developed to address following:
{1). Static analysis of curved box-girder bridges:

The macro-element substructure method presented here is applicable
only to straight box-girder bridges. With the development of highway
systems, curved box-girder bridges play more and more important roles
in modern motorway and urban highway interchange systems. Relatively
simple solutions for curved box-girder bridges are only available in special
cases. Approximate analysis can be made by conventional finite element
method. A more accurate element approach is necessary and further re-
search development is required. Jirousek. Bouberguig and Saygun (8] intro-
duced a macro-element formulation for static analysis of prestressed curved
hox-girder bridges and special 1 “rpose elements were developed. But it is
not a good solution for enginec. - i-icause of its complicated calculation.
There is the necessity to do more studies on simplifying the analysis of

curved box-girder bridge structures.
(2). Dynamic aualysis of box-girder bridge structures:

This macro—element substructure method developed for static analysis
of box-girder bridges can be extended to include dynamic analysis. Method

[25] indicates that, with the simplified dynamic condensation method, dy-
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namie effects of a substrueture’s internal degrees of freedoms can be taken
into account in the dynamic analysis of a multi-substruct ure systent. More
accurate results were obtained both in eigen-pairs from free vibration anal-
ysis and in the higher-mode responses from dynamic respotse analysis con-
pared with the static condensation method. The simplitied method is nearly
as simple in form as the static method. and thus it is not difficult to i
plement in multi-substructure syvstem. Much more researeh on dynamie

behavior analysis of box-girder structures is under progress.
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Appendix A

Macro—Element Substructure

Program
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FILE: MACRO FCGRTRAN *  UNIV D"/OF OTTAWA CMS PAGE 00001

C IR AR A R RS R R RS R R R L L R E N R RN I R P P NI Y Y  F TSRS Y] MACQOO‘O
c * MACRO-ELEMENT SUBSTRUCTURAL METHOD IN BOX-GIRDER STRUCTURES *  MAC00020
C (A X R R LR ESY R DI REREELRY R R R N R R P R R PR SN R TSR ERTR] MACOOO;O
IMPLICIT REAL*8(A-H,0-2) MACO0040
INTEGER E,DH,2C,AA,H,2 MACQ0050
REAL*8 MU,K,KZ(800,200) MACOO0E0
DIMENSION K(24,24),Y(100,2),2Y(100,2),T(24,24) MACO0070
*,JM{€0,60) ,PJ(100,3) ,PO(450) ,FO(24) MACO0080
'.55(400.400)..1».'4(150.4;,n(mo.s) MACO0090
*,P(1100) ,WY(24) ,2C(140 .SK(24.20).M(100).F1§24;.BD(300) MACO0100
«,BTO(50,4) ,FF(100,3) ,PXY{100,5) ,F2(24) ,MACRO(20 MAC00110
COMMON/L1/A,B, TO MAC00120
COMMON/L3/EO, MU MAC00130
COMMON/L2/KE ,KS MAC00140
COMMON/L 4 /ND MAC00150
COMMON/L11/BTO MAC00160
COMMON/L5/NJE , NCJE , NEE MAC00170
COMMON/LE/T,Y , ZY MACO0180
COMMON/L7 /K , SE , 5K MAC00180
COMMON/LS/NPJ , NPF , NPXY MAC00200
COMMON/L12/PJ 70, P MAC00210
COMMON/LS /UM, JMM MAC00220
COMMON/L 10/FO, PF , PXY MAC00230

c LA A AL LR NIRRT 2 R Rl TR R I RN Y T T Y RS SIS MA300240
c * DATA INPUT v MAC00250
c ARPRERRAENARN SRS RN RS AR RN IR RN RN DO ER NN RN NN N RN RNk mcoozso
READ(S, *)NJ,NE ,NZ,NPJ ,NPF ,NPXY ,ND ,NP MAC00270
WRITE(6,5)NJ,NE NZ,NPJ ,NPF ,NEXY ,ND , NP MAC00280

5 FORMAT (/, 5X, "MACRO-ELEMENT METHOD®,//,3X,"(1).INPUT DATA:’.//.,  MAC00290
*5X, "Nd=*,[3,2X, '"NE=", [3,2X, *NZ=",13,2X, 'NPJu", 13,2X, "NPF=", MAC00300
*13,2X, 'NPXY=",13,//,5X, "ND=", 13,5X, 'NP=", [ 3) MAC00310
NJZ=NJ*6 MAC00320
READ(S, *)EQ.MU MAC00330
WRITE(6, 10)EQ, MU MAC00340

10 FORMAT(/,5X,'EO=',E14.5,2X, 'MU=",FB.4) MAC00350
READ(S,*) (2C(1), I=1,N2) MAC00360
WRITE(6,15) (ZC(1), I=1,N2Z) MAC00370

15 FORMAT(/,5X,'ZC(I)=",16(/,15X,615)) MAC00380
IF(ND.EQ.0) GO TO 1§ MAC00390
READ(S5,*)((BTO(I,J),Ju1,4), [=1,ND) MAC00400
WRITE(S,17) ((BTO(1,J),J=1,4}, I=1,ND) MAC00410

17 FORMAT(/,5X,*DEMENSION OF ELEMENT',//, 2X,'SMALL NUMBER'’, MAC00420
*’Al=',5X,'Bi=",5X, 'Ti=',//,5X,32(/, 1X,4F10.5)) MAC00430

19 READ(5,*)A,B,TO MAC00440
WRITE(6,25)A,B,TO MAC00450

25  FORMAT(/,5X, ‘GENERAL DIMENSION INFORMATION', MAC00460
*/.5X,"A=" ,F10.4,2X, "B=" ,F10.4,2X, 'T=",F10.4) MAC00470
IF(NP.EQ.0) GO TO 6 MAC00480
READ(5,*) (MACRO(J) , J=1,NP) MAC00450
WRITE(6,7) (MACRO(J) , J=1,NP) MAC00500

7 FORMAT (/,5X, "MACRO ELEMENT FOR PRINT',//,5X,515) MAC00510
6 READ(S, *)NEE,NJE ,NCJE MAC00520
WRITE(6,30)NEE ,NJE , NCJE MACQ0530

30  FORMAT(/,5X.'NEE=",[3,2X,'NJE=",13,2X, 'NCJE=*,13) MAC00540

NJE3=G*NJE MACO0SS0



FILE:

65
45

75
ral

95
98

99
105

108
107

oOO0O0w
jurd

100

140

MACRO FORTRAN *  UNIV D'/OF OTTANA CMS

NCJE3=6*NCJE

DO 45 MK=1,NE

READ(S,*) (JM(MK,J) ,J=1,NJE)

WRITE (6,65)MK, (JM{MK,J) ,J=1,NJE)
FORMAT(/,5X, *ELEMENT®, 13,2X,//, " dM(1,J)=",50(1614,/)}
CONTINUE

DO 71 Jm=1,NEE

READ(5,*) (JMM(J,N) ,N=1,4)
WRITE(6,75) (JMM(J,N) ,N=1, 4}
FORMAT(/,5X, *JMM(J ,K)=",50{915,/})
CONTINUE

DO 77 Jm1,NEE

DO 77 M=1,2

READ{5,*)Y(J,M),ZY{J M)

IF(J.EQ.1) GO TO 84

GO TO 8%

IF(M.EQ.1) GO TO 85

GO TO 89

WRITE(6,88)

FORMAT(/,5X, ' THE COORDINATES OF NODES 1 % J IN THE ELEMENT",

*/7,3%,° ELEMENT  Y(J.M) Z0 M), /7]
WRITE(6,80)4,Y{J,M),2Y{J M)

FORMAT{SX,15,2F10.3)

CONT INUE

IF{NPJ.EG.0) GO TO 98

READ(5,*) ((PJ(1,J),J=1,3), I=1,NPJ)
WRITE(S.QS)((PJ{I.J;.J-I.3).I-1.NPJ)

FORMAT(/,5X, 'PJ(IL,4)=  '/,32(/,5%,1F12.3,2X,2F9.0})
IF(NPF.EQ.0)} GO TO 105

READ(S,*) ((PF(1,Jd),J=1,3},I=1,NPF}

WRITE(6,99) ((PF I,J;.J-1.3).l-1.NPF)

FORMAT(/,5X, *PF(1,J)=",32(/, 15X, 1F10.7,2X,1F9.0,2X,1F9.0))
IF(NPXY.EQ.0) GO TO 107

READ(S, *) ((BXY(1,J),Jm1,5), [=1 NPXY)

WRITE(6,108) ({PXY(1,J),J=1,5), I=1,NPXY)

FORMAT (/,5X, *PXY(1,d)=",32(/, 15%,3(F10.7,2X),2(F9.0,2X)})
READ(S,*)NDIFF

WRITE(6,91)NDIFF

FORMAT (/,5X, "NDIFF=", [4,2X)

ESRNESRINRANERRAAE RN R SR NI NI NI E RN I RN LA R A RAEN I RN AR AR RN

* INSERT LOAD VECTOR .
* CONSTRUCT TOTAL STIFFNESS MATRIX OF THE STRUCTURE .
I e oy
NBAND=G* (NDIFF+1)

DO 100 I=1,NJ3
DO 100 J=1,NBAND
P(1)=0.
KZ{I,J)=0.
JH=6*NJE+6*NCJE
DO 126 Emi,NE

DO 140 M=1,JH
PO(M)=0.

CALL LOAD(E,2,1)
CALL DDUGD(E,2,1)
DO 120 I=1,NJE

MACOQ560
MACC0570
MACQ0580
MACO0590
MACQO0600
MACO0610
MACQ0620
MACOQ630
MAC00640
MAC00650
MACC0660
MACOQ670
MACO0680
MACO06S0
MACQQ700
MAC00710
MAC00720
MACQ0730
MACC0740
MACQO0750
MACQ0760
MACQ0770
MACOQ780
MAC00790
MACOQB00
MACO0B10
MAC00820
MACO0B30
MACQQOB40
MAC00850
MACO0860
MACODB70
MAC00880
MACO0850
MACCO9Q0
MACOC910
MACQ0920
MACQ0930
MACQQ940
MACQ0950
MACO0960
MACQ0970
MACO0980
MAC00990
MAC01000
MAC01010
MAC01020
MACO1030
MACO1040
MACO1050
MACO1060
MAC01070
MACQ10Q80
MAC01090
MACO1100

PAGE 00002



FILE:

130
120

150
129

169

330

333
300

450
400
350

550

MACRO FORTRAN * UNIV D'/OF OTTAWA CMS

DO 120 !l=1,6

Hebo {([-1)+11

DH=G* (JM(E, [)=1)+11
DO 130 Jm1,NJE

DO 130 JJ=1,6

Lm* (J-1)+dJ

LL=6® (JM{E,J}=1)+Jd
NDL=LL-DH+1
IF(NDL.LT.0)GO TO 130
KZ (DH,NDL )=KZ (DH, NDL) +SE(H, L)
CONT INUE

CONTINUE

DO 150 IKw1,NJE
AA(IK)=JM(E, IK)

DO 150 J=1,6

P(S‘AA(éK)-(G—J))-P(S‘AA(lK)-(S—J))+P0(6'(IK—I)+J)

CONT INU
WRITE(6,169)} (P{I1),1I=1,NJ3)

FORMAT(/,5X, 'LOAD MATRLX OF THE STRUCTURE BEFORE APPLY B.C.

o v /7 NGt 11X, NY=" 11X, Q=" , 10X,

o *MY=", 10X, "MYs=", 10X, "MZ=",//.40(/,6E13.3))
DO 300 l=1,NZ

z-zc(x;

KZ(Z,1)=1

DO 330 Jm2,NBAND

K2(Z,J)=0.
IF Z.GT.NBAND; JO=NBAND
IF{Z.LE.NBAND} JO=2
DO 333 JZ=2,J0

[ZwZ=J2+1

KZ(1Z,J2)=0.

P{2)=0,

CONTINUE

JH=NJ3-1

DO 350 IK=1,JH

KKD= I K+NBAND-1

lriuas.cr.xxo IM=KKD
IF{NJ3.LE.KKD) IM=NJ3

DO 400 I=IK+1,IM

L l=LK+1

C=KZ(1K,L)/KZ(1K,1)

LD=NEAND-L+1

DO 450 J=i,LD

M=J+1-1K
KZ(!,J)mKZ(1,J)-C*KZ(IK,M)
P{1)=P(1)-C*P{IK)

CONT INUE

P{NJ3)=P{NJ3)/KZ(NJ3, 1)

DO 500 LK=1,NJ3~1

1=mNJ3-LK

IFENBAND.GT.NJ3-1+13 JO=NJ3=1+1
IF{NBAND.LE .NJ3=141) JO=NBAND
00 550 Ju2,J0

Hed+]=1

P{I}=P(1)-KZ(l,J)*P{H)

MACO1110
MACO1120
MACO1130
MACQ1140
MACO1150
MACO1160
MACO1170
MACO01180
MACO1190
MAC01200
MACO1210
MACO1220
MAC01230
MACQ1240
MAC(1250
MACO1260
MAC01270
MACO1280
MACO1290
MACO1300
MACQ1310
MACO1320
MACO1330
MACO1340
MACQ1350
MACO1360
MACO1370
MACQ1380
MACQ1390
MACC1400
MACO1410
MACO1420
MACQ1430
MACO1440
MACO1450
MACO 1460
MACO1470
MACO1480
MACO 1490
MACO01500
MACO1510
MACO1520
MACO1530
MACO1540
MACQ1550
MACQ1560
MACQ1570
MACO1580
MACO1590
MACO1600
MACO1610
MAC0O1620
MAC01630
MACO1640
MACO1650

PAGE 00003



FILE:

S00
570

560

580
595

1"
13

620
640
610

613
618

645

666
660

656
€50

710

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

P(1)=P{1)/KZ(1,1)
WRITE(6,570)

FORMAT(// 3X,'(2).THE OUTPUT:',///.5X, “NODAL DISPLACEMENTS®,
*//,TNODE"  4X, 'Un" 10X, *Va' , 10X, "' BX,
*"CETA(X)=",5X, 'CETA(Y)=",5X, "CETA(Z)=")
DO 595 I=1,NJ

DO 560 J=1,6
D(1,J)=P(6*1-6+J)
WRITE(6.,580) I, (D(1,J)..' 1,6)
FORMAT(/, 13.6E12. 4)

CONT INUE

IF(NP.EQ.0) GO TO 990

DO 990 Em1,NE

DO 11 LWm=i,NP
LO=MACRO({LW)

IF(E.EQ.LO) GO TO 13
CONTINUE

GO TO 990

DO 610 [=1,NJE

DO 610 M=1,NJ

MJ=JM(E, 1)

IF(MJ.EQ.M) GOTO 620

GO TO 610

DO 640 N=1,6

80((1- 1)-6+N)-0(M N)
CONTINU

IF(E. GT 1) GO TO 613

DO 618 M=1,JH

PO(M)=0.

CALL LOAD(E,2,2)

CALL DDUGD(E,1,1)
JH=NJE3+NCJE3

DO 645 MKw=1,NJE3
JuNCJE34+MK

PO(J)=BD (MK)

CONTINUE

MT=NCJE3+1

DO 660 I=1,NCJE3

P(1)=0.

DO 666 J=mNCJE3+1,JH
P(l)-P(l)+SE(I J)*PO(J)
POEI)-PO(I -P(1)
PO(NCJE3)=PO(NCJE3) /SE (NCJE3,NCJE3)
DO 650 LK=1,NCJE3-1
[=NCJE3~LK
DO 656 J=mI+1,NCJE3
POEI;-POEI;-SE{I.Jg'PO(J)
Po{1)=Po(1}/SE(I,1
DO 950 NN=1,NEE

DO 710 I=1,4

DO 710 J=1,6

N=6*(1-1)+J
MM=6* ( JMM(NN, 1)=1)+J
WY {N)=PO (M)

DO 837 I=1,24

MACO1660
MACO1670
MACO1680
MACO01650
MAC01700
MACO1710
MACO01720
MAC01730
MACO1740
MAC01750
MACC1760
MACO1770
MACO1780
MACQ1790
MACD1800
MACO1810
MAC01820
MACO1830
MACO 1840
MACO01850
MACC1860
MACO1870
MACO1880
MAC01890
MACO 1800
MACO1910
MAC01920
MAC01930
MACOQ1940
MAC01850
MACO1960
MACO1970
MACO1980
MACQ1950
MACQ2000
MACQ2010
MAC02020
MACQ2030
MACQ2040
MAC02050
MACQ2060
MAC02070
MACO2080
MACQ20Q30
MACQ2100
MAC02110
MAC02120
MAC02130
MAC02140
MACO2150
MACO2160
MACO2170
MAC02180
MACO2190
MAC02200

PAGE 00004
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837
838

836

31
a81

783

780

669
868

860
863

853
867

9001

8304
8303

8301
8306

26

MACRO FORTRAN * UNIV D’'/OF OTTAWA CMS

DO 837 J=1,24
T(1,J)=0.0

CALL ZB(NN,E,1)
IF(E.GT.1) GO TO 836
IF{NN.GT.1) GO TO 836
DO 881 l=1,24
F2(1)m0.

DO 888 M=1,24
F2(1)}=F2(1)4T(1,M)*WY (M)
CONT INUE

CONT INUE

00 783 [=1,20

WY (1)=0

DO 780 I=1,.4

DO 780 Jw1,5

1Qm6* l—1}rd
1P=mS® ([=1)+J
Wy (1P)=F2(1Q)

DO 869 L=1,24

DO 859 Mm1,20

SK(L ,M)=0

CALL IDUGD(NN,E)

DO 860 Llm1,24

F1(LI)=0.

DO 860 Jm1,20

F1(LI)mF1{LT)+SK(LI,J)*Wr(J)

CONTINUE

WRITE(6,B63)E ,NN

FORMAT (/,5X), "E=", 12,5X, ' INTERNAL FORCES IN SMALL ELEMENT'
*,12,//,9%, 'SIGMA=X" .6X, 'SIGMA-Y ", 6X,
* TAU-XT ", 9X, "MX', 11X, "MY',9X, '"MXY*,//)

DO 867 Ll=1,4

LL=§*L{-5

JJmBeL|

WRITE(6,853) JMM(NN,L1), (F1{J),JmLL,JJ)

FORMAT ( "NODE*,12,6E13.4,/)

CONT INUE

WRITE(6,9001)

FORMAT(9X, 'BENDING STRESS ',6X,//
*,9%, 'SIGMA-MX" ,5X, *SIGMA-MY " ,5X, " TAU-MXY", /)
IF(ND.EQ.0) GO TO 8301

DO 8303 I=1,ND

IAT=INT{BTO(I,1))

IF (IAT.EG.NN) GO TO 8304

GO TO 8303

TOX=BTO(I , 4)

GO TO 8306

CONT INUE

TOXwTO

CONT INUE

DO 24 N=1,4

LL=6*N-2

JUm6*N

DO 26 NHeLL,JJ

F1(NH)=F 1(NH) *6/{TOX*TOX)

MAC02210
MAC02220
MACOQ2230
MACD2240
MACD2250
MACQ2260
MACO02270
MACO2280
MAC02290
MAC02300
MAC02310
MAC02320
MAC02330
MAC02340
MACO2350
MACO2360
MACO2370
MACO2380
MACO02390
MACQ2400
MAC02410
MACQ2420
MAC02430
MAC02440
MAC02450
MACO2460
MAC02470
MAC02480
MAC02490
MAC02500
MAC02510
MAC02520
MACO2530
MACQ2540
MACO2550
MACO2560
MAC02570
MACO2580
MACO02590
MACO2600
MAC02610
MACO2620
MAC02630
MAC02640
MAC02650
MAC02660
MAC02670
MACO2680
MAC02690
MAC02700
MACO02710
MAC02720
MAC02730
MAC02740
MAC02750

PAGE 00005



FILE:

28
24
950
990

1100

1049
1048
1030
1050

1150
1130
1101
(ARE!

MACRO FORTRAN » UNIV D'/0F OTTAWA CMS

WRITE(6,28) JMM(NN,N) , (F1(J) . J=LL,JJ)

FORMAT( *NODE',12,3E13.4,/)
CONTINUE

CONTINUE

CONT INUE

STOP

END

MACO2760
MACQ2770
MACO2780
MAC02790
MACO2800
MACQ2810
MAC02820

“..-'.“'-l..t““.‘..t!“‘.“‘-..""“"'i'.!!.!!ll.!.ll...l‘..mcozaso

SUBROUTINE DDUGD(E,LLE,LEN)
IMPLICIT REAL*B(A-H,0-Z)
INTEGER E,DH,H

REAL*8 MU,K,KZ(800,200)

DIMENSION K(24,24),Y(100,2),Zv(100,2),T(24,24)
'.JMEGO.GO).PJ(IDO.S).Po(450).p 1100)
400,400) . JMM(150,4) ,BTO(50,4) ,5K(24,20)

*,SE
COMMON/L1/A,B,TO
COMMON/L3/E0, MU
COMMON/L2/KE ,KS
COMMON/L4/ND
COMMON/L 11/8T0
COMMON/L5/NJE , NCJE ,NEE
COMMON/LG/T, Y, ZY
COMMON/L7/K, SE, SK
COMMON/L12/PJ ,FO,P
COMMON/LS/JM, JMM
NJE3=E*NJE
NCJE3=6*NCJE
1 1=NCJE3+NJE3
DO 1100 I=1,11
DO 1100 J=1,11
SE(I,J)=0.

DO 1030 I=1,NEE

CALL DUGD(I,E,LLE)

DO 1048 L=1,4

DO 1048 LL=1,6

Hem§* (L~1)+LL

DH=6% (JMM(T,L)=1)+LL

DO 1049 M=1,4

DO 1049 MM=1,6

Ne5* (M—1)+MM

NN=6* (JMM( 1, M) —1 ) +MM
SE(DH,NN)=SE (DH, NN} +K{H,N)
CONT INUE

CONT INUE

CONTINUE

DO 1111 KJm1,NCJE3

DO 1101 KImKJ+1,11

IF (SE(KJ,KI).EQ.0) GO TO 1101
C=SE (KJ ,KI) /SE(KJ,KJ)

DO 1150 J=KI, 11
SEEKI.J)-SE(K[.J)-C'SE(KJ.J)
PO(KI)mPO(KI )—C*PO(KJ)

CONT INUE

CONT ENUE
IF (LLE.EQ.1)GO TO 1180

MAC02840
MAC02850
MACO2B60
MAC02870
MAC02880
MACO2890
MAC02900
MAC02910
MACO2920
MACO2930
MACQ2940
MACQ2950
MAC02960
MAC02970
MAC02980
MAC02990
MACO3000
MACO3010
MACO3020
MACO3030
MACQI040
MACOQ3050
MAC03060
MACO3070
MAC03080
MACOQ3050
MAC03100
MACO3110
MACO3120
MACQ3130
MACO3140
MACO3150
MAC03160
MACQ3170
MACO3180
MAC03190
MACQ3200
MACO3210
MACO3220
MAC03230
MAC03240
MAC03250
MACO03260
MACQ3270
MACO3280
MAC032380
MACC3300

PAGE 00006



FILE:

1180

1110
1190

1200

1208

1210
1220

c

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

DO 1180 I=1,NJE3
1J=1+NCJE3
DO 1180 J=1,NJE3
JI=J4+NCJIE3
SE(1,J)=SE(1J,J1)
CONTINUE
IF{LEN.EG.2)GO TO 1190
DO 1110 I=1,NJE3
1J=I4+NCJE3
PO(1)=PO(1J)
RETURN
END

MACQ3310
MAC03320
MAC03330
MACO3340
MACO3350
MACCJ3360
MACO3370
MACO33B80
MACO3390
MACOJ3400
MACO3410
MAC03420

.C'..“‘-l...-.'..l"...O‘.‘O.l..‘..i‘.‘t‘-‘ttl.t.t!....tll.llit‘.MAcn343°

SUBROUTINE DUGD(LF,E,LLE)
IMPLICIT REAL*8(A-H,0-2)
INTEGER E

REAL*S MU,K,KE(12,12),KS(24,24)

DIMENSION K(24,24),Y(100,2),2ZY(100,2),T(24,24)

*,5K(24,20),SE(400,400),87T0(50,4)
COMMON/L1/A,8,TO
COMMON/LL3/EO, MU
COMMON/L2/KE ,KS
COMMON/L 4 /ND
COMMON/LE/T,Y,ZY
COMMON/L11/BTO
COMMON/L7/K, SE, SK

DO 1200 L=1,24

DO 1200 Jm=1,24
KS{L,J)=0.0

CALL JOUGD(LF ,E,LLE)
DO 1208 [wi,24

DO 1208 J=1,24
T(1,J)=0.0

CALL 2B(LF,E,LLE)

DO 1210 I=1,24

DO 1210 J=1,24
K(L,J)=0,

DO 1210 N=1,24

DO 1210 M=1,24
K{1,0)=K(1,J)+T(N, [)*KS{N,M)*T(M,J)
CONTINUE

RETURN

END

MACOQ3440
MACO3450
MACO3460
MACO2470
MACO3480
MACO3490
MACO03500
MACO3510
MAC03520
MAC03530
MAC03540
MACO03550
MACO3560
MACD3570
MACO3580
MACO3590
MACQ3600
MACQ3610
MACQ3620
MACO3630
MACQ3640
MACOZ550
MACO3660Q
MACQ3670
MACOQ3680
MACOQ3690
MAC03700
MACO03710
MAC03720
MACQ3730

"l“'.‘.'.“'..t....‘t.“lt‘t!--‘...-““-“---".!.ll.tt‘.ll--t‘MAc°374o

SUBROUTINE JDUGD{LF ,E,LLE)
IMPLICIT REAL*8(A-H,0-2)
INTEGER E

REAL*8 MU,KE{12,12) ,K,KS(24,24)
DIMENSION BTO(50,4
COMMON/LL1/A,B, TO
COMMON/.3/EQ, MU
COMMON/L2/XE ,KS
COMMON/LL4/ND
COMMON/L11/BTO

IF(ND.EQ.0) GO TO 1301

MAC03750
MAC03760
MACQ3770
MACO3780
MACQ37390
MACO3800
MACO38B10
MACO3820
MACO3830
MACO03840
MACO03850
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FILE:

1304

1303

1301

1306

1300

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

DO 1303 l=1,ND
IAT=INT(BTO(1,1))

1F (IAT.EQ.LF) GO TO 1304
GO TO 1303

AX=BTO 1.2;

BX=B8TO(1,3

TOX=BTO(1, 4)

GO TO 1306

CONT INUE

AXwA

BX=B

TOX=TQ

P 1=AX /BX

P2=8X/AX

ETV=EQ*TOX/( 1. 0-MU*MU)
Cim(P2/3+(1-MU) *P1/6) *ETV
C2=(MU/4+( 1-MU) /8) *ETV
C3=(P1/3+(1-MU) *P2/6) *ETV

Cam(=P2/3+(1-MU)*P1/12)*ETV

CS=(MU/4~( 1-MU) /B) *ETV
C6m(P1/6~( 1-MU ‘P2/6§*ETV
C7=(P2/6~( 1-MU} *P1/6) *ETY

CB=(=P1/3+(1=-MU)*P2/12) *ETV

DO 1300 I=1,24
DO 1300 Jm1,24
KS(I,J)=0.

1.1
2.1
2,2
7.1
7.2
KS(7,7)=C1
8,1
8,2
8,7)=—C
8,8
1 ]
1

. -cs
3,1)=C4
3,2)=—CS
KS(13,7)=-C1/2
KS{13,8)=C2
KS(13,13)=Ct
KS(14,1)=C5
Ks{14,2)=C6
KS(14,7)=C2
KS(14,8)=m-C3/2
KS 14.13;-cz
KS(14,14)=C3
KS(19,1)=-C1/2
KS(19,2)=—C2
KS(19,7)=C4
KS{19,8)=C5
KS{19,13)=C7
KS{19, 14}=—C5
KS(19,19)=C1
KS(20,1)=-C2

MAC03860
MACO3870
MACO3B880
MAC03890
MAC03900
MACO3810
MACQ3920
MAC0J3930
MAC03940
MACQ3950
MAC03960
MACO3970
MACO3980
MAC03990
MAC04000
MAC04010
MACC4020
MACC4030
MAC04040
MACO4050
MACQ4060
MACO4070
MACO04080
MAC04090
MACO4100
MACO4110
MAC04120
MAC04130
MACO4140
MACO4150
MACO4160
MACO4170
MAC04180
MACO04190
MACQ4200
MACO4210
MAC04220
MACO4230
MACO4240
MACQ4250
MACO04260
MAC04270
MACQ4280
MACQ4290
MAC0O4300
MACO04310
MAC04320
MACO04330
MAC04340
MAC04350
MACO4360
MAC04370
MACO4380
MACQ4390
MACQ4400

PAGE 00008



FILE: MACRC FORTRAN *

KS(20,2)=—C3/2
KS(20,7)=—C5
KS(20,8)=C6
KS(20,13)=C5
KS{20, 14)=C8
K5(20,19)=C2
KS(20,20)=C3
CALL BDUGD(L
wiE(1
=KE(2
=KE(2
=KE(3
=KE (3
=KE (3
=KE (4

4

4

4

i el ol L)

UNIV D'/OF OTTAWA CMS

MAC04410
MAC04420
MAC04430
MAC04440
MACO4450
MACC4460
MACO4470
MACD4480
MACD4490
MACO4500
MACO4510
MAC04520
MAC04530
MAC04540
MAC04550
MACO4560
MAC04570
MACO4580
MAC04590
MACO4600
MAC04610
MACO4620
MAC04630
MACO4640
MACO4650
MACO4660
MAC04670
MACO4680
MACO4690
MACO4700
MACC4710
MACO4720
MAC04730
MACO4740
MAC04750
MACO4760
MACOQ4770
MAC04780
MAC04790
MAC0O4800
MAC04810
MAC04820
MACO4830
MACQ4840
MACOQ4850
MAC04860
MAC04B70
MAC04BB0O
MAC04890
MACO4300
MAC04910
MAC04920
MAC04930
MACO04940
MAC04950
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FILE:

1540

1550

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

KS 21.5;-«5 10.3}
KS(21,9)=KE(10,4
KS(21,10)=KE{10,5
KS(21,11)}=KE{10,6
KS(21,15)=KE(10,7
KS(21,16)=KE(10,8
KS(21,17)=KE(10,9
KS(21,21)=KE(10,10)
KS(22,3)=KE(11,1
KS(22,4)=KE(11,2
KS(22,5)=KE(11,3
KS(22,9)=KE(11,4
KS(22,10)=KE{11,5
KS{22,11)=KE(1
Ks(22,15)=KE(1
KS(22,16)=KE(1
KS(22,17)=KE(1

KS 22.21;-&5 11,10
KS(22,22)=KE(11,11
KS(23,3)=KE({12
KS(23,4)=KE(12
KS(23,5)=KE(12
KS(23,9)=KE(12
KS(23,10 -KE$1
KS(23,11)=KE
KS(23,15)=KE(12,7
KS(23,16)=KE(12,8
KS(23,17)=KE(12,9
KS{23,21)=KE(12,10
KS(23,22)=KE{12, 11
KS(23,23)=KE(12,12

DO 1540 I=1,24

DO 1540 Jmi,1
KS(J,1)=KS(1,J)
IF(LLE.EQ.1) GO TO 1550
IF{E.GT.1)} GO TO 1550
IF(LF.GT.1} GO TO 1550
RETURN

END

MACQ49G0
MACQ4970
MACQ4980
MAC04950
MACOS5000
MAC05010
MAC0S5020
MACO5030
MACO5040
MACO5050
MACO5060
MACO5070
MACOQ3080
MAC05090
MACO5100
MACO5110
MACO05120
MACO05130
MACO5140
MACO5150
MACO5160
MACOS5170
MAC05180
MAC05130
MACO05200
MACO5210
MAC05220
MACO5230
MAC05240
MACO05250
MAC(05260
MAC05270
MACO5280
MACO5290
MACO05300
MACC5310
MAC05320
MACO5330
MAC05340

SAENSRRERERARNNELIRRNNBIERER AR B SRR LU NRRRERBRB AN RS ELNRRAEN RO NMMACORIE0D

SUBROUTINE ZB(LF,E,LLE)
IMPLICIT REAL*B(A~H,J-Z)
INTEGER E

DIMENSION Y{100,2),2Y{100,2),T7(24,24),YY(3,3).YL(E,6)

COMMON/LE/T,Y,ZY
Y1-YELF.1

Y2=Y(LF,2

Z1=ZY{LF,1

Z2=2Y(LF,2

XYZmSART ( (Y2-Y1) *(Y2-Y1}+(Z2-Z1) *{22-Z1))
XAX=1 .

XAY=0,

XAZ=0,

YAX=0,

YAY=(Y2-Y1)/XYZ

MACQ5360
MACO5370
MACOS5380
MACO5390
MACO5400
MACO5410
MACO5420
MACQ5430
MACO5440
MAC05450
MAC05460
MAC05470
MAC05480
MAC05480
MACOSS00
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FILE:

1610

1612
1615

1622
1630

1640
1642

MACRO  FORTRAN *  UNIV D’/OF OTTAWA CMS
YAZ=(Z2-21)/XYZ
ZAX=0.
ZAYm~(22~21) /XY2
ZAZn(Y2-Y1) /XYZ
DO 1610 Imi,3
DO 1610 Jmi,3
YY{1,J)=0
YY{1,1)mXAX
Yr{1,2)mXAY
TY(1,3)mXAZ
Yy(2,t)=rax
YY({2,2)=YAY
YY(2,3)m=YAZ
YY(3,1)=zAX
Yv{3,2}=2AY
YY{3,3)=2A2

DO 1615 I=1,6
DO 1615 J=i,6
YL(I,J)=0.
YL(T, 1 3mYY (1,1
YL(1,2)=YY({1,2
YU(1,3)=ry{1,3
Yu(2, 1y=ry({2,1
YL(2,2)mrY (2,2
YL(2,3)mrY (2,3
YL(3,1)mYY(3,1
YL(3,2)=YY(3,2
YL(3,3)=YY(3,3
YL(4,4)mYY{1,1
YL(4,5)mrv({1,2
YL{4,6)=YY({1,3
YL(5,4)=YY(2,1
YL(5,5)=YY (2,2
YL(5,6)myY (2,3
YL(6,4)mYY(3,1
YL(6,5)=rY(3,2
YL{6,6)=YY(3,3
DO 1630 I=1,24

DO 1630 Jmi,24
T(1,J)=0.0

DO 1640 Imi,4

DO 1640 J=1,6

DO 1640 MK=1,6
T(6*(1=1)+J,6%(I-1)+MK)=YL(J ,MK)
RETURN

END

MACO5510
MACQ5520
MACOS530
MACOS5540
MACOS5550
MACOS560
MACO5570
MACOS5580
MAC05590
MACO5600
MACO5610
MACO5620
MACOS630
MACO5640
MACO5650
MACOS5660
MACOS670
MACOS680
MACO05690
MACO5700
MAC05710
MAC05720
MACO5730
MAC0S5740
MAC05750
MACO5760
MACO5770
MAC05780
MAC05790
MACO5800
MACO5810
MACO5B20
MACO5B830
MACO5B40
MACOS5850
MACO5860
MACO5870
MACOSE80
MACOSBOO
MACOS5900
MAC05910
MAC05920
MACQ5930
MACO05940
MACO5950
MACOS960

BRAAENERNRAINERABSRRERNNRAERNARRNERSRRRRERI RN ERRRR RN RN AR R e RMACOSGTO

SUBROUTINE BOUGD(IE,E,LLE)

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

INTEGER E

REAL*8 uu.xs{12.12 JK1,K2,K3,K4,K5,KL,KS(24,24)
DIMENSION K1(12,12),K2(12,12) ,KL(12,12),K3{12,12)
*,K4(12,12),K5{12,12) ,BTO(50,4)

COMMON/L1/A,B,TO

COMMON/L 3/EQ , MU

MACOS980
MACO59890
MACOB000
MACOE010
MACOE020
MACO6030
MACO6040
MACO6050

PAGE 00011



FILE:

1656

1652

1653
1651

1655
1650

MACRO FORTRAN *  UNIV D' /OF OTTAWA CMS

COMMCN/L2/KE ,KS
COMMON/L4 /ND
COMMON/L11/B8TC
1IF(ND.EQ.0) GO TO 1651
DO 1653 I=1,ND

TAT=INT (BTO(1,1))
1IF(IAT.EQ.IE) GO TO 1652
GO TO 1653

AX-BTO§I.2
BX=BTO(I,3
TOX=BTO(1,4)
GO TO 1655
CONTINUE

AXmA

BX=B

TOX=TO

DO 1650 [=1,12
DO 1650 J=1,12
K1{I[,J)=0
K1(1,1)=60
=30

=20

=30

=15

=50

wi5

=10

=30

=20
=60
==30
=30
15
=E0
=30

* * ® ® v ow o= o

MR IR

-

P

-
.22 @POORVODBNNNNNONROO L, pldd
OOl t Do ld s O o = P = (o =

CO0000

~ O,
o

=—30
, 7)=30
Ki1(10,9)=~15
K1(10,10)=60
K1(12,1)=15
K1(12,3)=5
K1(12,4)=30
K1(12,6)=10
K1{12,7)=—15
K1{(12,9)=10
K1{12,10)=-30
K1(12,12)=20

Fad
-
—

MACO&CE0
MAC08070
MACOB080
MACO6090
MACO6 100
MACOE110
MAC06120
MAC06130
MAC06140
MACO6150
MACC6160
MACO6170
MACO6180
MACO61S0
MAC06200
MAC06210
MACO6220
MACO6230
MACQ6240
MACQ6250
MAC06260
MACQ6270
MACO062B0
MACOE290
MACO6300
MACO6310
MAC06320
MACO6330
MACQ6340
MACO06350
MAC06360
MAC06370
MACO63B0
MACCE390
MACOE400
MACCG410
MACOG420
MACOG430
MACO6440
MACOG450
MACOG460
MAC06470
MACO6480
MAC06490
MACO6500
MACO6510
MAC06520
MACC6530
MACOBES540
MACO6550
MACO6560
MACOE570
MACOE5B0
MACOE590
MACO6600

PAGE Q0012



FILE:

1660

1685

1690
1691

1700

MACRO  FORTRAN *  UNIV D'/OF OTTAWA CMS
DO 1660 IA=1,12
DO 1660 JA=1, A
K1(JA, IA)=K1{IA,JA)
DO 1685 I=1,12
DO 1685 J=1,12
K2(1,J)=0.
K2({1,1)=60
k2(2,1)=-30
K2(2,2}=20
K2(4,1)=~60
K2(4,2)=30
K2{4,4)=50
K2(5,1)==30
K2(5,2)=10
K2(5,4)=30
K2(5,5)=20
K2(7,1)=30
K2(7,2)=-15
K2(7,4)=-30
K2(7,5)=-15
K2(7,7)=50
K2(8,1)m-15
K2(8,2)=10
K2(8,4)=15
K2(8,5)=5
x2(8,7)=-30
K2(8,B8}=20
k2{10,1)==30
K2(10,2)=15
K2{10,4)=30
K2(10,5)=15
K2{10,7)=—60
K2{10,8)=30
k2(10,10)=60
K2(11,1)==15
K2(11,2)=5
K2{11,4)=15
k2{11,5)=10
K2{11,7)=-30
K2{11,8)=10
K2{11,10)=30
K2{11,11)=20

DO 1690 1Aw1,12
DO 1690 JA=1,lA
K2(JA, 1A)=K2{ 1A, JA)
DO 1700 Iw=1,12
DO 1700 J=1,12
K3(1.J)w0
K3{1,:)=30
K3{2,1)=—15
K3{3,1)=15
K3(3,2)=—15
K3(4,1)=-30
K3{4,3)==15
K3(4,4)m=30

MACQ6610
MAC0D6620
MACOE630
MACO06640
MACCE650
MACOE660
MACO6670
MACQE680
MACOE690
MACO6700
MACQ6710
MACO6720
MACO06730
MACO6740
MACOS750
MACOG6760
MACO6770
MACO6780
MACO6790
MACQ6800
MACO6B10
MAC06820
MACCE830
MACO6840
MACO6850
MACQ6860
MACO5870
MACOSBB0
MACQ6890
MACO5900
MACO6910
MACD6920
MACO6930
MACQ6940
MACO6950
MACO6960
MAC06970
MAC06980
MACOE980
MACO7000
MAC07010
MAC07020
MAC07030
MACO7040
MACO7050
MACO07060
MACO7070
MAC07080
MAC07080
MAC07100
MACO07110
MACO7120
MAC07130
MACO7140
MAC07150

PAGE Q0013



FILE: MACRO FORTRAN =

1730
1771

1780

K3(5,4)=15
K3(6,1)=-15
K3(6,4)=15
K3(6,5)=15
K3(7.1)=-30
K3(7,2)=15
K3(7,4)=30
K3(7,7)=30
K3(8,1)=15
K3(8,7)=—15
K3(9,7)=-15
K3(9,8)m15
K3{10,1)=30
K3(10,4)=—30
K3(10,5)==15
K3(10,7)=-30
K3(10,9)=15
K3(10,10)=30
K3(11,4)=-15
K3{11,10)=15
K3!12,7)=15
K3(12,10)=-15
xas1z.11;-15

DO 1730 1A=1,12
DO 1730 JA=1,iA
K3(JA, IA)=K3( A, JA)
DO 1780 Im1,12

DO 1780 J=1,12

K4(1,J)=0,
K4(1,1)=B4
K4(2,1)w=6
K4(2,2)=8
K4(3,1)=6
K4(3,3)=8
Ka{4,1)=—84
Kd(4,2)=6
Ké(4,3)=—6
Ké(4, 4)=84
K4(5,1)=-6
K4(5,2)m=2
K4(5,4)=6
K4(5,5)=8
K4(6,1)=-6
K4(6,3)=-8
K4(6,4)=6
K4(6,6)=8
Ké(7,1)=—84
K#(7,2)=6
K4{7,3)m=—6
K4{7,4)=B84
K4(7,5)=6
K4(7,6)=6
K4(7,7)=84
K4(8,1)=6
8,2

-

UNIV D'/OF OTTAWA CMS

MACO7160
MACO?7170
MACO7180
MACO7190
MACO7200
MACO7210
MACQ7220
MACQ7230
MAC(O7240
MACO7250
MACO7260
MAC07270
MACO7280
MACO7290
MACO7300
MACO7310
MACO7320
MAC07330
MACO7340
MACQ7350
MACO7360
MAC0?7370
MACO7380
MACD7390
MACO07400
MACO7410
MACO7420
MACO7430
MACO7440
MACO7450
MACQ7460
MACO7470
MACO7480
MACO7490
MACO7500
MAC07510
MAC0752Q
MACO7530
MACO07540
MACQ7550
MACO756Q
MACQ7570
MACO7580
MACO7590
MACO7600
MACO7610
MAC07620
MACO7630
MACO7640
MACO7650
MACQ7660Q
MACO7670
MACO7680
MACO7690
MACO7700
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FILE: MACRO FORTRAN

1750
1791

1800

801

Ké({
DO
DO

KL
KL

Lo
=2
==6
=8
L]
-2
=—f
-2

R e N e A
| 1 |
[N ]

o

11,8)m=2
11,10)=6
11,11)=8
12,1)=6
12,3)=2
12,4)=6
12,6)==2
12,7)=6
12,9)=-8
12,10)=-6
12,12)=B
1790 lw1,12
1790 Jwi, [
J, [)=K4({1,4)
1800 I=m1,12
1800 J=1,12
1,J)=0,

-1
=2+BX
-l *AX
=]
w2*BX
-?'Ax
m2*BX
m2*AX
10)=1
11)m24BX
12)=m2%AX
0 I=1,12

G

-t et 2 DD RN AN =

DN == O
= - = WO~JAWL

UNIV D' /OF OTTAWA CMS

MACO7710
MACO7720
MACO7730
MACO07740
MACO7750
MACO7760
MACO7770
MACO7780
MAC07780
MAC(7800
MACO7810
MAC0O7820
MAC07830
MACO7840
MACQ7850
MACQ7860
MACO7870
MACO7880
MAC07850
MACO7900
MACD7910
MAC07920
MACO7930
MACQO7940
MACO7950
MACQO7960
MACO?7970
MACO7980
MACO7990
MACOB000
MACOBO10
MACOB020
MACOBQ30
MAC08040
MACOBOS0
MACOBO60
MACOBO70
MACOBG80
MAC08090
MACOB100
MACOB110
MACOB120
MACO8130
MACO8140
MAC08150
MACOB160
MACOB170
MAC08180
MAC08190
MAC08200
MACOB8210
MAC08220
MAC0B230
MACOB240
MAC08250
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FILE: MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

1850

1888
1858

1901

1900

1951
1950

DO 1850 J=1,12

K5(I,J)=0

Q1={AX/BX) * { AX/BX)

Q2=1/Q1
TV=EQ*TOX*TOX*TOX/(12* (1. 0-MU*MJ))
DX=TV

DY=TV

DXY=TV*(1.0-MU)/2

Di=TV*MU

DO 1850 [J=1,12

*D1*K3(1J,J)+DXY*K4
CONTINUE

DO .888 I=1,12

DO 1888 J=1,12
KE(1,J)=0

DO 1888 ldw1,12
KE(I,J)=KE{I,J)+K5(1, IJ)*KL(1J,J)
CONTINUE

RETURN

END

IJ,J

K5(I.J)uK5(l.J)+KL$l.1J;‘(DX‘02‘K1(IJ.J)+DY'O1'K2(IJ.J)+

Y/ (60*AX*BX)

MACQB8260
MAC0B270
MAC0B280
MAC0B8290
MACO0B300
MACOB310
MAC08320
MAC(08330
MACC8340
MACOB350
MACOB360
MACOB370
MACQB380
MAC0B8390
MACOB400
MACOB410
MAC0B420
MAC08430
MACOB440
MACOB450
MACOB460

BHERIELNRSNNREIREER R R RN RRR N BRI C AR BA RN BEARRRAGERRn Rt e IACOR470

SUBROUT INE LOADEE.LLE.LEN)
IMPLICIT REAL*B(A-H,0-2)
INTEGER E,A1(4)

REAL*S MU,K,XS

DIMENSION K(24,24),Y(100,2),2Zr(100,2),T(24,24)

'.JMEBO.GO).PJ(100.3).P0(450).F0(24)
* SE

,BTO(50,4) ,PF(100,3) ,PXY(100,5)
COMMON/L1/A,B,TO
COMMON/L3/EQ, MU
COMMON/L4/ND
COMMON/L11/BT0
COMMON/L5/NJE ,NCJE , NEE
COMMON/LE/T,Y ,ZY¥
COMMON/L7/K, SE , SK
COMMON/LB/NPJ ,NPF , NPXY
COMMON/L12/PJ PO, P
COMMON/LLS/M, JMM
COMMON/L 10/FO, PF , PXY
NJE3=6*NJE

NCJE 3=6*NCJE
MA=NJE34NCJES

DO 1901 JIm1,MA
POiJI)-O.

IF{NPJ.GT.0) GO TO 1900
GO TO 1940

DO 1950 I=1,NPJ
MAC=INT(PJ(1,3))

IF (MAC.EQ.E) GOTO 1951
GOTO 1950
J-INT(PJEl.zg)
PO(J)=PJ(I, 1

CONTINUE

400,400) , JWM{ 150,4) ,PE(24) ,P(500) , SK(24,20)

MACOB480
MACOB490
MAC08500
MAC0B510
MACOB520
MACOB530
MAC0B8540
MAC0B550
MACOB560
MAC08570
MACOB580
MACOB590
MACQ860Q0
MACOB610Q
MAC08620
MACOB630
MAC0B640
MACOB650
MACOBEE0
MACOBE70
MACOBGB0O
MACOB690
MACOB700
MACOB710
MACOB720
MACOB730
MACO8740
MACOB750
MACOB760
MACOB770
MACO8780
MACOB790
MACO08B00
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FILE:

1940
1945

1946

1841

1564
1965

1969
1960
1990

2260

220

2272

2264
2265

2269
2290
2200
2373

MACRO FORTRAN * UNIV D'/OF OTTAWA CMS

IF (NPF.GT.0} GO TO 1945
GO TO 1890

DO 1960 JJ=1,NPF

MEmINT (PF{JJ,3))
IF(ME.EQ.E) GO TO 1946
GO TO 1960
NN=INT(PF({JJ,2))

CALL GDNL(E,NN,JJ)

DO 1941 [=1,24

DO 1941 Jumi,24
T(1,J)=0.0

CALL ZB(NN,E,1)

DO 1964 Jmi, 24

PE(J)w0.

DO 1964 M=1,24
PE(J)=PE(J)+T(M, ) *FO(M)
CONTINUE

DO 1969 IKw1,4
ATCIK)=IMM{NN, 1K)

DO 1969 Jm1,6
PO(G'AI(IK) (6-9))=PO(6*A1{ 1K) =(5=d) ) +PE (6% { IK~1)+J)
CONT INUE

IF (NPXY.GT.0) GO TO 2260
GO TO 2200

DO 2290 JJ=1,NPXY
lE-lNT(PXY(JJ 5))
IF(ME.EQ.E} GO TO 2201
GO TO 2290
NN-INT(PXYsJJ .4))

CALL PXOYO(E,NN,JJ)

DO 2272 I=1,24

DO 2272 Jm1,24
T{1,4)=0.0

CALL ZB(NN,E,1)

0O 2264 Jm1,24

PE(J)m0,

DO 2264 Mm1,24
PE(J)=PE{J)+T(M,J) *FO(M)
CONTINUE

DO 2269 IKmi,4
AT(IK)=JMM(NN, IK)

DO 2269 J=i,6
PO(6*A1(IK)=(6=J))=PO(6*A1(IK)=(6=J) )+PE(56*(IK~1)+J)
CONT INUE

CONT INUE

RETURN

END

MACQB810
MACO8B820
MACO08830
MACO8840
MAC08850
MACO8860
MACOB8B70
MACOBBA0
MACOBB90
MACOBSCO
MACO8910
MACOB920
MACOB930
MACOB540
MACQB9%0
MACOBS60
MACOBS70
MACOBS580
MACO8990
MACOS000
MACOS010
MACOS020
MACOS030
MACO39040
MACQS050
MACQS0Q60
MACOS9070
MACOS080
MACQS090
MAC09100
MAC09110
MAC09120
MAC09130
MAC09140
MAC0S150
MAC08160
MAC09170
MACQ9180
MAC09190
MAC09200
MACOS210
MACQ9220
MAC09230
MAC09240
MAC0S250
MACO9260
MAC09270

.“'.‘.‘.‘.‘...“...“‘.'....“‘.‘.".'.."-“--.-.““'--‘.““"MACOQZSQ

SUBROUTINE GDNLEE.!E.JJB
IMPLICIT REAL*8({A-H,0-2Z

INTEGER E

DIMENSION FO(24),BT0(S0,4),PF(100,3),PXY(100,5)
COMMON/L1/A,B, TO

COMMON /L 4/ND

COMMON/L 11/BTO

MAC09290
MAC09300
MAC09310
MAC09320
MAC09330
MAC09340
MACO9350
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FILE:

2406

2402

2403
240

2405
2400

2480

2506

2502

2503
2501

MACRO FORTRAN

FFwPF (JJ, 1
1F(ND.EQ.0
DO 2403 I=1,ND

COWON/L‘IOiFO.PF  BXY

IAT=INT(BTO(1,1))
IF(1AT.EQ.IE) GO TO 2402

GO TO 2403
AX=BTO l.2;
BX=BTO(1,3
TOX=BTO{1, 4)

GO TO 2405
CONTINUE

AX=A

BXs=B

TOX=TO

PAB=4*FF *AX*BX
DO 2400 MN=1,24
FO(MN)=0.
FO(3)=PAB/4
FO(4)=—PAB*BX/12
FO(5)=PAB*AX/12
FO(9)=FO(3)
FO{10)m-FO(4)
Fo(11 -Fogss

FO(17)=-F0O(5)
FO(21)=FO(3)
FO(22)=FO{10
FO(23)=FO(17
RETURN

END

UNIV D' /OF OTTAWA CMS

GO 7O 2401

MAC09360
MAC09370
MAC09380
MAC0S390
MACO9400
MACO9410
MACO9420
MACO09430
MAC09440
MACO09450
MACC3460
MAC0S470
MACO0S4B0
MACQ9490
MACO09500
MAC09510
MACQ9520
MAC09530
MAC09540
MAC09550
MACO93580
MACO9570
MACO09580
MACO9590
MACOS600
MACOS510
MAC09620
MACO9630
MACQ9640
MACQ9650
MACOQ9660
MACO09670

.‘.l...".t..‘*‘..‘l#tt‘l'..ttt“‘..“!lt“l.‘l‘l.l.l..‘#tt-‘tti“mcogsso

SUBROUTINE PXOYOQ(E, 1IE,JJ)
IMPLICIT REAL*8(A-H,0-Z)

INTEGER E

DIMENSION FO(24),C(200,200) ,XYP(12) ,FO0(12)
.BT0(50,4) ,PF(100,3) ,PXY(100,5)

COMMON/L1/A,B,TO
COMMON/L4/ND
COMMON/L11/BT0

COMMON/L10/F0Q,PF , PXY

PAB=PXY{JJ, 1)

IF(ND.EQ.0) GO TO 2501
[IAT=INT(BTO(I,1))
IF(IAT.EQ.IE) GO TO 2502

GO TO 2503
AX=BTO 1,2;
BX=BTO(1,3
TOX=BTO(I,4)
GO TO 2505
CONTINUE
AX=A

BX=B

TOX=TQ

MAC09690
MAC09700
MAC09710
MAC09720
MAC09730
MACO9740
MACOS750
MACQS9760
MAC05770
MAC0S780
MAC09750
MACO09800
MAC(09810
MAC09820
MAC09830
MAC09840
MACO985Q
MACQS860
MACQ9870
MAC09880
MAC09890
MACO9900
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2505

2510

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

DO 2510 Llm1,12
FOO(L1)=0

DO 2510 Lumi,12
C(LI,LJ)mO
t,1)=1.

-—1.

"l

-1,

=26
=4*BX*BX
0)=B*BX*BX*BX

- 0N (= P
L )

10)==34C(4.6)
}:z;ax
a4 4BX*BX
2)=G(4,10)

-,
m2%AX

w4 SAX ¢ AX
-1,

i

- o oW

mBeAX*AXSAX
m—2¢AX

udsBY*BX
mBeAX*AX*AX
10,8)=8%AX*BX*AX
10,9)=8*BX*BX*AX
10, 10}-8'8)(‘8)('8)(

et etk et ek R DODOMDOV YNNIV AP R AN

CO0OO0O0- -~ =+ ==

10, 11)m16*AX*AX*AX*EX
10,12)=16*BX*BX*BX*AX
11,3)=—1

11,5)==2%AX
11,6)m—4*BX
11,8)m—4*AX3AX
11,9)==8*AX*BX
11,10)==12*BX*BX

11, 11)=-8*AX*AX*AX
11,12)m=24*AX*BX*BX
12,2)=1.0

12,4 )md*prX

12,5)=2+BX

12,7 }w12%AX%AX

12,8 )=B*AX*BX
12,9)=4*8X*BX

AOOO00O0O0O00O00000O0CO00000O0O000000QCOGOO0000O0OO0O000
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MACRO FCRTRAN *  UNIV D'/OF OTTAWA CMS

C(12,11)=24*AX*AX*BX

MAC 10480

C(12,12)=B8*8X*BX*BX MAC 10470

CALL MATINV(C,12) MAC 10480

DO 2520 LM=1,12 MAC 10490

2520 XYP(LM)=0 MAC 10500
XX=PXY(JJ,2 MAC10510
YY=PXY(JJ,3 MAC10520
XYP(1)m1, MAC10530
XYP(2)mXX MAC10540
XYP(3)=YY MAC10550
XYP(4)mXX*XX MAC10560
XYP({5)mXX*YY MAC10570
XYP(6)=YY*YY MAC10580
XYP(7)miX**3 MAC 10590
XYP(8)mXX*XX*YY MAC10600
XYP(9)=YY*YY*XX MAC10610
XYP(10)mYY**3 MAC10620

XTP 11§-(xx--3)tw MAC10630
XYP{12)mXX* (YY**3) MAC10640

DO 2517 K=1,12 MAC10650

DO 2517 Jm1,12 MAC10660
FOO(K)=FOO(K)+C(J,K) *XYP{J) MAC 10670

2517 CONTINUE MAC106B0
DO 2550 LMN=1 K24 MAC10690

2550 FO(LMN)=0 MAC10700
FO{3)=FO0(1)*PAB MAC10710
FO(4)=FO0(2)*PAB MAC10720
FO(5)=FQ0(3)*PAB MAC10730
FO{9)=F00(4)*PAB MAC10740
FO{10)=F00(5) *PAB MAC10750
FO{11)=F00(6)*PAB MAC10760
FO{15)=FO0(7)*PAB MAC10770
FO(16)=FQ0(8) *PAB MAC10780
FO(17)=F00(9)*PAB MAC10790
FO(21)=FO0(10)*PAB MAC10800
FO(22)wFO0(11)*PAB MAC10810
FO(23)=F00(12)*PAB MAC10820

2580 RETURN MAC10830
END MAC103840

c ‘.“‘-.l“‘-t.....ttt#.ttt#..t#l‘..‘*‘.iiitt‘-‘-ttl!i't“l.“li‘t.mC]oeso
SUBROUTINE MATINV(A,N) MAC 10860
IMPLICIT REAL‘BEA—H.O—Z) MAC10870
DIMENSION INDEX{200,2),A(200,200) MAC10880

DO 2608 Imi N MAC 10890

2608 INDEX(I1,1)=0 MAC 10900
[I=0 MAC10910

2609 AMAX=-1, MAC10920
DO 2610 I=1,N MAC10930
1F{INDEX(1,1))2610,2611,2610 MAC10940

2611 DO 2612 J=1,N MAC10950
IF(INDEX{J,1))2612,2613,2612 MAC10960

2613 TEMP=DABS(A(I,J)) MAC10970
IF (TEMP-AMAX)2612,2612,2614 MAC10980

2614 [ROW=| MAC10990

ICOL=J

MAC11000
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2612
2610

2616
2619

2620

2618

2621
2623
2524

2622
2625

2626

2659
2615
2627

2706

2702

MACRO FORTRAN * UNIV D' /OF OTTAWA CMS

AMAX=TEMP
CONT INUE

CONT INUE

IF (AMAX) 2699,2615,2616
INDEX ( ICOL , 1)=IROW

IF( IROW-ICOL)2619,2618,2619
DO 2620 Jm1,N

TEMP=A( IROW, J)
A}lROW.J}-A(!COL.J)
A{ICOL, J)=TEMP

TI=11+1

INDEX{11,2)=1COL

PIVOT=A( 1COL, 1COL)
A(1COL, ICOL)=1.
PIVOT=1./PIVOT

00 2621 Jmi,N
A(ICOL,J)=A(1COL,J) *PIVOT
DO 2622 I=1,N
IF{1-1COL)2623,2622,2623
TEMP=A( I, ICOL)
A(1,1COL)w=0,

DO 2624 Jwl,N
A(L,)mA(1,J)=A(1COL, J)} *TEMP
CONT INUE

GO TO 2609
1COL=INDEX(11,2)
IROW=INDEX(ICOL, 1)

DO 2626 Im1,N

TEMP=A( 1, IROW)

ASI.]ROW =A (1, ICOL)

A{l, ICOL)=TEMP

1I=]]-1
IF(11)2625,2627,2625

CONT INUE

CONT INUE

RETURN

END
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MAC11370

.t.‘-.‘-‘..".‘l.‘--“.U".D.ll.tt....t..iit"..t“t‘!t.“l‘.‘l“‘MC" 1380

SUBROUTINE 1DUGD(LE,E)
IMPLICIT REAL*8(A-H,0-2)
INTEGER E

REAL*8 MU,K

DIMENSION SK(24,20),BT0(50,4),K(24,24),SE(400,400)

COMMON/L1/A,8,TO
COMMON/L3/EO, MU
COMMON/L4/ND
COMMON/L11/8T0
COMMON/L7/K, SE , SK
IF(ND.EQ.0) GO TO 2709
DO 2703 I=1,ND
IAT=INT(BTO(1,1)}}
IF(IAT.EQ.LE) GO TO 2702
GO TO 2703

AX=BTO 1.2;

BX=8TO{1,3
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2703
2709

2705

2710

MACRO FORTRAN *  UNIV D'/OF OTTAWA CMS

TOX=BTO(1,4)

GO TO 2705

CONTINUE

AXmA\

BX=B

TOX=TO

ETvVaEQ/{1.-MU*MU)

DO 2710 I=1,24

DO 2710 J=1,20

SK(1,J)=0.

SK(1,1 -(—1/{2*Ax Y*ETV
SK(1,2)=-MU/(2+BX) *ETV
SK{1,7)=MU/ 2-ax;-ETv
SK{1,11)m1/{2%AX) *ETV
SK(2,1)==MU/(2*AX) *ETV
SK(2,2)m—1/(2*8X)*ETV
SK{2,7)=1/(2%BX) *ETV

sK 2.11)-MU/(2‘AX)'ETV
SK(3,1)==(1-MU /§4'axg-srv
SK{3,2)m—{ 1-MU) 7{4%AX)} *ETV
SK(3,6)=(1-MU) /(4*BX)}*ETV
SK{3,12)=( 1-MU) /(4*AX) *ETV
SK(7,2)=—MU/ 2-ax *ETV
SK{7,6)=(—~1/({2*AX)) *ETV
SK(7,7) MU (2-ax)-sTv
SK(7. 16)-(1/(2‘AX))"ETV

SK 8.2?-—1/ 2‘BX)'ETV
SK(8,6 2*AX)*ETV
SK(8,7 -1/(2‘BX)'ElV

SK(8, 16)=MU/ (2*AX) *ETV
sk(g,1 -(1—Mu)/(4-ax)*srv
SK{9.6 (1—MU) 4'BX)*ETV
SK(9,7)m— 4~Ax;*ETv
sK 9.1 - 1—MU 4'AX *ETV
sK 13.1 - -1/Ez*Ax *ETV
SK 1/(2*A%) ) *ETV

13,11
13, 12)m(-MU/(29BX) ) *ETV
13, 17)=(MU/ (2+BX) ) *ETV
14.1)-(—MU/ 2+a%) ) *ETV
14, 11)=(MU/(2%AX) ) *ETV
14,12)m(=1/(2°BX) ) *FTV
14,17)=({1/(2*BX) ) *ETV

15, 2)m—{ 1-MU) / (4*AX) *ETV
15, 11)m=( 1-MU) / (4*BX) *ETV
15,12)= 1-Mu;/§4*Ax *ETV
15,16 =(1-MU) 7(4*BX) *ETV
19, s)-(—1/(2-Ax};-ETv
19,12)=—MU/(2*BX) *ETV
19,16)=1/(2*AX) *ETV
19,17)=MU/ (296X ) *ETV
20,6)=-MU/(2*AX} *ETV
20,12)=—1/(29BX} *ETV
20,16)=MU/(29AX) *ETV
20,17)=1/(2%BX) *ETV

21, 7)== 1-MU) /(4*AX) *ETV
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FILE: MACRO FORTRAN * UNIV D' /OF OTTAWA CMS

SK{21,11)m={ 1-MU) /{4*BX) *ETV
SK(21,16)= 1—MU 4'BX§'ETV
sK(21, 17 1-MU 4~Ax SETV
Q1=AX/B

Q2=BX/. AX

03-4'AX‘BX
EV=EQ*TOX*TOX*TOX/(12* (1.-MU*MU) )
DX=EV/Q3

DY=EV/Q3

Di=EVeMU/Q3
DXY=EV* { 1-MU) /(2%03)
SK(4,3)=5%({02°0X+Q1°D1)

SK(4,4)=-8%AX*D1

SK(4,5)=BeBX*DX
SK(4,8)=-6%Q1*D1
SK{4,9)==4%AX*D1
SK(4,13)=-6*Q2*DX
SK(4,15)=4*BX*DX
SK(5,3)m6*({Q1*DY+02*D1)
SK(5,4)=-8*AX*DY
SK(5,5)=8*BX*D1
SK(5,8)w-6*Q1*DY
SK(5,9 )m—aeAX*DY
SK 5.13;-6‘02‘01
SK(5,15)=4*BX*D1

SK(6 ,3)==2%DXY
SK(G,4)m4*BX*DXY
SK(6,5)=—4*AX*DXY
SK(6,8)=2%DXY

SK(6, 10)md*AX*DXY
SK(6, 13)=2eDXY
SK(6, 14)=—4*BX*DXY
SK(6, 18)=-2°DXY
SK(10,3)=-6*G1*D1
SK(10,4)=45AX*D1
SK(10,8)=6%(Q1*DY+Q2*D1)
SK(10,9)=8%AX*D1
SK(10,10)=B8*BX*DX
SK(10,18}m—5*Q2*DX
SK(10,20)=4*8X*DX
SK{11,3)}=—6*Q1*DY
SK{11,4)m4*AX*DY
SK{11,8)=6*{Q1*DY+G2*D1)
SK(11,9)=B*AX®DY
SK(11,10)=8%BX*D1
SK(11,18)=—6*G2*D1
SK(11,20)wd*BX*D1
SK(12,3)==2¢DXY
SK(12,5)m4rAX*DXY
SK(12,8)m2+DXY
SK(12,9)m4+BX*DXY
SK(12,10)m4*AX*DXY
SK(12,13)=24DXY
SK(12,18)m-2*DXY
SK(12,19)m—4*BX*DXY
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FILE: MACRO  FORTRAN *

2799

SK 16.3;-—6‘02'DX
SK(16,5)=—4*BX*DX

UNIV D' /OF OTTAWA CMS

SK( 16, 13)=6*(Q2*DX+@1*D1)

SK(16,14)=~B*AX*D1
SK(16,15)=~8%BX*DX
SK(16,18)==6*Q1*D1
SK(16,19)m—4+AX*D1
SK(17,3)=-6*Q2%D1
SK(17,5)=-4%8X*D1

SK(17,13)=56%(Q1*DY+Q2+*D1)

SK(17,14)m—B*AX*DY
SK(17,15)==B*BX*D1
SK{(17,18)}=-6*Q1*DY
SK{17,19)=—4*AX*DY
SK{ 18,3 )=-2*DXY
SK(18,4)=4*BX*DXY
SK{18,8)=2*DXY
SK(18,13)=2*DXY
SK{18,14)=—4*pX*DXY
SK(18,15)m—4*AX*DXY
$K(18, 18)w-2*DXY
SK(18,20)=4*AX*DXY
SK(22,8)=—6%Q2¢DX
SK(22,10)m—q428X*DX
SK(22,13)=—6*Q1*D1
SK(22, 14)=4*AX*D1{

SK(22,18)m6* (Q2*DX+Q1*D1)

SK(22, 19)=8%AX*D1
sk({22,20)=-B*BX*DX
SK(23,B)=-6%Q2*D1
SK(23, 10)=—4*BX*D1
SK(23, 13)=—6*Q1 *DY
SK(23, 14)m4sAX*DY

SK(23, 18)=6* (Q1*DY+Q2*D1)

SK{23,19)=8%AX*DY
SK(23,20)=-8*BX*D1
SK(24 ,3)=—=2*DXY
SK(24,8)=2*DXY
SK(24,9)=4+BX*DXY
SK(24,13)=2+DXY
SK(24, 15)m—q*AX*DXY
SK(24,18)==2*DXY
SK(24,19 )m—4*BX*DXY
SK(24,20)=4*AX*DXY
RETURN

END
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