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ABSTRACT

Needs for aesthetics, protection of abutnments, and safety

requirenents of greater speeds on highways, denand better

al i gnment . In order to achieve these, skew bridges are
frequently built. The analysis of such structures poses
specific difficulties to bridge designers, for exanple,

response to torsional notions when the skew angle is greater
t han 20°.

In this study the structural behavior of skew bridge
decks of various configurations and loading conditions is
present ed. B ement nodels of the structure are discussed
through the natrix displacenent net hod. In addition,
discretisation of the deck through its representation as a
plane grillage of discrete interconnected el ements is fully
di scussed. Loadi ngs to BS5400 and | oad cases and conbi nati ons
at both ultinate and serviceability limt states are provided.
Special attention is given to the fornulation of the problemin
a systematic manner, which makes it suitable for conputerized
analysis of any bridge deck that is represented as an
assenbl age of discrete interconnected el ements.

Further, an attenpt has been nade to provide a sinplified
approach to the use of these tools, so that their fruits nay be
nmade available to the designer without the need to perform
conplicated analysis in the design office. Havi ng presel ect ed

a structure, the engineer can then identify a particular chart
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and read directly the value of the structural response
concerned wi thout perfornming any rigorous analysis. dearly, a
great econony of time and effort is achieved, if for nany
structures such as highway skew bridges that mght not be
anal ysed conventionally, nuch detailed anal ysis can be repl aced
by the use of suitable charts.

Final ly, a FCORTRAN 77 conputer program &RD is
presented for the transverse analysis of bridge decks. It
allows reinforcenent to be proportioned for transverse as well
as stirrups to be proportioned for |longitudinal shear and
torsion. Docunentation, sanple input and output, and a source
listing as well as analysis aid charts are provided. It is
hoped that bridge designers would find it convenient to use

t hese charts.
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Chapter 1

1.1 INTRODUCTTION

This work represents a modest response to the need for
simplified methods of analysing skewed-bridge decks. The analysis of
such structures poses specific difficulties to bridge designers. The
specific difficulties are bridge response to torsional motions when
the skew angle is greater than 20°. Before the advent of the
electronic computer, such structures were analysed by the classical
methods., Classical methods are treated by Hall and Kabaila (1977).
However, these methods lay less proper emphasis on these difficulties.

Following the appearance of electronic digital computers in
design offices, the necessity for analytical tools specifically
directed towards its use became apparent. Consequently, a number of
powerful analytical tools in the so-called refined methods of analysis
are presently available to the bridge designer. These methods are
well established and treated in a large number of technical
literature, Bakht and Jeager (1985). One of these methods is the
matrix displacement method. Others include grillage analogy method,
orthotropic plate method, articulated plate method and Finite Element
method (FEM), including its finite strip formulation.

It is important to realise that most of these refined methods
have limitations as to the kinds of bridge superstructures which they
are capable of representing. The grillage analogy method for example
is suitable for the analysis of bridges in which load distribution

takes place mainly through flexure and torsion in the longitudinal and
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transverse directions, with deflections due to shear being negligibly
small (see Bakht and Jeager (1985) for more details). Bridge types
which fall within this category include the slab-on-girder types whose
skew angle does not exceed 20°. When a skew bridge is analysed by the
classical methods, its skew span is usually used in the analysis as if
it were the right span. The limitations of 20° on the skew angle is
imposed to ensure that twisting maments, which are customarily not
calculated directly by these methods, are not so large as to be
troublesome. With the convenience of the computer together with
matrix displacement method, specialised for grillages, this limitation
could be eased, since the twisting moments could be camputed directly.
In contrast, the FEM, when properly handled, is capable of
representing bridge superstructures of all types.

A principal objective of this study is to provide a simplified
approach to the use of these tools so that their fruits may be made
available to the designer without the need for performing complicated
analysis in the design office. One intent is to formulate procedures
for assessing the effect of modest structural design changes without
incurring the computational costs of a camplete reanalysis., One of
such changes is usually associated with revising structural properties
in the light of the results of preliminary analysis. The research is
concerned with situations in which the arrangement and proportions of
the structural members and the support conditions are known. In
practice, the designer must first estimate the member sizes, analyse
the structure, and compare the calculated and allowable stresses and

displacements. Then, if «certain values are greater than the
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allowables, or if the allowables are unacceptably greater than the
calculated values, changes will be made in the assumed configuration
of'the structure. Indeed, it may prove necessary to repeat this cycle
a number of times. It is useful therefore to develop procedures
alternative to complete conventional reprocessing by which the results _
for the modified structure can be obtained immediatly. .
This objective might be achieved through the use of standard |
préstressed beams used in cwrent construction practices... These |
standard beams in conjuction with known practical parameters such as
support conditions, spans, and angles of skew, together with rnatri:;
displacement method, may conveniently be used to formilate Ethe -
simplified method. Once these parameters are known, they are used as
axes of suitable design charts. Having preselected a structure, the
engineer can then identify a particular chart and read directly the
vétlue of the structural response concerned without performing any
rigorous analysis. Clearly, a great economy of time and effort is
achieved, if, for mar'ly structures such as highway skewed-bridges that
might not be analysed conventionally, much detailed analysis can be'
replaced by the use of suitable charts, : e
The organisation of the thesis takes.t.'r.le.féllowir.lg. forﬁﬁ Flrst,
specific aspects of mathematical modelling are discussed in chapter 2,
as they apply to the present model. Then Chapter 3 briefly discusses
the idealisation of skewed bridges and formulates discrete element
models, which relate element-end displacements to element-end forces
through stiffness matrices. Next, the matrix displacement method is

presented in a form that makes it suitable for the automatic computer
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analysis of any bridge deck that is represented as an assemblage of
discrete interconnected elements in chapter 4. In chapter 5,
. important ocomputational aspects pertaining to the implementation of
tlie matrix displacanent method are discussed. Though, this chapter is
more in the realm of computer programming than in  structural
engineering , however, since primary responsibility for the entire
" -I_'analysis generally belongs to the structural engineer, one should have
more than superficial knowledge of these important aspects.

' - Bridge deck loadings, load cases and combinations necessary to
aid design at both ultimate and serviceability limit states are then
.presented in chapter 6. To achieve the objectives of the study, the

research procedure and simplified methods of determining bridge

responses are discussed in chapter T.I In chapter 8, conclusions

) _' stating the usefulness and limtations of the entire process are
presented.  Chapter 9 presents recammendations for present and future
.‘ research. |

Finally, docurmentation, sample input and output, and a source

" listing are provided in the appendices.



Chapter 2

MODELING SKEWED ERIDGE DECKS

| Introduction

Skewed bridge decks pose an especially challenging problem to a
structural analyst. The specific difficulty of the analysis of such
structures is their response to torsional motions when the skew angle
is greater than 20°. An extensive discussion of this aspect could be
found in Bakht and Jeager (1985), and Cusens and Pama (1975).

The matrix displacement method, specialised for grillages
offers an efficient and practical tool for the analysis of skewed
bridge decks. 1In grillage analysis, the structure is idealised as a
grillage of interconnected elements. The elements are assigned
flexural and torsional stiffnesses appropriate to the part of the
structure which they represent. Matrix stiffness method, is then used
to calculate the vertical displacements and the rotations about two
horizontal axes at the joints. Hence the bending maments, torques and
shear forces of the grillage elements at the joints can be determined.

In this Chapter, specific aspects of grillage modelling of
skewed bridge decks are discussed. The modelling technique is based on
the analysis of a mathematical model. As a first step in the
construction of the model, generalised displacements have been
selected. These defined the configuration and determined the degrees
of freedom of the model. Next, the three basic components of the
model, the conditions of campatibility, the conditions of equilibrium,
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and the constitutive laws, are formulated, The synthesis of these
components yield the mathematical model. 1In addition, the concepts of
modelling process has been introduced and applied to obtain one-
dimensional continuum models representing flexural and torsional

deformations,

2.2. Fundamentals of Mathematical Models

Structural analysis is concerned with the modelling of
structural behaviour where the model is mathematical rather than
physical. The objective is to assess the adequacy of a proposed
design with respect to strength and stiffness by methods more
economical than the obvious way, which is to construct and test a
prototype.

A mathematical model of a structure has three distinct
components that represent significant features of the structure:
conditions of campatibility, conditions of equilibrium, and
constitutive laws. Holzer (1985) states that "the conditions of
compatibility reflect geometric properties of a structure, such as
continuity of deformations of elements and assemblages of elements,
and boundary constraints. The conditions of equilibrium express the
state of balance of a structure at rest, while the constitutive laws

model the behaviour of materials".

23 Formulation of the Mcdel

The major structural components of a skewed bridge deck as

shown in figure 2.1a, are the stiffening girders along with the deck
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and diaphragms. The grillage modelling of these components can be
accomplished with the aid of a linear beam element of combined
flexural and torsional deformation model as illustrated in figure
2.1c. |
The formulation of the mathematical model centres on the
selection of parameters that define the configuration of the model.
Holzer (1985) states that "the configuration is characterised by the
simultaneous location of all material points". The number of
indeperdent parameters required to define the configuration represents

the degrees of freedom of the model. These parameters are called the

generalised displacements of the model.

In engineering analysis, the configuration of a model is
generally described relative to its initial state, a reference
configuration in which the model is not subjected to actions.
Specifically, the configuration is defined by the displacements of
each point from its initial position. This is illustrated in the
following development of one-dimensional elements without reference

to actions that may correspond to these configurations.,

2.4 Development of Continuum Models of Elements

The field of structural mechanics contains a variety of
continumm models, from simple strings models to complex shell models,
Holzer (1985). Although these models may appear unrelated, they have
a camnon basis, which is displayed in the modelling process of figure
2.2. This process defines the mathematical relations (steps 1 - 3)

that form the camponents of the model, and it shows how these
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relations may be combined to produce the continuum model. Moreover,
it identifies the geometric and material limitations of linear mcdels.
Specifically, the deformations must be sufficiently small to Jjustify
linear strain - displacement relations (step 1) and the formulation of
equilibrium for the undeformed state (step 3); in addition, the
stresses must be sufficiently small to justify linear stress-strain
relations (step 2).

The construction of continuum medels according to figure 2.2 is
illustrated for members experiencing flexural, and torsional
deformations, which are the basic deformations of grillage structures.
The mathematical relations representing conditions of compatibility,
conditions of equilibrium, and Hocke's law can be found in Crandall

and et all (1978).

2.4.1 Flexural Deformation Model

The beam in figqure 2.3a is subjected to the distributed
transverse load P(x) and the concentrated forces va, Ma, Vb, Mb; the
term force is generalised to refer to forces and maments of forces.
All forces act in the longitudinal plane of symmetry of the beam,
which lies in the xy-plane of the frame of reference. The initial
configuration of the centroidal axis of the beam coincides with the X-
axis. The beam is prismatic, homogeneous, and composed of linearly
elastic material. Hence, the deformation of the beam is governed by
the assumptions of the elementary beam theory. It follows that the
configuration of the beam is determined by the configuration of the

centroidal axis.
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The mathematical model of the beam is formulated on _the basis

of the flow chart in figqure 2.2,

Stréin - Displacement Relation

e(x,v,z) = €lx,y) = -yd v(x}/dx S (2.1)

G is the normal strain, which is positive in tension, and v(x)

defines the transverse deflection of the centroidal axis. Eg. 2.1 is

only valid for infinitesimal deformations, Holzer (1985).

Stress - Strain Relation

Tt follows from Hooke's law that

0 =E¢ _ - {2.2)

‘0 is the normal stress, and E is the modulus of elasticity.
g

Internal Force - Load Relations

Vo avjax =P, aax =V | -  (2.3a)

2 2 -
d M/d&x =P . - - {2.3p)

V is the shear force, amd M is the bending moment. The
positive sense of the external and internal forces of FEgs. 2.3 is

shown in figqure 2.3b.

Stress - Displacement Relation

Egs. 2.1 and 2.2 vyield



Internal Force - Stresé Relations
Figure 2.3c indicates that

2
1

=
"

jjAgdAY | . - " {2.50)

Internal Force - Displacement Relations -

N -Fd v/dx S yaA = o - S {2.6a})
AL . :
and

M

22 2 G2 2
Ed v/dx ff v da = EId v/dx S (2.6b)
Cii A . o _
I is the maoment of inertia of the cross - sectional area with
respect to the centroidal axis. It follows from Eg. 2.6a that

ﬁvdh o . j':j @
A .

T

Which varifies that the neutral axis passes through the

centroidal axis.

Load - Displacement Relation

The substitution of Bg. 2.6b into Eq. 2.3b yields the
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continuum model of a prismatic, homogeneous, elastic beam:
4 4
EId v/dx = P (2.8)
Observe that the configuration of the centroidal axis of the
beam, which is defined by V(x), determines any desired measure of
response reflected by the model of the beam. For example, from Egs.

2.6b, 2.3b, and 2.4 we obtain

2 2
M(x) = EId V(x)/dx (2.9a)

3 3
Vix) = EId V(x)/dx (2.9b)
o (x,y) = -M(x)y/I (2.9¢)

Note that when there are no applied forces, the model is
defined by the hamogeneous differential equation:

4 4
dV/dx = 0 [2.10)

2.4.2 Torsional Deformation Model

The circular shaft shown in figure 2.4a is subjected to the
distributed torque m(x) and the end torques Ta and Tb. The lines of
action of all torques are collinear with the centrcidal axis of the
shaft. The sense of a torque is determined by the right-hand rule

(Figure 2.4b). The material of the shaft is linearly elastic.
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The defarmations of the shaft are governed by the following,
Holzer (1985) assumptions: (1) The Centroidal axis remains straight,
and (2) All radii of a cross section remain straight and rotate
through the same angle about the centroidal axis.

The formulation of the mathematical model is based on the flow

chart in figure 2.2.

Strain - Displacement Relations

yxe =  rdw(x)/dx (2.11)
Yxﬂis the shear strain at any point (r,e) of the cross
section, and w(x) is the angle of twist of the cross-section (figure

2.4a).

Stress - Strain Relation

It follows from Hooke's law that

Txe = G Yxe (2.12)

¥ 1is the shear stress, and G is the shear modulus of

elasticity.

Internal Force - Load Relation

dT/dX = =m ‘2.13)

Eq. 2.13 represents a positive condition of equilibrium, which

is based on the sign convention in figure 2,4d,



.

Stress - Displacement Relation

Egs. 2.11 and 2.12 vield

T % = Gdw/dx r (2.14)

Internal Force - Stress Relation

Figure 2.4c indicates that

T = ' xedar (2.15)
A

Internal Force - Displacement Relation

Egs, 2.14 and 2.15 yield

2
T = caw/ax'f raa = Graw/ax (2.16)
A

J 1is the polar moment of inertia of the Cross - section.

load - Displacement Relation

Combining Egs. 2.13 and 2.16, we obtain the continuum model of
a circular, elastic shaft subjected to a distributed torque:

2 2

GJ d w/dx (2.17)

5

Observe that when there is no applied distributed torque, Eq.,

2.17 reduces to the homogeneous differential equation:

2 2

d w/dx 0 (2.18)
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Chapter 3 |

DiSCRETISATiON OF THE MODEL

3,1 Introduction

After some brief diécﬁssiohs on the idéalisaﬁion of skewed
bridge decks, discretes element models, which relate elements - end
displacements to element - end forces through stiffness matrices are
formulated by the solution of the continuum models (presented in
section 2.4). These element models are then expressed in matrix
form, which pemmits one to unify distinct structural elements in a

mathematical form that reveals their conmon characteristics.,

3.2 Tdealisation of Skewed Bridge Decks

Thé rnetho.c.l. of grilla;je analysis involves the idealisaf:ion of
the bridge deck through its representation as a plane grillage of
discrete interconnected elements. Although the method is necessarily
approximate, it has the great advantage of almost complete generality
and gives acceptable solutions. At the joints of the grillage any
normal form of restraint to movement may be applied so that any
support condition may be represented. Fixed supports, discrete
colums, elastic foundations may all be included without difficulty.
The planform of the deck presents no real problems and skewed, curved
and irregular shapes may all be handled with comparative ease.

The program (GRID) developed in this study have been written

for grillages having straight members of uniform cross section. 1If a
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d’lange of croshs-se.ctibﬁ occurs in the. span of a .member, a dummy joint
is nominated at that joint; a tapered member may be considered in
steps. A curved member is approximated by a series of short straight
menbers, although Martin (1966) has derived the stiffness matrix for a
curved beam, In addition, GRID alsc makes allowance for internal
members with pinned ends. _ | _

For beam and slab decks, 'the 16gica1 selection of longitudinal
grillage beams is for them to coincide with the actual beams. For
slabs stiffened by U-beams or boxes, the longitudinal grillage beams
should be taken to coincide with individual webs. With only a top
slab in the transverse direction, West (1973) suggests that transverse
;:‘illage beams be positioned (a) at the abutments {where in most cases
.there will be diaphragms} and {b) at intermediate positions so that
spacing is approximately 1.5 times spacing of longitudinals.

Fach grillage beam represents a particular width of bridge deck
énd its rigidities are calculated accordingly. For skewed decks of
slab construction there is clearly a choice between the selection of
an orthogonal or a skew system of grillage beams, although the
direction chosen should correspond with the reinforcement layout,

Cusen and Pama (1975). Figure 3.1 shows two possibilities for a wide

e Geck.  The skew system of beams is clearly simpler in concept and

" provides easier data preparation, although care must be taken to

express the support restraints and member rigidities correctly.
Al_tématively an orthogonal grid system may be employed. This will
create more problems at the stage of data preparation and since there

are intrinsically more members and joints, the computing time, memory
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and cost will be greater.

3.2.1 Elastic Stiffnesses

Guidance on the evaluation of elastic stiffnesses for various
types of deck, for use with grillage analysis, has been given by West
(1973). In general a longitudinal grillage beam can represent part of
the top slab plus either a single physical, or a number of physical
beams. If a longitudinal grillage beam represent n physical beams,
where n is not necessarily an integer, then its inertias are given,

with notation of figure 3.2, by

Flexural nlx (3.1a)

3

Torsional n(Jx + Sxh /6) (3.1b)

A transverse grillage beam can represent either part of the top
slab, or part of the top slab with a transverse physical diaphragm.
The shear area is taken to be infinity and the flexural and torsicnal
inertias, to be with the notation of figure 3,2, and Sg being the

spacing of the transverse grillage beams,

Flexural = Sg/Sy * Iy (3.2a)

3
Torsional = 8g(Jy/Sy + h /6) (3.2b)
The torsional inertias (Jx and Jy) of the individual
longitudinal and, if present, transverse beams can be calculated by
dividing the actual beam into a number (n) of camponent rectangles as

shown in figqure 3.3. The torsional inertia of the ith component
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(@) Actual

(b) Component Rectangles

Fig- 3.3' Torsional inertic of Beam
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rectangle of size bi by hi is given by
Jd = ¥ h 3 for bi <= ni (3.3)
i i . _ _
When bi .> hi, exchange bi for hi and hi for bi. The
ovefficient (K) is dependent upon the aspect ratio of the rectangle,
where the aspect ratio is always greater than or equal to unity and
is defined as hi/bi. Values of K may be read from tables as in
Bakht and Jeager (1985) or calculated approximately by:
K = 1/3 - 0.21(b/h)[1 - 1/12*%(b/h) ] - (3.4)
The total torsional inertia of a beam is then obtained by
summing those of the individual rectangles:

Jx or Jy = ¥ Ji - - (3.5)

©3.2.2 Composite Materials

A bridge deck may include members with different material
properties. For example, a oémpocsite prestressed concrete beams with
reinforced concrete slab. For successful analysis all material is
oonverted to either prestressed or reinforced concrete. For example,
prestressed conversion is achieved by multiplying the reinforced
concrete arecas and moment of inertias by the ratio Erc/Epc where
E = Young's modulus of elasticity and subscripts "rc" and "pc" refer
te reinforced and prestressed concrete respectively. Similarly,
reinforced concrete conversion is achieved by multiplying prestressed

concrate areag and inertias by Epc/Erc.
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3.3 Discrete Models

In the absence of interior loads, the continuum models (section
2.4) become haomogeneous differential equations of order n, whose
solutions contain n arbitrary constants. Since the solutions define
element configurations, the constants represent n generalised
displacements. Accordingly, the flexural and torsional continuum
models can be reduced exactly to discrete models.

This reduction is carried out in the following way: First, the
element configurations are expressed in terms of the element - end
displacements by imposing geametric boundary conditions on the
solutions of the homogeneous differential equations. Then, the
element - end forces are related to the element end - displacement
relations of the continuum models (step 6 of figure 2.2). The
resulting sets of algebraic equations form the basic element models

used in displacement method analysis of grillage structures.

3.3.1 Flexural Deformation Model

Figure 3.4 depicts a beam under the action of end forces but
without interior loads. To formulate relations between the end forces
and the corresponding end displacements, we start with the homogeneous
differential equation

4 4
d v/dx = 0 (3.6)
wWhich is obtained from equation 2.8 by setting P = 0. The

geanetric boundary conditions are
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v(0) = va , dv(0)/dx = Ga
{3.7)
viL}) =vb , dv(L)/dx = &b
Eq. 3.6 has the sclution
':';'_-. - 2 3 | ) ) .
v = CO + Clx + C2x  + C3x S - {3.8)

By definition, the coefficients of eg. 3.8 represent
generalised Idi splacements and the element has four degrees of freedom.
The reasons for introducing egq. 3.8 were given by Holzer (1985) as:
(1) It satisfies the homogeneous differential equation of a beam:
hence, eq. 3.8 characterises the configqurations of beams subjected to
boundary actions, {2) Polynomials form basic building blocks of
:manv interpolation functions - also used in the finite element methed.

Selecting the element - end displacements, Va, ©a, Vb, 6b, as
generalised displacements and expressing the configuration in terms of
them can be accomplished by imposing the boundary conditions

{eg. 3.7) on eq. 3.8, which vield the set of albebraic equations:

Co = va
Cl = Ba :
' {(3.9)
2 3
CO+LCT +LC2 +L C3 = vb
2
Cl + 2LC2 + 3L C3 = ©h

whose solution is:
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c0 = wva
C1 = ©a
(3.10)
2
C2 = 1/L (-3va - 21Pa + 3vb - 1eb)
3
C3 = 1/L (2va + 18 - 2vb + L6b)

Substituting egs. 3.10 into eg. 3.8 and collecting terms of

like displacements, the configuration of the beam can be expressed in

the form:
v = ¢ ava + paGa + ¢ bvb + Pbeb (3.11)
Where
2 3
¢ a = 1-350 +2 ¢
2 3
v 2 = ( -2 g+ (L
(3.12)
2 3
¢ b = 3 -2¢
3
v b = I—E + £ )L
and
g =x/L , 0 . _&E<= 1 (3.13)

The ooordinate transformation in Eg. 3.13 was introduced to
simplify the solution; it results in the following transformation of

derivatives as given by Holzer (1985):

n n nn n
dv/ax = (1/L)d‘w‘/d£ in=1,2,3, ceee (3.14)

With the aid of Egs. 2.9, 3.11, and 3.14, the bending moment

and shear force can be expressed as



2 H " L "
ME) = EI/L($ va + ¥ 6a + ¢ vb + y  6b)
a a b b
(3.15)
3 ma ny LA | LU |
V(E}=EI/L(¢ava+ ¥ Ba + ¢ vb + ¢ 6b)
" a b b
Where
0, = -6 + 12 , 6, = 12
v = (-4 + 6E)L v = 6L
a a
(3.16)
d “: - "r = -
¢ 6 12 § i ¢y 12
o' = (-2 4+ euDL P = 6L
b b

On the hasis of the beam sign convention of figure 2.3b, the

end forces of the beam in fiqure 3.4 are defined as

Ma V(0)

-M(O} r Vr”:‘-
(3.17)
Mb

M(1y Vb v(T)

The evaluation of Egs. 3.15 and 3.16 according to =gs. 3.17

results in the force - displacement relations.

Va =

=3

(12va + 6I0a 12vb 61L6h)
2 2
Ma = * (6lva + 4L Ga 6Ivb + 2L Ob)

&

(3.18)
Vo = @ (-12va - 6Iea + 12vb 61eh)
2 2
@ (gLva + 2L @a 6lvb + A4l éb)

&

Where

a = EI/L
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3.3.2 Torsional Deformation Model

Consider the bar in figure 3.5 that is subjected to the end
torques Ta and Th. We seek to establish relations between the end
torgues and the corresponding end rotations wa and wb.

Without interior loads, the differential equation of the bar in
Eg. 2.17 becanes

2 2

dw/dx = 0 (3.19)
The geometric boundary conditions are

w(0) = wa " w(L) = wb (3.20)
The solution to Eq. 3.19

w = C0O + Clx {3.21)

can be specialised by imposing the geometric boundary conditions.

This gives:

CO0 = wa
1 = 1/L*(wb - wa)
and, hence
w = wa + x/L*(wb - wa) (3.23)

The substitution of Eq. 3.23 into Eq. 2.16 results in the

internal force - displacement relation

T(x) = GI/L*(wb - wa) (3.24)
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Fig 3.5°  Torsional Deformation Model
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The evaluation of Eq. 3.24 at x = 0 and L consistent with the
sign convention in figure 2.4d, that is Ta = -T(o) and Tb = T(L},
vields the desired torque - rotation relations: |
Ta = GI/L*¥wa - wb)

- - (3.25)
o Tb GI/L¥{-wa + wh)

| : Note that the models in Egs. 3.18 and 3.2.5 are linear algebraic
equations in the element - end displacements, which represent

generalised displacements. As a consequence of linearity, the

 _ Principle of Superposition is valid.

- 3.4 Discrete Models in Matrix Form

In preparatibn for matrix methods of analysis, the discrete
element models (section 3.3) are now expressed in matrix form. Matrix
notation permits one to unify distinct structural elements in a
mathematical form that reveals their common characteristics.

In matrix notation, the conventional x,v,z designations of the
element coordinate axes shown in figures 2.3, 2.4 and 3.5 are replaced
by the integers 1, 2, 3. Thus, the 1 - axis, which is directed from
the a-erd to the b-end of the element, concides with the centroidal
axis of the element, and the 2 and 3 - axes correspond to principal
axes of the ¢ross section (figure 3.6). Since this ccoordinate system
is intrinsic to the geometry of the element, it is called the local

coordinate system or the local frame of reference.

The element - end displacements and forces, denoted di ard fi,

are numbered in the sequence of the coordinate axes from the a-end to
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the b-end of the element, i =1, 2, 3, ..., m; where m is the number
of degrees of freedom of the element. This is illustrated in figure
3.7 a and b for elements with torsional and flexural deformations,
respectively, and in figures 3.6 and 3.7c for element with both
torsional and flexural deformations. Moreover, to regard the element
end displacements and forces as coordinates, a local reference frame
is assigned to each end of the element (figure 3.6). ‘'This provides a
simple sign convention: A displacement or force is positive in the
direction of the coordinate axis. The positive sense of a rotation or
moment about the 3 - axis is determined by the right - hand rule;
hence, the positive sense is counter-clockwise in the 1, 2 - plane,
the plane of the element,

According to these conventions, the elements in figures 3.4 and
3.5 are represented as shown in figures 3.7b and a and their models

are expressed as

m
fi = z kiZd) 3 1 = 1;2,0e0:m (3.26a)
or

f = kd (3.26b)

Where kij is a stiffness coefficient (by Eg. 3.26a kij has
units of force/displacement), k is the stiffness matrix, d is the

displacement vector, and f is the force vector.

3.4.17 Flexural Deformation Model

From figure 3.7b, the substitutions
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dl=va ,d2=06a ,d3=vb, d4d =6b
and
f1=VvVa, f2=Ma, f3=Vb , f4 = M
transform Egs. 3.18 into
f1 = (1241 + 6Ld2 - 12d3 + 6Ld4)
2 2
f2 = 4(6ld1 + 4Ld2 - 6Ld3 + 2L d4)
f3 = g(-12d1 - 61d2 + 12d3 - 6Ld4)
2 2
fa = a(61d1 + 2L.d2 - 6Id3 + 4L d4)
or
[ €1 12 6L -12 6| [al
2 2
f2 6L, 4L -6L 2L dz2
- o
f3 -12 -6L. 12 -6L a3
2 2
f4 6L 2L -6L 4L | 44 |
where
3
a0 = E1/L

3.4.,2 Torsiocnal Deformation Model

From figure 3.7a, the substitution y = GJ/L and

dl

f1 Th

]

Ta , £2

transform Eq. 3.25 into

(3.27)

(3.28a)

(3.28b)

{3.29)
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f1 = vy (A1 - d2)

(3.30a)
£2 = Y (d1 + d2)
or
£1 1 -1 a1
= Y (3.30b)
£2 ol 9 d2
where -
Yy = GI/L

3.4.3 Torsional + Flexural Deformation Model

When these two deformations occur simultaneously as in a
grillage - it is necessary to canbine them into a single element. To
superimpose the models of the elements in figures 3.7a, b to obtain
the model of element in figure 3.7c, we introduce the following change
in subscripts: The subscript 2 in Egs. 3.30 is replaced by the
subscript 4, and the subscripts 1,2,3,4 in Egs. 3.28 are replaced by

subscripts 2,3,5,6, respectively, This vyields the combined element

model
[ £1] 8 o o 8 o o] raf
f2 0 12 6L 0 -12 6L d2
2 2
£3 0 6L 4L 0  -6L 2L a3
= o ( 3 31 ’
f4 B 0 0 24 0 0 d4
£5 0 -12 -6L 0 12 -6L ds
2 2
f6 0 L 2L -6L
Ead |9 6 0 6 4L-__ ES_
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Where
a = Ef/L , P = a1}, Y af = GJ/L

n
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Chapter 4

CONCEPTS OF MATRIX DISPLACEMENT METHOD

4.1 Introduction

A general approach to the matrix displacement method is
presented in a form, which makes it suitable for the automatic
computer analysis of any bridge deck represented as an assemblage of
discrete elements. Specifically, the chapter develops and reviewed
the foundation for the matrix displacement method as applied to
grillages., Conventions are introduced to represent grillages in a
form suitable for computer analysis. Next, the degrees-of-freedom are
enumerated. Conditions of compatibility and equilibrium are
formulated without reference to a visual image of the structure and
coordinate transformation required in the assembly process is
presented., Finally, an efficient procedure is formulated for the
assembly of element models into the system model and element actions

are incorporated in section 4.9.

4,2 Notation and Conventions

In order to represent a grillage in a form suitable for
computer analysis, it is convenient to image the grillage as composed
of 7joints and elements. A joint is a point to which at least one
element is incident. It is used to connect an element to another,
while an element is a structural component represented by a straight

line connecting two joints. A joint is placed at each element end.
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Several elements can have a common joint. For a typical modelled

grillage see fiqure 4,1,

4.2.1 Grillage Geometry

The location and orientation of the global frame of reference
is arbitrary; however, the structure is assumed to lie in the 1, 3 -
globkal coordinate plane. The global cocrdinate axes are vepresented
by dashed lines to differentiate them from the solid local coordinate
axes (fiqure 4.2). The positive element (local) 1 - axis is located
fran the lower joint number to the greater joint number. The positive

2 - axis 1is located 90 degrees counter clockwise to the element

positive 1 - axis. Both the global and local 3 - axes are chosen to '

make the frame of reference right - handed.

4.2.2 Joint Co-ordinates

Each joint must be properly located with respect to the glcbal
system. For most grillage preblems such as bridge decks it is
oconvenient, but not necessary, to orient the positive 2-axis such that
it runs parallel but opposite to the direction of gravity. The
positive 1 - axis is then located by drawing a line 90 degrees
clockwise with respect to the positive 2-axis (see figure 4.3} and
. finally the positive 3-axis is chosen to make the global frame of
 reference right - handed. The reason for this particular selection of

co-ordinate crientation will become more apparent. when entering Jjoint
loads data (Appendix I}. Finally the joint coordinates are given by

the 1, 3 - axes, similar to conventional X,Y - axes.
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4.2.3 Joint Numbering

Each joint must be numbered for identification. It is
necessary to number the joints in a particular segquence. Random
mmbering is allowed but will require that a large amount of computer
memory (Random Access Memory - RAM) be devoted to storing the
structure stiffness matrix. This will require a longer analysis run
time and decrease the maximum size of structure that can be analysed.

To decrease the stiffness matrix storage rcquirements (hence,
decrease the analysis run time) an optimal numbering scheme can be
employed. Joint numbering optimization is achieved when the maximum
nuverical difference of all the element joint pairs are minimised.
Example of joint numbering is shown in figure 4.4

The bhest joint numbering scheme for minimum half-bandwidth is
to have adjacent joint numbers as close together as possible, Often
structures are predaminately longer in one direction. Such structures
have inherently small half-bandwidth if numbered along the shorter

direction.

4.2.4 Element Comnectivity

§ An element is connected to its joint pairs. The local 1-axis is

directed from the lower to the higher numbered joint to which the
elaqaent is incident. The numerically smaller joint number is termed
the ‘a-end' while the numerically larger joint is termed the 'b-end'.
Connectivity is achieved by drawing an arrow on each element, pointing
to the higher numbered joint to which the element is incident. See

fiqure 4,5,
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Fig. 457  Element Connectivity and Numbering
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4,2.5 Element Numbering

Each element must be numbered for identification. Elements can
be numbered at random. No time or storage space is saved by special
numbering schemes. However, elements can be numbered in such way as

to facilitate data input. See figure 4.5.

4.3 Generalised Displacements

By definition (section 2.3), generalised displacements are
independent parameters required to define the configuration of a
model. The number of generalised displacements is equal to the number
of degrees-of-freedam of the model. If the discrete element models of
chapter 3 are assembled into grillages, the resulting system model is
also discrete; that is, it has a finite number of degrees-of-freedom,
Holzer (1985):

n = 1*™J - NC (4.1)
Where
1 = degrees-of-freedon of a free joint (= 3 for grillages)
NJ = number of joints

NC number of joint constraints

Egq. 4.1 follows from conditions of campatibility, which are
boundary conditions, expressed as joint constraints, and continuity
conditions between element and joint displacements., Particularly, if
an element has 1 degrees-of-freedom at each end, a free joint of an
assemblage camposed of these elements has 1 degrees-of-freedom. Thus,
the number of degrees-of-freedom of the assemblage is equal to 1
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times the mumber of joints minus the number of joint constraints.
Each element require 3 independent unknown internal forces
(Wang (1983), thus making the degrees of indeterminacy of the model;
NI = 3*%NM - n (4.2)
Since the discrete element models do not represent element
actions, assemblages of these elements can only represent joint
actions such as joint loads and prescribed Fjoint displacements.

Element actions will be incorporated in section 4.9.

4.4 Camponents of the Model

A mathematical model of a structure is composed of conditions
of compatibility, conditions of equilibrium, and constitutive laws
(section 2e2)s The constitutive laws, representing material
behaviour, are inherent in the element models (section 3.3). Hence,
to assemble element models into a system model, only the conditions of
compatibility and equilibrium need to be formulated.

For the automatic computer assembly of element models, the
conditions of campatibility and equilibrium will be formulated by the

code number technique which was introduced by Tezcan (1963).

4.4.1 Compatibility

The conditions of compatibility can be expressed in compact
form by the member code matrix, M, which is defined as in Holzer
(1985),

M = [Mij] (4.3)
(NE,m)

Where
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k if D'jiL s gk 2 k= 1,2,
Mij = {
0 otherwise
gk = Joint displacement corresponding to the system degree-
of-freedam, k.
Dji = Element-end displacement referred to global coordinate

axes,

Thus, the ith row of M corresponds to the ith element, the jth
colum of M corresponds to the jth element displacement, and the entry
in the location defined by the ith row and jth colum of M is k if
the element displacement D'ji corresponds to any joint displacement
gk. Otherwise it is zero.

The significance of the member code matrix is that once it is
defined, no visual reference to the structure is required to formulate
conditions of compatibility or equilibrium for the assemblage.
Specifically, the displacement vector of the ith element can be

defined by the following transformation.

DISPLACEMENT TRANSFORMATION: g ! nl
Te Match the rows of Di with the entries of the ith row of M
s Assign the value gk to each component of Di that corresponds
to a positive integer k. '
A Assign the value zero to each component of Dl that corresponds

to a zero integer.
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.4.4..2 Equilibrium

” .Any. ooﬁfigﬁratim.t.:af a system for which ali generalised forces
vanish is an equilibrium confiquration [Holzer (1985}]. Since
generalised forces correspond to generalised displacements in a work
gsense, the generalised forces of the assemblages are the net forces in
the directions of the joint displacements. Particularly, the Kth
generalised force, Rk, is equal to the sum of the external force, Ok,

and the internal forces corresponding to the joint displacement, ak.

Therefore, for an n-degree-of-freedom system composed of NE

elawents, the condition of equilibrium gives:

.~ NE i _ . _
Q = I Fg . T ' {4.4)
i=1 ' ' -
where
Q = n - dimensional applied joint force vector, that is,
generalised external force vectaor.
i _
Fg = n - dimensional internal force vector supplied by

element i, that is the generalised force vector of
element i. o

Since the member code matrix identifies the element
i :

displacements, Dij , that are eguated with the joint displacements,
i

gk, it also serves to identify the corresponding element forces, Fj ,

i

o i
can be cktained from the global force vector of element i, F . as

follows,
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i M i

FORCE TRANSFORMATION: F ~m——3 Fg
1. Match the rows of Fl with thc? entries of the ith row of M.
2. Transfer every component of E‘l -1;hat corresponds to a positive
integer k to the k-th row of Fql . '
3. Assign the value zero to every row of F‘q:L that does not receive

i
a contribution from F .

. 4.5 Joint Forces

The joint forces, the applied ard reactive external forces at a
joint, can be computed from element forces by conditions of joint
equilibrium. In vector form, the conditions of joint egquilibrium can

be expraessed as

. NE 4 |
Pj = z Fj ? j - 1,2,-.-,NJ (4'5)
i=1 . '

Where

Pj Force vector at joint j, whose camponents are ordered in

the sequence of the global coordinate axes.

i
r Fa , if the a-end of element i1 is incident to joint §.
: i
F = i'i‘b , 1f the b-end of element i is incident to joint 3.

L ¢ , cothewise

l NE and NJ are the number of elements and the number of joints

respectively.
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4.6 (vordinate Transformation

Since element models are expressed in local coordinates and
assembled in global cooordinates, coordinate transformations are
required.

Figure 4.6 depicts the local and global coordinate axes for an
element of a plane grillage. The local 1 and 3 axes are assumed to
remain in the horizontal global plane 1 - 3, so that both local and
global 2 axes are coincident, Livesley (1975). From figure 4.6, the
rotation matrix is:
cr 0 C—Ij
= 0 0 ‘ (4.6)

’ C2 = sin®
L-C2 1

The rotation angle @ is measured from the global 1 - axis to

—

L= ]

the 1local 1 - axis; its positive sense is counterclockwise. The
rotation matrix (Eg. 4.6) is used in transformation between local and
global coordinates to farmulate displacement and force transformations
required in the matrix displacement analysis technique. Specifically,

these transformations are of the form:

/Lo (4.7a)
A (4.7b)

Where d and D are the local and global element displacement

Qu
"

and

3
n

vectors; f and F are the local and global element force wvectors; and

.A. is the transformation matrix from global to local coordinates:
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a-end

Fig-

4L.6.

Local and Globa Coordinates for an Element of
a plane Grillage



7 is as defined in By. 4.6.

4.7 I:ﬁése‘mbly Process ' |

In this section, 'Eh(; rrlatrix dispiééément met1:1c.l)d.’i.s. -pres.ented in
a form which makes it suitable for automatic computer analysis of
grillage represented as an assemblage of discrete interconnected
elements. Specifically, . .(.:t.Jnditions of campatibility and equilibrium
are formulated without reference to a visual image of the structure,
and an effigient procedure is emploved for the assembly of element

models into the system model. . .o

If the 1local and global reference frames are distinct, the

bt

local element model

f = kd t is= 1;2f---.rNE . ) .. I (4'9)

must be transfdnned into the global element modell

F = KD L aw

where the global element stiffness matrix . :

Y R U S S |
N o
Egs. 4.10 and 4,11 are obtained from Eq. 4.9 and the contragredient

transformation Eqg. 4.7, as follows:

i iT i iT i i iTiLid ii
F o= /N £ = kda = /A kAP = KD (4.412)

The global element model is next transformed into the

generalised element model
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Fg = Kgg (4.13)

by conditions of compatibility. Finally, the substitution of Eq. 4.13

into the equation of equilibrium, Eqg. 4.4, yields the system model

Kg = Q (4.14)
where the system stiffness matrix
KE 3
K = I Kg (4.15)
i=1

i
The generalised element stiffness matrix, Kgq , can be
i
constructed efficiently from the global element stiffness matrix, K ,

with the aid of the member code matrix as follows, Holzer (1985):

i M i
STIFFNESS MATRIX TRANSFORMATION: K —ﬁ Kg
i
ta Match the rows and colums of K with the entries of the ith
row of M.
i
= Transfer every ooefficient of K whose row and column

correspond to pgsitive integers j and k to the j-th row and k-

th column of qu . .

3 Assign the value zero to every location of qu that does not

receive a contribution from Kl .

Eq. 4.14 represents a set of simultaneous, nonhomogenecus,
algebraic equations in the unknown joint displacements. The solution
to Eq. 4.14 is unique if the system stiffness matrix is nensingular,
that is, if K has rank n. Physically, this means that the assemblage
is sufficiently constrained to prevent (finite or infinitesimal)

rigid-body displacements. Accordingly, the initial configuration is a

configuration of stable equilibrium,
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4.8 Formulation of Global Element

To apply the matrix displacement method to interconnected
grillages, the global element stiffness matrix need to be formulated.

The local element model (Eq. 3.31)

f = kd {(4.16a)
where
kaa kab
kK =
kba kbb
— _—
g 0 0 B8 0 0
0 12 6L 0 -12 6L
2 2
0 6L 4L 0  -6L 2L
= o (4.16b)
g 0 0 B8 0 0
0 -12 -6L O 12 -6L
2 2
LO 6L 2L 0 -6L 4L
and
3 2
a = EI/L.. , B = @/EI*L , Y = 0B = @Qi/L

The substitution of the partitioned ! - matrix (Eq. 4.8) and
the partitioned k - matrix (Eg. 4.16b) yield the global element

stiffness matrix in the form.

Kaa Kab
K = (4.17)
Kba Kbb
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where
T
Kaa = A kaa A
T
Kab = A kab A
T
Kba = )kkba)k
iy
Kb = Mo
Since K 1is symmetric, it

coefficients of Kab and the upper triangular
For example, by Egqs. 4.6, 4.16, and 4,18

(4.18)

is sufficient to compute the

portions of Kaa and Kbb,

0 2 g 0 0 C1 0 2
Kaa = a |0 1 0 0 12 6L 0 1 0
2
2 0 Cl 0 6L 4L -C2 0 cl
2 2 2 2
Cl + 4L 2 -6LC2 clc2(B - 4L )
= « 12 61.C1 (4.19)
2 2 2
Sym. cC2 + 4L C

The resulting global stiffness matrix

can be expressed as

gl 92 g4 g7 -g2
gl g5 g2 -g3
gb g8 -g5
K =
ql ~-g2
g3
L— Sm.

of the grillage element

g8
g5
g9
(4.20)
g4

..95

gb
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where
2 2 2
gl = a (BCT + 4L C2)
g2 = -0 6LC2
g3 = 12 ¢
2
gd = L CI*C2(B - 4L )
g5 = a 6LCI (4.21)
2 2 2
96 = o (BCZ + 4L C1 )
2 2 2
q7 = -a(gcCl - 2L C2 )
2
g8 = -ac1*c2({ g + 2L )}
2 2 2
g9 = -a{fC2 - 2L.C1 )
3 s

=]
n

EI/L R B = GJ/ET*L

4.9 Element Actions

In the presence of element loads, the joint displacement no
longer represent generalised displacements of the assemblage, Holzer
(1985); that is, the joint displacements are not sufficient to define
the configurations of elements subjected to loads.

However, the joint displacements, the element-end forces, and
the joint forces can be computed by a procedure known as resolution of
actions. It includes load resolution, analysis of an equivalent joint

load system, and response superposition.

4.9.1 Resolution of Actions

Element actions may consist of loads, temperature changes,

element imperfections, prescribed displacements (such as support
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settlements), etc, specifically, the actions of the structure are

transformed into equivalent joint loads by the resolution

—>

| - ) A (4.22)

|
]

where actual actions of the structure; they may consist of

element and joint actions.

fixed-joint actions; they are composed of the actual

element actions and joint loads required to prevent

joint displacements.

1 = equivalent joint loads.

Since the djoints correspording to f do not experience
displacements, the element-end forces are fixed-end forces that can be
computed from farmulas developed for specific element loads.

Note that 1 contains only joint loads because the element
actions are introduced in I and it follows from Eg. 4.22 that

1 =« T - @ (4.23)

Thus, the equivalent joint loads can be obtained by
substracting the fixed joint loads from the actual loads. Hence, the
response to 1 can be determined by the matrix displacement methcd.

In matrix form, the equivalent joint loads can be expressed as

~

Q = 0 - 0
where
Q0 = actual joint load vector
Q = fixed joint load vector
Q = equivalent joints load vector
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0 is prescribed and Q can be computed as follows:-

1.

For each element subjected to actions, the local fixed-end

ol
force vector, f , is computed and transformed into the

l
global fixed-end force vector, F .
i
The generalised fixed-end force vector, Fg , is determined

by the force transformation (section 4.4.2):

~ M e |

P o3 g (4.25)

The condition of equilibrium, Eq. 4.4, is imposed to yield
NE i

i=1

Once the responses to 1 and 1 are determined, they are

superimposed, EBEg. 4.22, to yield the actual response. In particular

the actual element force vectors can be expressed as

4.5.

T - f + f (4.27)

i i1
- = kd

Then the actual joint force vector, Pj, can be computed by Eq.

Note that the joint displacements corresponding to T and 1

~

are identical because the joint displacements corresponding to 1

are zero by definition; that is,
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because

q = g + § = g (4.28)
a = 0

4.10  Review

The camplete process of matrix displacement method with element

actions is presented in a form, Figure 4,7, that facilitates autocmatic

computerization. The key steps are (figure 4.7):

1.

3.

The unknown joint displacements are selected as the independent
variables,
The element models are fornulated Eq. 4.27.

The element models are assembled into the system model, the

model of the structure, by imposing the conditions of
compatibility and equilibrium. The conditions of equilibrium
balance the applied joint forces and the element forces in the
directions of the unknown joint displacements. This assures
equilibrium of the assemblage. The system model represents a
set of simultaneous algebraic equations in the unknown joint
displacements,

The system model is solved for the joint displacements.

The element-end forces are computed by substituting the values
of the joint displacements into the element models equations.
The joint forces, the applied and reactive external forces at a
joint, are then computed from element forces by conditions of

joint equilibrium, Eq. 4.5.
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Chapter 5

COMPUTER IMPLEMENTATTON OF THE MATRIX DISPLACEMENT METHOD

5.1 Introduction

General theories and formulations of matrix displacement methed
of grillage analysis have been so far presented in this study. The
objective in this chapter is to discuss same important computational
aspects pertaining to the implementation of the matrix displacement
method.

It seems possible, by using many elements, to wvirtually
approximate any bridge deck with ocomplex boundary and loading
conditions to such a degree that an accurate analysis be carried
out, In practice, however, obvious engineering limitations arise, a
most important one being the cost of the analysis. As the number of
elements used is increased, the manpower required to prepare the
relevent data and interpret the results increases, and also a larger
amount of computer time is needed for the analysis. Furthermore, the
limitations of the program and the computer may prevent the use of a
larger number of elements to idealise the structure., The limitations
may be due to high - speed and back-up (low-speed) storage available,
or the round-off and truncation errors occuring in the analysis
because of finite precision arithmetic. Also the malfunctioning of a
hardware component, if the analysis is carried out using many computer

hours, is possible. It is therefore desirable to use efficient

programming techniques,
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The effectiveness of a program depends largely on efficient
programming methods and sophisticated use of the available computer
hardware and software. Although this aspect of program development is
computer - dependent, using standard FORTRAN 77 and high- and low-
speed storage in a system -~ independent manner, very effective
computer programs could be developed. In the following, the design of
matrix displacement method of analysis program, in which largely
computer - independent procedures are used is discuss.

Assuming that an actual grillage structure has been idealised as
an assemblage of interconnected elements. The analysis process can be
understood to consist of essentially three phases:

1. Computation of the gystem stiffness matrix, K

2. Solution of equilibrium equations, and

3. Evaluation of element-end and joint forces.

The objective in this chapter is to describe a program
implementation of the first and third phases. A computer program that
has all the impoartant features is presented in Appendix III. As might
be imagined, there is no unique optimum program organisation and
various different and effective strategies are currently followed as
in Bathe and et al (1974), Bathe{1975), and Harrison(1980), Parts 1T
and ITI. 1In addition, new ideas may be developed, particularly as new

computer equipment becaomes available.

5.2 Computer Program Organisation

The listing of the program GRID is presented in Appendix III,

Although, the ode is simplified in various areas, it shows all the
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important features of more general codes. The main objective in the
presentation of the program is to show the overall flow of a typical
matrix displacement method program.

Figure 5.1 shows a flow chart of the program modules, and
figures 5.2 a-f give the details of each module storage allocations
used during the various modules phases. The user's guide is presented
in Appendix I.

The program can be understood to consist of essentially six
modules:

1. INPUT PROCESSING (figure 5.2a) - This module accepts all input
data, computes system degree of freedom and half-bandwidth,
Establishes member-code-matrix, calculates fixed-end forces,
resolves applied actions and finally stores data into
appropriate tapes for further processes.

2. ASSEMBLY PROCESS (figure 5.2.b) - At this module, all data
required for assembly process are read from tapes. Next, the
module computes global element stiffness matrix, and finally
stares the results into tape 7.

3. SCLUTION hPROCESS (figure 5.2c) - This module reads K and Q,
solves the equilibrium equations wusing triple matrix
decomposition technique and stores the resulting displacements,
g, into tape 8.

4. QOMPUTATION OF ELEMENT FORCES (figure 5.2d) - Reads data
required for displacement transformation and ocomputation of
element-end forces. Performs the camputations and stores the

resulting element-end forces into tape 9.
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'Si. OCOMPUTATION OF JOINT FORCES (figure 5.2e} -~ Reads required
N data from tapes, computes the joint forces and apperds the
" 1" results to tape 9

_6_,. ~ OUTPUT PROCESSING (figure 5.2f) - This post-processing module
| reads displacements, element-end forces, joint forces and

cutput information from tape 12.

These modules are stored as separate programs (GRID 1 - 6} on

the hard disc {see Table 5.1 for details) and the low-speed storage

DRI TABLE 5.7 - DESCRIPTION OF PROGRAM MODULES
MODULE DESCRIPTION
1 Pre-processing module. Accepts all input data, generates

other information necessary to complete the analysis, and
finally stores data into appropriate tapes for further
processes. .- .

2 Assenbly processing module. Performs the system stiffrness

matrix transformation.

3 Soluticn Procegsing module. Solves the equilibrium
equations using triple matrix decomposition technique,
GRID 4 Computation of element-end forces module, Performsg the
transformation of assemblage displacements into local axes
C and computes the element-end forces.
' - GRID 5 Computation of joint forces module. Computes applied and
I P reactive joint forces.
GRID 6 Post-processing module, Performs load combinations and

. output the desired results.
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allocations used during the analysis process, named TAPE 1 - 12 are

shown on Table 5,2.

TABLE 5.2 - DESCRIPTION OF LOW-SPEED STORAGE ALLOCATIONS
TAPE  CONTENT
TAPE 1

TAPE 2

TAPE 3

TAPE 4

TAPE 5

TAPE 6

TAPE 7
TAEE 8
maee 9
TAPE 10
TAPE 11

TAPE 12

Parameters such as number of elements, joints, load cases
and load combinations. System degree of freedom, half-
bandwidth and equivalent joint loads for all load cases.
Element comnectivity data, joint coordinates and member-
code-matrix,

Parameters such.as nunber of elements, joints, load cases
and load combinations. System degree of freedom, member-
code-matrix and element connectivity data.

Material properties: Elasticity and shear modulus,
torsion constants and moment of inertias of all elements,
Fixed-erd forces for all load cases.

Post-processing information: load combinations factors
and particular joints and elements of which results are
required.

System stiffness matrix,

Joint displacements for all load cases.

Element-erd forces and joint forces for all load cases.
Raw - input data

Raw - input and generated data

Results for all load cases - joint displacements,

element-end forces, and joint forces of all required load

. combinations.
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5.3  Program Information Flow

The first module reads and/or generates all data required for
the camplete grillage analysis. The input data consists of the

following categories:

Problem Title
Control Information
Joint Coordinates
Elements Connectivity
Joint Releases
Element Properties
Load Data

Output Information

The full description of each category is presented in the
user's guide (Appendix I ). With all the data known, the program goes
on to generate other information necessary to camplete the analysis.

Consider first the data that correspond to the joints. The
program is set up to allow a maximum of three degrees of freedom at
each joint-one translational amd two rotational degrees of freedom.
Corresponding to each joint, it must then be identified which of these
degrees of freedom shall actually be used in the analysis, that is,
which of the three possible joint degrees of freedom correspond to
degrees of freedom of the assemblage. This is achieved by defining
an identification array, or joint releases array, JR, of dimension NJ

times 3, where NJ is the number of joints in the system.
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Element (i,j) in the JR matrix corresponds to the jth degree of
freedom at that joint i. If JR (I,J) = 0, the corresponding degree
of freedom is defined in the element system, and if JR (1,J) = 1, the
degree of freedom is not defined.

Once all active degrees of freedom have been defined by zeros
in the JR array, the equation numbers corresponding to these degrees
of freedom are assigned. The procedure is to simply scan row after
row through the JR array and replace each zero by an equation number,
which increases successively from 1 to the total number of equations,
that is, the total system degree of freedom. At the same time the
entries corresponding to the non-active degrees of freedom are set to
zero,

At this stage, with element connectivity and joint releases
data known, the program generates the member - code - matrix, M (see
section 4,4.1). This matrix relates to each element degree of freedom
the corresponding assemblage degree of freedom. It is conveniently a
connectivity array M(I,J), in which entry (i,i) gives the equation
number that corresponds to the ith element's degree of freedom j. The
procedure of establishing the connectivity array M(I,J) is achieved by
using the element connectivity joint pairs to extract the element's
assemblage degrees of freedoam from the JR array, that is, the
comectivity array of each element is determined from the joints to
which the element is connected and the equation numbers that have been
assigned to these joints,

Once the array M has been defined, the corresponding element

stiffness matrix can be added in compact form to the system stiffness
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matrix, but the process must take due account of the specific storage
scheme used. As explained in Harrison (1980), an effective storage
scheme for the system stiffness matrix is to store only the elements
on the leading diagonal and up to the half-bandwidth.

The triple matrix decamposition technique described in Harrison
(1980), is then applied to solve the resulting equilibrium equations.
Next, for each element, its assemblage degrees of freedom are
transformed to local axes (section 4.6) and its end forces computed
(Eq., 4.27). Finally, the applied and reactive joint forces for each
joint are camputed (Eq. 4.5) to complete the analysis process.

Once the analysis is completed, GRID provides the results in an
output-file. Joint displacements (deflections and rotations),
element-end forces (torsion, shear and bending moments) and Joint
forces (applied and reactive) may be displayed numerically on the
screen or printer. The numerical results output is formatted to allow
a quick comparison of all displacements and forces created by each
load combination, so that the most severe load combination on an
element can quickly be obtained. 1In addition, output of results

concerning particular joints or elements can be obtained easily.
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Chapter 6

BRIDGE DECK LOADING TO BS5400

6.1 Introduction

Bridge deck loadings in this study are in accordance with the
British Standard 5400, hereafter, referred to as the Code, BS5400
(1978). Naminal loads are specified in part 2 of the Code, together
with values of the partial safety factors, which are applied to the
nominal loads to obtain the design loads. Only loads condidered in
this study are discussed. These are the permanent and primary
vertical live loads. It should be noted that this study does not
cover secondary highway loadings such as centrigugal, braking,
skidding and collision loads. 1If desired, they could be analysed
separately and added to the results of permanent and primary loads.

The general philosophy governing the application of the lcads
is that the worst effects of the loads should be sought. In practice,
this implies that the arrangement of the loads on the bridge is
dependent upon the load effect being considered, and the critical
section being considered.

In the following, carriageways and lanes used in deciding how-
live load is applied to a bridge deck are discussed., Next, various
load modelling schemes permissible by program GRID are presented,
After that, permanent and primary loadings together with their
descretisation on a bridge deck are discussed. Finally, load cases
and cambinations necessary to aid design at both ultimate and

serviceability limit states are presented.
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6.2 Highway Carriageways and Lanes

The carriageway is defined as the traffic lanes plus hard
shoulders plus hard strips plus marker strips [BS5400 (1978)]. if
raised kerbs are present, the carriageway width is the distance
between the raised kerbs, In the absence of raised kerbs, the
carriageway width is the distance between the safety fences less the
set-lnck for the fences: the set-back must be in the range 0.6 to

1.0m.

6.22 Traffic Lane

The lanes marked on the running surface of the bridge are
referred to as traffic lanes. However, the traffic lares in the Code
have no significance in deciding how live load is applied to the

bridge.

6.2.3 Notional Lanes

These are notional parts of the carriageway which are used
solely for applying the highway loading. They are determined

according to Clause 3.2.9.3.1 of part 2 of the Code.

6.3 Load Modelling

There are a number of modelling schemes that one can use to get
around most bridge loadings. The program GRID permits three types of

loadings. Two element loads and one set of joint loads.
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6.3.1 Element Loads

There are two permissible types of element loads:

(a) Uniformly distributed load acting perpendicular to the element
regardless of its orientation relative to the global coordinates.
This load may act from the lower to the greater element joint numbers
or partially along the element, As demonstrated in figure 6.1, this
load acts parallel to the global Z-axis. To be consistent positive
loads are in the positive direction of gravity and therefore are given
positive value downwards.

(b) The second type of element load is discrete point loads. The
load must act vertically and is positive in the gravity sense. No
restrictions on the maximum number of point loads allowed per element.
Element point loads are located from the lower joint number relative
to the local coordinate axes. An illustration of element point loads
is seen in figure 6.2.

Note that element loads always act perpendicular to the element
and thus follows the local axis sign convention, The positive element
x-axis is drawn from the lower to the greater joint number. The
positive element y-axis is drawn 90 degrees counter clockwise to the

positive element x-axis.

6.3.2 Joint Loads

There are three permissible types of joint loads. They are:
(1) Moment about X-global coordinate axis.
(2) Force in the Z-global coordinate axis.

(3) Moment about Y-global coordinate axis.
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These three forces comprise one loaded joint. This concept is
important when inputing data for joint loads. Specifically, the
program asks for loaded joint number and these three forces. Joint
loads are input with respect to the global coordinate system. The
global coordinate system was initially used to generate joint
ocoordinates (section 4.2.2). Relative to this system, the positive

sign convention for joint loads is described in figure 6.3

6.3.3 Other Loads Modelling

If GRID does not contain provisions for the element load
required, then it is possible to calculate fixed-end forces by hand
and use the principle of superposition. It merely requires that the
user solves the equivalent fixed-end forces. These forces '"R" are
then input as joint loads. The problem is then executed. Finally,
the solution is complete when negative values of forces "R" are added
to the computer results for the element with the particular element

load. This is illustrated diagrammatically in figure 6.4.

6.3.4 Load Modelling Limitations

There are a mumber of load modelling limitations for GRID. One
obvious limitation on member point loads is that they have to be
parallel to the gravity. ‘This is illustrated in figure 6.5. This
limitation is inherent in the modelling of grillages. However, non-
gravity parallel loads are hardly encountered and therefore are not

considered in this study.
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6.4 Permanent Loads

6.4.1 Dead Load

The nominal dead loads will generally be calculated from the
usual assumed values for the specific weights of the materials, for

example 24 KN/m3 for concrete. When such assumed values are used it

is necessary, at the ultimate limit state, to adopt a partial safety

factor of 1.2 for concrete, Clark (1983) , rather than the value of
1.15 given in Table 1 of the Code. The later value is only used when
the nominal dead loads have been accurately assessed from the final
structure. Such an assessment would require tfle matéfiéi densities to
be oconfirmed and the weight of, for example, reinforcement to be

ascertained,

Modelling Dead Load

Dead Load is considered to act as a uniformly distributed load
on the whole bridge deck. However, the descretisation of this load is
considered to act on only elements along the main girders, since
finally the load is going to be converted into equivalent joint loads
for the whole deck. For. the transverse elements, only the elements
along the edges, which carry the diaphragms are assumed to be loaded.

Dead Load discretisation is illustrated in figure 6.6.

6,4.2 Superimposed Dead Load

This lcad consist of mainly the surfacing on all the lanes,
The partial safety factor of 1.75 given in Table 1 of the Code for

superimposed dead load appears to be rather large. The reason for
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this is to allow for the fact that bridge decks are often resurfaced,
with the result that the actual superimposed dead load can be much

greater than that assumed at the design stage, Clark (1983).

Modelling Superimposed Dead Load

Superimposed dead load acts as a uniformly distributed load on
all traffic lanes, therefore, care must be taken to load only elements

that falls within these lanes. This is illustrated diagrammatically

in figure 6.7.

- 6.5 Primary H.ig.hu;a.aﬁ Loadmg |

The primary effecté éf.hiéhwéy 1oédin§ ;¥éntﬁe veréieainjioéaé
due to the mass of the traffic, and are considered as static loads.
Footway or Pedestrian loading on sidewalks is also discussed in this
‘section, _

The standard highway loading consists of normai {Ha} loeding
and abnormal (HB) loading. Both of these loadings are deemed to
include an allowance for impact. The partial safety factors of 1.2
and 1.1 are givgn_in Tablg 1 of thg_Code for HA and HB._loadings,

respectively. .

6.5.1 HA Loading -

HA loading is a fofmula loading which is intended to .represént
normal actual wehicle loading. The HA loading consists of either a
uniformly distributed load plus a knife edge load or a single wheel

lead. Only the former option has been considered in this study.
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Uniformly Distributed Load

The uniformly distributed camponent of HA loading is 30KN per
linear metre of notional lane for loaded length (L) up to 30m and is
given by 151(1/L)} 0.475 KN per linear metre of nqtiqn_al_ lane _gor
Ilonger lengths, but not less than 9KN per lineaf..me'tre.ﬂ o | |

It should be noted that the loaded length referred to above is
the .length of tﬁe base of_ the positive or negative port_ilon of the ‘
influence 1line for a partlcular effect at the design polnt under

o

consideration, - .0

Knife-Bdge Load (KEL) o

It is emphasised thét .th.e knife edge part .olf HA ioadintj ié not.
intended to represent a heavy axle, Clerk {1983} , bhut is_ nemly a .
device to emble the same mniformly distributed loading to be used to
simulate the shearing and bending effects of actual vehicle loading.
The Code wvalue of this is 120 KN per notional lane. The locad per’
metre is always obtained by dividing, by the notional lane width, as
is thus in the range 31.6 to 52.2 KN/m.

The knife edge load is generally positioned perpendicular to
the notional lane except when considering supporting members in which
case it is positioned in-line with the bearings, and when considering
skéw decks, in which case it can be positioned parallel to the

supporting members or perpendicular to the free edges.



Application of HA Loading

The full uniformly distributed and knife edge loads are applied
to two notional lanes ard one-third of these loads to all other

notional lanes. '

Modelling HA Loading

It must be ernphasised_ that in matrix displacement method of
analysis, all loadings are converted to equivalent joint loads by the
program. Hence, the uniformly distributed load camnponent of HA
loading is qﬁnsider,ed to act as uniformly distributed load on only
elements along '££é*55iﬁ'gigéérs that fall within the notional lane

concerned. The KEL component is positioned parallel to the supporting

members to facilitate data preparations. Figure 6.8 ill_ustrateé the =

]

descretisation of HA loading on a bridge deck.

. 6.5.2 HB Loading

HE Iio.adihé is intended to 'rf;pr.eseht .alr.l- abnormally heavy-l ‘
vehicle. The nominal loading consists of a single vehicle with 16
wheels arranged on four axles. Refer to figure 11 of the Code,
reproduced here as figure 6.9. Tt can be seen that the transverse
spacing of the wheels on an axle has been rounded-off to 2.0m, and
that the overall width of the vehicle is given as 3.5m. The latter
point means that it is not necessary to specify a minimum distance of
the vehicle from a kerb, as is necessary in previous codes. However,

the most significant difference is that the longitudinal spacing of

-
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UDL Component
of HA Loading

Fig- 6-.8. HA Loading Model



[(8461)0075S8] 291yaA gH  Jo sucisuaugq

UOI}QI2DISUOD J2pUn Jj2QUaW 24} U0 42j)2
A2A2S jJsow ay) s2onpoud uoIsuawip 12024214y

wa-l

WaZ 10 (2 914 9§

T
}

——
| .

—.

UIPIM JIDJaAQ WG g

21kD 4| o i..”...,._i__ ! o



=95~

the centre pair of axles is no longer constant at 6.1m, but can be any
of the five values between 6 and 26m inclusive. The reason for this
is that the BE 1/77 vehicle originated in BS 153, which was intended
for simply supported bridges (although, in practice, it was also
applied to continuous bridges) and the worst effects in a simply
supported bridge occur with axles as close together as possible.
However, since the code is intended to be applied to any span
configuration, available spacing has been specified, in order to
calculate the worst effects at all design points. As an example, the
worst effects at an interior support of a continuous bridge could
occur with a wide axle spacing.

The nominal HB loading is specified, in terms of units of
loading, with one unit being equivalent to a total vehicle weight of

40KN. The rnumber of units for all roads can vary from 25 to 45.

Application of HB Loading

Only one HB vehicle is, in general, required to be considered
on any one superstructure, or any substructure supporting two or more
superstructures. The vehicle can be either wholly in a notional lane,
or can straddle two notional lanes. If it is wholly in a notional
lane, the knife edge camponent of HA loading for that lane is
completely removed, and the uniformly distributed component is removed
for 25m in front to 25m behind the vehicle; the remainder of the lane
is loaded with the uniformly distributed loading component of HA
having an intensity appropriate to a loaded length which includes the
displaced length. The vehicle is thus considered to displace part of



the HA lcading in one lane, but the adjacent lane is still assumed to
carry full HA loading. This is more severe than the BE1/77 loading,
where the adjacent lane carries only one-third HA loading.

If the vehicle straddles two lanes, then it is considered to
étraddle either the two lanes loaded with full HA, or one iane with
full and one with one-third HA; in each case the rules of omitting
parts of the HA loading are applicd. o IR -

The reason for the more severe arrant.;éméﬁt.of the 'aclcanpaﬁying '

- HA loading is that, in practice, queueé of heaw vehicles accumulate
‘behind abnormalv loads and when they overtake, they do so in a platoon,
Clark (1983). .. . _ _

Tt should be noted that, when HA loading is applied with HB

loading, the partial safety factor for HA is the same as that of HB. o

Modelling HB Loading | ]

Discretisation of HB loading is achieved by placing the.vehicle
on a noticnal lane, with its centre of gravity at the midspan of a
main girder, whose maximum bending mament is being sought for. As
shown in figure 6,10, the wheels may not necessarily fall on the main
girders as concentrated loads. Hence the principle of superposition
must be used to di__stribute_ these lqadings on 1_:he main girders as

concentrated loads. e

6.5.3 Footway Loading

Footway loading éonsists of mainly the pedestrian live lecad,

. applied only on the sidewalks. The nominal value for loaded lengths
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of 30m and under, is a uniformly distributed live load of 5.0 KN/m2.
For loaded lengths in excess of 30m, it is given by K* 5.0 KN/m2,
where K is the

Nominal HA UDL for Appropriate Load Iength (in KN/m)
30 KN/m

The descritisation of this load takes the form of applied joint
loads (Mx), since the loading is outside the grillage layout and may

be considered as cantilevered. See fiqure 6.11 for more details.

6.6 Load Cases and Combinations

With reference to the example given in Appendix IT, and the
design loading given in part 4 of the code, load cases considered in

this study are as follows:-

Load Case Description
1 Seft weight only
2 Superimposed dead load
3 Pedestrian
4 HA + KEL on lane 1
5 HA + KEL on lane 2
6 HA + KEL on lane 3
7 HB on lane 3.

Load combinations and their partial safety factors are chosen
so as to aid checking the strength of members at the ultimate 1limit
state and to satisfy the requirement to check stresses and crack

widths at the serviceability limt state.
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The load combinations to be considered at the ultimate limit

state may be taken as follows:

Load Combination _ : Safety Factor

1. Self weight only | 1.2
79, Superimposed dead load - 175
3. Pedestrian - 1.5
4. HA + KEL on lane 1 - | 1.5
5. HA + KEL on lane 2 . . 1.5
6. HA + KEL on lane 3 : 1.5
7. HA + KEL on lane 3 _ 1.3
8. (4) + (5) + 1/3 (6) SR 1.0
9. (7) + (5) + 1/3(4) _ 1.3
10. {1) + (2} + (3) + (B} + (9) ' 1.0

At the serviceability limit state, the widths of cracks are
controlled primarily for durability purpose, Clark (1983}, therefore,
it is logical to define the design loading as that which can be

considered to be virtually permanent rather than that of occasional

but more severe loads. This is because, after the passage of

‘occasional severe loads, the crack widths retwrn to their values

mder permanent  loading provided that the reinfarcement remained
elastic during the application o©f the occasional load. Since the
limiting reinforcement stress is 0.8fy, Clark (1983), the
reinforcement will remain elastic.

The code considered that crack widths should be checked under

full HA loading together with pedestrian leading, dead lcad and
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superimposed dead load, When the appropriate partial safety factors

are applied, the resulting design lcad is:

Dead lead + 1.2 * (Superimposed dead
load) + 1.0 * (HA) + 1.0 * (Pedestrian
Loading).

Hence, load combinations to be considered at serviceability limit

state are as follows:

Load Combination Safety Factor
1. self weight only 1.0
2, Superimposed dead load 1.2
3. Pedestrian 1.0

4, HA on lane 1 + HA on lane 2

+ 1/3 ¥A on lane 3 el
5. HB on lane 3 + HA on lane 2

+ 1/3 HA on lane 1 § %

6. (1) + (2) + (3) + (4) 1.0
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Gxapte.r 7

SIMPLIFIED ANALYSIS OF SKEWED-BRIDGE DECKS

7.1 Introduction

The analysis and design of skewed-bridge decks is of
considerable importance and practical interest. Greater speeds on
highways with their more exacting safety requirements, demand better
aligmment. 1In order to achieve this, skew-bridges are frequently
built. In view of the considerable interest expressed by designers in
skew bridges, it is considered essential to have a better
understanding of the stress distribution in such structures, and if
possible to have a simplified method of analysis. This study,
therefore intended to make an investigation in such structures of
‘various configurations (angle of skew, spans, materials properties)
and their behaviour under various leocading conditions.

Before the advent of the electronic computer, bridge elements
were analysed by the force method. However, when torsion resistance
is present as is the case in skew decks, and should be included in the
analysis, then the degree of indeterminacy becomes very high and the
campatibility conditions are more cumbersome to establish. Thus the
common assumption is to neglect torsion, a practice which yields
reasonable answers for bending and deflection but gives no indication
as to the amount of torsion. In such cases, a nominal amount of
torsional moment is usually provided for in the design process.

With the convenience in the application of the matrix

displacement methad on the computer, analysis of bridge elements with
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or without torsion, becomes rather a simple matter so far as making up

the input is concerned.

This study is concerned with the custamary situations in which
the arrangement and proportions of the structural elements and the
support conditions are known. In practice, however, first the
designer uses a preselected bridge deck with preliminary member sizes,
which is then analysed under various loading conditions. From the
analysis, member forces and displacements are obtained. The second
step involves selecting new member sizes that are designed using the
results of the first analysis. The analysis is repeated, using the
new member sizes to check final member forces and displacements. This
process is repeated until the designer is satisfied of the adequacy of
the design.

The proposed simplified method follows the same pattern, but no
calculation need to be performed in the analysis phase. Instead, the
designer can identify a particular chart and read directly the value
of the structural response concerned without performing any rigorous
analysis. Freed from time consuming calculations, a number of
different schemes of proposals can be processed in a short time, thus
allowing the designer to devote himself to planning, evaluating
results and decision making.

To achieve all the stated objectives, a careful planning and
development of a computer program is necessary. A program GRID has
been developed (chapter 5) and presented in Appendix III. The
computer code is such that corresponding to each _type of skewed-bridge

geametry, and each type of material properties, the design be obtained
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with minimal effort by the designer. Furthermore, it allows
reinforcement to be proportioned for longitudinal and transverse
flexure as well as stirrups to be proportioned for longitudinal shear

and torsion.

The research procedure and methods of determining bridge

responses are discussed in the following sections.

7.2 Research Procedure

Different standard configurations were selected for a detailed
computer analysis. Many other types are, of course, possible; some
could be more sophisticated in their layout, but unfortunately also
more complex in their construction and therefore of less interest to
practising engineers.

Much work has been done in the manufacture of standard
prestressed beams for bridge construction. The most popular ones have
been those developed by the British Ministry of Transport in
cooperation with Cement and Concrete Association. See Somerville
(1970) and Dow-Mac (1981). Two of these standard beams (M- and Box-
Beams) have been utilised in this study to cover the range of spans 15
to 30m. The beams are placed at 1.0m centres with the Box-beams as
external girders, while internal girders are made-up of M-beams. In-
situ concrete top-slab is then used to cover these beams, so as to
achieve a T-beam form of construction, Allen (1978).

There is a little doubt that for spans up to approximately 16m
some form of slab construction offers the greatest economy, Somerville
(1970). However, when the angle of skew is heavy and/or the span is



.1{.:nI1ger than 15m, standard prestressed beams and in-situ slab provide a
very efficient form of construction. In-situ constructicn is possible,
but more flexible methods of using post-tensioning are preferable,
Allen (1978).

The solid slab bridge provides the maximum moment of resistance
far given depth but at the cost of using a large part of its material
inefficiently, while in standard prestressed beam-slab bridges, where
although the overall depth will be greater than that of a solid slab,
the material 1s used much more efficiently and less prestressing force
is required, Allen (1978). .

This study assumes the usual iterative design procedure, Abatan
and Abubakar (1985). This procedure is illustrated in figure 7.1.
However, here we are concerned with situations in which the geometry
of the skew_ed-—bridge that is in better alignment with the highway has
been chosen. Next the arrangement and proportions of the structural
members have been chosen in accordance with Cement and Concrete
Association’s requirements ({see Somerville (1970) for more details).
The standard support conditions are known to be simply supported.
Usually the total span of the hridge is divided into simply supported
spans within the range of 15 to 30 m, Hence, the geometrical
properties of .rnaterials could be obtained from the standard
specifications [Somerville (1970)] for the corresponding range of

- - Spans. The standard spans used in this study are 15 - 30m at stép of
hand that of skew angle incremwents at 5° from 0° to 45° maximum in
order to minimize the cost of skew ended beam (see Dow-Mac (1981}).

In addition, the material properties (Young's modulus and shear
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" " modulus) are assumed to be those at 28-day cube strength of 50 N/mm2.
s 11 Knowing the geometry, the geometrical properties,  support
corditions and loadings (chapter 6), all the necessary input data
needed to execute the program GRID are now completed., These data are
then inputed into the program and executed. Finally, the responses
{(displacements, bending mavents, shear forces and twisting moments)
are obtained and tabulated inte the appropriate charts (to be

presented and discussed in the later sections). . . ,

b 7.3 Methodology of Determining Responses

[P

Bridge responses need to be determined are such guantities as
displacements, longitudinal bending moments, shears, twisting moments
and their transverse ocounterparts. Bending moments which cause
flexure in a longitudinal wvertical plane are referred to as
longitudinal moments. It is to be noted that the longitudinal
direction corvesponds to the direction of traffic flow on the bridge.
The term longitudinal shears refers to the wertical shear in a
longitudinal strip of the bridge. The support reactions refers to
..Ilongitudinal shears at the supports. Bending moments in the direction
. perpendicular to the flow of traffic are referred to as transverse
. umoments.
.I These quantities are given for one fepetition of a pattern. That
'!q' is, considering one girder together with that part of the slab which
belangs with that girder (the f)ortion of slabup to the midpoint
between the girder and its neighbours on either side}, and the

responses are cansidered in terms of this portion of the total bridge.
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An advantage of using the simplified method is that it gives the
designer a direct insight into the physical behaviour of the
structure, The physical significance of the various responses, and
methods of obtaining them now follows.
The simplified method differentiate between external and intermnal
portions of the cross section of the bridge. The external portions
refer to the outer girders, and the internal portions to the inner
ones. The method given herein has been developed for three-lanes
highway bridges of various load combinations (section 6.6). The
girder which produces the maximum span and quarter span responses is
the governing one. Governing load combinations in skewed bridges for
different spans are given in Appendix IV ).
The various steps in determining bridge responses are

illustrated in figure 7.2 They are as follows:-

1. Obtain the angle of skew from the alignment of the highway with
the proposed bridge.

2, Divide the total bridge span into simply supported spans within
the range of 15 - 30 metres,

< M Choose the main girders from standard configurations, Dow-Mac
(1981) and obtain their geometrical properties.

4, Use Appendix IV to determine the various responses.

S If these responses are not within the allowables, then GOTO
step 3.

6. ELSE design the structural elements.

r i If the design is alright, THEN STOP,

8. ELSE GOTO step 2.
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Chapter 8

QONCLUSTON

The study presents the fundamentals of matrix displacement
method which could be easily extended to a more general technique of
Finite Element Method (FEM). It offers efficient and practical tool
for the analysis of skewed bridge decks, which poses specific
difficulties in their response to torsional motions when the skew
_angie is greater than 20°. All the salient characteristics of such
structures and their responses have been preserved in the modelling
‘tecl"mique. The technigue has been used to assess the adequacy of a
proposed design with respect to strength and stiffness by methods
vhich are more economical than the obvious way of constructing and
testing a prototype. _ _

All the three distinct ccmponeﬁts of a ﬁlodel: the conditions of
compatibility, the conditions of equilibrium and the constitutive
laws, that represent significant features of a stracture ha\;'e been
incorporated into the idealisation. A skew system of grillage beams
have been used to idealise skewed-bridge decks, so as to cbrre5pon6
with reinforcement layout and ease automatic data preparations. The
skew system also reduces the cost of camputing time. |

The matrix displacement method has been presented in a form
which makes it suitable for the automatic computer analysis of any
bridge deck that is represented as an assemblage of discrete
interconnected elements. An efficient procedure has been formulated

and automated for the assembly of element models into the system
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models.
In addition, efficient programming methods have been used to

effectively utilise the available hardware in the program development

and implementation phases, The code shows all important features of

more general codes, such as FEM programs. N _

The general philosophy governing the ééplicét-idn of | loadi.ng t..a.
' BS5400, its modelling and discretisation on bridge decks have been
fully presented. Moreover, load cases and canbinations necessary to
aid the design at both ultimate and serviceability limit states are
discussed. . |

After the presentation of the general theories of matrix
displacement method, its implementation on the compi.lter and general .
bridge loadings, a simplified approach to the use of these tools isg
then provided and made available to the designer, without the need for
performing complicated analysis in the design office.

The simplified approach follows the customary iterative design
procedure.  However, here no calculations need to be performed in the
analysis phase. Suitable charts are used to substitute this phase.
Having preselected a skew—bridge structure, the designer can then
identify a particular chart and read directly the value of the
structural response concerned without performing any rigorous

analysis. 00T 0o

Clearly a great economy of time and effort is achieved, if for -

structures such as heavy skewed-bridges, which could not be analysed
by classical methods, much detailed computer analysis can be replaced

by the use of suitable charts,



112

It has been shown that the simplified approach can be used as
an effective tool for systematic evaluation of alternative concepts
and designs of a particular bridge deck in a relatively short time.
Hence, it can guide the designer in selecting an economic structure
from alternative designs.

It should be urderstood that most of the ideas presented are
applicable to other structural systems. They could be used as a
research tool that provides insight into structural behaviour and
formulation of problems in a systematic manner.

Finally, it is hoped that engineers engaged in highway bridge
design would find the information contained in this study much

valuable.
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Chapter 9

RECOMMENDATTIONS

The simplified approach appears to be an especially useful tool

“for bridge designers. The difficult problem of the response to

skewness is analysed simply and efficiently. 1Infact, one happy

feature with all numerical procedures in structural analysis is that

" once the element model has been made to incorporate all the significant

parameters, then it is easy to obtain a simplified method of analysis
based on the chosen parameters to cover the whole range of structural
types concerned. For example, if for skewed bridges, the span, skew
angle and material properties are all inherent in the element model,
then a more general simplified method is possible.

The concept of characterising parameters, discussed by Bakht

and Jeager (1985), could be conveniently used to achieve this

objective. For instance, the concept might be used to focrmulate the

‘relationships that must exist between structural properties of two

structures (i.e., such properties as the flexural and torsional

stiffnesses of individual members) in order that they may have the

 same pattern of response (deformations) when subjected to the same

pattern of action (load),

i Consider a situation in which the element stiffnesses are
modified on account of changes in cross-sectional properties or
material properties. If the grillage is subjected to a given external
loading, the problem of finding the responses may be expressed by the

local element model as
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{£f} = (k1{d} (9.1)

Where [k] is the stiffness matrix, {d} is the displacement

vector, and f }is the force vector.

or

kaa kab
(k]

kba kbb

0 12 6L 0 -12 6L

0 6L, 4L O -6L 2L

= a
3] 0 0 g 0 0
0 -12 -6L 0 12 -6L
2 2
LU 6L, 2L O -6L 4L
and
3 2
a = EL/L , B = GI/ET*L , y = af= GI/L

If the changes to the original stiffness matrix [k] are denoted

as [ gkl, the new stiffness equation can be written in the form:
{£f} = [ [kl + [gk] 1{d} (9.2)

Note that in this development the load vector, {f }is assumed
to be wnaltered by the changes in dead load due to changes in member

sizes represented in [ §k].
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Also observe that in the light of the material properties, the

stiffress matrix is a function of & and B . Therefore, if in a :

grillage number 1, the two parameters are identified as %1 and §1,

and in a corresponding grillage number 2, the corresponding parameters

arce identified as 2 and &)2 respectively, then the stiffness

matrix ocould be made to be a function of one set of these parameters,
say O01 and [51 , and the ratios between this set and that of the
other grillag:e..,. say o,r= Ol1/02 and P)r = {51/ 2.

Hence from equations (2.1) and (9.2), it can be readily shown
that the modified parameters on account of modified stiffness could be

written as:

K2 - %1 ; d2 £ @1 (9.3a)

o =
and 8 = '(062F52 - WaBnx y o w2f2 £ X dr o (9.3b)
letting Olr = 01/002 ; 0(,2 {0 -
and (3r = b1782  ; ﬁz £ 0

Equations (9.3) became: ._ N :
d, Orfolex(r - olry Wr # 1 .  {9.4a)

&

fl

&1@1/&:&*(1 - or fry/ ; orfr £ 1 (9.4p)

It

These two parameters {(Equations (9.4} are the charactel.‘ising‘
parameters for grillage behaviour, on account of modified stiffnesses,
i.e. if two different grillages have the same values of & r and 16 r,
then the two grillages will have the same patterns of distribution of

deflections, shear forces, and bending and twisting moments when
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subjected to the same pattern of load.

Similarly, once the span, width, and angle of skew have been
characterised into the element model, then a more general simplified
method could be achieved.

Furthermore, with the help of known practical ranges of these
characterising parameters, it is easy to ensure that a simplified
method of analysis is achieved. In other words, one intends to
recomend the characterisation of all parameters involved in the
analysis of a structural type concerned in order to achieve the
objectives of simplified approach.

In addition, it may be worthwhile developing finite element
models for the calculations of the nonlinear response of bridges
subjected to static and dynamic loads. Finally, geometric as well as
material nonlinearities of elastoplastic type should be considered in
order to accomplish the desired objectives.
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APPENDIX I

USER'S GUIDE TO PROGRAM GRID

I.1 Introduction

Program GRID is an engineering structural analysis program
developed specifically for TBM PC microcomputer applications, Another
version of the program runs on CDC Cyber 72 mainframe computer. The
program is designed to analyse planar (two dimensionai) grillages.
It is intended to be used for routine day-to-day design. Several load
cases and cambinations may be specified. A load case includes element
uniformly distributed loads, element point loads and joint loads.

The program utilizes the matrix displacement method of structural
analysis. The camputer formulates all necessary equations, solves
them and stores the results. All data required by GRID to generate
and analyse a structure is user-input via an input-data-file, created
using either EDLIN text editor or any suitable word processor, such as
Word Star. Categories of input data are given in Section 5.3.

Once the analysis is campleted, GRID provides the results in an
output-file. Joint displacements (deflections and rotations),
Element-End forces (torsional, shear and bending moments) and Joint
forces (applied and reactive) may be displayed numerically on the
screen or printer. The numerical results output is formatted to allow
a quick comparison of all displacements and forces created by each
load combination, so that the most severe load combination on an
element can quickly be obtained. 1In addition, output of results

concerning particular joints or elements can be obtained easily.
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1.2 Program Capacity
GRID has been desinged to handle large structural grillages
through the efficient use of Random Access Memory (RAM). Using IBM PC

with a minimum 256K RAM, GRID will successfully execute problems with

the following parameters:

Maximum No. of Elements = = 360
Maximum No. of Join-ts = 200
Maximum No. of supported Joints = 60
Maximum No, of material Sections = 50
Maximum No. of Load cases - =90
Maximum No, of Load combinations = 10
Maximum No. of point loads/element = 3
Maximum half-band width * System .

degree-of-freedom 5500

1.3 GRID

To use GRID for grillage .analysis thé engineer must begin by modeling
the grillage into data which can be recognised by the program.
Structural modeling is covered in Section 4.2. Operation of the
program involves (a). Creating a data file with a name DATA.Gnn, where
nn represents any two characters - Structure Number - used for
identification, {b). keying in data into the file, in accordance to
the formats (to be presented in INPUT DATA, Section I.5) , and (c¢).
Loading the program into the computer and executing the grillage

analysis.
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To load the program and execute, insert the GRID system disk and
type
gr  RETURN

The program will reply with :
Enter Data Disk Drive [A:, B:, C:]

Then type the appropriate data disk drive and RETURN.
Note that the program reads input data and writes ouput files in this
drive.

Next, the program displays:
Enter Structure Number (2 digits]

Now type the characters ‘nn' used in creating the data file.
Lastly, the program asks for the analysis disk drive [A:, B:].

Note that only floppy disk drives are allowed for the analysis,

since the program utilizes Random Access files.

I.4 UNITS

Any consistent units may be used. However, it's worthwhile to
note th_.at the program automatically multiplies the sectional
properties by 1.0E+06. Therefore, multiply sectional properties by
1.0E-06 before inputting. Note also that the output headings are in
KN, m and radians, hence it is recommended to use KN, m and radians

as consistent units.
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1.5 INPUT DATA

All data-input are entered via either EDLIN (described in DOS

Reference Manual) or any suitable word processor. The following

sequence of data numerically defines the problem.

A.

PROBLEM TITLE (A) - One line

Columns 1-50: Problem title to be printed with output.

JOINT OQOORDINATES

Refer to Section 4.2.2-3 for detailed discussion on joint

coordinates and numbering.

(i) Colums 1-5: Option to generate joint coordinates
autamatically. Enter 1 for automatic

generation, else 0

(ii) CONTROL INFORMATION FOR AUTOMATIC GENERATION - (2I5,3E10.0)
If 1 is entered in (i) above, then enter the followings:
Columns 1- 5: Number of longitudinal girders

6-10: Number of transverse members (beams)
11-20: Span of the bridge
21-30: Angle of skew (in degrees)

31-40: Spacing of longitudinal girders

(iii) MANUAL JOINT COORDINATES DATA
If 0 is entered in (i), then enter:
(a) - Number of Joints - (I5)

Colums 1 - 5: Number of joints
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{b) - Joint bpata - (I15,5X,2E10.0,I5)
Colums 1- 5: Joint number
11-20: X-coordinate
21-30: Y-coordinate

31-35: STEP (see Note 1)

(c) - EXIT - (see Note 2)

ELEMENT CONNECTIVITY AND SECTION PROPERTY NUMBER

Refer to Section 4.2.4-5, for detailed discussion on element

connectivity and mumbering.

(i) Colums 1 - 5: Option to generate element connectivity data
automatically. Enter 1 for automatic

generation, else 0.

(ii) If 1 is entered in (i), then enter
(a) Section property number for each element as follows
(315):
Colums 1- 5: Element number
6-10: Section property number
11-15: STEP (see Note 3), and

(b) EXIT (see Note 2)

(iii) Else if 0 is entered in (i), then enter
(a) Element connectivity data together with section

property number as follows (515):
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Colums 1- 5: Element number
6-10: A-END joint number
11-15: B-END joint number
16-20: Section property number
21-25; STEP (see Note 3), and

(b) EXIT (see Note 2)

D.  JOINT RELEASES
Refer to Note 4 for detailed discussion on 'Joint Coding'. All
joints degrees of freedam have been automatically set to code
'0,0,0'. Hence, input data is required for only supported joints
- (5I5):
Columns 1- 5: Joint number
6-10: X-Rotation
11-15: Z-Movement
16-20: Y-Rotation

21-25: STEP (see Note 1)

EXIT (see Note 2)

CAUTION: Remember to input the structure support joint
degrees of freedom to '1' before running the program, This
is to avoid rigid body translation, that is, System

stiffness matrix singularity.
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MATERIAL PROPERTTES
(i) Control Information - (I5,5X,2E10.0)

Columns 1- 5: Number of sections. This refers to the total
number of different element sections used in
the grillage.

11-20: Elasticity Modulus

21-30: Shear Modulus

(ii) Element Property Data - (2E10.0)
Columns 1-10: Torsion constant * 1.0E-06
11-20: Mament of Inertia * 1.0E-06
Repeat (ii) as many times as there are number of sections

specified in (i) above.

LOADINGS

Refer to Chapter 6 for detailed discussions on bridge deck

loadings and modeling.

(a) ILoading Information - (2I5)
Columns 1- 5: Number of load cases

6-10: Number of load combinations

Enter the following sets of data for each load case.
(b) lLoad Case Title - (A)

Columns 1 - 50: ILoad case title
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{c) Uniformly Distributed Load Data - (I5,3E10.0,I5)

(d)

Refer +to Section 6.3.1 for detailed discussion on element

uniform loading.

Columns 1- 5:

6-152

 16-25:

26-35:

36-40:

EXIT (see Note

Element identification mumber, on which this
load is applied.
Value of applied lcad per unit length.

Starting distance of applied load from

__'a-end' of the element,

.Distance of the finishing. édint of applied
load with respect to 'a-end'. FEnter 0 to
assume the whole length of the element.

STEP ({see Note 3)

2}

Flement Point Loads Data - (I5,6E10.0,I5)

Refer to Secticon 6.3.1 for detailed discussion on element

point loads. A maximum of three point loads are permissible

per element, Element point loads are located fram the lower

joint number (a-end) relative to the local coordinate axis.

Columns 1- 5t
6-15;
16-25s3
26-35:
36-45:

46-55:

Element number on which this load is applied
Value of applied concentrated Load 1
Distance of applied Load 1 from ‘a-end’
Value cof applied concentrated Load 2
Distance of applied Load 2 from 'a-end’

Value of applied concentrated Load 3
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56-65: Distance of applied Load 3 from 'a-end'
66-70: STEP (see Note 3)

EXIT (see Note 2)

(e) Joint ILoad Data - (I5,3E10.0,I5)
Refer to Section 6.3.2 for a discussion of joint load
coding.
Colums 1- 5: Joint number at which this set of load is
applied
6-15: Applied moment about global X-axis
16-25: Applied force in global Z-axis
26-35: Applied moment about global Y-axis
36-40: STEP (see Note 1)

EXIT (see Note 2)

G. OUTRUT INFORMATION
Dutput information consist of the load canbination data and
particular joints and elements of which results are desired.
(a) Load Combination Data
(i) Ioad Combination Title - (A)
Colums 1-50: Load combination title
(ii) Load Combination Factors - for each required load case
(15,E10,0):
Colums 1- 5: ILoad case number

6-15: Load factor for this load case
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Repeat (ii) for all load cases required in this load
canbination. Data is required for only the combined

load cases.

To EXIT to the next load combination, either enter 0 as

a response to load case number or leave a blank line,

Repeat the above procedure from (i) as many times as there

are number of load combinations.

To output results concerning particular joints or elements,

enter the information as follows:

(1)

(ii)

Title - (A)
Colums 1-50: Title of response to be printed with

output. See next page.

Concerned Joints/Elements Data - (315)
Colums 1- 5: Start joint/element number

6-10: Finish joint/element number

11-15:  STEP
That is, to output results of Start-joint or element
number  through Finish-joint or element number at
STEP specified, for all load combinations. To EXIT to
the next response either enter zero on column 5 or

leave a blank line.
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Title response refers to one of the followings:
~ Global Joint Displacements
~ Element-End Local Displacements
-~ Element-End Forces
- Support Reactions, and

- Element-End Forces Comparison

Repeat the above procedure from (i) for each of the above

titles.

Usually one line is needed for each joint. This can be achieved
by setting STEP less than or equal to zero. However, if some
joints fall on a straight line and are equidistant, then data for
only the first and the last joint of this group are needed.
Intermediate joint oocordinates are autematically generated by
linear interpolation. STEP gives the constant increment from a
joint to its neighbouring joint number. A second line is needed
for the last joint. FORMAT of this line is (I5,5x,2E10.0):
Columns 1- 5: Joint number
11-20: X-coordinate

21-30: Y-coordinate

In the case of JOINT RELEASES and Joint Load Data - If some

joints are on a line in such a way that the difference between
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'0' indicates the joint is 'free' to move in that direction.

'1'" indicates the joint is 'fixed' and is not allowed to move in

that direction.

For example fixed and free - bearing supports may be
coded as '1 1 0'.
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AFPENDIX II

Closed Grid Frame

’Intermediate Structural Analysis® by C.K.

page 714,

example 17.4.2

Wang

]

Analyze the closed grid frame shown in Figure 1I.1a,

which

is

supported

on the

three

columns

subjected to a uniform load on top aof G.&8kKN/m.

Constant EI

{(For 4-in.

£

i

Therefore,

Solution Comparison:

= &00 kN.m2, GJ =

200E+056 kN/m2 and G =

I = FE-06 m4 and J =

—— e . T T —

GLOBAL DISFLACEMENTS. Note the difference in sign convention!

JOINT
NO.

WANG
GRID

WANG
GRID

WANG
GRID

WANG
GRID

1
1

WW NR

£ b

std pipe approx.)

480 kN.m2

160E+06 kN/m2

JE-06 m4

and

—_————

X — ROTATION

1 QOE_3 I"'ad.

-26.4664

26,4661

=102.0664
102. 0669

-33.826

=7.4064

33.8263

7.407

Z ~ MOVEMENT

{mm)

- 000
» 0000

Iooo
« 0000

496.535
-494.5369

- 000
. 0000

Y — ROTATION

1-

OE-3 rad.

98,875
-58.8752

-41,989
41.98%0

107.301
—-107.3018

127,064
-127.0648




e B e

Fi(d/wle I-1a , Closed Gncl Frome
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—_————

Example 19.4.2 C.K. WANG — Inter. Str.

0
4
1 0.0 0.0
2 10.0 .0
3 4.0 8.0
& 0.0 8.0
0
0
4
4 1 2 1
2 2 -5 1
3 3 4 1
4 1 4 1
0
1 0 1 0 1
2
4 0 i 0
0
1 200000000, 160000000,
3.0 3.0
1 1
Uniform Load on top of 0.6 KN/m
1 0.6 0.0
4
0
0
0
Load Case 1 only
i 1.0
0
Global Displacements
1 4 1
0
Element-End Displacements
1 4 1
0
Element—-End Forces
1 4 i
0

Support Reactions
1 1 1
2 2 2
4 4 4
0

Element Actions Comparisons

1 4 1
0

0.0

Analysis



STRUCTURAL ANALYSIS OF PLANE GRILLAGES

STRUCTURE MND. 01 Example 19.4.2 CE.K. WANG — Inter. Str. fnalysis

e T — T ot 1 ek T e e g o . . p— —_

CONTROL INFGRMATION

MO. OF ELEMENT3

NG. 0OF JOIMTS

Hd. 0OF LOAD CALBES

NO. OF LOAD COMBINATIONS

i ug
ol R g ]

GENERAL DATA

ELASTICITY MODULUS = LJ2000E+09
SHEAR MODULUS =  L1800E+Q7
ANGLE OF SKEW {(Degrees) = .QOD0E+0QQ

e L S i e e e BV WEE R AN ik Bl hirk i b e i AT Y TEE R PRY AR ATE Adrk ird i ol il il e ke R - A $r ket e e ek

JOINT DATA :
JOINT  X-FREZDCH Z-FREEDOM Y—~FREEDOM X—=COORDINATE Y-CCORDINATE

ND. o | (METRES) (METRES)
18 o 1 o ' L0000 L D000
Z 5 0 1 5 10, 0000 - GOOG
z a 0 o 4, 0000 8. G000
P o 1 2 . OO0 | 8. 0000

ELEMENT DATA
© Section Froperty Data :

SECTION TORG. CONGT. MOM. INERTIA
NUMBER 1.0E-0& (M4) 1.0E-06 (M4)

i ' . Q000 Z, 0000




Element Cornmectivity Data =
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ELEMENT LOWER GREATER SECTION ELEMENT

NUMBER JOINT . JOINT NUMBER LENGTH
1 4 2 i 10. 0000
2 - z ] 10,0000
3 - 2 4 t 4.0000
4 1 4 1 A. 0000

LOAD DATA |

LDAD CASE 1 . Unifcrm Load on top of 0.6 KN/m

Element Uniform Load :

ELEMENT UNIFDRM
NUMBER LOAD (KN/m?}
1 « BOO0
2 - &O00
3 - 5000
4 « 000

Element Fnin£ Ldada

ELEMENT FT. LBAD DIST.
NUMBER 1 (KN (M)

. DISTANCE FROM A-END

Joint Lbads

LOADED  ~ EXTERNAL
JOINT © © MOM.-X (KN-m}

START (m) -~ END {m)
.00 | 10,00
.00 10. 00
. 00 4. 00
. 00 a. 00
FT. LOAD DIST. FT. LDAD DIST.
2 (KM () T N (M)
VERTICAL EXTERNAL
LOAD~Z (KM} MOM. ~Y  {<N—m)

LOAD COMBINATION DATA

' LOAD COMBINATION NO./FACTORS

N -
1 1.00
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LOAD COMEBINATION 1

toad Case 1 only

DUTPUT INFDRMATION

Global Displacements

i q 1 -
Element~-End Displacements

1 4 1
Element—-End Forces

1 4 1
Support Reactions

1 b i

2 2 2
4 4 4

Flement Actions Comparisons
i 4 1

SYSTEM DEGREES-OF-FREEDOM =
EAND-WIDTH = n
NO. OF SUPPORTED JOINTS =

ek s ke e T S S A L B B ol k. . b e e e i o e e i . . o . i o e . e o it . o g P o P

o —— A " ———




11.4_LISTING_OF_OUTPUT_FROM_PROGRAM_GRID

GLOBAL DISPLACEMENTS
JOINT LOAD X - ROTATION Z - MOVEMENT Y — ROTATION
NO. COMBINATION 1.CE-3 rad. (mm) 1.0E-3 rad.
1 1 26.4661 « D000 -58.8752
2 1 102, 06469 - Q000 41.9890
3 1 33.8263 —-496.5369 -107.3018
4 1 -7.40656 - 0000 -127.04648

ELEMENT - END DISFLACEMENTS

—— ——— e e e e — — —— T o . o . ) e e ———

ELEMENT LOAD JOINT X — ROTATION Z — MOVEMENT Y - FOTATION

NUMBER COMB. ND. 1.0E-3 rad. {mm) 1.0E-3 rad
1 1 1 24,4661 . 0000 -58.8752
2 102, 06469 . Q000 41.98%0
2 i 2 -27.6490 « OU00 -106.8469
> -106,: 1373 -494.5369 37.3201
3 1 3 -33.8243 -84946.5369 107.3018
4 7.4066 . 0000 127.0648
4 1 1 -58.8752 « 0000 -26. 4661
4 -127.0648 « 0000 7.484066

P T S S S T D - A —————. - — - — T S ——— ————————— T T . - - ———. ———————— ———— ——— " S T D T -

e e e s — — —— o e e e o T ————— i —— T T . . T
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— . e T ——— i — o T T . T T o S T T T T T . . ——— — ———— — — —— ——————— — — —— — —— — . . . T

ELEMENT - END FORCES

SHERR — Z MOMENT — Y
KN KN — m
2.3921 -4.0914
3.6079 -1.9877
4.0721 1: 7108
1.927% 92.0105

-1.9279 -8.4203
4,3279 -4.,.0914
1.3279 -3.6288
X.4721 -4,9479

SHEAR - Z MOMENT - ¥
KN EN — m
3.7200 . 000

SHEAR - Z MOMENT - Y
KN KN - m
7.46800 . 0000

SHEER - Z MOMENT - Y
KN KN - m
7. 8000 « 0000

ELEMENT LDAD JOINT TORSION - X
NUMBER COMB. NOD. EN — m

1 1 1 -3.6288

2 3.6288

2 1 2 3.7674

3 =-2.7674

3 1 3 ~4.9479

4 4.947%

< 1 1 4.0914

4 -4,0914

SUPFORT REACTIONS

JOINT LOAD MOMENT — X
NO. COMEINATION KN — m

1 1 « 0000

JOINT LOAD MOMENT - X
NO. COMBINATION KN — m

2 1 - 0000

JOINT LOAD MOMENT - X
NO. COMBINATION EN - m

4 1 0000
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COMPARISON DOF FODRCES ALONG ELEMENTS i1 THRU 4 AT STEF i
LOAD ELEM Max /Min On Max /Min On Max /Min On
COMB END TORSION - X EL. SHEAR — Z EL. MOMENT - Y EL.

1 A-End 4,09 4 4.07 2 1:71 2
-4,.95 Z -1.93 3 -8.42 3

B-End 4.95 3 4.33 3 .04 2
-4.09 4 1.93 2 -4,.95 4

——————— ————— ————— —T————— —————— — ——— ——— ——, " —————~ S ——" ——— . — — ——— — ——— T — W o, . S
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I1.5_SarPLE BRIDGE DECK AMALYSIS

Type: . 33.5 degree Skewsd Bridge deck over river Jadna,
H .f" in Federal Capital territory, Abuja.

- Reference; Samaila Omale and Partners,

- Federal Capital Develogmant Authority, Abuja,

Project No. 171/B1ED/CONS. Si, CONTRACT No 1,

Vol. 11: BRIDGEWORKE, Oct. 1733,

Froblem: Aralyze the skewed bridge seck shown in Figure
N I1.2 (inside the file jacket).

Discretisaticn: Fgfzr to Figure J1I.73 (also inside the file

jackety for detzil=d joint nuebering ard

glament numbering scha2mes.

The 1listing of the source i1npuz data showa. clearly how
program GRID allows automatic generation of jeint coordinates and
element cornectivity dats. The listing could bHe read in
conjunction with the uzer®s guide and the discretisation of the
deck {(Figure II.3}. Furthermore, +the listing ot the input data
generated froﬁ the program could be use to  check all
antomaticaily generated data.

Figure 1.3 illustrates the deck descretissd into 120
joirts, which are intér:nnnected inta Z18 elements. These give
312 system deagrees of Ffreedom with a half-bandwidth of 33,

Therefore the largest array storage reguirements = 312#33%, that
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is 10294 locations, about 41,184 Kilobytes!
The output of joint data shows an *s’ infront of supported
joints to diffrentiate them from unsupported ones. In addition,
element data section gives &also the lengths of indivisual

elzments. This could be use tao check with actual liengths.

Load cases &% ccmbinations

A S e SRR D i - S . - S s . S

Four load cas2s have oeen chosen to cover all ths loadings

discussed in chapter &. They are as fallows:

, 8 Dead load

2. Superimposed Dead Load

I HA % fAssociates

4. HE % Associates
These are combined to give =ight lcad combinations. Each load
casa 1is divided into its ultimate and serviceability states

compenent.

Boundary conditions have be=sn specified through the joint

releases data. Resfer to NOTE(4) in Appendiz I for more details.

—————

With <%he IBM FC running at 8 Hertz, it takss about 80

minutes o completely exscute the problem.

—_—— - —=

Observe that the output is given for only the joints and

elements on which results are desired.

The maximum vertical displacement of the whole structure is
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given as 2.3078 mm (downwards) i1.e., about (1/7800) of the span.
This occurs at joint number 25, on the third girder and it is
given by the HB % its associates load combination at the ultimate
limit stata. The remaining results give the element-end
displacements of selected elements, element-end forces

compariscons and support reactions.
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11.6_LISTING_OF SOURCE_INPUT_DATA

Bridge Deck - B27 Over River Jadna FCDA, Abuja
1

12 10 18, 33.5 1.0
1
109 1 1
119 -
208 1 1
218
1 2 1
9
100 2 1
108
10 3 1
99
120 4 1
207
0
1 1 1 0 10
111
10 1 i 0 10
120
0O
4 32940000, 14330000,
33570. 72173,
S5722.1515 90495.379
4780.6505148791.0246
2593.0 682. 6467
“ 8
Sel+ Weigth Only
109 13.08 0. 0. 1
119
208 13.08 0. 0. 1
218
1 19.89%5 0. 0. 1
9
100 19.855 oO. 0. 1
108
10 12.25 0. 0. 1
99
0
Q
0
Superimposed Dead Load
1 1.056 0. 0. 1
9

100 1.056 O. 0. 1
108 .



10

109
119
208
218

10
111
120

Full
100

o
-~

82
i
73
81
&4
72
46

37

104
13
i14
115
116
41
S0
o9

109
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1-92 Ol O-
1.1539 0.2 O. 0.
1.1539 0.2 0. 0.
10. 0. 0.

-10. Q. 0.

HA + KEL on Lanes 1

TS
10.
11.5
8.5

10,0
8.5
1.83
3.33
3.83
4.37&7
3.3074

4.3767
3.3039

37.2973
32.4324
32.4324
17.8578
2.391
3.3094

2.391
27.5675
32.4324
32.4324
27.5675

0.3337

0. 0. 1
0. 0. 1
G, Q. 1
0.0 0.0 1
0.0 0.0 1
0.0 0.0 1
0, 0.0 1
0.0 0.0 1
0.0 0.0 1
0. 11467
0.1667 0.0 C.0
0.11467
0. 1667 0.0 0.0
1.{)
1.0
1.0
1.0
- 2167
1667 C.0 0.0
« 2167
1.0
1.0
1.0
1.0
0.3147

& 2 + 1/3 on Lane 3

0- 0.
0. 0.
0.0 0.0
0.0 0.0
0.0 0.0
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110 1.1031 0.1667 0.0 0.0
111
112 1.4589 0.1167
208 0.3337 0.3167
209 1.1031 0.16867
210 1.1031 0.16467
211 1.458% 0.1167

S 5.9459 1.0

14 10.8108B 1.0

23 10.8108 1.0

32 12.4324 1.0

0
111 0.0 0.0 0.1214
120 0.0 0.0 -0.1214
0
HB on Lane 1 + Full HA & KEL on 2 + 1/3 on 3
64 8.5 0.0 0.0 1
72
46 10.0 ©.0 0.0 1
%4
37 8.5 0.0 0.0 1
45
1 1.83 0.0 0.0 1
e
10 s % 0.0 0.0 i
27
28 .83 0.0 0.0 i
36
O
3 B1.35625 0.2
12 112.5 0.86
21 112.5 1.352
31 112.5 0.19
40 30.937S5 0.83
13 112.5 0.566
22 112.5 1.32
31 112.8 1.99
41 3JI0.9375 0.65
16 112.5 . bé&
25 112.5 1.32
34 112.5 1.99

44 30,9375 C.65
7 81.5625 1.8

17 112.5 0.46

26 112.5 1.12

35 112.5 1.79

45 30.9375 0.45

113 2.391 « 2167

114 3.3094 .16867 0.0 0.0
115

116 2.3921 « 2167
41 27.5675 1.0
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I1.7 _LISTING_OF_INFUT DATA FROM_ PROGRAM_GRID

ETRUCTURAL ANALYSIS DF PLLANE GRILLAGES

STRUIC - 0. 37 Bridge Deck — B27 Over River Jadna FCDA, Abuja

GONTHRDL INFORMATION

NO. OF ELEMENTS = 218
NO. OF JOINTS = 120
HO. OF LDAD CABES = 4
NO. OF LDAD COMEIMATIONS = a
GENERAL. DATA
ELASTICITY MODULUS =  .3294E+08
SHEAR MODULUS = .143FE+08
ANGLE DF SHEW (Degrees) = .3350E+02

JOIMT DATA

GIIINT X-FREEDDM I-FRezEDOM Y—FREEDOM X—-COORDINATE Y~-COSRDINATL

Nl . {METRED) {METRES)
1 B 1 i O L0000 . 2Q00
2 0 0 O 2.0000 « OO00
3 6] o] Q 4., 0000 - QOO0
4 Q O O &b. DOO0 pelalely
b} 0 8] (9] 8. 0000 . DOOO
& Q &) o 14, 0000 - Q000
7 O 4] 0 12. 0000 - Q000
ke O 0 o 14.0000 - 0000
3 Q 0 Q 14. 0000 - OO0

1 5 1 1 O 18_0000 - QOO
it S | 1 O 1.7741 1.0000
1.2 0 0 5] 3.7741 1.0000
i3 0 O o] 5.7741 1.Q000
14 O 18] Q 7.7741 1.0000
1z o Q Q 2.7741 1.0000



COOO0OORRCO00000CORROCO00O0DR=A0000000RnO0000000~r000 0

: OC)OC)O()HhAOC)0(DQf)@()P};O<50<>O(30‘)Hb*Otbctbﬁtaocbhﬁ*Q()Q()Gt)O(}HF‘O¢)O<).
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CQOOCOLOCoOOoOO0QUORO0OoOLCOOO0OOCLOR0L0O0CoOCOCO0ODORO00

11.7741
13.7741
15.7741%
17.7741
19.7741
3.5482
5.5482
7.59482
?.3482
11.5482
13.5482
15.5482
17.5482
19.5482
21.5482
5.3223
7.3223
2.3223
11.3223
13. 3223
15. 3223
17.3223

19,3223

21,3223
23.3223
7.0964
7.0%564
11.07964
13.09&4
15.09564
17.0964
19.09464
21.0964
23.0964
25.09564
8.8705
10.B705
12.8705
14.8705
146.8700
18.8705
20.8705
22.8705
4.6705
26.8B703
16,6445
12. 6445
14.46445
16.6445
18. 6445
20.46445
22.6445

1.0000
1.0000
1.0000
1.0000
1. 0000
2.0000
2. 0000
2.0000
2,0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
3. 0000
3. 0000
3. 0000
3. 0000
3.0000
3.0000
3. 0000
3. 0000
3. 0000
3. 0000
4.0000
4. 0000
4.0000
4.0000
4.0000
4.0000
4. Q000
4. 0000
£. 0000
4.Q000
<. 0000
5. 0000
5.0000
95.0000
5. Q000

5.0000

9.0000
S. 0000
5. 0000
5. 0000
b. 0000
&. 0000
&. 0000
5.0000
&. 0000
&. 0000
&-0000



68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
g4
85
86
87
688
8y
50
91
92
93
94
95
95
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

nwm

COCCOO0COR OO0 CO0O0O OO O0O0OOOORHROOO00O000 OO OQOO000O==OO

COCO00O OO0 OCO0O0O0O0RmOO0O00O00O0 0O HOOO0000CO~LROOO00000O~KOO
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COQCO0OCOCOOCOO0O0CO0O00OOCOOOCOCOOO0O0O0000000000O0000O00O000

24.6445
26.6445
28.6445
12.4186
14,4186
16.4186
18.41846
20.4186
22.4186
24.4184
26.4186
28.418646
30.4186
14.1927
156.1927
18.1927
20.1927
22.1927
24,1227
26.1927
28.1927
30.1927
2 3927
15.94668
17.76648
17.94668
21.9648
23.94468
25.9668
27.966468B
29.9668
31.9648
33.9448
17.7409
19.7409
21.740%9
23.7409
25.740%
27.740%
29.7409
31.7409
33.7409
35.7409
12.5150
21.5150
23.5150
25.3150
27.5150
29.5150
31.5150
33.5150

6. 0000
4. 0000
6. 0000
7.0000
7.0000
7.0000
7.0000
7.0000
7.0000
7.0000
7. 0000
7. 0000
7.0000
8.0000
8.0000
8.0000
8.0000
8.0000
8. 0000
8.0000
8.0000
8.0000
8.0000
2.0000
9.0000
?.0000
2.0000
2.0000
?.0000
2.0000
9.0000
9.0000
2.0000
10. 0000
10.0000
10.0000
10,0000
10.0000
10. 0000
10.0000
10.0000
10.0000
10.0000
11.0000
11.0000
11.0000
11.0G00
11.0000
11.0000
11.0000
11.0000




119
120 S

~]ai-

ELEMENT DATA

Section Property Data :

SECTION
NUMBER

TORS. CONST.
1.0E-06 (M4)

0 35.9150
0 37.5150

11.0000
11.0000

MOM. INERTIA
1.0E~-0&6 (M4)

Element Connectivity Data :

ELEMENT
NUMBER

VONDCANDBLUN-

(SESESESESESENE SR S S gy Sy S Sy oy
ONOCUMBUN=OYONDTUDWUN=O

33570.0000 72173.0000

5722.13510 F0495.3800

4780. 6500 148721 .0000

2593. 0000 &£82.64670
LOWER GREATER SECTION ELEMENT
JOINT JOINT NUMBER LENGTH
1 2 2 2.0000
2 3 s 2.0000
3 4 2 2.0000
4 S 2 2.0000
S .} 2 2.0000
& 7 2 2.0000
7 8 2 2.0000
2] 9 2 2.0000
g 10 2 2.0000
11 12 3 2.0000
12 13 3 2.0000
13 14 > 2.0000
14 15 3 2.0000
15 16 3 2.0000
16 17 3 2.0000
17 18 3 2.0000
i8 19 3 2.0000
19 20 3 2.0000
7 22 3 2.0000
22 23 3 2.0000
23 24 3 2.0000
24 25 3 2.0000
25 24 3 2.0000
26 27 3 2.0000
2 28 3 2.0000
28 29 3 2.0000
29 30 3 2.0000
31 32 3 2.0000



29
30
31
32
33
34
35
35
37
38
39
40
41
42
43
44
45
44
47
48

30
51
a2
33
54
85
Sé
a7
58
59
60
Gt
&2
63
64
65
bo
&7
&8
&9
70
71
72
73
74
75
74
77
78
79
80

32
33
34
35
36
37
38
39
41
42
43
43
a5
46
47
48
49
51
52
53

o5
56
S7
5B
57
&1
&2
53
&4
&5
&b
&7
&8
&9
71
72
73
74
75
76
77
78
79
81
B2
83
84
85
B&
87
88

—-152-

NHEHWAWAWNA AN AN W AU A A A A A A WA DA WA A A DA A DA AN DA DA A A AN A S QA AN W

2.0000
2.0000
2.0000
2. 0000
2.9000
2. 0000
2. 0000
2.0000
2.0000
2.0000
2.0000
2.0000
2. 0000
2. 0000
2.0000
2.0000
2.0000
2. 0000
2.0000
2. 0000
2. 0000
2.0000
2.0000
2.0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
2.0000
2.,0000
2.0000
2.0000
2.00C00
2.0000
Z2.0000
2.0000
2, 0000
2. 0000
2., 0000
2. 0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2. 0000



81
az
a3
a4
85
a6
87
B8
89
90
91
92
93
94
95
94
97
93
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
114
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

87
21
2?2
93
4
5
95
2?7
8
9
101
102
103
104
105
106
167
108
109
111
112
113
114
115
tis
117
1189
119

11
21
31
41
o1
&1
71
81
21
101

12
22
32
42
S92
&2
72
a2
Q2
102

13

=133

90
92
93
94
95
96
97
o8
99

100

102

103

104

105

106

107

108

109

110

112

113

114

115

114

117

118

119

120
11
21
31
a1
51
&1
71
81
94

101

111
12
22
32
42
52
62
72
a2
92

102

112
13
23

+hhbbbODbabhbr e el EmRNNNNNNNNRON GGG W GG W W W W WA WA

2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2. 0000
2.0000
2.0000
2.0000
2. 0365
2.0365
2.0365
2.03465
2.03&5
2. 0365
2.0365
2.0365
2.03865
2.0355
2.03485
2.0365
2.03485
2.0365
2.0345
2.0365
2.0365
2.0365
2. 0365
2.0365
2.0365
2.0365
2. 0365
2. 0365



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
1461
162
163
164
1465
166
147
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

23
33
43
o593
&3
73
83
93
103

14
24
34
44
54
b4
74
a4
24
104

15
25
35
45
55
&5
75
85
95

105

16
26
36
46
S6
(=1}
76
84
-
106

17
27
37
47
S7
&7
77
87
27
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33
43
53
63
73
83
93
103
113
14
24
34
44
54
b4
74
84
94
104
114
15
25
35
45
i
65
75
85
95
105
115
16
26
36
46
56
b6
76
86
P
106
116
17
27
37
47
57
67
77
87
97
107

Rl R e i R R I I I I Ik I I I O o - O I I O - - - S - L

2.0365
2.0365
2.0365
2.0365
2.0365
2.03465
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.036465
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.03465
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.03465
2.0365
2.0365
2.03465
2.0365
2.02485
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365
2.0365



e 3150

! 185 107 117 4 2.0365

E 1864 8 18 4 2. 03465

S 187 18 28 4 2.03465

188 o8 38 4 2.0365

- 189 38 48 4 2.0345

190 48 58 4 2.03465

191 58 &8 4 2.0365

192 &8 78 4 2.03465

193 78 8a 4 2. 03465

e 194 88 28 4 2.0345

195 28 108 4 2. 03465

194 108 118 4 2.0365

197 9 19 4 2. 0365

198 19 29 4 2.0365

199 29 39 4 2. 03465

200 39 49 4 2. 0365

201 49 59 4 2. 03465

202 59 69 4 2. 0365

203 &9 79 4 2.03465

204 79 g9 4 2.0365

205 B9 9% 4 2.0365

i 208 99 109 4 2. 03465

Ch 207 109 119 4 2. 03465

o 208 10 20 1 2.0365

209 20 30 1 2. 0365

210 =0 40 1 2.0365

211 30 50 1 2. 0365

212 50 &0 1 2.0365

213 &0 70 1 2.0365

214 70 80 1 2.0345

215 80 0 1 2.0365

214 90 100 1 2.0365

217 100 110 1 2. 0365

218 110 120 1 2. 0365
LOAD DATA

1 Self Weigth Only

. LOAD CASE

Element Unifnrm Load :

ELEMENT
NUMBER

109
110
111
112
113

UNIFORM

LOAD (KN/m)

13.0800
13.0800
13.0B00O
13. 0800
13.0800

DISTANCE FROM A—-END

START

{m)

- 00
« 00
.00
« 00
« 00

END {m)

2.04
2.04
2.04
2.04
2.04



114
115
1146
117
118
119
208
209
210
211
212
213
214
215
216

N M
gy
m~

DONEU WK™

13.0800
1Z.08B00
13.0800
13. 0800
135.0800
13. 0800
12.0B00O
13.0800
13.0800
13.0800
13.0800
13.0800
13.0800
13.0800
13. 0800
13. 0800
13.0800
12.8550
17.8550
1%.8550
192.8350
19,8550
12.8550
19.8550
19.8350
19.8550
12.8530
19.8550
12.8550
12.8550
19.8350
19.8530
19,8550
12.83550
19,8550
12,2500
12,2500
12. 2500
12,2500
12,2500
12.2500

12. 2500

12,2500
12.2500
12.2300
12.2500
12.2500
12.2500
12,2500
12.2500
12,2500
12,2500

—~15&6—

« 00
« 00
- 00
-00
-« 00
-00
« 00
-OO
. Q0
=00
« 00
« 00
.00
« Q0
-0
-0
- 00
- Q0
» 00
- 00
«Q0
- 00
.00
-Co
«00
.00
.00
.00
.00
.00
-00
DOO
.00
» 00
- 00
« 00
- 00
. 00
- 00
.00
- 00
« 00
« 00
- 00
« 00
-00
- 00
.00
« 00
« 00
- Q0
- 00

2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.04
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.900
2.00
2.00
2.00
2.00
2.00
2.00



27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
4z
45
a4
a7
4z
49
=0
51
52
53
=4
55
S&
57
58
59
&0
61
&2
&3

. &4

&5
&6
&7
&8
&%
70
71
72
73
74
75
74
77
78

12.2500
12,2500
12.2500
12,2500
12.2500
12,2500
12.2500
12.2500
12.2500
12.2500
12.2500
12.2500
12.23500
12.2500
12.2500
12.2500
12.2500
12,2500
1Z.2500
12,2500
12,2500
12. 2500
12,2500
12,2500
12,2500
12. 2500
12.2500
12,2500
12,2500
12,2500
12,2500
12.2500
12,2500
12.2500
12.2500
12,2500
12.2500
12.2500
12.2500
12.2300
12.2500
12,2500
12,2500
12.2500
12.2500
12,2500
12,2500
12,2500
12.2500
12.2500
12,2500
12.2500
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-00
.00
ele
=00
.00
= 00
.00
. 00
- Q0
ele
. G0
.00
00
- 00
. Q0
« 00
« 00
- 00
« 00
- 20
« 30
00
« QOO0
00
« 00
.00
S els)
. G0
« 00
.00
« 00
.00
- 00
« 00
« 00
.00
. Q0
- Q0
.00
- 00
« GO
-00
. GO
.00
. 00
.00
.00
.00
.00
=00
. 00
- 00

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2. 00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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79 12.2500 « 00 2.00

80 12.2500 .00 2.00

81 12.2500 - 00 2.00

82 12,2500 « 00 2.00

83 12.2500 .00 2.00

84 12,2500 - 00 2.00

85 12.2500 « 00 2.00

84 12,2500 .00 2.00

87 12.2500 - 00 2.00

88 12.2500 . 00 2.00

89 12.2500 .00 2.00

0 12.2500 .00 2.00

2?1 12.2500 . 00 2.00

92 12.2500 - 00 2.00

93 12.2500 « 00 2.00

94 12.2500 .00 2.00

95 12,2500 .00 2.00

26 12,2500 . 00 2.00

97 12.2500 .00 2.00

98 12.2500 . 00 2.00

99 12.2500 .00 2.00
Element Point Loads
ELEMENT FT. LDAD DIST. FPT. LDAD DIST. PT. LOAD DIST.
NUMBER 1 (KN) (M) 2 (KN) (M) 3 (KN) (M)
Joint Loads
LOADED EXTERNAL VERTICAL EXTERNAL

JOINT MOM. =X (KN—-m) LOAD-Z (KN) MOM. =¥ (KN-m)

LOAD CASE 2 Superimposed Dead Load

Element Uniform Load
UNIFORM

ELEMENT
NUMBER

B UWAN -

LOAD

(KN/m)

1.0560
1.0560
1.0560
1.05460

DISTANCE FROM A~END

START

{m)

- 00
- 00
- 00
- 00

END (m)
2.00
2.00
2.00
2.00



Ll RO

1.0560
1.03460
1.0540
1.0560
1.0560
1.0560
1.05460
1.0560
1.0560
1.05460
1.0560
1.0560
1.05460
1.0560
1.2200
1.2200
1.9200
1.7200
1.9200
1.9200
1.37200
1.9200
1.9200
1.2200
1.9200
1.7200
1.9200
1.9200
1.7200
1.9200
1.9200
1.9200
1.2200
1.9200
1.9200
1.2200
1.9200
1.9200
1.2200
1.9200
1.2200
1.2200
1.9200
1.92200
1.5200
1.9200
1.9200
1.9200
1.92200
1.2200
1.9200
1.9200
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. Q0
.00
- 00
« 00
. 00
« 00
. 00
- 00
- 00
. 00
- 00
- 00
00
.00
.00
. 00
- G0
.00
- 00
« 00
.00
« 00
.00
- 00
N ele)
« 00
« 00
.00
- Q0
« 00
- Q0
- 00
» 00
- 00
.00
. 00
.00
=00
.00
. 00
. 00
.00
- 00
- 00
. 00
- 00
- 00
« 00
« 00
- Q0
- 00
- 00

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2. 00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2. 00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
<. 00
2.00
2.00
2.00
2.00
2.Q0
2. 00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00



48
49
=30
=1

o3
54
=1=]
=1-3

58

59

&0
a1
&2

&4
&5
66
&7
&8
&9
70
71
72
73
74
75
74
77
78
79
BO
81
a2
83
84
g5
86
87
83
89
20
91
92
3
94
95
94
97
98
99

1.2200
1.9200
1.92200
1.2200
1.9200
1,9200
1.9200
1.9200
1.2200
1.%9200
1.9200
1.9200
1.9200
1.9200
1,9200
1.2200
1.9200
1.9200
1.9200
1.9200
1.9200
1.9200
1.92200
1.2200
1.92200
1.9200
1.92200
1.9200
1.9200
1.9200
1.9200
1.9200
1.2200
1.2200
1.9200
1.7200
1.9200
1.7200
1.9200
1.79200
1.2200
1.9200
1.9200
1.9200
1.9200
1.9200
1.9200
1.9200
1,9200
1.%9200
1.9200
1.9200
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«00
- 00
- 00

.00

- 00
« 00
-C0
« 00
M ele)
.00
- Q0
« 00
.00
.00
« GO
00
.00
-00
.00
» 00
.00
. Q0
« 00
.00
=00
00
« 00
.00
.00
» QO
.00
- 00
« 00
.00
.00
- 00
-00
-00
-00
. Q0
- Q0
- 00
- Q0
-00
- Q0
- 00
- Q0
- 00
- 00
- 00
.0q
.00

2.00
2.00
2.00
2.00
2.00
2200
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.Q0
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.900
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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Element Point Loads

ELEMENT PT. LOAD DIST. PT. LOAD DIST. FT. LOAD DIST.
NUMBER 1 (KN) (M) 2 (KN) (M) 3 (KN) (M
109 1.154 . 200 « 000 - 000 . 000 = 000
110 1.154 - 200 . 000 - 000 . 000 . 000
111 1.154 - 200 - 000 . 000 - 000 . 000
112 1.154 - 200 - 000 - 000 « 000 . 000
113 1.154 « 200 . 000 » 000 . 000 « 000
114 1.154 . 200 - 000 . 000 . 000 . 000
115 1.154 - 200 - 000 . 000 . 000 - 000
1146 1.154 . 200 - 000 . 000 - 000 . 000
117 1.154 - 200 . 000 . 000 - 000 - 000
118 1.154 « 200 . 000 - 000 - 000 . 000
119 1.154 . 200 . 000 . 000 - 000 - 000
208 1.154 - 200 « 000 - 000 - 000 « 000
209 1.154 « 200 « Q00 . 000 -« 000 « 000
210 1.154 - 200 - 000 . 000 - 000 . 000
211 1.154 » 200 « 000 . 000 - 000 - 000
212 1.154 « 200 - 000 . 000 - 000 - 000
213 1.154 - 200 - 000 - 000 - 000 - 000
214 1.154 - 200 - 000 . 000 - 000 . 000
215 1.154 « 200 - 000 . 000 « 000 . 000
216 1.154 . 200 - 000 . 000 - 000 - 000
217 1.154 . 200 . 000 . 000 - 000 « 000
218 1.154 - 200 - 000 . 000 - 000 . 000

Joint Loads

LOADED EXTERNAL VERTICAL EXTERNAL
JOINT MOM. —-X (KN-m) LOAD-Z {(KN) MOM. =¥ (KN—-m)
1 10.0000 . 0000 = 0000

2 10.0000 . 0000 - 0000

3 10,0000 « 0000 « 0000

4 10.0000 - 0000 - 0000

=] 10,0000 . 0000 - 0000

6 10.0000 - 0000 - 0000

| 10.0000 - 0000 - 0000

8 10.0000 - 0000 - 0000

9 10,0000 - 0000 - 0000

10 10.0000 - 0000 - 0000

i 4 ) =10.0000 . 0000 - 0000
112 =10.0000 . 0000 - 0000
113 —=10.0000 - 0000 - 0000
114 —-10.0000 - 0000 . 0000
115 -10.0000 - 0000 . 0000
116 =10.0000 . 0000 . 0000

117 -10.0000 « 0000 . 0000




e

118 -10.,0000 . 0000 « 0000

119 —=10.0000 . 0000 - 0000

120 —10.0000 - 0000 - 0000
LOAD CASE 3 Full HA + KEL on Lanes 1 & 2 + 1/3 on Lane 3

e e

Element Uniform Load :

ELEMENT UNIFORM DISTANCE FROM A—-END
NUMBER LOAD (KN/m) START (m) END (m)
100 5.5000 .00 2.00
101 5.5000 . 00 2.00
102 5.5000 .00 2.00
103 5.5000 .00 2.00
104 5.5000 .00 2.00
105 5.5000 .00 2.00
106 5.5000 .00 2.00
107 5.5000 .00 2.00
108 5.3000 .00 2.00
82 10.0000 .00 2.00
83 10.0000 .00 2.00
B4 10.0000 . 00 2.00
85 10.0000 .00 2.00
86 10.0000 .00 2.00
87 10.0000 =00 2.00
88 10.0000 .00 2.00
89 10.0000 .00 2.00
?0 10.0000 .00 2.00
21 10.0000 .00 2.00
92 10,0000 .00 2.00
7?3 10.0000 « 00 2.00
94 10.0000 .00 2.00
95 10.0000 .00 2.00
& 10.0000 .00 2.00
97 10.0000 .00 2.00
78 10,0000 - 00 2.00
99 10.0000 .00 2.00
73 11.5000 .00 2.00
74 11.5000 .00 2.00
735 11.5000 .00 2.00
76 11.5000 .00 2.00
77 11.5000 .00 2.00
78 11.5000 .00 2.00
79 11.5000 =00 2.00
80 11.5000 .00 2.00
81 11.5000 .00 2.00
&4 8. 5000 .00 2.00

&5 8.5000 . 00 2.00



t
l

v
L,
L

B8.5000
8.5000
8.5000
8.5000
8.5000
8. 5000
8.5000
10. 0000
10. 0000
10.0000
10,0000
10. Q000
10,0000
10.0000
10, 0000
10,0000
10,0000
10.0000
10,0000
10,0000
10.0000
10.C000
10,0000
10.000¢
10.0000
g.5000
8.3000
8.5000
8.5000
8.5000
8.5000
8.5000
8.3000
B. 3000
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
3.3300
33300
F.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
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.00
.00
-00
- 00
- 00
- 00
« 00
« 00
- G0
-oo
- 00
« 00
- 00
.00
« 00
.00
.00
» 00
.00
- 00
- 00
. Q0
- 00
- 00
.00
« 00
«» 00
.00
. 00
. 00
- 00
- 00
- 00
« 00
- 00
el
- QG
-00
00
- 00
.00
- Q0
. 00
.00
« 00
. 00
- 00
- 00
.00
. 00
=00
.00

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2-.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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211

19 3.3300 « 00 Z2.00
20 3.3300 « 00 2.00
21 3.3300 - 00 2.00
22 3. 3300 « 00 2.00
23 3. 3300 « Q0 2.00
_ 24 3.3300 -00 2.00
) 25 3.3300 - 00 2.00
: 26 3. 3300 - 00 2.00
27 3.3300 ele) 2.00
28 3.8300 .00 2.00
29 3.8300 L 00 2.00
30 3.8300 - 00 2.00
31 3.8300 - 00 2.00
32 3.8300 « 00 2.00
33 3. 8300 - Q0 2.Q00
34 3.8300 -00 2.00
35 3.8300 -« 00 2.00
3& 3.8300 <00 2.00
Element Point Loads
. ELEMENT PT. LOAD DIST- PT. LOAD DIST. PT. LOAD DIST.
NUMBER 1 (KN) (M 2 (KN) (M) 3 (KM M)
117 4. 377 117 « 000 . 000 « 000 « 000
ii8 3.309 - 157 - 000 - 000 - 000 . Q000
119 3. 309 - 147 - 000 - 000 » 000 . 000
. 216 4.377 117 « 000 . 000 « 000 « 000
- 217 3.304 « 167 « Q00 - 000 - 000 - Q00
218 3.304 . 1467 « 000 « 000 « Q00 -« 0C0O
C 77 37.297 1.000 - 000 =000 - Q00 « 000
i Bb 32.432 1.0Q00 - 000 . 000 . 000 - 000
: 29 X2.432 1.000 « 000 « 000 « 000 . 000
104 17.838 1.000 « Q00 - 000 « 000 « 000
113 2.3%1 « 217 - Q00 - 000 « 000 . 000
114 3.309 . 1867 - 000 = 000 - 000 . 000
115 3.309 . 167 « Q00 - 000 . 000 - 000
1146 2.391 217 -« 000 . Q00 « 000 - 000
41 27.5467 1.000 - 000 - 000 = 000 . 000
o0 x2.432 1.000 - 000 - 000 - 000 . 000
59 3I2.432 1.000 « 000 - 00Q - 000 « 000
&8 27.5&47 1.000 . 000 . 000 - 000 « 000
109 . 334 -317 « D00 - 000 . 000 - 000
110 1.103 167 - Q00 - 000 « 000 . 000
111 1.103 - 1467 « 000 elalsl « 000 « 000
112 1.45% 117 - 000 - 000 - 000 « 000
208 - s34 -al7 - 000 - D00 - 000 - Q00
209 1.103 - 167 . 000 - 000 « 000 = 000
210 1.103 - 1567 - 000 - 000 - 000 - 000
1.459 .117 - Q00 » 000 « QGO - 000
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« 000 . 000
. 000 . 000
. 000 . 000
. 000 . 000
EXTERNAL
MOM. =Y (KN-m)
.1214
-.1214
+ 1/3 on 3

END (m)

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00

S 5.2446 1.000 . 000 - Q00
14 10.811 1.000 . 000 - 000
23 10.811 1.000 . 000 . 000
32 12.432 1.000 - 000 . 000
Joint Lpads
LOADED EXTERNAL VERTICAL
JOINT MOM. =X {KN-m) LOAD-Z (KM}
111 « 0000 - 0000
120 « QGO0 elelels
LOAD CASE 4 HE cn Lanz 1 Full HA & KEL on
Element Uniform Load :
ELEMENT UNIFORM DISTANCE FROM A-END
NUMBER LOAD {(KN/m) START (m)
&4 8.5000 « 00
&S 8. 5000 .00
ab 8.5000 - 00
&7 8.5000 .00
&8 8.5000 - 00
&9 8.5000 . 00
70 8.5000 - 00
71 8.5000 .00
72 8.5000 .00
44 10. 0000 .00
47 10. 0000 .00
48 10. 0000 .00
49 10.0000 . 00
S50 10. 0000 .00
S1 10.0000 .00
-~ ] 10,0000 - 00
5 10.0000 - 00
54 10.0000 - 00
o5 10.0000 .00
Sé6 10.0000 -« 00
57 10. 0000 .00
=8 10.0000 . 00
59 10.0000 .00
&0 10. 0000 .00
&1 10.0000 .00
&2 10,0000 - 00
&3 10. 0000 .00




PN
nmw&m-&-um»—-mtunmoﬂgq

8.5000
8.5000
8. 5000
8.5000
8.5000
8.5000
8.5000
8.5000
8.5000
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
1.8300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3. 3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.3300
3.8300
3.8300
3.B300
3.8300
3.8300
3.8300
3.8300
3.8300
3.8300

~1 656~

- Q0
- 00
- 00
.00
.00
- 00
.00
.00
.00
- 00
.00
. 00
-00
.00
.00
» 00
-00
- 00
.00
.00
.00
.00
« 00
.00
.00
.00
.00
.00
» Q0
.00
.00
- 00
.00
- 00
.00
- 00
.00
- 00
.00
.00
« 00
. 00
- 00
.00
.00

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00




Element Foint Loads
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ELEMENT PT. LDAD DIST. PT. LOAD DIST. PT. LOAD DIST.
NUMBER 1 (KN) (M) 2 (KN) (M) 3 (KN) (M)

X 81.5463 - 200 . 000 « 000 - 000 - 000

12 112.500 . 860 . 000 . 000 . 000 - 000

21 112.500 1..520 - 000 - 000 - 000 . 000

31 112.500 =190 . 000 - 000 . 000 . 000

40 30.938 - 850 . 000 « 000 « 000 « 000

13 112.500 = H6H0 . 000 . 000 . 000 . 000

22 112.500 1.320 . 000 . 000 . 000 - 000

31 112,500 1.990 - 000 - Q00 . 000 - 000

41 30.938 . 650 - 000 - 000 . 000 - 000

16 112.500 - H4&a0 - 000 . 000 . 000 . 000

25 112.500 $.320 - 000 . 000 . 000 « 000

34 112.500 1.990 « Q00 -« 000 « 000 - 000

44 30.938 - 650 . 000 . 000 - 000 - 000

7 81.563 1.800 . 000 - 000 - 000 « 000

17 112.500 « 460 « 000 « Q00 - 000 - 000

26 112.500 1.120 . 000 - 000 - 000 . 000

35 112.500 1.790 . 000 - 000 . 000 . 000

45 30.938 . 450 . 000 - 000 . 000 . 000

113 2.391% skl - 000 - 000 - 000 « 000

114 3.309 . 167 - 000 - 000 - 000 . 000

115 3.309 -1467 - 000 . 000 . 000 - 000

116 2.391 w217 . 000 . 000 - 000 . 000

41 27 .567 1.000 - 000 - 000 - Q00 - 000

S0 32.432 1.000 - 000 - Q00 - 000 . 000

59 32.432 1.000 . 000 - 000 . 000 - 000

&8 27.5&67 1.000 . Q00 - 000 =000 . 000

109 « 334 « 317 - 000 « 000 - 000 . 000

110 1.103 167 . 000 - Q00 -« 000 - 000

111 1.103 « 1867 . 000 - Q00 « 000 - 000

112 1.459 v . 000 - 000 « 000 . 000

208 « 334 =317 . 000 . 000 - 000 - 000

209 1.103 =167 - 000 . 000 = 000 . 000

210 1.103 «- 167 - 000 = Q00 . 000 . 000

211 1.459 . i . D00 . 000 . 000 . 000

-] S5.9446 1.000 . 000 . 000 - 000 . 000

14 10.811 1.000 . 000 . 000 . 000 . 000

23 10.811 1.000 - 000 . 000 . 000 . 000

32 12.432 1.000 - 000 - 000 . 000 - 000
Joint Loads

LDADED EXTERNAL VERTICAL EXTERNAL

JOINT MOM.—X (KN—-m) LOAD-Z (KN) MOM. —-Y (KN—m)

4 . 0000 -81.5625 . 0000

7 - 0000 ~81.54625 « 0000
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LOAD COMEINATION DATA

I.OAD COMBINATION NO./FACTORS ' :
1 2 3 4 =} & 7 a8

Lc

i 1.20 1.00 -Q0 =00 - 00 ele - 00 .00
2 . 00 « 00 1.75 1.20 « 00 - Q0 - GO - 00
3. « 00 - 00 .00 =00 1.50 1.20 - 00 =00
K - 00 - 0G -00 .00 -00 -00 1.30 1.10
i-CAD COMEBINATION | Dead Load at ULS

I_LOAD COMBINATION Dead Load at SLS

LLOAD COMBINATION Superimposed Dead Load at ULS

LLOAD COMBINATION Superimposed Dead Lgad at S5LS

{_DAD COMBINATIDN HA & Associates at ULS

L.OAD CDMBINQTIDN_ HA & Associates at SLS

i.DAD COMBINATION HB & Associates at ULS

m ~N o0 ;s W N

LOAD COMBINATION HBE % Associates at BLS

QUTRUT INFORMATION

- Blobal Displacements

3 115 10

& 114 10
Element-End Displsacements

1 Q 1

10 18 1
Element-End Forces

i 9 1

10 ig6 1

109 119 1

208 218 1

Support Reactions

1 111 10

10 120 10 :
Comparison of Element-End Forces

1 9 1
100 108 1
10 99 1
120 207 1
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SYSTEM DEGREES-0OF-FREEDOM
BAND-WIDTH
NO. OF SUFFORTED JOINTS

nuan

312
3
24




GLOBAL DISFLACEMENTS
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JOINT
NO.

S

15

25

45

55

LOAD
COMBINATION

CUBLUNCONOCULRUNONDPULRUNONDCUNAEWNONDCULUNIONCUDWN =

X — ROTATION
1.0E-3 rad.

=773
-.4811
—. 0045
-« 0031
0015
-0012
« 2780
. 2352
-. 4481
-« 3701
—. 0072
=. 0050
. 0086
. 0069
- 1466
-1240
-. 1990
-. 1658
-. 0092
= 0063
0535
. 0428
-. 1441
- 1219
=-. 0735
~+ 0629
-.0101
-« 0067
-1374
- 1099
- 4244
b T = ]
-. 0439
—. 0366
-.0105
-. 0072
. 1398
«1119
=.5001
-« 4232
-.0432
—. 0360
-.0105
-. 0072
- 0360
. 0288

Z - MOVEMENT

{(mm)

-1.7838
=1.4865
-. 1682
—. 1153
—. 3204
- 2563
-1.3578%
=1.3360
=1.0250
-.B8542
~« 1747
-.1198
-« 3403
- 2723
~2.1636
-1.8307
-.7814
-.6511
~ 3767
-.1211
~e 3732
—« 2785
-2.3078
-1.9527
- 7490
-« 28]
- 1772
-. 1215
-, 3050
-« 4040
-2.1311
-1.8032
—. 7608
—=. 6340
- 1773
—. 1215
-. 8258
-. 6607
~-1.4739
-1.2472
- 7077
. 6416
- 1772
_-1215
-1.0107
-. 8085

Y — ROTATION
1.0E-3 rad.

-. 0859
- 0715
—. 0089
—-. 00461
-.0182
—.0145
-.0788
-. 0667
-. 0422
—» 0352
-.007%9
-.0054
-.0167
-.0134
=. 0850
- Q719
-. 0354
—. 0295
—-. 0080
-. 0055
-.0188
-. 0151
-.0878
~. 0743
-. 0350
-. 0292
—. 0081
- 0055
-. 0277
—. 0221
-.0830
-. 0702
-« 0352
-. 0293
-.0081
-. 0055
-.0441
-. 0352
—. 04657
-. 0558
-, 0353
—-. 0294
-. 0081
—. 0055
-.0510
-. 0408



&S

75

85

95

105

115

DNCURUNSONDPULPUNRDONDCUDAUNRONDIUNBRWUN~ONDIUBRWUNSONCUNBWN DN

~371~

-.3411
-.2886
-.0478
~« 0399
—.0104
-. 0072
-. 0437
-, 2062
= o B BT
-. 0468
=. 0390
=.0106
—. 0073
-. 0346
- 0277
-. 3068
—« 2596
-« 0179
—-.0149
—.0109
-. 0075
-. 0435
-. 0348
- e
=~ 2141

- 0920

07867
-.0116
-. 0079
-. 0881
~. 0705
-. 0784
-.0B833

- 3429

« 2857
0339
-. 0081
-.0B68
—-. 0494
-. 0261
—« 0220

-4745

- 3954
—. 0100
—. 0068
~.0701
—. 0561
-. 0091
—. 0077

-1.0386
-.8788
=. 7701
-.6417
- 1772
-» 3215

-1.0415
=-. 8332
-.8677
—-. 7342
—. 7616
—. 6346
- 1772
-« 1215

-1.0101
-.B0B1
~. 6300
—« 3331
- 7504
-« 6253
it W
= 1218

-1+ 1239
~. 8991
-« 1683
—. 1424
-. 7804
- &503
—. 1766

-1.0854
~. 8683
-.0132
=, 01312

-1.0130
-.8441
—-. 1744
-l 197

-1.0527
-.B422

0144
0123

-1.8023

-1.501%9
—-. 1709
-, 1172

-1.0204
-. 8163

-.0185
« 0157

T 0505
—-. 0427
-. 0351
—. 0292
-~ O0ONS
-.0512
=.0410
-.0433
- 0346
—. 0344
-. 0286
-.0081
—~. 0056
-.0510
~-.0408
-. 0281
—. 0238
-=. 0335
-. 0279
—. 0081
—. 0056
—-. 0568
~. 0454
-. 0054
—. 0361
-. 0301
-. 0081
—. 0055
—. 0539
—-. 0431
-. 0008
-. 0007
—. 0543
—. 0452
-. 0080
—« 0055
-. 0528
—-. 0423

- 0002

- 0002
—. 0693
-. 0577
—. 0063
—-. 0043
-.0418
—. 0334

. 0004

-« 0003
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" JOINT ' LBAD X - ROTATION Z - MOVEMENT ¥ - ROTATION
NO. COMBINAT ION 1.0E~3 rad. (mm) 1.0E-3 rad.
- & 1 -, 4745 -1.8023 . 0493
- 2 -, 3955 -1.5019 .0577
L 3 . 0100 —-. 1709 « 0063
- 4 . 00469 -. 1172 . 0043
. 5 . 0310 - —.3252 .0136
% b6 .0248 -, 2601 0109
5 7 -.4357 -1.86162 . 0481
e B . 34687 ~1.34625 . 0407
sl 1 ~.3429 -1.0129 .0543
e 2 -.2858 —-.Ba41 0452
e X .011% —-. 1748 . 0080
Pl 4 . 0081 - 1197 0055
. = . 0S00 -.3397 L0175
A & . 0400 - 2717 <0140
SO 7 . 3565 -2.1563 . 0893
B 8 L3016 -1.8245 . 07564
L 26 | -.0%20 -.7804 . 0341
L 2 ~. 0767 = 8503 L0301
3 0116 ~. 1766 - 0081

| . 0080 - 1211 . 0056

= . 1070 -.3734 .0186

b . 0B54 -. 2989 L0149

3 7 .0961 -2.2811% . 1088
a8 .0B14 ~1.93072 . 0920

36 1 L0179 - 7504 . 0335

_ 2 L0150 -. 46253 .027%
SO X . 0109 -.1772 . 0081
S 4 - 0075 -, 1215 . 0056
) - L2101 T - 5094 . 0232

: & . 1681 -, 4075 .0186

- 7 —. 1944 -2.0945 L1114
4 a -. 1645 -1.7723 0942

: 1 . 0448 _ ~-.7616 . 0344
i 2 . 0390 -. 6347 . 0284
B 3 . 0108 -. 1772 . 0081
: 4 . 0073 -.1215 . 0054
C % « 23460 ~. 8310 . 0387
B & . 1888 - -. 6648 -0310
- 7 -.3084 -1.4574 . 0805
S 8 —. 2609 -1.2333 . 0481
- 7S 1 .0478 -.7701 .0351
o 2 .0398 - b6417 L0292
3 .0106 -.1772 . 0081

4 L0072 -.1215 . 0056

5 . 1520 -1.0117 - 0500

& L1216 -.8094 . 0400

7 -. 19468 ' -1.0356 . 0533

8 —. 156565 -.8753 . 0451



b6

76

B6

9&

106

116
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-l 7o

» 0432
- 0360
0106
. 0072
- 0826
0661
-« 1514
—-. 1281
- 0439
- 0364
.0105
. 0072
- 07469
0775
-.2382
-.2015
-07355
- 0629
0101
- 0070
. 0898
.0718
~«2170
-. 1836
« 1990
« 1659
.0092
« D063
« 0449
0360
-. 0870
-. 0736
-.34681
- 3701
. 0072
- 0050
- 0347
0277
—. 0250
-. 0211
w773
-4811
0045
. 0031
. 0203
0162
-. 0099
—-. 0084

—. 7699
—. 6416
- 1772
—-u 1215
-1.0399
-. 8320
—.8472
-. 7338
—. 7608
- 1772
-. 1215
-=1.010%9
-.B8087
-. 6236
—-« 2277
-. 7430
-.b241
- 1772
-« 12173
-1.1251
-. 2000
-« 1374
-.7814
—-. 6512
-« 1766
-. 1211
-1.0848
—. 8479
-. 0132
-.0112
-1.0250
-. 8542
-+ 1747
-« 1198
-1.0528
-. 8423
.0138
0114
-1.7838
—1.48465
- 1682
-« 1153
-1.0038
—. 8030
0176
-.0149

. 0353
. 0294
. 0081
. 0056
. 0528
. 0422
- 04346
- 0369
-« 03352
-.0293
- 0081
. D056
. 0501
. 0401
. 0344
. 0293
- 0350
. 0292
. 0081
. 0056
- 0556
. 0445
<0113
. 0096
. 0354
. 0295
. 0080
. 0055
. 05446
- 0437
- 0007
. 00046
. 0422
- 0352
. 0080
- 0055
. 0527
. 0422
-.0011
-. 0009
. 0858
+O715
. 0089
- 00461
. 05764
. 04461
-.0013
-.0011




~174~

ELEMENT -~ END DISPLACEMENTS

ELEMENT LOAD JDINT X - ROTATION Z - MOVEMENT Y - ROTATION

NUMBER  COMB. NO. 1.0E-3 rad. {mm} 1.0E-3 rad
; 1 1 1 . 0000 . 0000 -.0925
K 2 - 2922 -.3813 L =.260%
. 2 1 . DOOO . 0000 -.0771
! 2 -. 2435 -.3178 -.2174
i 3 1 . 0000 . 0000 -.0071

‘ 2 -. 01469 -. 0335 -.0238
A | . 0000 . Q000 —-. 0049
2 -. 0115 -. 0229 —.01463

= 1 . 0000 . 0000 -.0128
2 -. 0294 —. 0610 ~. 0439

& 1 . 0000 L0000 —-. 0102

; 2 -. 0235 —. 0488 -. 0351
4 1 . 0000 . 0000 —. 0647
2 - 1072 -.32468 - 2375

8 1 - 0000 . 0000 — 0547
2 -. 0907 -. 2765 -.200%

1 2 -.2922 -.3813 —-. 2609

: 3 -y BPLHS , -. 9517 ' —.2885
2 2 -.2435 -.3178 ~.2174
. 3 ~. 4137 -.7931 . —.2404
- 2 -, 0149 ~-. 0335 - 0238
3 -, 0223 -.0868 -. 0275

) 2 -.0114 -.0229 -, 01463

: 3 -.0153 —. 0595 . -. 0189
g -] 2 -.0294 -.0410 —. 0439
G 3 -. 0374 —-. 1608 -. 0523
g & 2 -.023S -.0488 ' -. 0351
b 3 -. 0299 -. 1286 -.0418
i 7. 2 - 1072 -.3268 —-.2375
; 3 -.0720 -.8531 —.2634
" 8 2 —~. 0907 —. 2765 - 2009
3 3 -. 0609 ~. 7219 —. 2230
Fod 1 3 -. 4965 ~.9517 -.2885
ook .} -.5912 -1.4722 -.2174
Lol 2 3 ~. 4137 -.7931 -. 2804
Do 4 -. 4926 -1.22&8 -.1812
e 3 3 -. 0223 -, 0848 - 0275

- 4 -, 0169 - 1371 -.0214
; 4 3 -. 0153 - 0555 ~-.018%
g 3 -. 0118 -, 0540 —. 0147
| 5 ot ~. 0374 -, 1408 - 0523
' 4 - 02487 —-. 2580 -. 0422
& s —-. 0299 -, 1284 - 0818

4 -. 0158 —. 20464 - 0337

7 = - 0720 -. 8521 L = 2638

2 . 0851 -1.3095 —. 1868
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-175-

—. 05609
0720
- 712
~— D
—. 4926
—.4811
-, 014%
—. 0045
—.0114
-. 0031
-.0247
- 0015
-.0198
0012
- 0851
« 2780
«» 0720
« 2352
~« 3773
—.4746
-.4811
-« 2955
-.00435
0100
-. 0031
. 00469
-0015
0310
-0012
. 0248
- 2780
- 4357
P AL Fa
- 3687
—. 4746
- 181
-~ ST
-« 2651
- 0100
0214
- 00469
.0147
. 0310
- 0520
. 0248
0416
- 4357
0163
- 3687
43469
~-.3181
—« 1555

= 7232
-1.1080
-1.4722
~1.7838
-1.2248
-1.4865

-« 1371

-. 1682

-. 0940

-, 1153

—. 23980

~. 3204

-. 2064
~1.3025
-1.5789
-1.1080
=1.3360
-1.7838
-1.8023
—-1.48B65
-1.5019

—-. 1682

-. 1709

=, 1153

-y 1172

—. 3204

— 3252

-« 2963

—. 2601
-1.578%
-1.46102
-1.3360
—-1.3625
-1.8023
-1.5181
-1.95019
-1.24631

—« 1709

-. 1437

= 1172

-. 0986

~. 3252

- 2699

—. 2601

~o 2135%
-1.6102
-1.3876
—-1.346235
-1.1741
-1.3181
-1.0008

-« 2230
-. 1581
-.2174
-. 0859
-.1812
—. 0715
-.0214
-.0089
-.0147
-. 0061
-.0422
-.0182
-. 0337
-.0145
-. 1868
-.0788
-. 1581
-. 0667
-. 0859
. 0693
-. 0713
. 0577
- 0063
-. 0061
. 0043
-.0182
L0136
-.0145
.0109
-.0788
. 0481
—. 0667
. 0407
. 0693
. 2099
. 0577
- 1749
. 0063
. 0202
. 0043
0139
0136
. 0401
.010%
. 0321
. 0481
1716
. 0407
« 1452
. 2099
. 2945



e B - o

2 ¥ 4 -« 2651 -1.2651 .1749
8 -. 1296 -. 8340 . 2454

3 7 .0214 -. 1437 . 0202
8 - 0252 -. 0938 . 0283

a T .0147 -. 0986 . 0139
a 0173 -. 0643 01924

S 7 - 0520 -. 2699 - 0401
8 . 0559 -. 1734 . 0537

& 7 0416 -. 2159 - 0321
g -0447 -. 1387 - 0430

7 T 5163 ~1 . 3874 -1716
a8 - 4854 —. 2366 - 2728

8 7T - 43469 -1.1741 -1452
a8 -4107 - e . 2308

8 1 8 —« 1555 —-1.0008 « 2945
g —. 0384 —. 4084 « 2761

2 8 —-= 12946 -.8340 « 2454
9 —. 0321 — 3403 . 2301

3 8 - 0252 -. 0938 . 0283
9 -0181 -. 0373 - 0260

o 8 -0173 —. 0643 .0194
4 -0124 -, 0256 .0178

S 8 - 0559 -.1734 . 0837
9 - 0382 - 0679 . 0478

& 8 - 0447 —. 1387 «» 0430
2 . 0306 -.0543 . 0382

7 8 -4854 —. 93646 .2728
9 - 2108 - 2718 « 2633

B 8 -4107 - 7F20 -.2308
9 « 25630 -.3144 « 2228

9 1 9 -. 0386 -.4084 2761
10 - 0000 . 0000 - 1006

2 i -. 0321 =+ 3403 . 2301
10 . 0000 . 0000 . 0838

3 9 0181 =. 0373 . 0260
10 - 0000 . 0000 - 0083

4 ® 0124 —. 0256 .0178
10 . 0000 - 0000 . 0057

= ? - 0382 —. 0677 . 0478
10 - 0000 - 0000 .0149

& 9 = 0306 -. 0543 . 0382
10 « 0000 . 0000 .0119

7 9 - 3108 - 3716 - 2633
10 « 0000 . 0000 - 0765

8 9 - 2630 -. 3144 . 2228
10 « 0000 « Q000 « 0647

ELEMENT LOAD JOINT X — ROTATION Z - MOVEMENT Y — ROTATION
NUMBER COMB. NO. 1.0E-3 rad. (mm) 1.0E-3 rad

10 1 11 - 0000 - 0000 -. 0313
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12
11
12
11
12
11
12
11
12
11
12
11
12
i1
12
12
13
12
13
12
13
12
13
12
13
12
13
12
13
12
13
13
14
13
14
13
14
13
14
13
14
13
14
13
14
13
14
14
15
i4
15
14

-177~

-.2801 -. 2004 T -.1506

. 0000 . 0000 —-. 0261
-.2334 - 18672 - 1255

. 0000 . 0000 ~-. 0045
-. 0239 —. 0350 ~.0255

.0000 . . 0000 -. 0044
-. 01464 -. 0240 -.0175

. 0000 . 0000 ~.0119
-.0414 -. 0653 ~-. 0481

. 0000 . 0000 ~. 0095
~. 0331 -. 0522 ~. 0385

. 0000 . 0000 —. 0791
-. 2327 —. 4284 —.3177

. 0000 . 0000 ~. 0649
—. 1969 —. 3624 ~.2688
-. 2801 —. 2006 —. 1506
-. 4542 -.5391 -. 1735
—-. 2334 -. 1472 ~. 1255
-.3785 -. 4493 —. 1446
~. 0239 -. 0350 -. 0255
~.0309 -. 0918 -.0291
~. 0164 ~. 0240 ~. 0175
-.0212 -. 04630 -.0199
~. 0414 ~. 0653 -.0481
- 0494 ~. 17414 —. 0545
-. 0331 -. 0522 ~. 0385
-. 0397 -.1393 ~. 0452
~. 2327 —. 4286 : ~.3177
-.2514 ~1.1512 -.3739
—. 1949 ~-.3626 —.24688
-.2129 —. 9743 —~. 3163
-.4542 ~. 5391 - 1735
-.5137 —. 8502 ~. 1277
~.3785 —. 4493 —. 1444
-. 4281 —.7085 -. 1085
~. 0309 -.0918 ~.0291
-. 0234 ~. 1842 —-. 0218
~. 0212 -. 0630 -.0199
—. 0162 -.0989 ~. 0149
~-. 0496 -. 17481 ~. 0565
-. 0293 -.277& -.043%
-. 0397 -. 1393 —. 0452
-.0234 -.2221 -, 0351
~. 25164 ~-1.1512 ~.3739
—. 0880 -1.8112 —. 2654
-.2129 -.9741 -.3143
—.0745 -1.5324 —. 2248
—-. 5137 —. B502 -, 1277
~. 44681 -1.0250 -.0422
—. 4281 -.7085 -. 10465
-. 3901 ~.B542 ~, 0352
-.0236 ~. 1442 -.0218



15
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[

[ . B

15
14
15
14
15
14
15
14
15
14
15
15
15
15
i6
15
14
15
146
15
146
15
14
15
14
15
14
16
17
16
17
14
17
16
17
146
17
14
17
14
17
14
17
17
18
17
i8
17
i8
17
18
17

-178-

-. 0072
—. 0162
-. 0050
—. 0293
- 0084
-. 0234
- 00567
—. 0880
- 1466
~. 0745
- 1240
- 4681
—. 3429
-.3701
-.2858
—. Q072
L0119
~. 0050
- 0081
0084
- 0500
« 00469
- 03400
. 14446
« 3065
- 1240
-3014
—. 3429
-. 1789
-.2858
-. 1471
0119
« 0275
. 0081
L0188
» 03500
- 0784
- G400
- 0629
« 3360
-3942
-3014
-4182
-.1789
~. 0297
—.14%1%
—-.0248
« 0275
. 0336
.0188
0230
0786

—. 1747
-. 09879
-.1198
-. 2776
-.3403
—a 2221
-. 2723
-1.8112
—-2.1634
-1.35326
-1.8307
—1.0250
-1.0129
—-. 8542
—.B441
~. 1747
—. 1746
-. 1198
-.1197
—e 3403
- 3377
—-.2723
—a 2717
~2. 14836
-2.1563
-1.8307
—-1.8245
—-1.0129
-.8202
-~. 8441
—. 6835
-. 1746
—-.143%
—. 1197
-. 0987
~. 3397
—. 2737
~. 2717
—. 2207
2. 1563
-1.81&68
-1.8245
-1.3373
-.B202
—. 5070
—. 6835
-. 4225
~. 1439
—. 0914
~. 0987
—. D627
—. 2759

=-.0079
~-.0149
—. 0054
-. 0439
—.0147
-« 0351
-. 0134
—. 0830
-. 22446
-.0719
~. 0422
« 0343
—. 0352
- 0452
—a Q079
« 0080
—. 0054
- Q055
~. 01567
-Q175
-.0134
«.0140
—. 08350
- 0893
—. 0719
0756
0543
P 1337
- 0452
1114
« QOB
0217
- 0055
« 0150
-0175
0443
- 0140
- 0355
- 08?23
- 24463
- 0736
« 2084
- 1337
- 1702
»1114
1818
L0219
. 0291
.01350
« D200
« 04435



B S C—179-

18 . 0831 : - 1721 - 0554

& 17 . 05628 -. 2207 ' . 0355

_ 18 . 0685 -.1377 . 0452

7 17 . 4942 ~1.8148 . 24463

18 -5196 -1.1914 . 34623

. 8 17 .4182 . =1.5373 . 2084
. ' _ 18 . 4397 -1.0083 . 3066
: 17 1 18 -. 0297 -. 5070 . 1702
oL ' 19 .0447 -.1828 .1409
K 2 18 -.0248 -.4225 .1418
ok 19 . 0373 ~. 1524 .1174
RS- 3 18 0334 -. 0914 . 0291
S 19 . 0252 -. 0344 . 0254
S 4 18 . 0230 —-. Q627 . 0200
S 19 L0173 -.0237 .0174
S 5 18 .0831 -.1721 . 05464
E 19 . 0572 - 0640 0475

& 18 . 0665 -. 1377 .0452

19 . 0458 -. 0512 . 0380

7 18 .5194 -1.19156 . 3423

19 « 3656 -. 4588 . 3344

8 18 . 4397 -1.0083 - 30656

19 . 3094 -.3882 . 2831

1 19 .0447 -.1828 . 1409

20 . 0000 . 0000 . 0255

2 19 .0373 ~. 1524 -1174

20 . 0000 . Q000 0213

3 19 . 0252 -.034& . 0254

20 . 0000 . 0000 . 0062

4 19 L0173 -. 0237 0174

L 20 . 0000 . 0000 . 0042
S 5 19 . 0572 ~. 05640 . 0475
o 20 . 0000 . 0000 L0113
N & 19 . 0458 -.0512 .0380
. 20 . 0000 - 0000 . 0090
. 7 19 3654 -. 4588 . 3346
; 20 . 0000 . 0000 . 0851
8 19 - 3094 -, 3882 . 2831

20 . 0000 . 0000 . 0720

ELEMENT — END FORCES

Ei EMENT LOAD JOINT TORSIDN - X SHEAR — Z MOMENT -~ ¥
NUMBER COMB. ND. KN - m KN KN -~ m
1 1 14.3672 173.7945 458.94638

1
2 —14.3472 —1246.1425 —-159.06270
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e 0

11.9726
=11.9725
. 82946
-. 8296
- D689
-. 5489
1.4471
-1.4471
1.15746
-1.1576
5.2728
-35.2728
4.4616
-4.44614
10.0422
-10.0422
8.3485
-8.3685
- 2658
—. 2658
- 1822
-. 1822
« 3927
-3141
-.3141
-1.7348
1.7348
-1.4479
1.4679
4.46556
—4.45546
3.8797
-3.8797
= 25660
« 2660
-. 1824
- 1824
-« 6236
- 623646
-.498%9
- 4989
=7 7213
7.7213
~6.9334
&£.5334
—-. 4790
- &790
—. 95658
. 5658
—« 6099
. 6099

144.82848
-105.1188
15. 2359
-11.5399
10.4475
=T 7133
25.7151
~-20.2251
20.5721
~16.1801
134.5144
-12%9.7564
113.8199
-109.793%
1346.08463
—88.4343
113.4053
=-73.6953
12.3755
-8.6795
8.4861
- ?B17
21.8292
—1b.3392
17.44633
-13.0713
138.2104
—133.4524
116.9473
=112.9213
101.7325
-94.0805
84.7771
-45.0671
7.3890
—-5.46930
6.4382
-3.97038
17.8566
—12.36b66
14.28353
-7.8933
137.4%64
—2b4.7072
116.3431
-22.5984
6H8. 4786
-20.82646
57.0655
—-17.3555
6.1134
—-2.4174

382. 4498
~-132.5225
43.8212
-17.0453
30.0488
-11.46882
79.5451
—-33.6050
63.6361
-26.8840
441.7554
=-177.4847
373.7931
~150.1794
169.5831
S54.9371
141.3193
45.7809
17.7348
3.3203
12.1610
2.2748
34.9201
3.2482
27.9361
2.5986
183.2901
88.3724
155.0917
74.77467
-41,.2217
197.0345
-34.3514
164. 1954
—2.7471
17.82%90
-1.8837
12.2256
-2.0122
32.2353
-1.6098
25.7882
-87.138%9
166.5180
~73.7329
140.8999
~182. 4017
271.9068
-152. 14681
226.5890
—=17.4864
26.0171
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=i81=

—.4182
.4182
-1.2901
1.2701
-1.0321
1.0321
-2.4827
9.4827
-8.023%9
8.0239
-5. 0530
5.0530
-4.2108
4.2108
— 7110
«7110
—. 4875
- 4875
-1.4514
1.4514
~1:1611
1.1611
~7.7351
7.7951
-b.5620
b.5620
~7.46944
7.6946
-6.4121
b. 4121
=. 5620
- 9620
-.3854
« 3854
-1.0324
1.0324
. 8257
-3. 2635
3.9635
-3.3538
3.3538
-7 . 9926
7.9926
6. 6605
6. 6605
—. 1B67
- 1867
—. 1281
» 1281
—» 1925
« 19225

4.1920
=} . H875
13.5060
-8.0160
10.B8048
-6.4128
22_.7950

—-18.0370
19.2881
-15.2621
34.2223
13.4297
28.518646

11.1214

2.9174

1.1786

1.7262

. B082

8.46310

S$.7779

&£.9048

4.6223

9. 3339

3.1538

7.8977

2.5646846
—-32.0442
S50.6962
-2.53468
42.24468
-1.3B895

5.0855

-. 9528

3.4872
-9.8357
3135287
—4.4668B46

F.0&606

—13.556%1
18.3272
-11.4814
15.5076
-45. 1546
92.8B0&6
-37.46288
775388
-5.5844

9.2804
-3 3293

b6.3637

-11.9238
17.4138

~11.9%907
17.8403
-31.2680
52.7%900
-25.0144
42.2320
=171.831S
212.6634
-145.3958
179.9460
—258.9495
279.7433
~215.7912
233.1194
-25.7241
27.2628
-17.7765
18.6945
-52.1966
55.0497
-41.7573
44,0378
-220.9627
227.1428
-186.9685
192. 1978
—270.2743
216.5335
-225.2285
180. 4446
-27.4166
20.9417
-18.8000
14.3600
-54.9718
37.8103
-43.9775
30.2482
-236.0410
204.1448
~19%.7270
172.7379
-212.2703
74.3092
-176.8919
61.9243
—-21.3366
6.4718
-14,6308
4.4378
-38.1773
8.8398



e —

ELEMENT
NUMBER

10

-2~

& 7 -« 1540 -2.5371 -30.5419
a8 - 1540 13.9311 7.0718

7 7 1.5207 -29.6184 -213.0988
8 -1.5207 140.4076 127.8981

B 7 1.2867 -25.0617 -180.3144
8 ~1.2867 118.8064 108.2215

1 a -5.7497 —93.2292 -76.1242
9 S5.7497 140.8811 -157.9859

2 B8 -4.7%14 =77.6%10 -63.43468
9 4.7914 117.4010 -131.6549

3 8 - 3481 —-10.0142 =7.07%26
? —. 3481 13.7102 -16.6448

“ 8 - 2387 —-6.8667 -4.8546
7 —. 2387 2.4013 -11.4136

S 8 -8718 —18. 4445 -2.6146
? -.8718 23.9365 -32.7686

& a8 « 6974 -14.7572 =7.6916
9 —. 6974 19.1492 -26.2148

7 8 8.5814 -152.5114 —=137. 1349
9 -8.5814 157.2694 -172.6434

8 8 7.2612 -129.0481 =-116.0389
9 -7.2612 133.0741 —-144.0829

i 9 -1.8961 -144.2709 151.4244
10 1.8961 193.9429 -491.6581

2 9 -1.5801 -121.9091 126.1870
10 1.5801 161.46191 -40%.7150

3 9 .87221 —14.5247 15.9388
10 -. 8921 18,2207 -48.46842

4 9 «6117 -9.9598 10.9295
10 -. 6117 12.4942 -33.3B35

=1 ? 1.878S -25.1984 31.7154
10 -1.8785 30.4886 -87.6026

[} g 1.5028 —-20.158%9 25.3724
10 -1.5028 24,5509 -70.0821

7 9 15.2825 -1467.9747 164. 4409
10 -15.2825 172.7327 -505. 1481

8 9 12.9313 -142,1324 139.1423
10 -12.9313 1446, 1584 —427.4330

LOAD JOINT TORSION - X SHEAR - Z MOMENT - Y

COME. NO. KN — m KN KN - m

1 11 11.5070 179.7903 S520,3748
12 -11.5070 -150.3%03 ~-190. 1987

2 11 .5892 149,8252 433.6473
2 e o372 -125,3252 -158.4972

% H . 7833 30. 1307 3.8860
12 —. 7833 -23. 4607 -30.2447

4 11 L6742 20.6953 57.5218
2 -. 6742 -16.0873 -20.7392
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11
12
11
12
11
12
11
12
12
13
12
13
12
13
12
13
12
13
12
13
12
12
12
13
13
14
13
14
13

14

-
-

14
13
14
13
14
13
14
13
14
14
13
14
15
14
15
i3
135
14
15
14
15

-183-

1.7009
—1.7009
1.3607
-1.3607
9.5597
=-9.5397
B.08%0
—8.0870
7.1471
-7.1421
3.9576
~5. 7976
. 2871
-.2871
- 17469
—. 1969
» 3382
-.3382
« 2706
—. 2704
7743
—-. 7743
-. 6569
2,444
-2.4464
2.0388
—-2.0388
—. 3027
3027
. 2076
2078
-.8357
.B357
—-. 4684
. 5846
—-6.7193
&.7193
-5. 4683546
5. 68546
-1.8747
1.8747
—1.5622
1.5622
~. 709
« 6709
—. 4601
« 4601
—1.5575
1.5575
-1.2480
1.2460

S2.2053
—42,.2133
41.75642
~33.7722
284, 464891
=274.0311
240.8%908
~233.54648
142,4713
~113. 0713
118.72461
~94,.22461
23,3932
-16.6732
15.0410
—11.4330
42.2400
—-32.2300
33.7720
=25. 8000
278.171%
—269.5139
235.3762
—228.0002
101.3142
-71.918&2
84.4302
~59.9302
156.564617
~-2.2419
11.4253
-5.8173
32,4625
—22.4725
25.9700
—-17.9780
2746.1195
-121.2115
233.563%6
—~102.354636
a8.11256
-28.7126
48.4272
=-23.9272
2.9820
~3.2620
&.8448
~2.2348
22.8793
—-12.8893
18.3035
-10.3115

155.2041
—&0. 7857
124.1649
~48.45286
983.0569

-422.3373
831.8174

~357.,3624
200.0352

55.5074
166. 6960
46,2562
31.7066
B. 3599
21.7414
5. 7324
63, 69891
10.7918
50. 9585
8. 6335
430. 3441
107.3393
372. 6006
20.B255
-42.8920
216.1244
~35.7433
180. 1037
~7.0721
33,6757
—4.8494
23,0919
-7.8463
62.7813
~6.2770
50,2251
—93.0719
469.9291
-78.7531
397. 6323

—203.1052
289.9312

~149. 2543
241.6093
-32.8785

44.1227
~22.5453

- 31.4&270
—60. 3250

96.0937
~48. 2600
76.8749



14

15

16

N oo WN

o

o U s W N - N> “

~

14
15
14
15
15
14
15
16
15
16
15
16
15
16
15
16
b £
16
15
16
16
17
146
17
16
17
146
17
16
iy J
146
17
14
17
16
17
17
i8
17
18
17
i8
17
18
17
i8
17
18
17
18
17
18

~184-

-9. Hh349
?.6369
-8.1543
8.1543
-9.1419
5.1419
-4.2849
4.2849
—.7847
. 7847
—. 2381
-.5381
-1.7001
1.7001
-1.3601
1.34601
-8.6224
8.6224
=7 .2935%
7; 2989
-6.7374
&.7374
-5.6145
S9.6145
—-. 6404
- 6404
-. 4391
<4391
~1.1725
1.1725
-. 2380
= 2380
5. 6587
S5.6587
-4.7881
4.7881
-6.1285
6.1285
—5. 1071
5.1071
- 2905
« 2505

= 1717
«1717
-. 1868
- 1868
-. 1494
« 1494
—-1.0432
1.0432
-.B8827
- 8827

131.1632
23.7448
110.9842
20,0218
14.5086
14.8914
12.0905
12.4095
3.3144
3.40546
2.2727
2,3353
13.4144
12.7918
10,7315
10.2335
-14.46527
37.3448
—12.3985
31.61463
=-27.7633
97.1633
—-23.1361
47.6361
=3.34688
10.0888
-2.3100
6.72180
—-12.2440
22.2340
9. 7952
17.7872
=25 7Tk
38.4331
-25.1744
32.5204
-&66.8385
96.2385
-895. 46987
80.1787
-10.0725
16.7925
—6.920469
11.5149
-21.7444
31.7344
=17.3935
25.3875
-32.465%4
187.5674
—-27.46348
158.710%9

-467.6154
525.3107
-395. 6746
444, 4937
—-278.7415
278.3587
-232.2845
231.9656
-45.7111
45.8200
~-31.4819
31.4174
-94.4515
95.0736
-75.5612
76.0589
-533.2252
481.2065
-451.1706
407.1747
-270.9685
186.0424
=-225.8071
155.0353
~846.1933
32.7376
-31.46768
22.4487
—24.5932
60.1155
-75.46745
48.0924
-493.9713
425.7631
-417.9757
360.2611
-183.9659
20.88%96
—-153.3049
17.4080
-33.6495
6.7846
—-23.0739
4,.6523
—-60. 6260
7.1474
—-48.5008
2.7179
—-442.17469
172.22467
=374.1497
145.7303



-185-

216.4927

: 17 1 18 -3.0566 -101.0388 ~-24. 6299

; 19 3. 0566 130.4388 ~-206.8473

g 2 18 ~-2.5472 -84, 1990 ~20.5249

o 19 2.5472 10B. 5990 -172.3727

! 3 18 . 3453 -14.7743 ~-8.1026

g 19 ~. 3453 23.4943 ~32. 16460

gt 4 18 . 2367 -11.5024 -5.55641

o 19 - 2347 1&6.1104 ~22.0567

i S 18 1.0630 -31.3251 ~-8.4948

19 -1.0630 41,3151 -&4. 1452

b 18 . 8504 —25, 05601 -b.7959

19 —-. 8504 33.0521 -51.3162

7 18 b.3257 ~185. 0494 ~193.2337

19 —b.3257 339.9576 -410.7481

B 18 5.3525 -156.5804 -1463.5054

e 19 -5.3525 287. 6564 ~347.5541

18 1 19 1.8363 -130. 0302 199.1292

. 20 —1.8363 159. 4302 -489.5894

St 2 19 1.5303 -108. 3585 1465.940%

RS 20 -1.5303 132.8585 -407.1578

S 3 19 1.0335 —23. 4559 30.7485

: 20 -1.0335 30.1759 ~-84.3803

. 4 19 . 7087 -15. 0840 21.0847

s 2G -. 7087 20,6520 ~57. 8508

' 5 19 2.3507 ~-41. 0150 b62.2814

20 -2.3507 51.0050 -154.3014

& 19 1.8805 ~32.8120 49.8251

20 ~-1.8805 40.8040 ~123.4412

7 19 15.0189 -340, 4837 390.0470

20 ~-15.0188 349.1414 ~1079. 46720

8 19 12,7082 ~288. 1014 330.0398

20 ~12.7082 295.42764 -913.5687

ELEMENT LOAD  JOINT TORSION — X SHEAR — Z MOMENT — VY
NUMBER  COMB. ND. KN = m KN KN - m

109 1 1 -8.504% -428.8144 -522.0601

. 11 8.5049 460.77%6 -383.7760

oo Z 1 ~7.0874 -357.3453 435, 0501

- 11 7.0874 383.9830 -319.8133

3 1 - 0953 -44.8850 -50. 2495

11 . 0553 48.9053 —-48. 9430

4 1 - 0653 ~32.1504 -34, 4568

11 L0653 33.5351 -33.5609

5 1 —.1249 -88.1724 ~91.2411

11 .1249 88.6729 -89. 1842

& 1 -. 0999 -70.5379 -72.9929

11 . 0999 70.9383 -71.3474

7 1 2.0034 -514.0589 - -508.2296

11 ~2.0038 ~S543. 4786



110

111

112

113

“

D

o N o~ W

o

0 N O~ W

11
11
21
11
21
11
21
i1
21
11
21
13
21
11
21
11
21
21
31
21
31
21
31
21
31
21
31
21
31
21
31
21
31
31
41
31
41
31
41
31
41
31
41
31
41
31
41
31
41
41
a1

e 12

1.6953
~1.6953
-. 3196
-31%4
—. 2663
2663
- 0293
-. 0293
0201
-. 0201
-1361
—. 1361
. 1089
- 1089
3223
—. 3223
« 2727
—e 2727
- 2024
. 2026
—. 14688
. 1688
—. 0032
. 0032
—. 0022
- 0022
« 4070
-. 4070
« 3256
- 3256
-.9741
.2741
—. 8242
.8242
. 1238
« 1032
-. 1032
. 0005
-. 0005
- 0004
—. 0004
1.9339
-1. 92339
1.5471
-1.5471
~-3.4071
3.4071
-2.882%9
2.8829
- 0310
-. 0310

=-436.6652
437.0323
-200.8694
232.8344
-147.3912
194.0288
-45.1814
47 .2007
-30.9815
32.3662
—-87.3064
88.9610
-69.8451
71.14688
~575. 1383
976.5723
—486. 6555
487 .8489
—-187.3805
219.3457
-156. 1504
182.7881
-45.8542
47.8735
-31.4429
32.8275
-101.3357
102.9703
-81.068B6
82.3923
-598.3027
559.7368
~-472.4100
{73.6234
-185. 3450
217.3102
—154. 4542
181.0%18
-45.7842
47.8035
=31 .3749
32.7795
—-161.2578
163. 4441
—-129.0062
130.7569
—444,6610
4446.5576
-376.2316
377.85464
-18%.8601
221.8253

—430.0405
—459.8665
—-218.1886
-223.4340
—-181.8238
-186. 1950
~-47.4216
-48.2995
-32.5177
-33.1196
=07 1272
—91.7475
-71.3018
-73.4140
-584.0440
-587.7156
-494.1911
-499.1594
~-203.4276
=210.7245
-149.5230
-175.6038
—-48.3920
—-48. 6993
-33.1831
-33.3938
-101.0379
-108.4277
-80.8303
~-84.7422
=578.2675
—-561.40463
—-48%.3033
-475.0361
-198.4932
-211.5136
-165.4110
~176.2613
—-48.2876
—-48.6611
-33.1115
~-33.3676
~-149.2271
~-183.3782
-119.3816
-144.7025
~-484.3675
~424.8326
—-409.8474
-359.4738
—-203.7271
—215.4729



114

115

114

o~ o~ oW o«

2

o

11
o1
41
o1
41
=3 |
41
51
41
=} |
41
al
41
St
=1
b1
S1
61
51
a1
351
61
St
61
51
61
3t
b1
=3
61

61

71
&1
71
&l
71
a1
71
61
71
b1
71
61
71
al

71

71
81
71
81
71

81

-1i87-

« 0425
=« 0004
- 0004
—a 0003
- 0003
- 2483
« 793846
-.7584
=2.0025
2.0025
-1.6944
1.46944
. 0051
—-. 0051
<0082
—-. 0042
« 0001
—. 0001
» 0001
- 1645
~. 1445
1314
. 1316
—. 4328
« 6328
-. 9354
« 3354
-. 0280
- Q280
—. 0233
« 0233
= 0004
—. 0004
« 0003
=. 0003
—. 4893
« 4893
-.3914
-.3914
-. 8016
. BO1S
-. 6783
« 6783
~. 0798

-0998 -

—-. 0B31
. 0831
—-. 0018
« 0018

—-158.21&8
184.8544
-45.7878

47.8071
~31.3%73
32.7820

=234. 4006
237.9871

=-187.5205
170.3897

-303.7950
306.79033

=297.0573
259.46874

-121.3084
223.273%5

-159. 4234
184.04613
—45.7754

47.7948
—-31.3889
32.7735

—261.7484
2466.7125

—209.3987
213.37Q0

—234.5137
238.8159

~198.4347
202.0750

=-190.,7172
222_ 4824

-158.9310
185. 53684
~45.782%

/7.8023

—31.3740
32.7787
-253.3595
258.32346
~202.86876
204. 6589
—-197. 4630
201.7452
—-1467.0841
170.7244
-187.4174%
219.3826
—156.1812
1892.8188
—45.7462
A7.7655

- =169.7742

=179.5&07
-48.2994
—-48. 65467
~-33.11946
=33.3&6456
—-233.2B823
=250, 48049
—184. 46259
-200.4840
=-32%.4258
—-294.2140
=278.744%
—249.5427
~205. 60464
-214.5450
—-171.3387
—-180. 4541
—48.2841
-48. 4468
-33.1091
-33.3578
=269.34462
=272.99046
-215.4770
-218.3225
—248. 03462
~-237.59%1
=209.87449
-201.90454
~205, 2941
=-215.6532
-171.0784
—172.7110Q
-48, 2877
—-48. 4584
-33.1116
-33.346508
—-2646.5361
~258.7163
=-213.2289
-206.9730
-211.78%91
-198.3216
—=179.2062
-167.8B498
—-202.5637
—211. 4638
—-168. 8031
—-174.38465
-48, 2493
-48. 6021



3 1 4

118

119

W N = @O N> U b

o

0 ~N >

-

W N O W

N

71
81
|
81
71
81
71
81
71
81
81
91
81
71
81
g1
81
T 1
81
21
81
1
81
91
81
71
21
101
71
101
71
101
71
101
71
101
91
101
91
101
91
101
101
111
101
111
101
111
101
111
101
211

=188~

- 0012
0012

- 24463
—. 7463
« 7971
—. 7971
-2.9283
2.9283
-2.4778
2.4778
« 2524
-.2524
« 2103
—. 2103
. 0065
-. 00465
. 0045
—. 0045
—. 3343
3343
—. 2674
2674
—. 95720
« 9920
—. 5009
-.S5009
-. 9880
- 2880
~. 4900
« 4900
—. 0630
0630
-, 0432
. 0432
-. 4459
« 4459
—u 3067
« 3067

. 0743
-. 0628
. 0628
10.4426
—-10.44826
8.7022
-8.7022
- 2872
-.2872
- 1970

- 1970
1.6264
-1.6264

-31.3688
32.7535
-266.5618
270.1483
-213.2495
216.1187
-102.3257
105.4340
-B&. 5833
89.2134
-191.3605
223.3256
-159.44671
186.1047
-45.86B7
47 .8881
=31.4529
32.8375
-279.3421
285.9071
~-223.4737
228.7257
~14.4020
14,4020
-12.1863
12.1863
-182.6914
214, 46567
-152.2430
178.88046
-44.4115
46.4308
-30.4536
31.8383
—-2460.8220
265.7861
=208. 65746
212.6287
2.8085
=2.8085
2.3764
-2.37464
—437.2441%
469.2093
~-364.3701
391.0077
-90.2052
52.2246
~34.42465
35.8111
-291.3143
296.2784

-33.0990
~33.3272
-264.0479
-283.3364
-212.8383
-226. 6691
-132,3954
-81.6490
-112.0269
~69.0877
-203.4909
-218.7bb66
~169.5757
-182.3055
-48.3211
-48.7999
-33.1345
~33.4428
-293.3139
-288.1744
-234,6511
-230.5395
-19.8556
-9.4744
~16.8009
-8.0168
-202.0322
-202.5707
~148.3602
~1468.8089
~47.44564
-44.7068
~32.5347
-32.0275
-273.7546
~266.6952
~-219.0037
213, 3562
2.2087
3.5107
1.8689
2.9706
~364.5211
-558.4819
-303.7676
~445.4015
-50.2756
-55. 6767
-34.4747
-38.1783
~-286.6348
-315.9131



=187~

& 101 1.3011

111 -1.3011

7 101 -.0411

111 L0411

8 101 -.0348

111 . 0348

ELEMENT LOAD  JOINT TORSION - X
NUMBER  COMB. NO. KN — m

208 1 10 10.4435

20 -10.4435

2 10 8.7029

20 -8.7029

3 10 . 28764

20 -.2876

4 10 . 1972

20 -. 1972

5 10 . 5082

20 -.5082

b 10 . A046S

20 -. 40465

7 10 -1.19464

20 1.19464

B 10 -1.0123

20 1.0123

209 1 20 -.5882

30 . 5882

2 20 ~. 4902

30 . 4902

3 20 —. 0630

30 . 0630

4 20 -.0432

30 . 0432

5 20 -.2127

30 2127

b 20 -.1702

30 . 1702

7 20 ~-. 84657

30 .8657

a 20 -. 7325

30 7325

210 1 30 - 2522

40 -. 2522

2 30 .2102

40 -. 2102

3 20 . 0065

40 -. 0065

4 30 . 0044

40 -. 0044

-233.0514 -22%9.3078
237.0227 =252.7305
5.7880 9.9334
-5.7880 6. 25490
4.8975 4.6821
-4.8975 5.2918
SHEAR - Z MOMENT - Y
KN KN — m
469.2175 5958.4982
-437.2523 364,.5215
3721.0146 465.4152
=344.3769 303.7679
53.8904 99. 7235
~-51.8711 50.3165
36.9534 38.2104
-35.5687 34.5028
24,4580 100.2744
~93%, 9575 91,2299
75.54464 80.2195
=795.1660 72.983%
580. 7452 580.5441
-980.3113 601.4063
491.3998 491.22%96
—-491.0327 508.8822
214, 6459 202.5582
—-182. &6B07 202.0227
178.8716 168.7985
~152.233% 168.3522
48.0895 446.7428
-46.0701 47.4836
32.9756 32.0522
~31.5910 32.5602
87.9810 B6.3022
-86.3264 87.7786
70.3848 69.0418
-67.0611 71.8229
635.0115 637.7842
w33 AT 7S 652.7449
S537.3174 539.6436
-534.1041 552.3227
223.324%7 218.7640
-191.3597 203.4%921
186.1040 182.3033
—-159. 46464 169.5767
49.5495 48.8389
—47.5301 48. 3609
33.9748 33.4895
=32.95721 33.1618



211

212

W N = O N O U

E

B WN

w

N

&0

=190~

=. 5900
« 59900
—. 4720
« 4720
4174
-.4174
« 3532
- 3332
-. 0998
- 0998
-.0831
0831
-.0018
0018
=.0012
0012
-1.9741
1.9741
—1.5793
1.5793
5.3202
=5.3202
4.5017
-4,.5017
-. 0279
.0279
-=. 0233
0233
- 0004
—. 0004
- 0003
-, 0003
=. 7570
. 7570
—-. 6056
. 6056
2.1552

~ 1 E5"

- vt s

———
¥ e na)

-

—a s 32506
. 0052
-, 0052
0043
—. 0043
—. 0001
. 0001
. 0000
- 0000
. 0493
- 0374
. 0394

108.7144
-107.0597
B6.9715
-85. 6478
646.5708
-645. 1567
S547.1153
-5945.9019
219.3878
-187.4227
182.8232
-1956. 18356
49.4282
—47.4089
23.89346
-32 .« 3090
175.4923
-173.3040
140.3939
-138.6432
498. 8563
-494.9598
422.1092
—-420.5045
222.6863
-190.7212
185.571%9
—-158.9343
49 . 46446
-47.4452
33.7186
-32. 9339
243.8728
-243.8728
195. 0983
-1935.0983
303.8809
-303.8809
257. 1300
297« 1300
eSS 2T
-191.3083
186.0612
-159.4236
49.4561
—-47.43468
33.9128
-32. 5281
264.7008
—-2&64.7008
211.7606
-211.7606

104, 10465
114.1983
83.2852
91.3586
&60.8251
653.2866
959.1597
952.7809
211.66%0
202.5689
1746.3908
168.8074
48. 6428
48.3100
33.3551
33. 1269
159.4078
192.7838
127.5263
155.0270
552.8929
459.39246
467 .8325
388.7185
215.6577
205.2980
179.7148
171.0816
48. 46787
48,3280
33.3935
33. 1392
241.6884
254.9627
193.3507
203,9702
328.3251
290.5335
277.8135
245.8361
216.5461
205. 6050
180. 4551
171.3375
48.6865
48,3232
33.3850
33. 1359
269.1014
269.9657
215.2812
215.9726



214

215

216

a & W N 0O N -~ O~ W N> U2 WN w

o~

&0
70
&0
70
70
80
70
80
70
80
70
80
70
80
70
80
70
80
70
80
80
0
80
20
80
g0
80
{0
80
70
80
0
80
0
80
g0
{0
100
20
100
F0
100
20
100
F0
100
F0
100
70
100
90
100

~i9 1~

- 4438
-. 4438
- 3756
-. 3756
-0511
-.0511
0426
-.042646
-. 0004
. 0004
-. 0003
. 0003
- 3944
—. 3544
- 2835
-. 2835
1.1333
=-1.1333
-758%
—. 7589
. 1238
~. 1238
. 1032
-« 1032
- 0005
—. 0005
- 0004
—. 0004
- 9571
« 7571
- 7657
« 7657
2.8918
-2.8918
2.4469
—-2.4446%
—. 2029
- 2029
- 1671
1691
—. 0033
« 0033
-. 0023
. 0023
- 4679
—. 4679
- 3743
- 3743
- 3089
—. 30879
- 2614
—.2614

236.7457
—2346.7457
200.3233
=200.3233
221.8195
—-189.8543
184.8495
=i oE. 2119
49.4472
-47.4478
33.9203
-32.5357
256.B202
-256.8202
205.4561
-205.4561
1946. 0067
=196, 0069
165.8520
—-1465.8520
217.3028B
-185.3377
181.0857
-154. 4481
49.44631
-47.4438
I3. 9175
-32.5329
272.3890
-272.38%0
217.9112
~217.%112
92.0344
-92.0344
77.8753
=77.8753
219.34467
—-187.3816
182.7889
—184. 1313
49,5352
-47.35158
33.9670
~-32.9823
271.5278
—284.9628
233,2223
-227.9702
?.3578
-7.3578
7.9181
~7.7181

244,9595
237.1768
207.2734
200. 6881
215.486764
203.7224
179.5563
169.74687
48. 6949
48.3372
33.3908
33.1455
264.6161
258.4021
211.46229
206.7217
209.5217
189.6493
177.2876
160.4725
211.505%9
198. 4858
176.2549
165. 4048
48. 46987
48,3251
33.37934
33.1372
268.9709
285.7536
215.17467
228.6029
119.04688
68.3607
100, 7505
=7.8437
210.7229
203.4313
175.46024
169.5261
48.7383
48.4323
33.4205
33.2107
295.0121
286. 0850
236.0097
228.8680
12.2366

6.8206
10.3541

S.7713
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232.8420

j 1 100 -.31986 223.4422
. 110 .3194 ~200.8768 218. 1961
L 2 100 -~ 2563 194, 0350 186.2018
oL 110 . 2643 -167.3974 181.8301
P 3 100 . 0293 48.84628 48,3402
o 110 ~. 0293 ~46. 8435 47.45614
- 4 100 . 0201 33.5059 33.1475
R 110 ~-. 0201 -32.1213 32.5450
Co 5 100 . 1855 273.0049 275.3644
Lo 110 —. 1855 —268.0511 271.3528
R & 100 .1484 218. 4055 220.2915
T 110 -.1484 -214._4408 217.0822
Pod 7 100 - 0906 -. 2619 -.1848
Lo 110 ~. 0906 - 9619 -1.7742
SRR 8 100 .0747 -.B140 ~. 1564
110 ~. 0767 .8140 -1.5012
218 1 110 -8.5042 460. 74689 383.7707
120 8.5042 -428.8038 522.0421
2 110 -7.0868 383.9741 319.8089
120 - 7.08468 ~357.3365 435, 0350
3 110 -.0954 50.5700 48.9844
120 . 0954 —48. 5507 50. 2935
4 110 -. 0654 38. 4760 33.5893
120 . 0654 -33.2919 34.4870
5 110 -. 4532 280.0511 274.8928
120 . 4582 ~275.0953 284, 1682
& 110 -. 3465 224.0409 221.5142
120 . 3665 —220.0762 227.3345
7 110 . 0264 -3.9%06 -3.8302
120 -.02bb 3.9906 ~4.2947
g 110 . 0225 ~3.3767 —3.2409
120 -.0225 3.3767 -3. 6357
SUFPPBRT REACTIDNS
JOINT LDAD MOMENT — X SHERAR — Z MOMENT - ¥
ND. COMBINATION KN - m KN KN - m
Kb ¢ 1 263.3079 -255.0199 . 0001
2 219.4232 ~212.51b66 . 0001
3 25.4209 -31. 6500 . 0000
4 17.4314 -21.7029 . 0000
S 44,1408 -62.4573 . 0000
& 36.9126 -49, 9658 . . 0000
7 © 256.5766 ~381.5445 - 0001
8 -322.8453 - 0001

217.10332




11

21

31

41

51

61

71

PUNHFONDTURUN~ONDCULBUNCONOCURWUNFONCURUNCDONDIUDUNRCRDONOUDWN =

winn-

314.2231
261.8526
48.4102
33.1955
89.4854
71.5883
S561.747%9
475.3252
216.7766
180.46472
48.5152
33.2676
96.5758
77 . 2806
S84.1826
494.0007
2046.3645
171.9704
48.7147
33.4043
129.4171
103.5337
526.7787
445.,7359
208.5182
173.7652
48,7028
33.3962
206, 3393
165.0715
385.3677
326.0804
211.4201
176.1834
48.46951
33.3909
259.2718
207.4174
277 .6735
234.9945
211.8583
176.5486
48. 46923
33.3890
270.2905
216.2324
227.8862
122.8248
210.01468
175.0140
48. 46871
33.3854

439.7004
366.4170
33.9046
23.248%9
53.5718
42.8575
226.0435
191.24676
177.2180
147.6817
31.53957
21.64656
42.7788
34.2391
305.7063
258.46746
161.3260
134. 4383
32.3625
22.1915
11.8471
?.4777
369. 3007
312.4852
157.0844
130.90346
32.2697
22.1278
90.3445
40.2756
344.0817
291.1461
161.77982
134.9985
32,2769
22.1327
128.7174
102.9739
226.4178
191.5843
164.3941
1346.9951
32.2541
22,1171
171.5320
137.2256
172.4918
145.95446
166.4107
138B.6756
32.2961
22. 1459

. 0006
« 0005
«» 0001
- 0001
. 0001
. 0001
-0012
0010
« 0002
- 0002
- Q000
« 0000
- 0001
«» 0001
« 0006
« 0005
-. 0004
—. 0004
-.0001
-.0001
-. 0001
-. 0001
«» 0000
-« 0000
. 0000
« 0000
. 0000
. 0000
. 0000
- 0000
. 0001
- 0001
-. 0001
-. 0001
« 0000
- 0000
—. 0003
—-. 0003
-. 0004
—. Q003
—-.0002
-. 0002
. 0000
—. 0004
~. 0003
-. 0001
-.0001
-« 0002
—. 0002
-. 0001
- 0000
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S 264.9702 140.6740 =. 0004

6 211.9762 112.5372 —. 0003

7 4 166.7581 201.89946 —. 0002

8 141.2722 170.8381 —. 0002

81 1 208. 6305 158.5011 —. 0004

2 173.8587 132.0842 =« 0003

3 48. 6946 32.1324 « 0000

4 33.3706 22.033646 - 0000

S 288.2711 160, 4530 =« 0005

& 230.46169 128.3624 =. 0004

7 4 S56.1978 117.3257 —=. 0001

a8 47 .5520 99.27546 —. 0001

21 1 209.4784 171.8908 —.0001

< 174.7320 143.2424 —-.0001

3 48,2924 33.5612 -. 0001

4 33.1148 23.0134 -. 0001

S 282.5660 188.1342 —-. 0002

& 2246.0528 150.5074 -.0002

7 5.5456 17.9673 - 0000

a8 4.46925 15.2031 » 0000

101 1 289.9078 —-63. 13529 —. 0002

2 241.5898 -52.6274 -. 0002

3 48.7606 26.3945 —. 0001

4 33.5730 18.09%21 - 0000

= 272.792246 134.4034 —. 0002

b6 225.8341 107.5227 =. 0001

7 -4.0978 -. 0029 » 0000

a -3.44674 -. 0025 . 0000

111 1 263.2418 663.1476 -.0002

2 219.34682 S952. 6230 -. 0002

3 27.9813 70.4411 - 0000

4 19.1872 48.3025 . 0000

S 159.1245 393.0239 . 0000

1) 127.2996 314.41%1 » 0000

7 -2.9516 -7.7143 « 0000

8 —2.4975 -6.5275 . 0000

JOINT LOAD MOMENT — X SHEAR - Z MOMENT — Y
NO. COMBINATION KN — m KN KN — m

10 1 =263.2482 663, 1603 - 0002

- ~219.3735 552.6336 « 0002

3 -28.0038 72.1111 - 0000

4 -19.20246 49.4474 - 0000

9 -50.46740 125.1466 - 0000

& =40.5392 100.1173 - 0000

7 ~-301.3921 753.477%9 -. 0004

8 —-255.0241 637.5582 -. 0004

20 1 -289.7024 ~63.1763 —. 0005

2 =241.5853 -52.64569 -. 0005

3 -48.9985 26.3943 -. 0001
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40

S50

60

70

80
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-33.598%
-90.1531
~72.1225
~-4623.2144
=527.3370
-209.6725
—174.7271
-48.3295
—-33.1402
-98.9887
=~77.190%
-656.8627
-5955.806%
—208. 6337
-173.8614
-48.7339
~-33.4175
-140.9240
-112.7952
—-594.1453
-504.4307
=210.0216
-175.0180
—-48.7267
~-33.4126
-212.5584
=175.64467
-394.0847
=333.4563
-211.8805
-176.5504
-48.7312
-33.4157
~-263.4523
-210.7619
-268.2808
=-227.0068
—-211.48167
-176.1806
-48.7328
-33.4168
~268.5140
-214.8112
-221.5622
-187.4758
-208.5112
-173.7593
—-48.7395
-33.4214
-2646.8339
—-213.44671
-150.3774

18. 0970
45.0286
36.0229
403.8418
341.7123
171.8972
143.2477
33.5707
23,0199
77.5747
42.0598
399.2758
337.8488
158.5081
132.0701
32.1415
22.0399
1446. 1892
116.9513
2346.9831
200.5242
166.4101
138. 6751
32.3034
22.1509
201.0502
140.8401
43.825%9
37.0834
164.3904
1346.9720
32.2608
22.1217
174.8449
132.875%
B84.0422
71.1126
161.9902
134.9918
32.2827
22.1367
147.2273
117.7818
20.7133
76.7574
157.0783
130.8986
32.2757
22.1319
165.8641
132.46913
-12.2937

-.0001
—-. 0001
-.0001
-.0014
-.0012
—. 0001
=. 0001
. 0000
- 0000
—. 0001
=. 0001
- 0006
- 0005
- 0002
. 0002
- 0001
- 0000
« D002
. 0002
0011
- 0009
- 0004
- 0003
- 0001
. 0001
- 00046
« 0005
- 0006
« 0005
. 0000
- 0000
—. 0001
- 0000
-. 0001
-.0001
=. 0002
=. 0002
« 0003
- 0003
- 0000
- 0000
. 0001
. 0001
- 0004
. 0004
- 0004
- 0004
. 0002
- 0001
- 0002
- 0001
« 0002



=196

B -127.2424 —10.4024 - 0001
0 1 —-2064.3605 1461.3322 « 0002
2 -171.94671 134.4435 0002
e, -48.7521 32.3716 - 0000
4 -32.4300 22.1977 - 0000
S —-250.468468 190.9494 - 0003
& -232.5495 182.7597 « 0003
7 -40.215646 —-bb6.4994 . 0001
B 3456209 -56.2687 «. 0001
100 1 -2146.7822 177.2274 . 0004
2 -180.46518 147. 6896 . 0003
3 -48.5544 31.46044 - 0001
4 -33.2944 21.46714 . 0001
o -282.1847 150. 1555 - 0002
& —-225.7493 120.1244 - 0002
7 -2. 9111 -8.9737 - 0000
8 -2.44633 ~7.5931 - 0000
110 1 -314,2233 439.6819 - 0004
2 —-2561.8527 366.4016 . 0004
3 48, 4499 33.92151% . 0001
B i 1 b 23.2561 - 0001
o -275.4818 171.4013 - 0002
& -220.3855 137.1210 - 0002
7 2.9506 -4.18466 - 0000
8 2.484967 -3.95423 « 0000
120 1 ~263.2991 -295.0138 —. 0004
2 -219.4159 -212.5115 -. 0003
3 -25.4422 -33. 3103 . 0000
43 =17.38461 -22.8414 . 0000
S -143.9410 -195.7284 —. 0001
) -115.1528 -~156.3827 -. 0001
7 2.2746 3.0937 . 0000
8 1.9247 2.6178 . 0000
COMPARISON OF ELEMENT-END FDRCES
COMPARISON OF FORCES ALONG ELEMENTS i THRU 2 AT STEFP 1
LOAD ELEM Max/Min On Max /Min on Max /Min On
COMB END TORSION - X EL. SHEAR - Z EL. MOMENT — Y EL.
1 A-End 14.37 i 173.79 458.96 1
-7.99 7 -1446.29 9 -270.27 é
B-End 799 7 1923.94 Q 279.74 9
-14.37 i -126.14 i -491.656 9
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2 A-End 11.97 1 144,83 i 382.47 1
-&. 66 7 -121.921 9 -225.23 ()
B—End 6.66 7 161.62 9 233.12 S
-11.97 1 -105.12 i -3409.72 g
3 A-End .89 L 15.24 1 43.82 1
-.71 o -14.52 9 -27 .42 ()
B-End - 71 S 18.22 9 27.24 S
-.89 9 -11.54 1 -48. 68 9
4 A-End .61 9 10.45 1 30.05 1
-. 49 5 -2.94 9 -18.80 &
B—-End .49 %5 12.49 s 18.46% =
-. 61 2 -7.21 1 -33.38 9
5 A-End 1.88 g 25.72 1 792.55 1
i O 5 =S 20 9 -54.97 (=)
B—-End 1.45 e’ 30.6% 9 55.05 -
-1.88 ? ~20.23 1 -87.60 9
6 A-End 1.50 9 20.57 1 63.64 1
-1.1646 5 -20.146 9 -43.98 &
B-End i.14 b 24.55 9 44,04 S
-1.50 9 -16.18 1 -70.08 9
7 A-End i5.28 9 138.21 2 441.76 i
-9.48 4 -167.97 Q -236.04 1)
B-End 2.48 4 172.73 2 227.14 S
-~15.28 2 -133.45 b -505. 15 9
8 A-End 12.93 9 116.95 2 373.79 1
-8.02 4 -142.13 9 -199.73 &
B-End 8.02 4 146.16 g 192.20 -]
~12. 93 g -112.92 2 -427 .43 9

COMPARISON OF FORCES ALONG ELEMENTS 100 THRU 108 AT STEP 1
LOAD ELEM Max/Min On Max/Min On Max/Min On
COME END TORSION - X EL. 8HEAR - Z EL. MOMENT - Y EL.
1 A-End 14,37 108 123.94 100 491.64 100
~7.99 102 -126.14 108 -279.73 104
B-End 7.99 102 173.79 108 270.26 103
-14.37 108 -146.29 100 -458.95 108
2 A-End 11.97 108 1i61.62 100 409.70 100
~6.466 102 -105.12 108 -233.11 104
B-End .66 102 144.83 108 225.21 103
-11.97 108 -121.21 100 -382.46 108
3 A-End .89 100 18.22 100 4B8.64 100
-.71 104 -11.54 108 -27.27 104
B-End .71 104 15.24 108 27.42 103
-.89 100 -14.52 100 -43.86 108
4 A-End .61 100 12.49 100 33.36 100
-.49 104 -7.92 108 -18.70 104
B-End .49 104 10.45 108 18.80 103
—-.61 100 -9.946 100 -30.08 108



w

A-End

B-End

A—-End

B-End

A-End

B—-End

A-End

B-End

F6.75
-62.87
79.37
-80.25
77.40
-50.2%
63.49
-&4.20
.20
-1.93
1.93

- 20

- 76
-1.63
1.63

e e e e e e e A e = e e e T e e e e e e e

LOAD
COMB

ELEM
END

A-End

B—End

A-End

B-End

A-End

B-End

Max /Min
TORSION - X

11.51
-b.74
6.74
=311:9%
2.99
-5.61
S5.61
-2.39
1.09
e 87
- 87
-1.09

« 75

On
EL.

Max /Min
SHEAR - Z

179.79
=150.3%
179.79
-1350.3%2
149.83
-125.32
149.82
-123.33
30.27
—-23.56
30.28
-23.55
20.76

_— Y- 1 A
"

= M »

287.44
=377.60
3B6.26
-278.78

100 276.00
108 -172.37
108 173.42
100 ~-247.78
100 220.80
108 -137.920
108 138.74
100 -198.22
108 2.99
100 -5.47
100 3.7&6
108 -3.53
108 2:93
100 -4.63
100 3.18
108 -2.99
9% AT S5TEFP 1
On Max /Min
EL. MOMENT -~ Y
10 S520.38
99 -289.94
99 289.93
10 -520.38
10 433.465
99 -241.61
99 241.61
10 -433.65
28 84.49
81 ~844.75
81 44.76
28 ~-84.55
28 S7.93
21 -22.048
7% =02.97
81 -314.14
81 311.47
73 -306.63
73 402.38
81 =251, 31
81 249.17
73 -405. 30
19 1018.29
27 ~637 .65
27 &6£51.19
19 -1144.93




8 A-End

B—-End

LOAD ELEM

COMB END
1 A-End
B-End

2 A-End
B-End

3 A-End
B-End

4 A-End
B-End

S A-End
B-End

6 A-End
B-End

7 A-End
B—-End

8 A-End
B-End

13.02
-8.35
8.35
~13.02

-199-

28
23
23
28

Max /Min
TORSION - X

.09
= 20
9.20
—. 09
.07
-4,33
4.33
- 07
-18
-.17
o X
-.18
P i
-. 11
31
. 1e
2.24
-2.1&
2.14
~-2.24
1.79
-1 .72
Wy s
-1.79
5.97
-4.10
4.10
e T
4.71
-3.47
3.47
-4.71

243.22
-319.51
326.84
-235.89

Max /Min
SHEAR - Z

14.40
-14.40
14.40
-14.40
12.00
-12.00
12.00
=-12.00
-83

-. 84
.84
-.83
37

- T

" 37
—e7
S5.88
-5 . 02
9.02
=5.88
4.71
-4.02
4.02
-4.71
12.10
—-14.58
14.58
-12.10
10.24
-12.34

861.63

-9

39.99

S951.01
-9468.79

Ma

x/Min

MOMENT ~ Y

14.13

-19.19

15.19
14.13
184,77
12. 66
12. 466

—-131.77

.88
-.88
.88
-« 88
« 650
-. 60
« &0
—.61
5.98
-3.39
&.17
-5.035
4.78
-4.28
4.93
-4.04
11.51

-15.94

13.13
13.76

9.74
13.48
11.11

—-11.64

On
EL-

185
142
185
142
185
142
185
142
197
120
207
130
197
120
207
130
167
139
178
137
1467
139
174
137
186
145
186
145
186
145
186
145
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D Linef

CONDCUDUNR

b
- O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
S0
51
52
53
54
55
56

OO0 -

C

10

15

=~ 200~
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PROGRAM GRID1
CHARACTER DR1#2,FNINN#10,FNOUT*10,SN*2, TITLE*B80, CAS*S0, COM(10) *50
1,A5%1,FF*1,DR2%2

COMMON /JD/C(200,2) ,JR{200,3) ,N5J (460)
COMMON /ED/MC(3460,2) , M5 (360) ,S(50,2) , XL (360) ,M(360, 6)
COMMON /LD/FE (3600,4) ,2(5500),F (10,10) ,CL(3),D(&)
COMMON /TR/XK (b, &)

WRITE(%,10) ’Enter Data Disk Drive [A:,B:,C:]1 °
FORMAT (SX,A%)

READ (%, 15) DR1

FORMAT (3A)

WRITE (%, 10) "Enter Structure Number [2 Digitsl *
READ (%, 15) SN

WRITE(%,10) "Enter Analysis Disk Drive [A:,B:1 ’
READ (%, 15) DR2

FNINN(1:2)=DR1

FNOUT (1:2)=DR1

FNINN{(3:2+&)="DATA.G’

FNOUT (3: 2+4) =" DOUT. G*

FNINN(9210)=58N

FNOUT (9: 10)=5N

DPEN(1,FILE=FNINN)

OPEN(2, FILE=FNOUT, STATUS="NEW”)
OFPEN(3,FILE="A:GRIL.DAT” ,ACCESS="DIRECT” ,FORM="FORMATTED”,
1 STATUS="NEW” ,RECL=&)
WRITE(3, 15) DR2, 5N, DR1

CLOSE(3)

FF=CHAR{12)

C READ TITLE OF STRUCTURE

[

oon

READ(1,” (A)?)TITLE

READ JOINT CO-ORDINATES

30

20
70

S50
a0

60

40

READ (1, 20)JCO
IF (JCO) 30, 30, 40

TH=0

READ (1, 20)NJ

FORMAT (15,5X,2E10.0, I5)

READ (1,20)J, (C(J, 1), I=1,2),15
IF (J) 45, 45,50

1IF (18)70,70,80

READ (1,20)N, (C(N, I),I=1,2)
DF=(N-J) /18
RX=(C(N,1)-C(J, 1)) /DF
RY=(C(N,2)-C{(J,2)) /DF

DO 60 I=J+1S,N-1S5,1S
C(I,1)=C(I-I8,1)+RX
C(I,2)=C(I-18,2)+RY

GOTO 70

CALL SUBJC(TH,NL,NT,NJ)
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v

NN NKNN -

57
S8
39
60
b1
62
63
&4
65
66
&7
68

70
71
72
73
74
75
76
77
78

80
81
82
a3
84
as
86
87
a8
89
90
1
92
93
94
25
-
o7
o8
2%
100
101
102
103
104
105
106
107
108
109
110
111
112

1
c
c
g

onon

onoon

onoon

oD

oo

b S
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READ ELEMENT CONNECTIVITY & SECTION NUMBERS

45 READ (1,20)MCO
IF (MCD) 90, 90, 100
90 READ(1,110)NE
140 READ(1,110)J, (MC(J, 1),I=1,2),MS{J), IS
110 FORMAT(SIS)
IF(J) 120, 120, 130
130 IF(IS) 140,140,150
150 READ(1,110)N
ID=IABS (IABS (MC (J, 1)) -IABS (MC{J, 2)))
DO 160 I=J+IS,N,IS
MC(I,1)=MC(I-IS,2)
MC(I,2)=MC(I-1S,2)+ID
160 MS(I)=MS(J)
GOTO 140
100  CALL SUBMC(NL,NT,NE)

READ JOINT RELEASES

120 READ(1,110)J, (JR(J,1),I=1,3),1I8
IF (J) 170,170, 180
180 IF(IS)120, 120,190
190 READ(1,110)N
DD 200 I=J+IS,N, IS
DO 200 L=1,3
200 JR(I,L)=JR(I-IS,L)
GOTO 120

COMPUTE NO. OF SUFPDRTED JOINTS

170 NSU=0
DO 176 I=1,NJ
DO 175 L=1,3
IF(IR(I,L)=1)175,177,175
177 NSU=NSU+1
NSJ (NSU) =1
GOTD 176
175 CONTINUE
176 CONTINUE

READ MATERIAL FROFPERTIES

READ (1, 20)NS,E, B
READ(1,310) ((S(I,3),J=1,2), I=1,NS5)
310 FOSMAT(2E10.0)

READ LDAD INFORMATION
READ(1,110)LC,NLC

WRITE INPUT DATA TO FILE 2

WRITE(2,” (A///3X,R)7IFF,*STRUCTURAL ANALYSIS OF PLANE GRILLAGES?®

CALL SPAC1
WRITE(2,3B5)SN, TITLE
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LIN =
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113
114
115
11&
117
118
117
120
121
122
123
124
125
124
127
128
129
130
133
132
133
134

135

13s
137
138
139
140
131
142
143
134
145
144
147
148
139
1So
151
152
153
154
155
156
157
158
152
160
161
162
1563
164
165
14646
167
148

(™

¢

c

289

370

o

400

{41&
413
417
420

410

—202~
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FORMAT (/7 /3X°BTRUCTURE ND. *AZ2,3X,A)
CALL SPAC1

WRITE (2,390)NE,NJ,LC,NLC,E, G, TH
FORMAT (///3%" CONTROL INFORMATION?® /710X

1°NDO. DF ELEMENTS = *IS/10X
2*ND. 6F JOINTS = *YIS/10X
3”ND. OF LDAD CASES = *15/10X
4°ND. OF LOAD COMBINATIONS = *IS//3X
S5’ GENERAL DATA’ 7/10X
&’ ELASTICITY MODULUS = *E10.4/10X

7* SHEAR MODULUS = *E10.4/10X

8° ANGLE OF SKEW (Degrees) = *E10.4/)

CALL SPACI1

WRITE (2, 400)

FORMAT (//3X°JOINT DATA® //3X
17 J0INT? 2X° X~-FREEDOM? 3X* Z—FREEDOM> 3X* Y-FREEDOM® 3X” X—~CODORDINATE”"

23X° Y-COORDINATE® /3%, 2X° NO. * 42%X° (METRES) * 7X* (METRES) * /)
LP=3&
DO 410 I=1,NJ

T OAG=T ?

DO 415 J=1,NSU
IF(I-NSJI(J))415,4164,415

AS="g°

GOTO 417

CONT INUE

WRITE (2,420) 1,A5, (IR(I,J),d=1,3),(C{1,d),J=1,2)
FORMAT (3X, 15, 1X,A1,8X,11,2(11X,11),2(3X,F12.4))
LP=LP+1

IF (MOD(LP,S&) .EQ. O)WRITE(2, " (A) " )FF

CALL SPACL

LP=LP+Z

599

FOR

IF(MDD (LP,26) .ER. IWRITE(Z, 999)FF
FORMAT (A) . :

M ERQUATION NUMBERS IN JOINT RELEABES

L=1

L DD 210 I=1,NJ

DO 210 J=1,3

220

230

240

210

IF (JR(I,J)~1) 220, 230, 240
JR(I,d)=L

L=L+1

E0TO 210

JR(I,d)=0

BOTO 210

K=JR(I,J)
JRUE, D) =IR(K, )

CONTINUE

€ FORM MEMBER CODE MATRIX

[

DO 250 I1=1,NE

DO 250 L=1,2

DO 250 K=L#L,3#L
J=IBRSIMC(I,L))
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N=K-3*(L—-1)
M{I,K)=JR({(J,N)

REMOVE D.0O.F. CORRESSPONDING TO PINNED ENDS

280
270

300
290
260

RE~

340
350
360

330

370

380
320

322

321
323
430

344
440

DO 260 N=1,NE
DO 260 J=1,2

IF (MC (N, J)) 270, 280, 260

WRITE(*,” (5X,A,I5,A)’)’Element *,N,” Connects to Joint ZERO’
L=M{N, (J~1) %*3+3)

M(N, (J=1) *3+3) =0

DO 290 I=1,NE

DO 290 K=1,6

IF(M(I,K)~L) 290,290,300

MII,K)=M(I,K)—1

CONT INUE

CONT INUE

ADJUST JOINT RELEASES

DD 320 N=1,NJ
DO 330 NN=1,2

DO 330 L=i,NE

DO 330 J=1,2

IF (NN—-1) 340, 340, 350

IF (MC (L, J) -N) 330,360,330

IF (IABS (MC (I1,J)-N)) 330,360,330
JJ=L

KK=J

6OTO 370

CONTINUE

DO 380 J=1,3

K= (KK—1) #3+J

JR (N, J)=M(JJ,K)

CONT INUE

FNOUT (3: 2+4) =" INFO. B’
OPEN (3, FILE=FNOUT, STATUS="NEW” )

WRITE(3,” ((315))7) ({(JR(1,J),J=1,3),I=1,NJ)

DO 321 N=1,8

IF (MOD (LP+N,5&) ) 321,322,321

WRITE (2,999)FF

LP=LP+N

GOTO 323

CONT INUE

WRITE (2, 430)

FORMAT (//3X” ELEMENT DATA’//3X’Section Property Data :’//3X

14X’ SECTION 12X° TORS. CONST.*12X>MOM. INERTIA® /35X
25X"NUMBER” 11X” 1.0E~046 (M4)7 11X 1.0E-0&6 (M4)7 /)

LP=LF+8
DO 444 I=1,NS
WRITE(2,440)1,(8(1,J),J=1,2)
LP=LP+1

IF (MOD(LP,56) .EQ.0)WRITE(2,999)FF
FORMAT((?X,15,2(11X,F13.4)))

CALL SPAC1
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LP=LP+2
IF (MOD (LP, 56) .ERQ. O) WRITE (2, 995) FF

COMPUTE ELEMENT LENGTHS & TRANSFORM MATERIAL FROFERTIES

.- DD 300 I=1,NE

247

248

249
250

251

232
253
254
2535
254
257
258
259
260
261
282
263

264 .
265

266

Ry RyE!

g i tamen.

2467

268
2869
270
271
272
2732
274
275
276
277
278
279
280

c
C
c

J=1ABS{MC(I,1))
N=IABS (MC(I,2))

IF{XL{I)) 420,430,500
490 WRITE(%,” (S5X,A,15,A,E10,.4)*)’Error Length of Element’,I,” =7,XL(I)
S00 CONTINUE

TH=TH*ATAN (1.0} /45.0

DD 510 1=1,NS

DD 510 J=1,2

5¢(I,J)=5(I,J)*1E~-&/COS(TH)
S10 EDNTINUE

DD 511 N=1,&
IF (MOD (LP+N,56))511,522,511
922 WRITE{(2,999)FF
LP=L P+N
GOTD 523
51l CONTINUE
523 WRITE(Z,450)
450 FORMAT (//3X’Element Connectivity Data ¢7//3X
17ELEMENT? 6X LOWER> 6 X7 GREATER* 4X"SECTION” 10X’ ELEMENT* /3X
21%*NUMEBER> &X* JOINT*8Xx* JOINT® 7X"NUMBER® 11X LENGTH” /)
LF=LF+4
PO 460 1=1,NE
WRITE(2,470)1, (MC(1,J),J=1,2) ,MS(1), XL (1)
470 FORMAT((5X,15,6X,I5,2(8X,15),5X,F12.4))
LP=LP+1
460 IF(MODILP,56 .EQ.OYNWRITE(2,® (A) "OFF
CALL SPAC1 :

COMPUTE SYSTEM DEGREE-OF-FREEDOM 2% HALF BAND WIDTH

ND=M{1,1)
NB=0

DO 520 1=1,NE

KB=1ABS (IABS(MC(I, 1)) —IABS(MC{1,2)))
IF (KB.GT.NH)NB=KB

DO 520 J=1,6

IF (ND—M(1,J) ) 530,520, 520

F30 ND=M{I,J)

920 CONTINUE
NB=(NB+1) %3

READ/WRITE LDADINGS, AND COMFPUTE FIXED-END FORCES
WRITE (2, (A//3X,A)*}FF,”LOAD DATA’

LP=0
DD S25 K=1,LC

. READ({1,” {(A)*)CAS

DO 541 N=1,9
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IF (MOD(LP+N,56))541,542,541)
542 WRITE(2,999)FF
LP=LP+N
GOTO 543
541 CONTINUE
543 WRITE(2,535)K,CAS
535 FORMAT(/3X*LDAD CASE®15,5X,A/7)
CALL SPAC1H
UNIFDRM LDAD
WRITE(2,540)
540 FDRMAT(ZX’Element Unitorm Load :7/3X
12X7ELEMENT? 10X UNIFORM” 12X’ DISTANCE FROM A—-END” /3X
23X NUMBER? &X*LOAD (KN/m)?9X*START (m) *10X’END (m)* /)
LP=LP+9
IF{MOD(LF,S54).ER.OYWRITE(2,999)FF
630 READ(1,550)N, W, A1,A3, IS
550 FORMAT(15,3E10.0,15)
IF (N) 560,560,570
570 IF(1S)SB0,580,5%90
580 NN=N
185=1
GOTO &00
590 READ(1,5S0)NN
600 DO 610 J=N,NN, IS
IFIAS)Y 601,601,602
601 A2=XL (J)
GOTD &03
&02 A2=A3
603 WRITE(2,620)J,W,A1,A2
620 FORMAT(7X,15,9X,F12.4,6X,F12.2,5X,F12.2)
LP=LP+1
IF{MOD(LP,54) .ER.O)WRITE(2,” (A)*)FF
I=(K—1) *NE+J
FE(I,2)=FE(I,2)+W*{AZ2-A1)* ((AL1+A2+XL (I ) * (XL (J)—(AL+A2) /2.0) ¥%2
1+ {(A1+A2-XL(J)) /4. 0% (A2-A1) »%2) /XL (J) %3
FE(I,3)=FE(I,3)+W*XL(J)*#((XL(J)—-A1)%%3% (XL (J)+3%A1)~ (XL (J)~-A2)
I ##3Tx (XL (J)+3#A2) ) / (12%XL (J) »#2*% (A2-A1))
FECI,S)=FE(I,S5)+W*{A2-A1) % ((I*XL(J)-A1-A2)*(A1+AZ)*%2/4.0
1-(A1+AZ2-XL () ) /8. 0% {A2-A1) %»2) /XL (J) #*3
FE(I,H)=FE(I,&6)—~WeXL (J) # {AZ%%3% (4%XL (J) -2*%A2) —A1*%#T* (4%XL (J)
1-3%A1)) / (12#%XL (J) *%2% (A2-A1))
610 CONTINUE
GDTD &30
560 CALL SPAC1
LP=LP+2
DO 4641 N=1,5
IF(MOD(LP+N, S6) ) 641, 642, 641
642 WRITE(2,999)FF
LP=LP+N
GOTO 443
4641 CONTINUE
ELEMENT FOINT LOADS
6543 WRITE (2, 640)
640 FORMAT (/3X’Element FPoint Loads®//3X,
17ELEMENT’4X°PT. LDAD’4X*DIST.’4X’PT. LDAD4X’DIST."4X’PT. LDAD’
24X DIST.*/3X, 1 X" NUMBER” 4X”1 (KN) *SX*({M)76X"2 (KN) *3X* {(M)*&X
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373 (KN) *5X° (M)’ /)
LP=LP+5

IF (MOD (LP,56) .ER. O)WRITE (2, 999) FF
730 READ(1,450)N, (CL(I),D(I),I=1,3),1I8
650 FORMAT (15,4E10.0,15)
IF (N) 660, 660, 670
670 IF (IS)&80, 680,490
580 NN=N
1S=1
GOTO 700
690 READ(1,&50)NN
700 DO 710 J=N,NN, IS
WRITE(2,720)J, (CL(1),D(I),I=1,3)
720 FORMAT(SX,15,3(2X,F10.3,3X,F4.3))
LP=LP+1
IF (MOD(LP,S6&) .EQ.O)WRITE (2,” (A)>)FF
I=(K—1) *NE+J
DO 710 L=1,3
FE(I,2)=FE(I,2)+CL (L)% (XL (J)=D (L)) *%2% (2D (L) +XL (J) ) /XL (J) %%3
FE(I,3)=FE(I,3)+CL(L)*D(L)*(XL(J)=D(L))*%¥2/XL (J) %%2
FE(I,S)=FE(I,5)+CL (L) %D (L) *%2% (3%XL (J)=2%D (L)) /XL (J) %%3
FE(I,6)=FE(I,&6)—CL{L)*D (L) *%2% (XL (J)=D(L)) /XL (J) %%2
710 CONTINUE
GOTD 730
660 CALL SPAC1
JOINT LOADS
LP=LP+2
DO 741 N=1,5
IF (MOD (LP+N,56))741,742,741
742 WRITE(2,99%)FF
LP=L_P+N
GOTO 743
741 CONTINUE
743 WRITE(2,740)
740 FORMAT(/3X’Joint Loads’//3X,
11X’ LDADED” 13X*EXTERNAL* 13X° VERTICAL* 13X’ EXTERNAL * /3X,
22X? JOINT? 8X”>MOM. ~X (KN-m)* 10X’ LOAD-Z (KN) *8X MOM. ~Y (KN-m)*/)
LP=LP+5
IF (MOD(LP,S&) .EQ.O)WRITE (2,999)FF
830 READ(1,750)J,(D(I),I1=1,3),1S
750 FORMAT (15,3E10.0, I5)
IF(J) 760,760,770
770 IF(18)780,780,790
780 JJa=J
1S=1
GOTO 800
790 READ(1,750)JJ
800 DO 810 N=J,JJ,18
WRITE(2,840)N, (D(1),I=1,3)
840 FORMAT (5X,15,3(9X,F12.4))
LP=LP+1
IF (MOD (LP,S56) .EQ.O)WRITE (2, (A) > )FF
DO 810 L=1,3
IF (JR(N,L))810,810,820
820 I=(K-1)*ND+JR(N,L)
@(I)=@(I)+D(L)
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810 CONTINUE
GOTO 830

760 CALL SPAC1H

525 CONTINUE

READ & WRITE LOAD COMBINATION DATA

DO 850 I=1,NLC
DO 850 J=1,LC
850 F(1,J)=0.0
DO B&60 I=1,NLC
READ(1,” (A) 7 )COM(I)
870 READ(1,750)K,F(I,K)
IF (K) 840, 860, 870
B&O CONTINUE
WRITE (2,B880)FF, (1,I=1,NLC)
880 FORMAT (A, //3IX’L0OAD COMBINATION DATA’//3X,

16X7 LOAD COMEINATION NO./FACTORS? /3X’LLC? ,10(15,2X) /)

LP=6
DO 890 I=1,LC
WRITE (2,900) I, (F(J,I),J=1,NLC)
900 FORMAT (3X, 12, 10(2X,F5.2))
LP=LP+1
890 IF(MOD(LP,S6).ERQ.0)WRITE(2,” (A)*)FF
WRITE(2,? (///)%)
LP=LP+3
IF (MOD(LP,54) .EQ. O)WRITE (2, 999) FF
DO 910 I=1,NLC
WRITE(2,920)1,COM(I)
LP=LP+1
910 IF(MOD(LF,S6).ER.O)WRITE(2,999)FF
920 FORMAT (3X°LOAD COMBINATION *1I5,3X,A/)

READ & WRITE OUTFUT INFORMATION

CALL SFACH
LP=LP+2
IF (MOD(LP,S46) .EQ.OYWRITE (2,999)FF
DO 921 N=1,3
IF (MOD(LP+N, 56) ) 921,922,921
?22 WRITE(2,992)FF
LP=LP+N
GOTD 923
221 CONTINUE
923 WRITEA2,? (//3X,A/)?)?0UTPUT INFORMATIONT
LP=LP+3
IF(MOD(LP,5&).EQ.O)WRITE(2,992)FF
DO 930 1=1,5
READ(1,” (A) *)CAS
WRITE(2,” (A) 7 )CAS
LFP=LP+1
IF(MOD(LP,S6) .EQ.OINRITEAR2,999)FF
950 READ(1,940)J,N, IS
WRITE(Z,940)J,N, I5
IF {J) 930,930,960
960 WRITE(2,%40)J,N, IS
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LP=LP+1

IF (MOD(LP,Sé) .ER.O)WRITE (2, 999)FF
GOTO 950

CONT INUE

CLOSE (3)

FORMAT (315)

CALL SPAC1

LP=LP4+2

DO 941 N=1,6

IF (MOD (LP+N,S54) ) 941,942, 941

WRITE(2,999)FF

LP=LP+N

GOTOD 943

CONT INUE

WRITE (2, 970)ND, NE, NSU

FORMAT (3X*SYSTEM DEGREES-OF—FREEDOM =’ 15/3X
1 * BAND-WIDTH =’ I5/3X
2 *NO. OF SUPPORTED JOINTS =*15/)
CALL SPAC1

CLOSE (1)

CLOSE (2)

RESOLVE APPLIED ACTIONS

OPEN(1,FILE="A:0.666G" ,ACCESS="DIRECT’ ,FORM="FORMATTED" ,

1 STATUS="NEW®,RECL=15)
DO 1185 I=1,ND*LC
WRITE(1,1130,REC=I)B(I)

DO 1000 I=1,NE

DO 1000 J=1,6
IF(M(I,J)) 1000, 1000,1010

CALL TRANS(I)

JI=M(I,d)

DO 1020 K=1,LC

DO 1030 L=1,6

D(L)=0.0

DO 1040 L=1,6

DF=0.0

DO 1050 N=1,6

DF=DF +XK (N, L) #FE ( (K—1) *NE+1, N)
D{L)=DF
Q((K—=1)*ND+JJ) =0 ( (K—1) *ND+JJ) +D{J)
CONT INUE

DO 1060 I=1,ND*LC

READ {1, 1130,REC=1) (@
Q(I)=00-0(1)

CLOSE (1, STATUS="DELETE?)

C WRITE DATA FOR FURTHER AMNALYSIS INTO FILE 2

C

FNOUT (1:2)=DR2
FNOUT (3: 2+6) =" DANA. G’

OPEN (2, FILE=FNOUT, ACCESS=>DIRECT” , FORM=" UNFORMATTED’ ,
1 STATUS="NEW’,RECL=102)

WRITE (2, REC=1) NE,NJ,LC,ND, NB,NLC,NSU
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S05
506
507
1 508 1120
S09
910
1 S11 1140
512
913
1 514 1150
515
916
1 S17 1160
a18
319
1 520 1170
521
522
1 523 1180
524
525
2 926 1190
527 1100
528 1110
529 1130
530
o311
Name Type
Al REAL
A2 REAL
A3 REAL
AS CHAR*1
ATAN
- REAL
CAS CHAR¥*S0
~CHAR
EL REAL
COM CHAR*50
CcoSs
D REAL
DF REAL
DR1 CHAR*2
DR2 CHAR*2
E REAL
F REAL
F REAL
FF CHAR*1
FNINN CHAR%*10
FNOUT CHAR*10
G REAL
I INTEGER
IABS
ID INTEGER
I8 INTEGER
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WRITE(2,REC=2)NS,E,G
JI=2

DD 1120 I=1,NS
WRITE(2,REC=I+JJ) (8(1,J),J=1,2)

JI=JJ+NS

DO 1140 I=1,NE

WRITE(2,REC=I+JJ) (MC(1,3),J=1,2), (M(I,J),J=1,6),MS(I)
JI=JJI+NE

DO 1150 I=1,NJ

WRITE(2,REC=I+JJ) (C(1,J),J=1,2)

JI=JJ+NJ

DO 1160 I=1,NSU

WRITE(2,REC=1+JJINSJI (1)

JJI=JJ+NSU

DO 1170 I=1,NExLC

WRITE (2,REC=I+JJ) (FE(1,J),J=2,3), (FE(I,J),J=5,4)
JI=JI+NE*LC

DO 1180 I=1,ND*LC

WRITE (2, REC=1+JJ)Q(I)

JJI=JJ+ND*LC

DO 1190 I=1,NLC

WRITE (2, REC=I+JJ) (F(1,J),J=1,LC)

FORMAT (915)

FORMAT (15, 2E14.7)

FORMAT (10E14.7)

CLOSE (2)

END

Offset P Class

2480
2512
2484
1622
INTRINSIC
0 /JD /
2222
INTRINSIC
43264 /LD /
16
INTRINSIC
43276 /LD /
686
924
832
764
42864 /LD /
0 /LD !
554
o34
544
768
*4 &70
INTRINSIC
728

&78

%4
*4




D Li
J
JCO
JJ
JR
K
KB
KK
k.
LC
LP
M
MC
MCO
MOD
MS
N
NB
ND
NE
NJ
NL.
NLC
NN
NS

NSJ

NSU

NT

e

oo

RX

RY

s

SN

SERT

TH

TITL
W

XK

XL
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INTEGER*4 bbb
INTEGER*4 636
INTEGER*4 1766
INTEGER*4 1600 /JdD /
INTEGER*4 1734
INTEGER#*4 2214
INTEGER*4 1770
INTEGER*4 748
INTEGER*4 836
INTEGER*4 1614
INTEGER*4 561460 /ED /
INTEGER*4 O /ED /
INTEGER*4 714
INTRINSIC
INTEGER*4 2880 /ED /
INTEGER*4 682
INTEGER*4 2206
INTEGER*4 2202
INTEGER#*4 718
INTEGER*4 644
INTEGER*4 706
INTEGER*4 840
INTEGER*4 1758
INTEGER*4 760
INTEGER*4 4000 /JD /
INTEGER*4 782
INTEGER*4 710
REAL 20864 /LD /
REAL 3454
REAL &90
REAL 674
REAL 4320 /ED /
CHAR*2 530
INTRINSIC
REAL &HA0
E CHAR#*80 s b
REAL 2476
REAL O /TR /
REAL 4720 /ED /
532 SUBROUTINE SUBJC{TH,NL,NT,NJ)
333 COMMON /JD/C(200,2) ,JR(200,3) ,NSJ (60)
534 C
335 C GENERATES JOINT COORDINATE AUTOMATICALLY
S36 C
537 READ (1 ,70)NL,NT,S5FAN, TH, H
538 70 FORMAT(21IS,3E10.0)
539 XNL=SPAN/ (NT—1)
540 THR=TH*ATAN(1.0) /45.0
541 K=1
542 M2=NT#* (NL—1)+1
S43 M3=NT
544 IF (NL.-NT) 10,20, 20
545 10 M2=NL

546 M3=1
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D Linef 1 7
S47 20 DO 30 I=1,M2,M3
1 548 C(I,1)==(K—=1)*H*TAN(TH)
1 549 C(I,2)=(K—1)*H
1 950 Ni=I+1
1 551 NZ2=K*NT
1 552 N3=1
1 553 IF (NL—-NT) 40,50, 50
1 554 40 Ni=I+NL
1 S99 N2=NL* (NT~1)+I
1 556 N3=NL
1 57 S50 DD &0 J=N1,N2,N3
2 558 C(J,1)=C(I-N3, 1)+XNL
2 559 C(J,2)=C(IJ-N3,2)
2 560 &0 CONTINUE
1 561 K=K+1
1 562 30 CONTINUE
563 NJ=NT*NL
Sé64 RETURN
S65 END
Name Type Offset P Class
ATAN INTRINSIC
C REAL O /dD /
H REAL 3518
I INTEGER*4 3554
J INTEGER*4 3578
JR INTEGER*4 1600 /JdD /
K INTEBGER*4 3542
M2 INTEGER*4 3544
M3 INTEGER*4 =S
N1 INTEGER*4 3546
N2 INTEGER*4 3570
N3 INTEGER#*4 3574
NJ INTEGER*4 12
NL INTEGER*4 4
NSJ INTEGER*4 4000 /JD /
NT INTEGER*4 8
SPAN REAL 3514
TAN INTRINSIC
T™H REAL 0
THR REAL 3538
XNL REAL 3534
566 SUBROUTINE SUBMC (NL ,NT,NE)
S&7 COMMDON /ED/MC(360,2) ,M5(3460),5(50,2) ,XL(350) ,M(360,4)
568 C
569 C GENERATES MEMBER CONNECTIVITY AUTOMATICALLY
570 C
571 NH=NL
572 NV=NT
573 IF{NT—NL)20,20,10
574 10 NH=NT
575 NV=NL
576 20 DO 30 I=1,NH
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1 577 DO 30 J=1,NV-1
2 578 L=(I-1)*(NV-1)+J
2 o979 MC(L,1)=(I—-1)*NV+J
2 80 MC(L,2)=MC(L,1)+1
2 581 30 CONTINUE
582 DO 40 I=1,NV
1 o83 Ji=1
1 S84 DO 40 J=1,NH-!
2 585 L=(NV-1)%NH+(I-1)%{(N-H-1}+J
2 586 MC(L,1)=J1¢
2 =37 Ji=J1+NT
2 =88 MC(L,2)=J1
2 589 3C CONTINUE
<90 C
E93 C READ % GENERATE ELEMENT SECTION NUMBER
<74 C
S93 130 READ(1,150IN,M5(N),1I5
596 150 FORMAT(ZIS)
S97 IF{N) 160,160,170
o998 170 IF(15)140,140,180
599 180 READ(1, 150)NN
&00 DO 190 I=N+I5,NN,I5
1 601 MS(I)=MS (N}
1 4602 190 CONTINUE
603 GOTO 140
&04 1560 RETURN
605 END
Name Type Offset F Class
I INTEGER*4 3598
IS INTEGER*4 3634
J INTEGER*4 3606
Ji INTEGER*4 3422
ol INTEGER*4 3614
M INTEGER*4 b6160 /ED /
MC INTEGER#*4 0O /ED /
MS INTEGER*4 2880 /ED /
N INTEGER*4 34630
NE INTEGER*4 8 %
NH INTEGER*4 3590
NL INTEGER*4 0 *
N INTEGER*4 3644
T INTEGER*4 4 *
» INTEGER*4 3574
S REAL 4320 /ED 7§
XL REAL 4720 /ED /
606 SUBROUTINE TRANS(I)
607 C
608 C FORM TRANSFORMATION MATRIX XK
&09 C

=212~

&10 COMMON /JdD/C(200,2),JR(200,3) ,NEJ (60)
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611 COMMON /ED/MC{(360,2) ,M5{360),5(50,2) ,XL{340) ,M(360,4)

612 COMMON /TR/XK(6,6)

613 Ji1=IABS(MC(1,1))

614 J2=IABS(MC(I,2))

615 X=C(J2,1)-C(J1,1)

616 Y=Ct(J2,2)-C{J1,2)

617 XLAI)=C0RT (X#X+Y#*Y)

618 IF(XL(I)>10,10,20

619 20 Ci1=X/XL(I)

620 C2=Y/XL(I)

621 DO 30 K=1,6
1 622 DO 30 L=1,&
2 623 30 XK{(K,L)=0.0

624 XK(1,1)=C1

625 XK{3,3)=C1

&248 XK (4,4)=C1

627 XK{b6,6)=C1

a 628 XK({1,3)=C2

629 XK{4,5)=LC2

630 XK{3,1)=-C2

631 XK{6,4)=-C2

632 XK(2,2)=1.0

633 XK(5,5)=1.0

634 RETURN

635 10 WRITE(*,” (5X,A,15,A,F15.4)”)"Length of Element *,1,”

636 RETURN

37 END

Name Type Offset P Class
c REAL 0 /JdD /
C1 REAL 34672
c2 REAL 3676
I INTEGER*4 0
I1ABS INTRINSIC
J1 INTEGER*4 3656
2 INTEGER#*4 34660
JR INTEGER*4 1600 /JD /
K INTEGER*4 3480
L INTEGER*4 3684
M INTEGER*4 6160 /ED /
MC INTEGER*4 0 /ED /
MS INTEGER*4 2880 /ED /
NSJ INTEGER*4 4000 /JdD /
S REAL 4320 /ED /
SERT INTRINSIC
X REAL 3664
XK REAL 0 /TR /
XL REAL 4720 /ED /
Y REAL 3668

638 SUBROUTINE SPAC1

639 WRITE(2,10) (*—*,1=1,70)

6540 10 FORMAT(3X,70A1,/)

541 RETURN
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&42 END
Name Type Offset P Class
I INTEGER*4 34688

&43
Name Type Size Class
ED 14800 COMMON
GRID1 FPROGRAM
JD 4240 COMMON
LD 43300 COMMON
SPAC1 SUBROUTINE
SuUBJC SUBROUT INE
SUBMC SUBROUTINE
TR 144 COMMON
TRANS SUBROUTINE
Fass One No Errors Detected

643 Source Lines
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Name

BK
c
DR
E
FN
G

40

&0

70

80

20

100

10
20
30
S0

Type

REAL
REAL
CHAR*2
REAL
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PROGRAM GRID2
CHARACTER DR%*2,SN*2,FN%10

COMMON /ON/E,G

COMMON /JD/C(200,2)

COMMON /ED/MC(360,2) ,M5(360),5(50,2) ,M(360,6)
COMMON /LD/Q(5500) ,BK(21120)

OPEN(1,FILE="A:GRIL.DAT” ,ACCESS="DIRECT’ , FORM="FORMATTED” , RECL=6)
READ (1, 10,REC=1) DR, SN

CLOSE (1)

FN(1:2)=DR

FN(3:2+4)="DANA. G’

FN(9: 10)=5N

OPEN (2, FILE=FN, ACCESS="DIRECT’ , FORM="UNFORMATTED” , RECL=102)
READ (2, REC=1)NE,NJ,LC,ND, NB, NLC, NSU

READ (2, REC=2)NS,E, G

JI=2

DO 40 I=1,NS

READ (2, REC=I1+JJ) (S(1,J),J=1,2)

JJI=JJI+NS

DO &0 I=1,NE

READ (2, REC=I+JJ) (MC(1,J),J=1,2), (M(I,J),J=1,6),MS(I)
JJ=JJ+NE

DO 70 I=1,NJ

READ (2, REC=I+JJ) (C(I,Jd),J=1,2)

JJ=JJ+NIJ+NSU+NE*LC

DD 80 1=1,ND*LC

READ (2, REC=I+JJ) @ (1)

DD 90 I=1,ND*NEB
BK(1)=0.0

CALL ASS(ND,NB, NE)

KC=1

CALL SOLVER (ND,NB, LC,KC)
IF (KC.LT.1)STOP

DD 100 I=1,ND%*LC
WRITE(2,REC=I+JJ)Q(I)
CLOSE(2)

FORMAT (2A)

FORMAT (?215)
FORMAT(15,2E14.7)
FORMAT (4E14.7)

END

Dffset P Class

22000 /LD
0 /JD
16
0 /0N /

Sy

CHAR#*10 20

REAL

4 /0N /



¥
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1 INTEGER*4 bbb
J INTEGER*4 74
Jd INTEGER*4 &2
KC INTEGER*4 102
LC INTEGER*4 38
M INTEGER*4 4720
MC INTEGER*4 0
MS INTEGER*4 2880
NE INTEGER*4 44
ND INTEGER*4 42
NE INTEGER*4 30
NJ INTEGER*4 34
NLC INTEGER#*4 S50
NS INTEGER*4 S8
NSU INTEGER*4 54
Q REAL 0
8 REAL 4320
SN CHAR*2 18

48

/ED
/ED
/ED

/LD
/ED

b

SUBROUTINE ASS(ND,NB,NE)
COMMON /ED/MC(360,2),M5(360),5(50,2),M{(3460,56)

06—-26-8
22:28:35
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49
50 COMMON /LD/Q(S5500) , BK (21120)
51 COMMON /ST/XK(&,5)
52 INTEGER TC(&,6),TR(4,6)
g C
54 C SYSTEM STIFFNESS MATRIX TRANSFORMATION
55 C
56 DD 10 I=1,NE
1 57 CALL STIF(I)
1 58 DO 20 K=1,6
2 59 DO 20 L=1,6
3 &0 TC{K,L)=0
3 &1 20 TR(K,L)=0
1 &2 DO 30 K=1,6
2 &3 IF (M(I,K))30,30,40
2 b4 40 DD S0 L=1,6
“3 65 TC(K,L)=M(I,L)
3 bb S50 TR(L,K)=M(I,L)
2 &7 30 CONTINUE
1 68 DO &0 J=1,4
2 &9 DO 460 K=1,4
3 70 IF(TC(J,K))&0,40,70
3 71 70 L=TC(J,K)
3 72 N=TR(J,K)
3 73 IF (N-L) 80, 80, 60
3 74 80 JI=L-N+1
3 75 IF (JJ-NB) 100, 100, 90
3 76 90 WRITE (%,200)1,N
3 77 100 BK((J—1)%ND+N)=BK { {J~1) *ND+N) +XK (J, K)
3 78 60 CONTINUE
1 79 10 CONTINUE
80 RETURN
B1 200

82

FORMAT(SX’Column > NB at Element®15® Row’1S)

END
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Name Type Offset P Class
BK REAL 22000 /LD /
1 INTEGER*4 428
J INTEGER*4 444
JJ INTEGER*4 452 i
| K INTEGER*4 434
L INTEGER*4 440
I'M INTEGER*4 4720  /ED /
'nc INTEGER*4 0 /ED /
MS INTEGER*4 2880 /ED /
N INTEGER#*4 448
NB INTEGER*4 4 »
ND INTEGER*4 0 *
NE INTEBER*4 8 =
Q REAL 0 /LD /
s REAL 4320 /ED ¥
TC INTEGER*4 140
TR INTEGER#*4 284
XK REAL 0 /ST /
83 SUBROUTINE STIF(I)
84 COMMON /DN/E,B
85 COMMON /ED/MC(360,2) ,M5(360),5(50,2) ,M(3460,6)
86 COMMON /ST/XK{b, &)
87 COMMON /TR/TC{b,6),TR(4,&)
88 COMMON /TW/XL
89 C
90 C FORM ELEMENT MODEL
91 C
92 CALL TRANS(I)
93 DO 10 K=1,6
94 DO 10 L=1,6
95 10 XK(K,L)=0.0
Db L=MS(I)
97 A=S(L,1)
98 XI=5(L,2)
99 IF {(XL) 20, 20,30
100 20 WRITE (%,300) I,XL
101 30 AL=E*XI/XL%%3
102 IF (A) 40, 40,50
103 40 WRITE(*,310)I,A
104 S0 IF(XI)60,60,70
105 60 WRITE (%,320) 1,XI
106 70 B=G*A*XL*XL/ (E*XI)
107 XK{1,1)=AL*B
108 XK(4,4)=AL*B
109 XK (1,4)=-AL*B
110 XK(4,1)=—AL*B
134 IF(MC(I,1).LT.0 .DR. MC(1,2).LT.0)GOTO 80
112 XK(2,2)=12%AL
113 XK(5,5)=12%AL
114 XK(5,2)=—12%AL
115 XK(2,5)=—12%AL



-
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116
117
118
119
120
121
122
123
124
125
1256
127
128
129
130
131
132
133
134
135
136
137
138

139

N

NUWUNN=

Name

AL

140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

80

100
110

120
130
140

90

160
150

180
170

300
310
320
330

Type

REAL
REAL
REAL
REAL

w2 l8-

7
XK (2, 3) =6%XL*AL

XK (3, 2) =XK (2, 3)

XK (2, 8)=XK(2,3)

XK (6, 2)=XK(2,3)

XK (3,5)=-XK(2,3)

XK (5, 3) =XK (3,5)

XK (S5, 6) =XK(3,5)

XK (&,5)=XK(3,5)

XK (3, 3) =4%XL*XL*AL

XK (b, &) =XK(3,3)

XK (3,6)=XK(3,3) /2.0
XK (6, 3)=XK(3,6)

GOTO 90

XK (2, 2) =3#AL

XK (5,5) =3%AL

XK (2, 5)=—3#AL

XK (5, 2)=XK(2,5)
IF(MC(I,1))110, 100,120
WRITE (%,330) I

XK (2, 6) =3*AL*XL
XK{b,2)=XK(2,6)

XK (S, 6)=—XK{2,6)

XK (b, 5)=XK(5, 6)

XK (b, 6) =XK(2,5) *XL
IF(MC(I,2))140, 130,90
WRITE (*,330)1

XK (2, 3) =3*AL*XL

XK (3, 2) =XK(2,3)

XK (3, 5)==XK(2,3)

XK (S, 3) =XK(3,5)

XK (3, 3)=XK (2, 3) #XL

DO 150 K=1,6

DO 150 L=1,6

SUM=0.0

DO 1460 J=1,6
SUM=SUM+XK (K, J) *TC(J,L)
TR(K,L)=SUM

DO 170 K=1,&

DO 170 L=1,6

SUM=0.0

PO 180 J=1,6
SUM=SUM+TC (J,K) *TR(J, L)
XK (K, L) =5UM

RETURN

06-26-8"
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FORMAT (5X*Length OF Element’IS5” ="F15.4)
FORMAT(5X* Torsion Const. of Element’®IS* ="E10.4)
FORMAT (5X* Inertia of Element’15” ="E10.4)

FORMAT (SX’Element” 15’ Connects to ZERO Joint?)

END
Offset P Class

S04
512
314
0 /0N /
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G REAL 4 /0N /
I INTEGER*4 0 %
J INTEGER*4 524
K INTEGER*4 496
L INTEGER*4 500
M INTEGER*4 4720 /ED r
MC INTEGER*4 Q /ED /
MS INTEGER*4 2880 /ED /
-] REAL 4320 /ED /
SUM REAL 9220
TC REAL 0 /TR /
TR REAL 144 /TR /
X1 REAL 508
XK REAL 0 /8T 7
XL REAL 0 /TW /
165 SUBROUTINE TRANS(I)
4 166 C
167 C FORM TRANSFORMATION MATRIX
168 C
169 COMMON /JD/C(200,2)
170 COMMON /ED/MC(3460,2) ,M5(3460) ,5(50,2),M(360,6)
171 COMMON /TR/TC{&6,6),TR(&6,6)
172 COMMON /TW/XL
173 J1=IABS(MC(I,1))
174 J2=1ABS(MC(I,2))
175 X=C(J2,1)-C(J1,1)
176 Y=C(J2,2)-C{J1,2)
177 XL=SERT (X%X+Y*Y)
178 IF(XL)Y10,10,20
179 20 Ci1=X/XL
180 C2=Y/XL
181 DO 30 K=1,6
1 182 DO 30 L=1,6
2 183 30 TCIK,L)=0.0
184 TC(1,1)=C1
= 185 TC(3,3)=C1
186 TC(4,4)=C1
187 TC(6,6)=C1
188 TC(1,3)=C2
189 TC(4,6)=C2
190 TC(3,1)=-C2
191 TC(&,4)=-C2
192 TC(2,2)=1.0
193 TC{5,5)=1.0
194 RETURN
195 10 WRITE(#,” (3X,A, ID,A,F15.4)7)”Length of Element *,1,” = 7,XL
1946 RETURN
197 END
Name Type Offset P Class
C REAL 0 /dD /
Ci REAL 700
c2 REAL 704




D Li
I
IABS
Ji
J2

K

L

M

MC
MS

S
SGRT
TC
TR

X

XL

Y
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INTEGER*4 O *
INTRINSIC
INTEGER*4 &84
INTEGER*4 688
INTEGER*4 708
INTEGER*4 712
INTEGER*4 4720 /ED /
INTEGER*4 (8] /ED /
INTEGER#*4 2880 /ED £
REAL 4320 /ED /
INTRINSIC
REAL 0 /TR /
REAL 144 /TR /
REAL &E92
REAL 0 /TW 7
REAL &96
198 SUBROUTINE SOLVER(ND,NB,LC,KC)
199 COMMON /LD/@(5500) ,BK(21120)
200 C
201 C TRIPLE MATRIX DECOMPOSITION TECHNIBUE
202 C
203 DO 600 I=1,ND
204 IF(BK(I))&00,10&0,4600
205 600 CONTINUE
206 DO 650 I=2,.ND
207 IL1=1-1
208 NBL=IL1+NB
209 IF(NBL-ND) 615,615,610
210 610 NBL=ND
211 615 DO 650 J=I,NBL
212 IJ=(J—1)*ND+1
21X SUM=BK (1J)
214 NNB=J~NB+1
215 IF (NNB) 620, 620, 630

216 620 NNB=1

217 430 IF(NNB-IL1)632,632,642
218 632 DO 640 N=NNB, IL1
219 640 SUM=SUM-BK { {I-N) *ND+N) *BK ( {J—N) *ND+N) /BK (N)

220 642 BK({1J)=8
221 650 CONTINUE

UM

222 DO 666 II=1,LC
223 LI=ND*(IT-1)

224 R(LI+1)=Q(LI+1) /BK (1)
225 DO 665 I=2,ND

226 IR=LI+I

227 SUM=R(IR)

228 I1=1-1

229 NNB=I-NB+1

230 IF (NNB) 655, 655, 656

231 655 NNB=1

232 656 DO 662 K=NNB, Il

233 KR=LI+K

234 SUM=5UM-BK ( (I-K) #*ND+K) *Q (KR)
235 662 CONTINUE
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WRITE(*,” (A) ")”ZERD Leading Coefficient Encountered’

D Linef 1 7
2 234 665 R(IR)Y=5UM/BK(I)
1 237 6646 CONTINUE
238 DD 680 11=1,LC
1 239 LI=ND*(II-1)
1 240 DO &75 JJd=2,ND
2 241 I=ND-JJ+1
2 242 IR=LLI+I
2 243 SUM=0.0
2 244 Ii=1I+1
2 245 NNB=1-1+NB
s 2446 IF {(NNB-ND) 672,672,671
2 247 671 NNB=ND
2 248 &72 DO &73 K=11,NNB
. 249 KR=LI+K
3 250 673 SUM=SUM+BK ( (K—I) #*ND+I) *Q (KR)
2 251 675 B(IRY=R(IR)-SUM/BK(I)
1 252 &80 CONTINUE
253 RETURN
’ 254 1060
255 KC=0
256 RETURN
297 END
Name Type Offset P Class
BK REAL 22000 /LD /
1 INTEGER*4 716
11 INTEGER#*4 784
II INTEGER#*4 764
1J INTEGER*4 744
IL1 INTEGER*4 728
IR INTEGER*4 780
J INTEGER*4 734
JJ INTEGER*4 804
K INTEGER*4 788
KC INTEGER#*4 12 =
KR INTEGER*4 7926
FiLc INTEGER*4 8 *
LI INTEGER*4 772
N INTEGER*4 7596
NB INTEGER*4 4 %
NBL. INTEGER*4 732
ND INTEGER*4 0 *
NNE INTEGER*4 752
Q REAL O /LD /
SUM REAL 748
Name Type Size Class
ASS SUBROUTINE
ED 13360 COMMON
GRID2 PROGRAM
JD 1600 COMMON
LD 40944 COMMON
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ON ) 8  COMMON

SOLVER o SUBROUTINE

ST Rt I 144  COMMON

STIF : SUBROUT INE

TR 288  COMMON

TRANS ¢l - SUBROUT INE

W Co . 4  COMMON

FPass One No Errors Detected
257 Spurce Lines

i
IR
Lo
o
S i
' -




Al

o
r
Pebe
-
o
e ]

Name

C
DR
E

4

ONDCURUWUN-

27

33

42

45
47
48
49
30

0O OO~

o

1120

1140

1160

2100

C
10
1100
1110
1130

Type

REAL
CHAR*2
REAL
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PROGRAM GRID3
CHARACTER DR#*2,SN*2,FN%10

COMMON /ON/E,G
COMMON /JD/C(200,2) ,NSJ (&60)

COMMON /ED/MC (360, 2) ,MS (360) ,5(50,2) ,M(340,6)
COMMON /RS/P (600,3)

DIMENSION F(10)

OPEN(1,FILE="A:GRIL.DAT’ ,ACCESS="DIRECT” ,FORM="FORMATTED” , RECL=4)
READ (1, 10,REC=1) DR, SN

CLOSE (1)

FN(1:2)=DR

FN(3:2+6) ="DANA, G*

FN(9:10)=5SN

OPEN (2, FILE=FN, ACCESS="DIRECT’ , FORM=" UNFORMATTED” 4 RECL=102)
READ (2, REC=1) NE, NJ,LC,ND, NE, NLC, NSU

READ (2, REC=2)NS,E, G

JJ=2

DO 1120 I=1,NS

READ (2, REC=I+JJ) (§(1,J),J=1,2)

JJ=JJ+NS

DO 1140 I=1,NE

READ (2, REC=1+3J) (MC(I,J),J=1,2), (M(I1,J),J=1,4),M5(I)
JI=JJ+NE

DO 1150 I=1,NJ

READ (2, REC=1+JJ) (C(I,J),Jd=1,2)

JJI=JJ+NJ

DO 11460 I=1,NSU

READ (2, REC=I+JJ)NSJ (1)

CALL EFDRCE(ND,NE,LC,NJ,N5,NSU)
CALL JFORCE (NSU,NE,NJ,LC,NS)

FN(3:2+6)="JFDR. G’

OPEN(3,FILE=FN, ACCESS="DIRECT” ,STATUS="NEW” ,RECL=420)
DO 2100 I=1,NSU

WRITE(3,REC=I) ((P((K—=1)*N5U+I,d),Jd=1,3),K=1,LC)
CLOSE(2)

CLOSE (3)

FORMAT (2A)
FORMAT (915)
FORMAT (15, 10E14.7)
FORMAT (12E14.7)
END

Offset F Class
O /JD /

56
0 /0N /
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F REAL 16
FN CHAR®10 60
& REAL 4 /DM /
) I INTEGER*4 104
3 INTEDER*4 114
g INTEGER#*4 102
K INTEGER*4 142
LC INTEGER*4 78
" INTEGER®4 4720  /ED /
MC INTEGER*4 0 /ED 7
MS INTEGER*4 2880  /ED /
NB INTEGER#*4 86
ND INTEGER®4 82
NE INTEGER*4 70
NJ INTEGER*4 74
NLEC INTEGER*4 90
NS INTEGER*4 98
yNSJ INTEGER*4 1600 73D /
NSU INTEGER*4 94
P REAL O /RS /
5 REAL | 4320  /ED /
SN CHAR*2 58 .
51 SUBROUTINE EFORCE (ND,NE, L C.NJ,NS, NS
52 C
53. COMMON /ED/MC (360,2) , M8 (360) ,5(50,2) ,M{360,6)
54 COMMON /RS/P(&600,3) /FE/FE(6)
55 COMMON /ST/¥K(5,8) STR/T(b,6) /DD/DT(L),D(E)
S6 C
57 DO 110 KK=1,LE
1 sg DO 110 I=(KK-1)#NE+1,KK#*NE
2 59 DO 120 K=1,56
3 60 120 D(K)=0.0
2 61 11=1—(KK~1) *NE
2 62 € .
a2 63 C GLOBAL DISPLACEMENT TRANSFORMATION
2 &4 C
2 65 JI=2+NE+NE+NJ +NSU+LC*NE
2 bb DO 130 K=1,6
3 67 IF(M(I1,K) ) 130,130,140
3 68 140 L=M(I11,K)
3 69 READ (2, REC= (KK—1) *ND+L+J3} D (K)
3 70 130 CONTINUE
2 71 C
b 2 72 C LDCAL DISPLACEMENT TRANSFORMATION
2 73 C
2 74 CALL TRANS (I1)
2 75 DO 280 J=1,6
3 76 SUM=0. 0
3 77 DO 290 K=1,6
3 78 290 SUM=SUM+T (J,K)*D{K)
3 79 280 DT (J)=SUM
2 80
2 81 C COMPUTATION OF ELEMENT FORCES
2 82 C
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Name

D
DT
+ FE
I
1t
J
JJ
K
KK
L
LE
M
MC
MS
ND
NE
NJ
NG
NSU
=]
5
SUM
T
XK

EN N

!
N
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B3 CALL STIF(I1)
84 JI=2+NS+NE+NI +NSU :
85 READ (2, REC=I+JJ) (FE(J),J=2,3}), (FE{J)},J=5, &)
84 DO 1560 J=1,4
87 SUM=0.0
88 DO 170 K=1,6
89 170 SUM=SUM+XK (J,K)*DT (K}
0 140 D(J)=SUM+FE(J) ,
91 WRITE(2,REC=I+JJ) {D{J),J=1,6), (DT(J},J=1,6)
92 110 CONTINUE
93 1130 FORMAT{(12E14.7)
94 RETURN
95 END
Type Offset P Class
REAL . - 24 /DD /
REAL - 0 /DD /
REAL C /FF /
INTEGER*4 186
INTEGER#*4 198
INTEGER#*4 210
INTEGER*4 202
INTEGER*4 194
INTEGER*4 178
INTEGER*4 206
INTEGER*4 8
INTEGER*4 4720  /ED /
INTEGER*4 G /ED /
INTEGER*4 . 2880 /ED 7
INTEGER#*4 - 0 *
INTEGER*4 4 »
INTEGER*4 12 *
INTEGER*4 16 *
INTEGER*4 20 *
REAL . . 0 /RS /
REAL 4320 /ED /
REAL 214
REAL . 0 /TR /
REAL ¢ 0 /5T /
94 SUBRDUT INE JFORDE (NSU,NE,NJ,LC,NS)
7 _
28 COMMON /ED/MC {360, 2) ,M3{3460),85(50,2),M(340,4)
99 COMMON /RS/P{5600,3) /DD/DT (&) ,D(5)
100 COMMON /JD/C(200,2) ,NSJ(&0) /TR/T(6,56)
101 L .
102 &
103 - COMPUTATION DF JOINT FORCES
104 ©
105 JJI=2+NS+NE+NJ+NSU
106 -} - DD 300 J=1,NSU
107 | DO 300 I=1,NE
108 ‘ IF(IABS(MC{I, 1) )-NSJ (J)2310,320,310
109 320

CALL TRANS (I}
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- 110 DO 322 N=1,LC
3 111 READ (2, REC=(N-1) *NE+I1+JJ,ERR=1000) (D(L) ,L=1,6)
3 112 DO 324 L=1,3
4 113 SUM=0.0
4 114 DD 326 K=1,3
9 115 326 SUM=SUM+T (K, L) *D(K)
4 116 24 P ((N-1)#NSU+J,L)=P{(N—-1)*NSU+J,L)+5UM
3 127 322 CONTINUE
2 118 310 IF(IABS(MC(1,2))-N5J(J)) 300,340,300
2 119 340 CALL TRANS(I)
2 120 DO 342 N=1,LC
3 121 READ (2, REC={(N-1)*NE+I+JJ,ERR=1000) (D(L),L=1,6)
3 122 DO 344 L=1,3
4 1335 SUM=0.0
4 124 DO 346 K=1,3
S 125 346 SUM=SUM+T(K,L)*D{K+3)
4 126 344 P{(N—-1)*NSU+J,L)=P ({(N—1) ®*NSU+J, L) +5UM
3 127 242 CDONTINUE
Lo 128 300 CONTINUE
129 RETURN
130 1000 WRITE(#*,” (A, I15)*)" ERROR IN READING FILE 3 *,1I
131 1230 FORMAT(12E14.7)
132 RETURN
133 END
Name Type Offset P Class
C REAL O /JdD /
D REAL 24 /DD /
DT REAL 0 /DD /
I INTEGER#*4 248
IABS INTRINSIC
J INTEGER#*4 240
JdJd INTEGER*4 236
K INTEGER#*4 276
L INTEGER*4 264
LC INTEGER*4 it ®
M INTEGER*4 4720 /ED /
MC INTEGER*4 0 /ED /
MS INTEGER*4 2880 /ED /
N INTEGER*4 236
NE INTEGER*4 4 *
NJ INTEGER*4 8 %
NS INTEGER*4 16 =
NSJ INTEGER*4 16060 /JD &
NSU INTEGER*4 0 *
P REAL (o] /RS /
8 REAL 4320 /ED /
SUM REAL 272
¥ i REAL O /TR /
134 SUBROUTINE TRANS(I)
135 C
136 C FORM TRANSFORMATION MATRIX
137 C



D Linef 1 7
138 COMMON /JD/C(200,2) ,N8J (460)
139 COMMON /ED/MC(360,2) ,M5(3460),8(50,2),M(360,6)
140 COMMON /TR/T(4,6)
141 JI1=IABS(MC(I,1))
142 J2=IABS(MC(I,2))
143 X=C(J2,1)-C(J1,1)
144 y=C{J2,2)-C(J1,2)
145 XL=SGRT (X% X+Y#*Y)
144 IF(XL)10,10,20
147 20 Cl=X/XL
148 C2=Y /XL
149 DO 30 K=1,6
1 150 DD 30 L=1,4
2 151 30 T(K,L)Y=0.0
152 T(1,1)=C1
153 T(3,3)=C1
154 T(4,4)=C1
155 T(6,6)=C1
156 T(1,3)=C2
157 T(4,46)=C2
158 T(3,1)=-C2
159 T(b6,4)=-C2
160 T(2,2)=1.0
161 T(5,5)=1.0
162 RETURN
163 10 WRITE(*,” (5X,A,I5,A,F15.4)*)’Length of Element *,1,°
164 RETURN
165 END
Name Type Offset P Class
& REAL O /dD /
c1 REAL =14
c2 REAL 318
I INTEGER*4 0 =
I1ABS INTRINSIC
J1 INTEGER*4 294
g2 INTEGER*4 298
K INTEGER*4 322
L INTEGER#*4 326
M INTEGER*4 4720 /ED /
MC INTEGER*4 0 /ED /
MS INTEGER*4 2880 /ED /
NSJ INTEGER*4 1600 /JdD /
3 REAL 4320 fED /
SERT INTRINSIC
r REAL 0 /TR /!
X REAL 302
45 REAL 310
{ REAL 306
166 SUBROUTINE STIF(I)
167 C
168 COMMON /ON/E,G
169 COMMON /ED/MC(360,2) ,M5(360),5(50,2) ,M(3460,4)

b
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D Linef£
170
171
172
173
174
175
1746
177
178
1 1729
2 180
181
182
183
iB4
185
1846
187
188
189
190
191
192
193
194
195
194
197
198
199
200
201
202
203
204
205
204
207
208
209
210
211
212
213
214
215
2186
217
218
219
220
221
222
223
224
2295

7 :
COMMON /8T/XK(L,8)

~-228-
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' COMMDN /JD/C(200,2} ,NSJ (60)

c

C FORM ELEMENT MODEL

c

10

20
30
40
S0
60
70

K=1IABS(MC (I, 1))
J=IABS(MC{1I,2))

XL=SRRT ( (C(J, 1) -C (K, 1)) #%2+(C(J, 2) —C (K, 2) ) x¥2)

DD 10 K=1,56

DO 10 L=1,4

XK (K,L)=0.0
L=MS{1)

A=S{L,1)
XI=5(L,2)

IF (XL) 20, 20,30
WRITE (%,300) 1, XL
AL=E#XI/XL#%3

IF (&) 40, 80,50
WRITE(*,310)1,A
IF(X1)60,50,70
WRITE (%,320)1,XI
B=G*AxXL*XL/ (E*X1)
XK (1, 1)=AL*B

XK (8, 4) =AL*E
XK{1,4)=—AL*B

XK (4, 1) =—AL*B

IF(MC(I 1.L7.0 .OR. MC(I,2).LT. D)BDTD 80

XK (2, 2)—12*AL
XKA{S,T5)=12+AL
XK(5,2)=—12*QL
XK{(2,5)=—12%AL

XK (2, 3)=4%X1L*AL

80

100
1i1¢

120

XK{3,2)=XK(2,3)
XK (2,6)=XK(2,3)

XK (b, 2) =XK(2,3)

XK (3,5 =~XK(2,3)

XK (S5,3)=XK(3,5)

XK (5, 8) =XK{3,5)

XK (&,5)=XK{3,5)

XK (3, 3)=4%XL&XL*AL
XK (&,4) =XK(3,3)

XK (3, &) =XK{(3,3) /2.0
XK (&,3)=XK(3, &)
GOTO 90

XK (2,2) =3#AL

. XK 15,5)=3#AL

XK (2,5) =—3#AL
XK (S, 2) =XK (2, 5)

IF(MC(I, 1)) 110,100,120

WRITE (%,330) 1
XK (2, &) =3*AL*XL

XK (6, 2) =XK (2, &)

XK (5, 6) =—XK (2, &)
XK (&, 5) =XK (5, &)

XK (b, 6 =XK(2,5) ¥XL

IF(MC(I,2)) 140, 130,70



"
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226 130 WRITE(%,330) 1
227 140 XK (2,3)=3%AL®XL
228 X(3,2)=XK(2,3)
229 XK(3,5)=—XK(2,3
230 AK(5,3)=XK(3,5)
231 XK (3, 3)=XK(2,3)
232 90 RETURN
233 300
234 310 FORMAT(SX* Torsi
235 320
235 3
237 END
Mame Type Offset P
A REAL 346
AL REAL | 354
B REAL F38
C REAL 0
E REAL 0
€] REAL 4
I INTEGER*4 0
IABS
J - INTEGER*4 334
K INTEGER+4 330
L INTEGER*4 342
M INTEGER®4 4720
MC INTEGER*4 O
MS INTEGER#*4 2880
NSJ INTEGER#4 1600
S REAL . : 4320
SERT -
XI REAL 350
XK REAL : 0
XL REAL 338
‘4
Name Type Size
LI
DD TR 48
ED S 13360
EFDRCE '
FF . 24
GRID3 'E
JD ; 1840
JFORCE |
ON : 8
RS * 7200
ST . 144
STIF ;
TR ? 144
TRANS :

~229~

)

*XL

FORMAT (5X? Length DF Element® IS’
of Element®IS”

on Const.

FORMAT(SX " Inertia of Element” IS’
30 FORMAT(SX "Element® I5°’Connects to ZERO Joint®)

Class

/dD /
/0N !/
ZOnt /

INTRINGIC

/ED !/
FED /
/ED /
/JD /
/ED /
INTRINSIC

/ST /

Class

CQOMMON
COMMON
SUBROUTINE
COMMON
PROGRAM
COMMON
SUBROUTINE
COMMON
COMMON
COMMON

SUBROUTINE

COMMON .
SUBROUTINE

O07-07-8
22:06: 3
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="Fi15.4)
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Pass Dne No Errors Detected

237 Spurce Lines
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PROGRAM GRID4
CHARACTER DR1%2,SN*2,FN#10,FF*1,DR2%2,C2, EN*2, EF*2, DN*2, DF %2

COMMON /ED/MC(360,2) /RS/NSJ(60) /JD/JR(200,3) /FF/F(10,10)
COMMON /PP/EN,EF,DN, DF

OPEN(1,FILE="A:GRIL.DAT” , ACCESS="DIRECT” , FORM="FORMATTED” , RECL=64)
READ (1, 10, REC=1)DR2, SN, DR1

CLOSE (1)

FN(1:2)=DR2

FN(3:2+6)="DANA.G’

FN(9:10)=SN
OPEN(1,FILE=FN,ACCESS="DIRECT” , FORM=" UNFORMATTED” , RECL=102)
FN(3:2+4)="JFOR. G’

OPEN (4, FILE=FN, ACCESS=’ DIRECT® , RECL=420)

FN(1:2)=DR1

FN(3:2+4) =" INFO. B’

OPEN (3, FILE=FN)

FN(3:2+6)="RESU. G’

OPEN (2, FILE=FN, STATUS=>NEW”)

READ (1, REC=1)NE,NJ, LC, ND, NB, NLC, NSU
READ (1, REC=2)NS

FF=CHAR (12)

DO 20 I=1,NJ

READ (3, 1100) (JR(I,J),Jd=1,3)
JJ=2+NS

DO 30 I=1,NE

READ (1,REC=1+JJ) (MC(1,J),J=1,2)
JI=JJ+NE+NJ

DO 50 I=1,NSU

READ (1,REC=I+JJINSJ(I)
JJ=JJ+NSU+NE*LC+ND*LC

DO 40 I=1,NLC

READ (1, REC=1+JJ) (F(1,J),J=1,LC)

C2=CHAR{(27)
EN(1:1)=C2
EF(1:1)=C2
DN(1:1)=C2
DF(1:1)=C2
EN(2:2)="E’
EF(2:2)="F"
DN(2:2)="5"
DF(2:2)="H"

CALL GDIS(NE,NJ,NSU,ND,LC,NLC,NS,FF)
CALL LDIS(NE,NJ,LC,NLC,NS,NSU,FF)
CALL EFORCE (NE,NJ,LC,NLC,NSU,NS,FF)
CALL REACT (NE,NJ,LC,NLC, NSU, NS, FF)
CALL CACTION(NE,NJ,LC,NLC,NSU,NS,FF)

CLOSE(1)
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57 CLOSE (2)
58 CLOSE (3)
=k CLOSE(4)
&0 10 FORMAT (3A)
61 1100 FORMAT (915)
62 1130 FORMAT(10E14.7)
63 END
Name Type Offset P Class
c2 CHAR* 1 98
CHAR INTRINSIC
DF CHAR*2 & Vil o /
DN CHAR#*2 4 /PP /
DR1 CHAR*2 20
DR2 CHAR*2 16
EF CHAR*2 2 /PP /
EN CHAR*2 (8] /PP /
F REAL O /FF /
FF CHAR#*1 &4
FN CHAR*10 22
1 INTEGER*4 &b
J INTEGER*4 74
JdJ INTEGER*4 82
JR INTEGER»*4 0 /JdD /
LC INTEGER*4 40
MC INTEGER*4 0 /ED /
NB INTEGER*4 48
ND INTEGER*4 44
NE INTEGER*4 32
NJ INTEGER*4 36
NLC INTEGER#*4 52
NS INTEGER*4 &0
NSJ INTEGER*4 O /RS /
NSU INTEGER#*4 56
3N CHAR#*2 18
b4 SUBROUTINE GDIS(NE,NJ,NSU,ND,LC,NLC,NS,FF)
&5 C
66 C PRINT GLOBAL DISFLACEMENTS
&7 C
&8 CHARACTER FF,EN*2,EF*2, DN*2, DF %2
&9 COMMON /JD/JR{(200,3) /DD/D(12),DT(12) /FF/F(10,10)
70 COMMON /PP/EN,EF,DN,DF
71 WRITE (2, 1000)FF,EN,DN,EF,DF
P 5 CALL SPAC
73 LP=4
74 JI=2+NS+NE+NJ+NSU+NE*LC
75 10 READ(3,1010)J,N, IS5
76 IF(J)100,100,110
77 110 DD 111 K=1,3
1 78 IF{MOD(LP+K,56))111,112,111
: 79 112 WRITE(2,? (A)")FF
80 LP=LP+K
81 GOTD 113
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net 1
B2 111 CONTINUE :
83 113 WRITE(2, 1030)EN,DN,EF,DF
84 . LP=LP+3 _
85 1 DO 20 L=J,N,IS
B& DO 20 I=i,NLC
87 DD 30 K=1,3
88 30 D(K)=0.0
a9 DO 40 KK=1,LC
90 IF (F{I,KK))50,40,50
91 S0 DD &0 K=1,3
92 IF(JR{L,K))80,40,70
93 70 II=JRIL,K)
94 READ (1, REC= (KK—1}#ND+I1I+JJ) 08
5 D{K) =D (K) +QE*F (1, KK)*1000. 0
6 &0 CONTINUE
97 40 CONTINUE
98 IF(I-1)B0, 70,80
99 20 WRITE(Z2,1040%L,1, (D(K) ,K=1,3)
100 LP=LP+1
101 b IF(MDD(LP,56) . ER.OYWRITE (2,7 (AY " )FF
102 BOTD 20
103 80 WRITE(2,1050) 1, (D) ,K=1,3}
104 ¢ LP=LF+1
105 IF{MODIL®, S8 ER.OYWRITE (2,7 (A "IFF
404 20 CONTIMUE
107 nell @Fac
Sl LP=t_p+2
109 IFEmOD L™, o) BN, DWRITE 2, P {AYFE
110 BATE LG '
1 t00 DALL SPAC
112 RETURM
117 100¢ FORMAT (3R, //5X’ CLOBAL DISPLACEMENTS’ ZA)
114 1010 FORMAT(3IS)
115 1020 FORMAT (6E14.7) ;
116 1030 FORMAT (24,3X°JOINT 12X°LOAD® 3X* X ~ ROTATIDN®3X*Z - MOVEMENT’3X
117 1Y — ROTATION? /SX*ND.*SX°COMBINATION® 4X°1.0E-3 rad.”7X* {(mm)*
118 28X 1.0E-3 rad.’/2A)
119 1040 FORMAT(3X,15,11X,15,3(3X,F12.4))
120 1050 FORMAT(19X,15,3(3X,F12.4))
121 END
Type Dffset P Class
REAL 0o /DD /
CHAR*?2 &  /FP /
CHAR*2 4 /PP /
REAL 48 /DD /
CHAR%*2 2 /PP /
CHARX2 0O /PP /
REAL. ¢ /FF /
CHaR=1 28 +
INTEGER¥4 156
INTEGER*4 172
INTEGER*4 - 135
INTEGER*4 128
INTEGER*4 124




0
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1464
144
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132
12
0
4
20
24
e
176
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SUBROUTINE LDIS(NE,NJ,LC,NLE,NS,NSU,FF)

C PRINT ELEMENT END DISFLACEMENTS

CHARACTER FF,EN#*2,EF*2,DN%2, DF %2

COMMON /ED/MC(360,2)

COMMON /FF/EN, EF,DN, DF

WRITE (2, 1000)FF,EN,DN,EF,DF

JJ=2+NS+NE+NJI+NSU
READ(3, 1010)J,N, IS

IF(J) 130,130, 140

IF (MOD (LP+K,5&)) 111,112,111

1,3

WRITE(2,” (A)*)FF

WRITE (2, 1030)EN, DN, EF, DF

DO 150 L=J,N,IS

1,6

IF{(F({I,KK))180,170,180
READ {1, REC=(KK—1) ¥*NE+L+JJ) (DU(K) ,K=1,6) , (DT{(K) ,K=1,6)

DIK)=D(K)+DT (K) #F (I, KK) #*1000.0

1,6

IF(I-1)200,210,200
WRITE(2,1040)L,I,MC(L,1), (D(K),K=1,3)

/DD/D(12),DT(12)

/FF/F(10,10)

IF(MOD(LP,56) .EQ.O)WRITE(2,* (A)*)FF

WRITE(2,1050) I,MC(L, 1), (D(K) ,K=1,3)

5 Linef 1 7
JR INTEGER*4
K INTEGER*4
KK INTEGER*4
L INTEGER*4
LC INTEGER#*#4
LP INTEGER*4
MOD
N INTEGER*4
ND INTEGER#*4
NE INTEGER*4
NJ INTEGER*4
NLC INTEGER*4
NS INTEGER*4
NSU INTEGER*4
Qa0 REAL
122
123 C
124
125 C
126
127
128
A29 DIMENSION DU(&)
130
131 CALL SPAC
132 LP=4
133
134 120
135
1346 140 DO 111 K=
1 137
1 138 112
1 139 LP=LP+K
1 140 GOTO 113
1 141 111 CONTINUE
r 142 113
143 LP=LP+3
144
i 145 DO 150 I=1,NLC
2 144 DO 160 K=
> 147 160 D(K)=0.0
2 148 DO 170 KK=1,LC
3 149
3 150 180
3 151 DD 190 K=
4 152 190
3 153 170 CONTINUE
2 154
2 155 210
2 156 LP=LP+1
2 157
2 158 GOTD 220
2 159 200
2 160 LP=LP+1
-
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Y161 IF (MOD(LP,56) .ER.OYWRITE(2,” (A) 7 IFF
2 162 220 WRITE(Z,1060)MC{L,2}, (DIK),K=4,56)
2 143 | P=LP+1
2 1464 IF{MOD(LP, 54} . ER.OYWRITE (2, ° (A) > )FF
2 165 150 CONTINUE
166 CALL SPAC
167 LP=LF+2
168 1F (MOD{1.P, 5&) .EQ. Y WRITE(2, > (A) * }FF
169 GO0TO 120
170 130 CALL SPAC
171 RETURN
172 1000 FORMAT(3A,//SX’ELEMENT ~ END DISPLACEMENTS’ 2A)
173 1010 FORMAT (315
174 1020 FORMAT(84X,4E14.7)
175 1030 FORMAT{2A,3X?ELEMENT* 4X°LOAD  3X JOINT>3X*X - ROTATION® 3X
176 1772 - MOVEMENT 3X”Y - ROTATION® 74X°NUMBER®3IX’COMB.”,SX
177 27N0.”4X*1,0E~3 rad.’>7X’ (mm) "8X”1.06E-3 rad’ /2A)
178 1040 FORMAT(SX,15,3X,15,3X,15,3(3X,F12.4))
179 1050 FORMAT (13X, 15,3X,15,3(3X,F12.4))
180 1040 FDRMAT(21X,15,3(3X,Fi2.4))
181 END
Name Type Offset P Class
D REAL .0 /DD /
DF - CHAR*2 & /PP /
DN- CHAR®Z 4 /PP /
DT REAL 48 /DD /
DU REAL 424
EF CHAR®Z 2 /FP 7
EN CHAR>2 o /PP 7
F REAL. o /FF /
FF CHAR*1 24 %
1 INTEGER*4 484
16 INTEGER%4 L
J INTEGER*4 458
a3 INTEGER* 4 454
K INTEGER*4 470 !
K< INTEGER#*4 494
L INTEGER%3 374
LC INTEGER*4 B *
1P INTEGER*4 450 |
Me INTEGER*4 ¢ /ED /
MOD INTRINSIC
N INTEGER%4 452
NE INTEGER#*4 o %
NJ INTEGER*A 4 =
NLEC INTEGER*3 12 *
NS INTEGER*4 16 %
NSU INTEGER*4 20 *
182 SUBRDUT INE EFORCE (NE,NJ, LC, NLL, NSU, NS, FF)
183 C
184 C PRINT ELEMENT ENMD FORCES
185 C
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186
187
1808
189
190
191
192
193
174
195
124
197
178
199
200
201
202
203
204
205
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207
208

. 209
210

211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
234
237
238
239
240
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CHARACTER FF,EN%2,EF%2,DN*2, DF%2

. . COMMON /ED/MC(3&0,2) sDD/D(12),DT(12) /FF/F(10,10)
" COMMON /PP/EN, EF ,DN,DF .
" WRITE (2, 1000) FF, EN, DN, EF, DF

120
14Q
112

111
113

140

180

190
170

210

200
220

150

130

1000
1010
1020
1030

1040
1050
1060

CALL SPAC
LP=4

JJ=2+NS+NE+NJ+NSU
READ(3,1010)J,N, IS

IF ¢(3) 130, 130,130

DO 111 K=1,3
IF(MOD{LP+K,56))113,112,111
WRITE(2,” (A)°)FF

LP=1_F+K

50TO 113

CONT INUE

WRITE (2, 1030)EN, DN, EF, DF
LP=LP+3

DO 150 L=J,N, IS

DO 150 I=1,NLC

PO 160 K=1,6

DIK)=0.0

DO 170 KK=1,LC

IF(F(I,KK)) 180,170,180 _
READ (1,REC= (KK—1) *NE+L+JJ} {DT (K} ,K=1,6)
DO 190 K=1,6

D (K) =D {K)+DT (K) #F (I, KK)

CONT INUE _

IF (I-1)200,210, 200

WRITE(2, 1040}, I,MC(L, 1), (D(K),K=1,3)
LP=LP+1 _
IF(MOD(LP,S6) .EQ. ) WRITE (2,° (A) *)FF
G0TO 220
WRITE{(2,1050)1,MC(L, 1), (D(K),K=1,3)
LP=tP+1

IF (MOD(LFP,356) JEQ.OYWRITE (2,7 (A) *)FF

WRITE{Z, 1050}MC{L,2), (DK} ,K=4,64)

LP=LF+1

IF(MOD(LP,2&) .ER.OYWRITE(2,7 (A)* )FF

CONTINUE

CALL SPAC

LP=LP+2

IF(MOD(LP,S54) .ER.OYWRITE(Z,* (A" }FF

GO0TD 120

CALL SPAC

RETURN

FORMAT (3A, //7SX7ELEMENT — END FORLCES®2A)

FORMAT(3IIS?

FORMAT(GEL14.7)

FORMAT (24, 3X"ELEMENT > 4X? LOAD 3IX> JOINT?4X° TORSION — X*&X*SHEAR - 27
1SXMOMENT — Y2 /74X > NUMBER’ 3X COMB."SX°NO. 76X KN — m? 12X KN 11X

2°KN — m” /2A) -

FORMAT (5X, I5,3X, [5,3X, [5,3(3X,F12.4))
FORMAT (13X, 15,3X, I5, 3(3X,F12.4))
FORMAT (21X, IS5,3(3X,F12.4))

END
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Name Type Dffset P Class
D REAL 0 /DD o
DF CHAR%*2 b /PP /
DN CHAR*2 4 /FP /
DT REAL 44 /DD /
EF CHAR*2 - PP /
EN CHAR»*2 0 /PF /
F REAL 0 /FF /
FF CHAR* 1 24 *
I INTEGER*4 ass
15 INTEGER*4 838
J INTEGER*4 830
JdJ INTEGER*4 B2&
K INTEGER*4 842
KK INTEGER#*4 B4b
L INTEGER*4 844
LC INTEGER*4 8 %
LFP INTEGER*4 822
MC INTEGER*4 (o} /ED /
MOD INTRINSIC
N INTEGER#*4 834
NE INTEGER*4 0 *
NJ INTEGER*4 4 x
NLC INTEGER*4 12 =
NS INTEGER*4 20 =
NSU INTEGER*4 16 *
241 SUBROUTINE REACT (NE,NJ,LLC,NLC,NSU,NS5,FF)
242 C
243 C PRINT SUPFPORT REACTIONS
244 C
245 CHARACTER FF,EN*2,EF*2,DN*2, DF*2
246 COMMON /JD/JR(200,3) /DD/D(12),DT(12) /FF/F(10,10)
247 COMMON /RS/NSJ (60) /FP/EN,EF,DN,DF
r 248 DIMENSION DF (Z0)
249 WRITE(2,1000)FF,EN,DN,EF,DF
250 CALL SPAC
251 LP=4
252 10 READI(3,10100J,N,15
253 IF(J)100,100,110
254 110 DO 111 K=1,3
1 255 IF(MOD{(LP+K,56))111,112,111
1 256 112 WRITE(2,” {A)’)FF
1 257 LP=LP+K
1 258 GOTO 113
1 259 111 CONTINUE
2460 113 WRITE(2, 1030)EN, DN,EF,DF
2561 LP=LFP+3
262 DO 150 L=J,N, 15
263 DO 70 K=1,NSU
264 IF(L-N5J(K))70,140,70
265 140 1I=K
264 GOTO 130

.MMI"J'-‘



-

g

-2

07-02-8
21:45:0
March 198

D Linef 1 7 Microsoft FORTRAN77 V3.30
2 267 70 CONTINUE
1 268 GOTO 150
1 269 130 READ(4,REC=I1) (DP(K) ,K=1,3%LC)
1 270 DO 20 I=1,NLC
2 271 DO 30 K=1,3
3 272 0 D(K)=0.0
2 273 DO 40 KK=1,LC
S 274 IF(F(I,KK))50,40,50
3 2735 S0 DO &0 K=1,3
4 276 40 D(K)=D(K)+DF { (KK—1) #3+K) #F (I, KK)
3 277 40 CONTINUE
2 278 IF(1I-1)80,%0,80
2 279 90 WRITE(2,1040)L,1,(D(K),K=1,3)
2 280 LP=LP+1
2 281 IF(MOD(LP,S56) .ER.O)WRITE(2,” (A)*)FF
2 282 GOTO 20
2 283 80 WRITE(2,1050)I, {(D(K),K=1,3)
h 2 284 LP=LP+1
2 285 IF{(MOD(LP,56) .EQ.OQ)WRITE(2, " (A) 7 )FF
2 286 20 CONTINUE
1 287 150 CONTINUE
288 CALL SPAC
289 LP=LF+2
290 IF(MOD(LF,56) .EB.O)WRITE(2,” (A)*)FF
291 GOTO 10
292 100 CALL SFAC
293 RETURN
294 1000 FORMAT (3A, //5X° SUFPFORT REACTIONS® 2A)
295 1010 FORMAT(ZIS)
296 1020 FORMAT(5X,10E14.7)
297 1030 FORMAT(2A,3X>JOINT” 12X’ LOAD* SX"MOMENT - X’ 6X*SHEAR — Z75X
298 1"MOMENT — Y*/5X°NO. SX’COMEINATION"6X KN — m*" 12X KN* 11X
299 2"KN — m” /28)
300 1040 FORMAT(3X,I15,11X,I5,3(3X,F12.4))
301 1050 FORMAT(19X,15,3(3X,F12.4))
302 END
'Name Type Offset P Class
D REAL o) /DD /
DF CHAR%*2 ] /FP /
DN CHAR*2 4 /PP 7
DF REAL 11464
DT REAL 48 /DD /
EF CHAR*2 2 /FP /
EN CHAR*2 0 /PP /
r REAL 0 /FF /
FF CHAR*1 24 %
1 INTEGER*4 1310
11 INTEGER*4 1302
IS INTEGER*4 1278
J INTEGER*4 1270
JR INTEGER*4 0 /dD /
K INTEGER*4 1282
KK INTEGER*4 1318
INTEGER*4 1286
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LE INTEGER*4 B *
LF INTEGER*4 1266
MOD INTRINSIC
N INTEGER*4 1274
NE INTEGER*4 0 *
NJ INTEGER*4 4 *
NLC INTEGER#*4 12 *
NS INTEGER#*4 20 *
NSJ INTEGER*4 (8] /RS /
NSU INTEGER*4 16 *
303 SUBROUTINE CACTION(NE,NJ.LC,NLC,NSU,NS,FF)
304 C
305 C COMPARE ELEMENT ACTIONS % PRINT
304 C
307 CHARACTER FF,EN%*2,EF*2,DN*2,DF %2
308 COMMON /BB/1IB(2,6),LL{360),A{3460,4),B(2,46)
309 COMMON /DD/D(12),DT(12) /FF/F(10,10) /PP/EN,EF,DN,DF
=10 G
311 WRITE(2, 1700)FF,EN,DN,EF,DF
312 CALL SPAC
‘313 LP=4
314 II=24+NS+NE+NJ+NSU
315 100 READ(3,1100)J,N, IS
314 IF(J)20,20,10
317 10 DD 111 K=1,3
1 318 IF{MOD(LP+K,S4))111,112,111
1 319 112 WRITE(2,? {A)Y?)FF
4 320 LP=LP+K
i 321 60TO 113
h 322 111 CONTINUE
323 113 WRITE(2, 1000)EN,DN,J,N, IS,EF,DF
324 CALL SPAC
325 LP=LP+3
326 DO 211 K=1,3
327 IF(MOD(LP+K,S46))211,212,211
328 212 WRITE(2,” (A)*)FF
329 LP=LP+K
330 GOTO 213
331 211 CONTINUE
332 213 WRITE(2, 1200)EN, DN, EF,DF
333 LP=LF+3
334 DO 30 I=1,NLC
1 335 JJ=0
1 336 DO 40 L=Jd,N, IS
2 337 DO S0 K=1,6
- 338 S50 D(K)Y=0.0
2 339 DO &0 KK=1,LC
3 340 IF(F(I,KK))Y70,60,70
3 341 70 READ (1,REC=(KK=1) *NE+L+11) (DT(K) ,K=1,84)
3 342 DO 80 K=1,6
4 343 B0 D(K)=D(K)+DT(K)*F (I, KK)
3 344 &0 CONTINUE
2 345 JI=JJ+1
2 246 LL(JJ)=L
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347 DO 90 K=1,6

348 90 A(JJI,K)=D(K)

349 40 CONTINUE

350 CALL MACTION(JJ)

351 WRITE(2,1400)1,(B(1,K),IB(1,K),K=1,3)

352 LP=LP+1

353 IF(MOD(LP,S56) .EQ.OYWRITE(2,?” (A)*)FF

354 WRITE(2, 1500) (B(2,K) , IB(2,K) ,K=1,3)

3595 LP=LP+1

356 IF(MOD(LP,S6) .EQ.OYWRITE(Z,” (A) " )FF

357 WRITE(2,14600) (B{1,K),IB(1,K), K=4,4)

358 LP=LP+1

359 IF(MOD(LP,S6) .ERQ.O)WRITE{(2,” (A)*)FF

360 WRITE(2,1500) (B(2,K) , IB(2,K) ,K=4,6)

361 LP=LP+1

362 IF(MOD(LP,.S6) .EQ.OYWRITE(2,” (A)")FF

3463 30 CONTINUE

364 CALL SPAC

365 LP=LP+2

366 IF(MOD(LP,S5&) .ER.O)WRITE(2,” (A)?)FF

367 GOTOD 100

368 20 CALL SPAC

3469 RETURN

370 1000 FORMAT (2A,3X°’COMPARISON OF FORCES ALONG ELEMENTS "I4* THRU *I4

371
372 1100

1’ AT STEP ”14,2R)
FORMAT (315)

373 1200 FORMAT(2A,4X’LDAD* 3X*ELEM?8X Max/Min’*3X"0n*2(7X’Max/Min’3X°0n”) /74X

374 1”COMB” 4X”END*4X" TORSION - X*2X"EL.”SX"SHEAR - Z72X"EL."4X
375 2°MOMENT — Y 2X?EL.*/2A)
376 1300 FORMAT(4E14.7)
377 1400 FORMAT(3X,15,2X°A-End’3X,3(F12.2,1X,14,2X))
378 1500 FORMAT(18X,3(F12.2,1X,14,2X))
379 1600 FORMAT(10X B-End>3X,3(F12.2,1X,14,2X))
380 1700 FORMAT (3A,//3X°COMPARISON OF ELEMENT-END FORCES”2A)
381 END

Type Offset P Class

REAL 1488 /BB /

REAL 10128 /BB /

REAL o /DD /

CHAR*2 ) /PP /

CHAR#*2 4 /PP /

REAL 48 /DD /

CHAR*2 2 /FP /

CHAR#*2 0 /PP /

REAL 0 /FF /

CHAR*1 24 =

INTEGER*4 1588

INTEGER*4 o /BB /

INTEGER*4 1568

INTEGER*4 1580

INTEGER*4 1572

INTEGER*4 1596

INTEGER*4 1584

INTEGER*4 16412
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INTEGER*4 1600
INTEGER*4 8 *
INTEGER*4 48 /BB !
INTEGER*4 1564
INTRINSIC
INTEGER*4 1576
INTEGER*4 0 *
INTEGER*4 4 =
INTEGER*4 12 =
INTEGER*4 20 *
INTEGER%*4 16 #*
382 SUBROUTINE MACTIDN(N)
83 C
384 C FINDS THE MAX/MIN OF FORCES & THEIR POSITIONS
385 C
384 COMMON /BB/IB(2,6),LL{360) ,A(3460,6),B(2,6)
387 DIMENSION IF{2,6)
388 C
389 DO 10 Jd=1,4
390 XMAX=A(1,J)
391 IMAX=1
392 XMIN=A(1,Jd)
393 IMIN=1
" 394 DO 20 I=1,N
375 IF(XMIN-A(I,J))40,40,30
396 30 XMIN=A(I,J)
397 IMIN=]
398 40 IF(XMAX-A(I,J))50,20,20
399 50 XMAX=A(I1,d)
400 IMAX=1
{401 20 CONTINUE
402 B(1,J)=XMAX
403 B(2,J)=XMIN
404 IP(1,J)=IMAX
405 IP(2,J3)=IMIN
406 10 CONTINUE
407 DO &0 I=1,2
408 DO &0 J=1,6
409 IMAX=IP(I,dJ)
410 &0 IB(I,J)=LL {(IMAX)
411 RETURN
412 END
Type Offset P Class
REAL 1488 /BB /
REAL 10128 /BB /
INTEGER*4 2074
INTEGER*4 8] /BB 7
INTEGER*4 2062
INTEGER*4 2070
INTEGER*4 20046
INTEGER*4 2054
INTEGER#*4 48 /BB /



WRITE(2,10)EN,DN, (*~*,I=1,70) ,EF,DF

Linef 1 7
N INTEGER#*4
XMAX REAL
b XMIN REAL
]
413 SUBROUTI
414 CHARACTE
» 415 COMMON /
416
417 10 FORMAT (2
418 RETURN
419 END
Name Type Of
DF CHAR*2
DN CHAR*2
EF CHAR*2
EN CHAR*2
1 INTEGER*4
Name Type
BB 1
CACTIO
DD
ED
EFORCE
FF
GDIS
GRIDA4
JD
LDIS
MACTIO
PP
=ACT
’ i
SPAC

Pass One

No Errors
419 Source

-242-

0O *
2058
2066

NE SPAC
R*2 EN,EF,DN,DF
PP/EN, EF , DN, DF

A, 3X, 7041, /24A)

fset P Class
& /PP /
) /PF /
2 /PP /
0 /PP /

2082

Size Class

0176 COMMON
SUBROUT INE
24 COMMON
2880 COMMON
SUBROUT INE
400 COMMON
SUBROUTINE
FROGRAM
2400 COMMON
SUBROUTINE
SUBROUT INE
a8 COMMON
SUBROUTINE
240 COMMON
SUBROUT INE

Detected
Lines

07-02-87
21:45:04

Microsoft FORTRAN77 V3.30 March 1985
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APFENDIX IV

S5AMPLE - Bridge Response Determination Using Simplified Approach

The following gives a sample of analysis aid charts. For each
chart a brief description of the bridge response concerned is given.

The following notes explaln the details of what the columns represent.

1. EBridge responcse description for:
- Longitudinal girders
. Numerically maximum/minimum bending moments
= 4 > torsional o5
- s s s shear forces
- Transvarse elements
» Numerically maximum/minimum slab moment
» >3 .8 diaphragm moment
2. THETA represents angle of skew.
3. MEMBERS - Corresponding to any span configuration, there
are two choices for members, hence this column represents

the two different material properties.
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