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PREFACE

This report is the fourth in a series which summarizes a detailed
investigation of the wvarious problems associated with design and construc-
tion of long span prestressed concrete bridges of precast segmental con-
struction., The initial report in the series summarized the general state
of the art for design and construction of this type bridge as of May 1969.
The second report outlined requirements for, and reported test results of,
epoxy resin materials for jointing the large precast segments. The third
report summarized design criteria and procedures for bridges of this type
and included two design examples. One of these examples was the three-
span segmental bridge constructed in Corpus Christi, Texas, during 1972-73.
This report summarizes the development of an incremental analysis proce-
dure and computer program which can be used to analyze segmentally erected
box girder bridges and which realistically considers prestressing layouts
and sequence of construction. Structural performance data for a realistic
one-sixth scale model of the structure and comparisons with analytic
results using the computer model outlined herein will be presented in a

subsequent report,

Although the authors have personally tested the program as listed
in this report and believe it to be correct, no warranty, expressed or
implied, is made by the authors as to the accuracy of functioning of the
program. No responsibility is assumed by the authors for incorrect

results or damages resulting from the use of this program.

This work is a part of Research Project 3-5-69-121, entitled
"Design Procedures for Long Span Prestressed Concrete Bridges of Segmental
Construction.” The studies described were conducted as a part of the
overall research program at The University of Texas at Austin, Center for
Highway Research. The work was sponsored jointly by the Texas Highway
Department and the Federal Highway Administration under an agreement with

The University of Texas at Austin and the Texas Highway Department.
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Liaison with the Texas Highway Department was maintained through
the contact representative, Mr. Robert L. Reed, and the State Bridge
Engineer, Mr. Wayne Henneberger; Mr. D. E. Harley and Mr. Robert E.
Stanford were the contact representatives for the Federal Highway
Administration. The authors were particularly appreciative of the deep
interest and assistance of Professor A. C. Scordelis of the University of
California at Berkeley. Professor Scordelis made available copies of
computer programs with documentation and answered many inquiries which

were invaluable in development of the computer program SIMPLA2.

The overall study was directed by Dr. John E. Breen, Professor
of Civil Engineering. Dr. Ned H. Burns, Professor of Civil Engineering,
directed this analysis phase. The incremental analysis was developed by

Robert C. Brown, Jr., Research Engineer, Center for Highway Research.

iv



SUMMARY

The economic advantages of precasting can be combined with the
structural efficiency of prestressed concrete box girders for long span
bridge structures when erected by segmental construction. The complete
superstructure is precast in box segments of convenient size for trans-
portation and erection. These precast segments are erected in cantilever

and post-tensioned together to form the complete superstructure.

This report details the development of an analysis technique
with an associated computer program to permit efficient analysis of
constant depth segmental prestressed concrete box girders at all stages
of erection. An existing box girdef analysis program developed for
analysis of completed structures was substantially altered to make it

applicable to the multistage construction problem.

The basic analytical element is rectangular, with uniform thick-
ness formed by longitudinally dividing the prismatic box girder into
finite segments. The finite segments are then subdivided transversely
into finite elements. The analysis proceeds by obtaining transverse
equilibrium and compatibility using the direct stiffness method and then
ensuring longitudinal equilibrium and compatibility using a transfer
matrix method. General effects of prestressing are accounted for by use
of the equivalent load concept. Procedures to account for construction
stage erection and detailed effects of prestressing, such as friction,

have been developed and included in the program.

The computer program has been written to simulate the complete
construction sequence after a reasonable amount of user-generated data.
The program provides a complete analysis for stresses and deflections at
each stage of construction and will, at the user's option, compute revised
tendon stresses for all tendons stressed earlier in the sequence and

bonded by grouting.



The use of the computer program is demonstrated by means of
several practical examples, including an analysis of the first bridge
of this type in the United States, erected at Corpus Christi, Texas.
The general applicability of the program was verified in a related study
by Kashima33 wherein measurements were made in a realistic model study

of the Corpus Christi bridge and good correlation was obtained.
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IMPLEMENTATION

This report presents the background and details of a computer
program developed specifically to permit efficient analysis of constant
depth segmental prestressed concrete box girders at varied stages of
erection., This type of construction is becoming increasingly popular
in the United States and the use of such a program can reduce the
burden of calculations required for checking the structure at various

stages of development during the cantilever erection procedure.

The computer program provides a complete analysis for stresses
and deflections at each stage of construction as well as a check on
tendon stresses for all tendons stressed at any stage of the construction.
The report includes a brief summary of the derivation of the analytical
procedures, a detailed input guide to assist the user in preparing a
data deck for use with the program, and provides several example problems
with samples of both input data and output, so that a user can check his
ability to develop a data deck on a sample problem. One of the example
problems is based on the box girder bridge erected over the Intracoastal
Waterway at Corpus Christi, Texas, where the program was used in a check

of the structure.

While the program is limited to consideration of box girders of
constant depth, it should be very useful in analysis of proposed struc-
tures in the 100 to 300 ft. span range and can deal with a wide variety
of cross sections. Further development of such programs should extend
the capabilities for handling variable depth and skew crossings. The
program as written can consider a wide range of restraint conditions and
thus can answer important questions concerning the need for provision of
diaphragms, auxiliary supports, or special support devices required at
various stages of erection. The program is based on elastic analysis and

could also be used in connection with checking erection stresses in steel
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box girders if careful extra attention was paid to local stability

requirements.
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CHAPTER 1
INTRODUCTION

1.1 General

Bridge engineers continually face requirements for safer, more
economical bridge structures. 1In response to many requirements imposed
by traffic considerations, natural obstacles, more efficient use of land
in urban areas, safety, and aesthetics, the trend is to longer span
structures. At present, the most commonly used structural system for
highway bridge structures in Texas consists of prestressed concrete
I girders combined with a cast-in-place deck slab. This system has
practical limitations for spans beyond the 120 ft. range. With the high
costs and maintenance requirements of steel bridges, there exists a need
to develop an economical approach to achieve precast, prestressed concrete

spans in the 120-300 ft. range.

In the United States, spans in the 160 ft. range have been
achieved by the use of post-tensioned, cast-in-place girders.lg* The box,
or cellular, cross section shown in Fig. 1.1 is ideal for bridge super-
structures since its high torsional stiffness provides excellent transverse
load distributing properties. Construction experience along the West Coast
has indicated that this type bridge is a very economical solution to many

long span challenges.

In Europe, Japan, and Australia, during the late 1960's and early
1970's, the advantages of the cellular cross section were combined with

the substantial advantages obtained by maximum use of prefabricated

*
Numbers refer to references listed at the end of this report.



Fig. 1.1. Typical cellular cross section.

components. By precasting the complete box girder cross section in short
segments of a convenient size for transportation and erection, the entire
bridge superstructure may be precast. These precast units are subsequently
assembled on the site by post-tensioning them longitudinally. A number

of extremely long span precast and cast-in-place box girder bridges have
been segmentally constructed in Europe7 and interest in this construction
concept is rapidly growing in the United States. A three-span precast
segmentally constructed box girder bridge with a 200 ft. maximum span was

completed in Corpus Christi, Texas, in 1973.

1.2 Cantilever Segmental Construction

Figure 1.2 illustrates some of the wide range of cross-sectional
shapes which can be used. Various techniques have been used for jointing
between the precast segments,with thin epoxy resin joints being the widest
used. The most significant variation in construction technique is the
method employed to assemble the precast segments. The most widely used
methods may be categorized as construction on falsework and cantilever ..
construction. This report deals only with those structures constructed
by the latter approach. The outstanding advantage of the cantilever
approach to segmental construction lies in the fact that the complete con-
struction may be accomplished without the use of falsework and hence

minimizes traffic interruption.



(a) Single cell girder

(b) Single cells joined by deck

(c) Multicell girder

Fig. 1.2. Girder cross-sectional configurations.



Assembly of the segments is accomplished by sequential balanced
cantilevering outward from the piers toward the span centerlines. Ini-
tially the "hammerhead" is formed by erecting the pier segment and
attaching it to the pier to provide unbalanced moment capacity. The two
adjoining segments are then erected and post-tensioned through the pier
segment, as shown in Fig. 1.3(a). Auxiliary supports may be employed for
added stability during cantilevering or to reduce the required moment
capacity of the pier. Each stage of cantilevering is accomplished by
applying the epoxy resin jointing material to the ends of the segments,
lifting a pair of segments into place, and post-tensioning them to the
standing portion of the structure [see Fig. 1.3(b)]. Techniques for
positioning the segments vary. They may be lifted into position by means
of a truck or floating crane, by a traveling lifting device attached to
(or riding on) the completed portion of the superstructure, or by using
a traveling gantry. 1In the latter case the segments are transported over
the completed portion of the superstructure to the gantry and then lowered

into position.

The stage-by-stage erection and prestressing of precast segments
is continued until the cantilever arms extend nearly to the span centerline.
In this configuration the span is ready for closure. The term closure
refers to the steps taken to make the two independent cantilever arms
between a pair of piers one continuous span. In earlier segmentally con-
structed bridges there was no attempt to ensure such longitudinal continuity.
At the center of the span, where the two cantilever arms meet, a hinge or
an expansion joint was provided. This practice has been largely abandoned
in precast structures, since the lack of continuity allows unsightly creep

H

L . . 2,14
deflections to occur. Ensuring continuity is advised™’ and usually

involves
(1) Ensuring that the vertical displacements of the two cantilever
ends are essentially equal and no sharp break in end slope exists.

(2) Casting in place a full width closure strip, which is generally
from 1 to 3 ft. in length.

(3) Post-tensioning through the closure strip to ensure structural
continuity.



Epoxy resin
joint ;

Pier segment

Anchor bolts or
prestressing

(a) Construction of hammerhead (b) Segmental cantilevering

Closure tendons

Cast-in-place closure strip

| | el | | [ 1T 1 1

Adjus ting jacks

(¢) Closure of span

Fig. 1.3. Construction of complete span.



The exact procedures required for closure of a given structure must be
carefully specified in the construction sequence. The final step in
closure is to adjust the distribution of stress throughout the girder to
ensure maximum efficiency of prestress. Adjustment is usually necessary
to offset undesirable secondary moments induced by continuity prestressing.

The final adjustments may involve1

(1) Adjusting the elevation of the girder soffit, at the piers, to
induce supplementary moments. The adjustment may be accomplished
by means of jacks inserted between the pier and the soffit of the

girder with subsequent shimming to hold the girder in position. .

(2) Insertion of a hinge in the gap between the two cantilever arms
to reduce the stiffness of the deck while the continuity tendons
are partially stressed. The hinge is subsequently concreted before

the continuity tendons are fully stressed.

(3) A combination of hinges and jacks inserted in the gap to control
the moment at the center of the span while the continuity tendons
are stressed. The final adjustment is made by further incre-

menting the jack force and finally concreting the joint in.

The first of these possibilities is the widest used. After final
adjustments are complete, the operation is moved forward to the next pier

and the erection sequence begins again.

The intent of this outline is to convey the general construction
procedures which have been successfully employed. There are a number of
variations of these procedures by which the construction could be success-
fully accomplished. The above discussion shows that from the onset of
construction of a particular span until its completion, the structural con-
figuration is continually changing, and at one stage changes from a deter-
minate system to a continuous system. It is also evident that the structure
is subject to a wide variety of loading and boundary conditions during
erection. The girder must be designed to withstand the conditions existing
at every stage; consequently, the girder must be analyzed under the
conditions existing at every stage. The efficient analysis of the girder

at each stage of erection is the goal of this research.



In spans of great length, erection considerations may dictate
that segments be cast in place. The procedures outlined above can still
be followed, except that allowances must be made for form weights and the
entire process is more demanding of proper consideration of the time frame,

particularly as it effects concrete strength development and creep.

1.3 Recent Research in Segmentally
Constructed Bridges

In 1969, a comprehensive research effort dealing with segmental
construction of precast concrete bridges was initiated at The University
of Texas at Austin. This report summarizes one part of this multiphase
project which had the following objectives:

(1) To investigate the state-of-the-art of segmental bridge
construction,

(2) To establish design procedures and design criteria in general
conformance with provisions of existing design codes and
standards.

(3) To develop optimization procedures whereby the box girder cross
section dimensions could be optimized with respect to cost to
assist preliminary design.

(4) To develop a mathematical model of a prestressed box girder,
and an associated computer program for the analysis of seg-
mentally constructed girders during all stages of erection.

(5) To verify design and analysis procedures using a highly devel-
oped structural model of a segmental box girder bridge.

(6) To verify model techniques by observance of construction and

service load testing of a prototype structure.

The first three phases of this work were reported in previous

X . X . . . 0
reports in this series and in the dissertation of Lacey.6’3 31

Lacey and
Breen used adaptations of methods recommended in the 1969 AASHO Specifica-
tions for the design of normal bridge cross sections under the action of
wheel loads. This AASHO method was simplified somewhat and utilized in
the development of a computerized optimization scheme by which the box
girder cross section dimensions are optimized with respect to cost. The

formulation is such that if the cross-sectional type, the spans, the

overall deck width, and the web thicknesses are known, the remaining



8

cross-sectional dimensions are established to minimize the superstructure

cost based on reasonable estimates of unit costs of major constituents. .

Working within the philosophies of existing U.S. standards, Lacey
and Breen established the necessary design criteria, and developed design '
procedures for the design of segmentally constructed, precast, prestressed
box girders. The box girder is initially designed in the transverse
direction for the action of wheel loads, ignoring any warping effects. For
the preliminary design in the longitudinal direction, the box girder is
treated by conventional beam theory. The effects of prestressing are
accounted for by a simplified equivalent load scheme where the effective

prestress force is estimated.

In order that the design procedures developed be useful in a
typical design office, these simplifying assumptions are necessary. It

. 1
is known,

however, that the longitudinal and the transverse response
of a box girder depend on an interaction of both the transverse and longi-
tudinal properties, In general, the response of a box girder is more
complex than that assumed in developing the design procedure. Lacey and
Breen recommended an analysis of the completed structure using established
box girder analysis programs such as MUPDI.31 The preliminary design can

then be revised if significant warping stresses are indicated.

As suggested by Fig. 1.3(b), tendon profiles utilized in seg-
mentally constructed box girders are characterized by large curvatures and
slopes. Moreover, prestress forces applied to the negative moment tendons
are typically quite large. The combination of these two factors suggests
the requirement for a more rigorous approach to the calculation of equiva-

lent prestress forces than traditionally used.

It became clear that while "beam'" theory sufficed for initial
design, a more rigorous check analysis was desirable at each stage of con-
struction for verification of the design considering possible warping and

with detailed consideration of prestressing.

As outlined in Ref. 31, the results of the overall project have
been combined to provide a reasonable, accurate design-analysis package

for segmentally constructed box girders, involving the following:



(1) Preliminary design based on conceptual considerations, span
depth ratios, construction site limitations, and practical construction

considerations.

(2) Revisions to initial designs are indicated by optimization

studies.

(3) Detailed transverse and longitudinal design is carried out

by '"beam'" analysis techniques.

(4) Behavior of the completed structure under unsymmetrical loading
and warping effects is examined by use of existing box girder analysis
programs such as MUPDI. Any needed revisions in design are made to accom-

modate these effects.

(5) The final design is thoroughly scrutinized at each proposed

stage of erection by the computer program discussed herein.

(6) Changes in important details such as post-tensioning cable
layouts, proposed by the constructor at the working drawing stage, can

be quickly evaluated using the program included herein.

The design procedure suggested above was successfully followed in the

design of the model of and the prototype structure built at Corpus Christi.

1.4 Objectives and Scope of this Research

Segmentally cantilevered box girders should be designed for and
analyzed at each stage of erection. Analysis at each stage can represent
a monumental task unless the problem is simplified considerably. Effects
of simplification for purposes of design are often difficult to evaluate,
since the degree to which a box girder behaves as a beam depends upon many

23

variables and is difficult to determine. The objective of this research
is to develop a composite mathematical model amd an associated computer
program for the automatic analysis of cantilever-erected segmental pre-
stressed box girders. The present program is limited to longitudinally
prismatic (and hence constant depth) elastic structures, the cross section

of which may be idealized by prismatic plates. A wide range of cross-

sectional shapes, as shown in Fig. 1.2, have been employed in the past;
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consequently, the capability to treat arbitrary cross-sectional shapes is

desirable.

The discussion of Sec. 1.2 indicates that a stage of erection may
involve a number of modifications to the structure, the loading or
boundary conditions, or the support conditions. Moreover, the complete
erection is accomplished in a large number of stages. Consequently, in
addition to the basic analysis capability, it is the objective of this
research to provide a computer program with the capability to accept, as
input, a complete erection schedule, and to automatically update the
structural system according to the input schedule to provide a complete
analysis at each stage of erection. In addition, the computer model must
be capable of accurately accounting for the effects of prestressing forces
which generally constitute a significant portion of the total load during
‘erection. This requires a careful evaluation of the effective prestress
force at all locations along a tendon, requiring calculation of force
loss due to friction and due to the stage prestressing. Prestress force
loss due to friction and the transverse forces applied to the structure
by the tendon (equivalent loads) are functions of the tendon profile;
therefore, accurate force evaluation demands an accurate representation
of the tendon profile. In keeping with the requirement for the analysis
to apply to a large class of problems, the model should be capable of

approximating general tendon profiles.

In summary, the objectives of this research may be separated into
two basic parts. First, to develop an automatic analysis capability
applicable to post-tensioned box girders under given conditions of load
and restraint, and second, to extend this capability such that the struc-
tural analysis problem may be automatically altered according to an input
sequence of erection events. The end result of this research will be an
accurate, automatic analysis tool,with which a designer may rigorously
check a box girder design at every stage of erection, which is based upon

a simplified design approach.

The computer program developed during this research was used by

the Texas Highway Department to check the final design of the Corpus Christi
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Intracoastal Canal Bridge and to review the effects of tendon design
changes suggested by a bidder and rapidly assess the feasibility of such

changes.

There are various box girder computer analyses available.
However, the treatment of the effects of prestressing developed herein
and the application of a box girder analysis to a continuously changing

structural system seems unique to this research.

1.5 Box Girder Behavior and Available
Analytical Models

In order to provide a realistic analysis it is necessary that the
mathematical model be sufficiently rigorous to model all significant
behavior of the structure. However, the most rigorous approach may make
the analysis of a practical problem so unwieldy as to be impractical even
on a large computer. The degree of sophistication of the mathematical
model necessary to accomplish the stated objectives of this research was
established only after studying the characteristic behavior of box
girders. A sunmary of the most important characteristics of box girders
and of a review of previous analytical models is presented in the next

section. A more detailed review is given in Ref. 32.

1.5.1 Box Girder Behavior. A general box girder load may be

thought of as being composed of three components: a flexural component,

a torsional component, and a component tending to distort the cross section,
termed a distortional component. The flexural component produces longi-
tudinal membrane stresses and flexural shears in the various plates of the
cross section which may be determined by flexural theory. The torsional
component, as shown in Fig. 1.4, produces St. Venant membrane shears and
longitudinal membrane stresses, arising from restrained warping, which may
be determined by the Prandtl-Bredt torsion theory. Generally, the stresses
associated with restrained warping are small and highly localized. The
distortional component produces longitudinal membrane stresses resulting
from in-plane plate strains and transverse bending moments. Determination

of these stresses requires considerations which are not as familiar to
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(a) Torsional (b) St. Venant torsion (c) Distortional

Fig. 1.4. Resolution of torsional component.

engineers as the flexural and torsion theories. Resolution of a given

load into flexural and torsional components is a simple matter; however,
the further resolution of the torsional component into a St. Venant tor-
sional component and a distortional component is a complex problem for

the general cellular cross section. Generally, it can be said that the
amount of cross section deformation to be expected at a given section is

a function of the relative stiffnesses in the longitudinal and transverse
directions.19 Previous investigators have determined that the cross-
sectional deformation significantly alters the '"beam analysis'" stresses for

many structures of interest in this study.s’19

A further characteristic of thin-walled box beams causing stresses
to vary from values determined from flexural and torsional theory is the
in-plane shear deformation of the flange plates. This phenomenon, known
as shear lag, is an extremely complex problem and its significance in
civil engineering structures has been the subject of only limited investiga-

10,15 The primary manifestation of shear lag in box girders is a

tions.
nonuniformity of longitudinal membrane flexural stress across the flange
plates, as shown in Fig. 1.5. The relative importance of shear lag in a
given girder is a function of many variables with a short, wide cantilevered

15,17

box girder most susceptible to shear lag. In several such stubby box

girders analyzed by the folded plate method, peak flange stresses were
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Fig. 1.5. Shear lag phenomenon.

determined as 30 percent greater than the value given by a flexural
analysis. This finding is compatible with results reported by Reissner
and Hildebrand,17 and those reported from a field test of a box girder

bridge under construction.

Thus, under some circumstances cross section distortion combined
with shear lag effects may cause stresses to vary significantly from values
given by flexural and torsion theories alone. Therefore, an approach which

considers a total elastic analysis of the structure was adopted.

1.5.2 Available Analytical Models. The past decade has seen a

proliferation of publications dealing with the analysis of plate assem-
blages; i.e., folded plates and box girders, as seen from the bibliography
accompanying Ref. 24. The most generally applicable analytical methods
recently employed may be placed into one of three broad categories:

(1) folded plate analysis, (2) thin-walled beam theory, and (3) finite
element techniques. Detailed evaluation of the characteristics of each

as they apply to the present problem are given in Ref. 32.

The folded plate analysis represents the most accurate of the three
approaches noted above. The behavior of the plate element in its plane
is governed by the plane stress equations of elasticity; and that normal

to the plane is governed by the equations of biaxial plate bending. This
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approach was utilized by Scordelisls’l9

to develop a general purpose
computer program for the analysis of continuous, prismatic box girders of
arbitrary cross section. Intermediate shear-rigid diaphragms and dia-
phragms over supports are treated by using a flexibility technique to
solve for the indeterminate interaction forces. Because of experimental
verificationll and its sound theoretical basis, the folded plate method

has been usedll’ls’19

as a standard for other, less rigorous, techniques.
The harmonic representation of loads and displacements limits the appli-

cability of the techmnique to structures which are simply supported at the
extreme ends. A further disadvantage is the inability to account for

anisotropic plate elements.

A number of the analytical techniques presented recently3 fall
into a category of thin-walled beam theory. This approach takes advantage
of the fact that, for the type of structures under consideration, the
longitudinal slab moments and associated slab shears are quite small and
can, therefore, be neglected. Most formulations are limited to either

fixed or simply supported boundaries.

Lo and Scordelis9 have adopted the assumption that longitudinal
and torsional moments are negligible to arrive at still another formula-
tion falling into the thin-walled beam category. The technique, termed
"the finite segment method,'" requires division of the structure both
transversely and longitudinally into rectangular subregions. Each sub-
region behaves as a beam in the longitudinal direction and a one-way slab
in the transverse direction. Therefore, derivation of the stiffness
matrix requires only the use of the differential equation of flexure.
Longitudinal equilibrium and compatibility are ensured by a transfer
matrix approach, while simultaneously ensuring transverse equilibrium and
compatibility by the direct stiffness method. This results in a system
of linear algebraic equations relating the boundary forces and displace-
ments. This approach is closely akin to the finite element method and
has many advantages associated with that method. The primary advantage
realized is the generality of boundary and loading conditions which may

be treated. Restraint from boundary and interior supports is specified
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independently for each element of the cross section; therefore, the
structure may be completely free, fixed, or something in between at the
boundaries and supports. Both intermediate shear-rigid diaphragms and
diaphragms over supports may be handled. The assumptions result in a
minimum number of degrees of freedom necessary to model the main behavior
of a box girder structure; however, they also impose limitations upon the
method which can produce inaccuracies in the results under certain circum-
stances. Scordelis19 reports that correlation between the approximate

finite segment method and "exact'" folded plate method is good.

Wright et al.,23 and Tung21 have used a technique for analysis of
single cell, rectangular, or trapezoidal box girders which is suitable for
hand calculation, termed the BEF analogy. The analysis falls into the
thin-walled beam theory category and is reasonably accurate. It could be
computerized for stage erection checks, but has the disadvantage of being
strictly applicable to single cell sections. Wright compares the results
from the BEF (beam on elastic foﬁndation) analogy with results from a more
rigorous analysis and concludes that this method predicts the longitudinal
and transverse stresses resulting from torsional load components adequately

for design purposes.

The finite element method is the most general analytical technique.
The structure is divided into subregions, the deformation patterns of which
are assumed. When displacement compatibility is explicitly enforced at two
element nodal points, the displacements along the element interface con-
necting the two points will be compatible. Once the displacement assump-
tions are made, the element stiffness matrix may be derived and the

analysis is carried out by the direct stiffness method.

Scordelis,19 and Meyer and Scordelis13 have employed the finite
element method for the analysis of box girder structures. The size,
thickness, and material properties of the elements may be varied arbi-
trarily throughout the structure, and arbitrary loading may be considered.
Numerous boundary conditions and both intermediate shear-rigid diaphragms
and diaphragms over supports may be treated. The primary disadvantage

associated with the finite element method is the number of equilibrium
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equations which must be solved. Vast computer storage and execution

times are required for moderate size problems.

1.5.3 Mathematical Model for this Research. Two of the avail-

able analysis methods are sufficiently general with respect to cross-
sectional configuration, loading conditions, and boundary conditions for
purposes of this research--the finite element method, and the finite
segment method. Both of these methods are finite element approaches in
that the structure is divided into elementary subregions, of which the

stiffness properties can be derived.

There are two basic differences between the conventional finite
element method and the finite segment method. The finite segment method
assumes that longitudinal slab moments and torsional moments may be
neglected and enforces transverse displacement compatibility at only one
point along the element edge. 1Investigations employing the finite element

method13’29

have considered longitudinal and torsional slab moments and
have placed strict displacement compatibility requirements upon the ele-
ments. As a result of the rigorous requirements placed upon the element
. in the latter technique, the element was allowed up to 24 degrees of
freedom. Use of these elements, even for moderate size problems, demands

vast amounts of computer time and storage.

The simplifying assumptions made in the finite segment technique
have been shown to be justified,19 and as a consequence of these assump-
tions the basic structural element is allowed only 14 degrees of freedom.
This approach offers a substantial saving in computational effort while
retaining the required generality with respect to loading and boundary
conditions and approximating all significant behavior of the structure.
Moreover, use of the finite segment facilitates the representation of pre-
stressing. Therefore, the finite segment analysis technique was adapted

for this research.

In the following chapters the finite segment method and the
techniques used to adapt it to segmentally constructed box girders are

briefly presented. Full details and derivations are included in Ref. 32.
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Chapter 2 outlines the basic finite segment method. 1In Chapter 3
necessary additions and modifications to the finite segment method to
account for prestressing, stage erection, and closure are discussed.
Several example problems are solved and results presented in Chapter 4.

Chapter 5 is a summary with conclusions and recommendations.
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CHAPTER 2

THE FINITE SEGMENT FORMULATION

2.1 Introduction

Reasons for the selection of the finite segment method of analysis
have been reviewed in the previous chapter. A brief summary of the basic
assumptions and the development of the segment progression computational
technique are given in this chapter. Both the derivation of the element
stiffness properties and the general computational technique utilized

8,9,19

have been previously reported. These procedures are reviewed and
expanded in Ref. 32, which contains all of the detailed mathematical
derivations and expansions required for a complete understanding of the
procedure. Inclusion of the capability to treat elastic support

restraints is unique to this investigation.

The basic structural element is formed by subdividing the struc-
ture transversely into a number of plate elements and longitudinally into
a number of finite segments, as shown in Fig. 2.1. A typical element is
bound by two longitudinal joints (transverse subdivisions) and by two
stations (longitudinal subdivision). The solution is accomplished by
first establishing transverse equilibrium and compatibility of all the
elements between stations K and K+1 (the Kth finite segment). The
influence at station K+1 of the actions (forces and displacements) at
station K and the loads applied to segment K is determined from a segment
progression method. This procedure is applied to each segment along the
span, resulting in a set of linear equations relating the boundary actions.
Specification of boundary conditions provides sufficient equations for

solution of all unknowns.

2.2 Basis for the Mathematical Model

The assumptions upon which the analytical behavior of the basic

structural element is formulated are essentially the same as those

19
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(c¢) Typical finite plate element

19.)
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recommended in Ref. 25 for the approximate analysis of folded plates.

They are as follows:

(a) Each basic element 1s rectangular, of uniform thickness, and is
elastic, homogeneous, and isotropic.

(b) The force-displacement relationship is linear.

(c) Slab bending is essentially a one-way phenomenon occurring in
the transverse direction; the effect of longitudinal slab bending
is negligible.

(d) The torsional stiffness of each plate of the structure is
neglected; therefore, plate torsional and longitudinal moments
are ignored.

(e) Stresses and displacements in the plane of the element (membrane
action) are determined by treating each element as a beam in the
longitudinal direction; thus longitudinal membrane stresses vary
linearly over the element width.

(f) Poisson's Ratio is zero.

Several additional assumptions which are unique to the finite

segment formulation are:

(g) Applied loads and element edge forces are uniformly distributed
over the length of the element.
(h) The effects of membrane shear and transverse membrane stresses

are included for the calculation of element in-plane displacements.

2.3 Element Forces and Displacements

The free body diagram of Fig. 2.1(c) indicates that the stresses
surviving the simplifying assumptions may be resolved into 14 stress
resultants. On the constant y edges of the element (element edges i and j)
there are both membrane and slab resultants acting. The resultants govern-
ing the one-way slab behavior of the element are the transverse bending
moments per unit length, Mi and Mj’ and the normal shear forces per unit
length Vi and Vj. The membrane behavior of the element 1is governed by

the membrane edge shears per unit length, T, and Tj; the transverse

i
membrane stresses per unit length, Pi and Pj; and the actions (forces and
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displacements) at the constant x edges (end stations K and K+1) of the
element. The actions at the end stations of the element completely
describe the stress and displacement state of the element at the particular
station; consequently, these are termed the ''state vector'" for the element.
The element state vector is defined as:

2= [uvgMQNl T
y

This vector is completely analogous to the state vector for a beam. The
state vectors of all elements at a particular station, K, define a complete

station state vector, and for a structure composed of q elements is given

v

by

= T,
Zx [53‘,2"°',5q]
The element edge force vectors are defined as
S = [T, T, P, P ] T 2.1
by} i1 717y (2.1)
and \
s =M. M, V V]T (2.2)
AT S B A A

where the subscripts m and s denote membrane and slab action, respectively.
The slab and membrane behavior will be considered separately since, for

small displacements, they are independent.

The membrane behavior of the element may be described by four
straining modes or "generalized displacements''~-longitudinal extension,
transverse extension, shear displacement, and longitudinal bending. These
displacement quantities, taken at the longitudinal center of the element,

define a generalized displacement vector

The generalized displacement vector, ¢, is a function of the state
"

vector, 2, , and the element edge force vector . It is assumed that the
g

K

actual element edge membrane forces may be computed as a combination of the
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four element edge force patterns shown in Fig. 2.2. It will be assumed,
in the determination of the effect of each force pattern, that the complete

actions vector Z is zero. Under this assumption it is seen that each

Ak’
force pattern corresponds to one component of ¢ ; thus, a generalized edge
N

membrane force vector is defined as

1 "

Q = [T'P'TlP]
4

For computational convenience it is desirable to define nodal point forces
and displacements 1in terms of which the generalized forces and displacements
may be expressed. The element edge nodal forces have been defined in

Egs. (2.1)and (2.2). The corresponding element edge nodal displacements

are defined as

u = [u, u, v, v, ] T
B i3 173
and
_ T
e T 185 0y
The components of u and u_ are defined at the longitudinal center of the
N Y

element edges (element nodal points); however, the element edge forces are
assumed to be uniformly distributed over the element edge. The nodal forces
and displacements acting at the element end stations are the components of

the state vectors z, and z Positive directions of all element forces

nk nk+1l’
and corresponding displacements are shown in Fig. 2.3.

2.4 General Description of the Method

The objective of the analysis is to determine all the unknown stress
resultants shown in Fig. 2.1(c), the associated displacements, and the element
internal stresses. The state vector at station K, ZK’ is determined from

- g

the requirement that all must' satisfy equilibrium and compatibility with

z
K
elements from the previous segment or with a boundary or support condition at
station K. The state vector ZK+l is determined as the superposition of two

"
effects~-the effect of Z, and the effect of the element edge forces and

: K
applied line loads over segment K. The actions at K+l due to those at K are

: 28
determined by a transfer matrix procedure, and are expressed as a
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Fig. 2.2. Assumed generalized edge force patterns.

(Adapted from Ref. 19.)
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function of Z . 1In order to determine Z due to element edge forces and
K K1

applied loads, consideration must be given transverse equilibrium’ and
compatibility. Transverse equilibrium requires that, at a particular joint,
the sum of all element edge forces from all elements connecting at the joint
be in equilibrium with the externally applied line loads. Transverse |
compatibility requires that the nodal point displacements of all element
edges connecting at the joint be equal. Explicit specification of these
requirements effectively interconnects, transversely, all the elements in the
segment. It should be noted here that transverse compatibility is maintained
only at the element edge nodal points. Element edge forces are, therefore,
determined as those forces necessary to establish transverse equilibrium

and compatibility for a complete segment under the condition that ZK is
v

equal to zero (sinze the effect of EK at K+1 1s determined separately).
These forces are expressed as a function of EK and the externally applied
line loads; consequently, EK+1 due to the element edge forces is solved in
terms of EK and the externally applied line loads. Superposition of effects
results in an equation for EK+1 in terms of EK and the externally applied

loads. Application of this procedure to each segment in the span results in
a system of linear algebraic equations relating the state vector at the
origin, Eo, to the state vector at the end, Ee. The known Boundary conditions
provide sufficient equations for the solution of EO and Ee. By progressing
over the structure once again all state vectors and element edge forces and

displacements are solved.

2.5 Coordinate Systems

In order to determine element membrane stiffness equations relating
the generalized membrane element edge forces, g, to the generalized displace-
ments, ¢, it is convenient to work in the plane of the element--the element
relativg coordinate system. For a synthesis of element properties it is nec-
essary to refer to a coordinate system which is consistent for all elements--
the global coordinate system. Both the element relative and global coordinate
systems are definmed in Fig. 2.4, Element nodal displacements and edge forces

in both coordinate systems are shown in Fig. 2.4.
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2.6 Derivation of Equations for
the Finite Segment Method

The equations with expansion for this case are derived in Ref. 32.

This derivation is not repeated herein.

2.7 Special Considerations Required
by Interior Supports

There are several ways to account for the restraint imposed upon
the superstructure by interior supports. The technique to be utilized

will be dictated by nature of the support.

2.7.1 Simple Pier Support. If the structure is continuous but

simply supported over a rigid support; i.e., the support does not restrain
longitudinal rotation of the cross section, the basic equations and proce-
dures require no modification. The support restraint may be modeled by

specifying the appropriate components of the global joint displacement vector,

Il

as zero for the segment in which the support occurs. Several assump-

tions implicit in this approach are:

(a) Reactions from the support are applied as a uniformly distributed
force, over the segment length, along the restrained joints only.

(b) Joint displacements are restrained to zero at the longitudinal

center of the segment (element nodal points).

2.7.2 1Interior Diaphragms and Elastic Supports. Should an

interior diaphragm exist at the support station or the support offer
partial elastic restraint, the basic analysis procedure and equations
must be modified. The assumptions regarding the interaction of the support

and superstructure are:

(a) Support restraint is specified independently for each element of
the cross section in terms of restrained displacement components
of the element state vector, or in terms of support stiffness
coefficients corresponding to those displacements.

(b) The support reactions for each restrained element correspond to
the force components of the element state vector. These support
reactions act at the station of the interior support.

(¢c) There are no restraining forces applied to the joints at the
support station.
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Detailed derivations of the appropriate equations and the solution

utilized are given in Ref. 32,

2.8 The Stopover

The coefficients relating the actions at the two ends of the
structure result from a number of matrix multiplications. Therefore,
for large systems round-off error can render the coefficients inaccurate.
In order to reduce the possibility of such inaccuracies, the displacement
components of the complete state vector at certain stations are taken as
intermediate unknown vectors, The station at which intermediate unknown
vectors are formed are termed stopovers. The matrix operations required
at a stopover are the same as those employed at an interjior support. The
segment progression is then continued using the displacements at the
stopover as the unknown vector until a diaphragm support, another stopover,
or the end of the structure is encountered. Intermediate unknown vectors,
unknowns at interior supports, and finally, the unknown origin boundary

actions, Zou’ are solved by a sequence of back substitutions.

-
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CHAPTER 3

PROGRAM SIMPLA2

3.1 Introduction

The previous chapter outlined a technique for solution of linear
equations relating actions at the boundaries of the structure. These
equations and known boundary conditions are sufficient for analysis of the
structure, subject to general loading and boundary conditions. Utilizing
this approach, a FORTRAN IV language computer program, SIMPLA2, was
written for the analysis of segmentally constructed, post-tensioned box
girders. The mathematical model upon which SIMPLA2 is based was ini-
tially developed for the analysis of prismatic plate systems of a given
configuration under given loading, boundary, and support conditionms.

A computer program, SIMPLA,8 had been written under the direction of
Professor A. C. Scordelis to execute the analysis outlined in the previous
chapter for completed structures. Subroutines SOLV and STEP, which
perform the segment progression and back-substitution, were adapted from
SIMPLA for use in SIMPLA2, Subroutine STIFF, which generates the element
stiffness matrix, was adapted from SIMPLA without modification. The time
and effort required to develop the computer program reported herein was
significantly reduced by the availability of SIMPLA and the associated
subroutines mentioned above. This material, and invaluable explanation,

was provided the authors by Professor A. C. Scordelis.

The unique feature of SIMPLA2 is the capability to deal with a
continuously changing sttructural system, providing a complete analysis at
each stage of construction. The program also monitors and updates
stresses in all tendons, at any specified stage of construction. At
every stage of construction changes which have occurred in the system,
i.e., addition of segments, changes in loading, boundary conditions, or

interior supports, are specified by '"stage control data'" and'code words."

31
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The configuration of post-tensioning tendons stressed at the particular
stage 1s specified, and equivalent loadings are calculated. When all
loading and boundary conditions are made consistent with those existing

at the stage under consideration, the complete analysis of the updated
structural system is made by the finite segment method. Each stage of
construction, including closure, is considered. Analysis after the
structure is made continuous requires additional considerations, as dis-
cussed in this chapter. The program is an analysis tool; thus the com-
plete configuration of the system at each stage (loads, boundary conditioms,
support conditions, prestressing and structural dimensions) and the com-

plete construction sequence must be known.

The purpose of this chapter is to describe SIMPLA2 in detail.
The organization of the program and the primary functions of each sub-
routine are discussed. The additional concepts and equations necessary
for the analytical treatment of post-tensioning and stage construction
are presented. Finally, several limitations of the program are given.
A detailed guide for the specification of input data and interpretation

of printed results is given in Appendix B.

3.2 Program Organization

SIMPLA2 is written in FORTRAN IV for the CDC 6600 computer, but
has a version programmed in FORTRAN IV for the IBM System 360 computer of
the Texas Highway Department. The complete program is composed of nine
subroutines and a master program. Detailed flow charts for the program

are given in Appendix B.

The program employs seven disc files for temporary data storage
during execution. The purpose of each disc file is shown in the flow

charts.

The driver program, entitled SIMPLA2, performs three primary
functions. The routine accepts the "structure control data" and processes
this information to compute "structure constants." The term '"structure

control data' is reserved for those data which are characteristic of the
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girder cross section and, therefore, remain constant for all stages of
construction. The number of plate elements making up the cross section
(NEL) and the number of joints in the cross section (NJT) are examples
of structure control data. The number of degrees of freedom of the
structure (4 x NJT), and the coefficients of the transformation matrix are
examples of structure constants. Secondly, SIMPLA2 accepts and processes
"'stage control data' to compute "stage constants." Stage code words
(see Appendix B) such as KODJA, KODBC, KODSPT, KREF, and KODTS are read:
these control data and code words control the modifications to the loading,
boundary conditions, support conditions, and structure to be made at the
particular stage. Finally, the routine performs its function as a driver
and calls the main solution routines STAGE, STEP, and SOLV, in turn. Data
read and computed in SIMPLA2 are used to control the computations of the

main solution routines to accomplish the complete solution.

The effects of prestress on the structure are accounted for by
use of the equivalent load concept. It is the function of subroutine
STAGE to accept tendon control data, and using these data to compute the
tendon nodal point coordinates (Y), the tendon nodal point forces after
friction losses have been taken into consideration (F), tendon
slope at each station across which the particular tendon passes (THET)
and, finally, the equivalent joint force and anchorage force vectors
imposed upon the structure by the tendon. A detailed presentation of

these calculations is contained in Sec. 3.3.

These routines perform computations and data manipulations which
could generally be categorized as modifications to the loading, structure,
and boundary conditions from one stage of construction to the next. Once
these modifications have been made, the analysis of the modified system
under the specified conditions can begin. Subroutines STEP and SOLV per-

form the finite segment analysis of the modified system.

The final subroutine of major significance is entitled CSTRAIN
and recomputes tendon nodal point strains in each tendon at each stage

of construction.
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Two library subroutines are used in conjunction with STEP and SOLV.
Subroutine DSYNINV is for the inversion of a square symmetric banded
matrix, and is used in STEP for the inversion of the segment stiffness
matrix. DSIMEQ is a general equation solver which is employed in both

STEP and SOLV.

Subroutine PLFDS is for the computation of element edge stresses

from the element internal stress resultants and the output of results only.

The SIMPLA2 CDC 6600 version also utilizes a routine, IOBIN, which
is a system routine unique to The University of Texas at Austin Computa-
tion Center. TIOBIN allows the programmer to randomly access the disc files
in order to read, write, or rewrite a particular logical record without
the necessity of using elaborate disc-positioning procedures. The fact
that IOBIN is unique to The University of Texas Computation Center does
not limit the general use of the program, since most large computer
systems do have random access capability. A programmer should examine

the program before use on another system.

The SIMPLA2 version for the IBM System 360 uses the IBM Random
input/output to replace IOBIN. Some files were split to reduce record

lengths and common blocks were reordered.

3.3 Analytical Treatment of Prestressing

3.3.1 The Equivalent Load Concept. Prestressing a structure may

be described as the application of engineered forces to the structure
producing stresses and displacements which offset the stresses and dis-
placements induced by the applied loads. This concept of prestressing is
the basis of a general technique for the analysis of prestressed structures,
wherein all forces applied to the structure by the prestressing tendon

are considered as applied loads. The analysis of the structure for these
loads yields the stresses and displacements due to prestressing. The
procedure described above is '"the equivalent load concept' and has been
used extensively for the analysis of prestressed structures.26’27 The
equivalent load concept is applicable without regard to the condition of

determinacy, the only absolute requirement being that all the forces pro-

duced by the tendon on the structure be considered.
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3.3.2 Forces Induced by Prestressing Tendon. 1In this report

the term "post-tensioned" will imply that the prestressing tendon is
located within the member cross section and that after the tendon is
stressed it is anchored against the member itself. It is also implied
that the tendon is unbonded during stressing. The assumption is made

that the coefficients of friction between the tendon and duct material

are known. Since this study deals exclusively with post-ten:ioned con-
struction, the terms "prestressed" and "post-tensioned" will be considered

synonymous.

The simplified example structure shown in Fig. 3.1 contains one
tendon which has a general draped profile, Y = f(x), and which is stressed
to some specified value, fsi’ at the jacking (live) end. 1In this example
it is assumed that F(0) = F(1) = fsix As’ implying that the tendon is
stressed from both ends. Figure 3.1 illustrates all the forces exerted
on the member by the tendon. When the specified jacking force is reached
the tendon is anchored against the end of the beam, inducing concentrated
forces at the anchors tangent to the tendon. As the tendon is stressed,
it will attempt to straighten; the member prevents this straightening,
thus receiving radial pressure, p, from the tendon. The tendon will also
elongate, mobilizing a friction force between the duct and tendon. The
frictional force is generally associated with a change in direction of
the tendon and is a function of the coefficient of friction and the
geometry of the tendon profile. A more complete discussion of friction
forces is presented in Sec. 3.3.4. The friction will cause the tendon
force to vary along the tendon length. Fig. 3.2 is a free body diagram
of a length, ds, of the tendon. Considering equilibrium of all forces in

the direction of the normal to the curve, n,
(F)(sin d6/2) + (F + dF)(sin df/2) - N =0 (3.1)

where N is the summation of all n-components over ds; i.e., p = N/ds.

With small angle geometry and neglecting second order terms,

(F)(d@) = N (3.2)
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and, therefore, the radial pressure per unit length is

p = N/ds = (F)(dg/ds) = F/R (3.3)

Equation (3.3) indicates that the radial force per unit tendon
length at any point along the tendon is a function of tendon force and
tendon radius of curvature at that point. Figure 3.1 indicates that the
anchor forces F(0) and F({) are acting at eccentricities Y(0) and Y(4)
and are directed at angles G(0) and B(1), respectively. The most conve-
nient method to treat these anchor forces analytically is to resolve them
into equivalent force systems acting at the centroid of the element.
These equivalent forces, shown by the dashed vectors in Fig. 3.1, are

termed ""the anchorage force vector'" and are given by

[ | [ Y(0)cos 6(0) |

_ (3.4a)
Q | =F(0) sin 6(0)

N L cos 6(0) i

and )

= r 1

M Y(2)cos 6(8)

5= -F(2) sin 8(2) (3.4b)
Lﬁ_ i cos 6(%) A

It is reasonable to assume that the friction forces can be neglected
. - . 26 .
in arriving at an equivalent prestress load system ; therefore, the radial
forces, Eq. (3.3), and the anchorage force vectors, Egqs. (3.4), constitute

the complete equivalent loading.

3.3.3 Geometry of the Tendon Profile. Before the equivalent forces

can be evaluated numerically, the geometric characteristics of the tendon
profile and the tendon force distribution must be known. A continuous

function may be used to approximate arbitrary tendon profiles. It is
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assumed that an entire tendon profile may be made up of one or more
distinct curves. The profile illustrated in Fig. 3.3 is composed of five
distinct curves: a curved portion labeled "Curve 1," a straight portion
labeled "Curve 2," and a second curved portion labeled "Curve 3." Since
the profile is symmetrical about the centerline, only half is shown. The
tendon, N, is shown lying entirely in one plate element of the structure
and spanning between stations 1 and 17 (the end of the structure). Each

of the distinct curves can be represented by a polynomial expression of

the general form:
Y=A AP+ BT+ L+ A" (3.5)

If the degree of the polynomial is assumed, m, and a sufficient
number of points, m + 1, are selected along the curve, then the unknown

coefficients (Ai) in Eq. (3.5) are easily determined.

For purposes of this computer program it is assumed that the
entire tendon profile can be adequately described by selecting a combina-
tion of straight line and parabolic curves. Higher order approximations
would require more input data. The points on each curve are provided by

input values of "control coordinates."

Curve 1 of Fig. 3.3, for example,
is assumed to be parabolic; thus three control coordinates are required.
The coordinates used are (NXL (1), YL (1)), (NXR (1), YR (1)), and (XM(1),
YM(1)). The first two coordinates locate the end points of the particular
curve. These are provided for both parabolic and straight line curves.
The third point represents some interior point on the curve under consid-
eration. Its selection should be made carefully so that a reasonable
parabola, approximating the tendon, results. The control coordinates are
measured in the element coordimate system, as shown in Fig. 3.3. Each

distinct curve (Curve 1) begins (station 1) and ends (station 4) at a

station rather than between stations.

It is quite important to the accuracy of the analysis that the

input control coordinates be carefully checked by the user.
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3.3.4 Tendon Force Function and Friction Loss. In post-tensioned

construction there are numerous sources of loss of prestress force, such as:

(1) Deformation and seating of the anchorage hardware upon transfer
of the prestress force from the jack to the anchorage.

(2) Creep and shrinkage of the concrete.
(3) Stress relaxation of the steel.

(4) Friction between the tendon and the tendon duct material.

Due to the variety of anchorage hardware, it is impractical to
attempt a rigorous analytical approach to compute anchorage take-up losses.
Creep and shrinkage of concrete and stress relaxation in the tendons each
present formidable analytical problems for all but the simplest cases. Due
to the general complexity of these phenomena, and to the fact that they
are functions of many variables, precise analytical evaluation of prestress
losses due to creep, shrinkage, and stress relaxation is seldom undertaken.
Creep and shrinkage losses depend heavily on the age and curing histories
of the structure. These losses are much less severe in reasonably mature
precast sections, especially in comparison with expected values when
cast-in-pléce segmental construction is used. The most typical approach,
as with present design codes}’27 is to deduct some precentage of the jack
force or some fixed value of strain (stress), or a combination of both to

account for these losses.

SIMPLA2 accepts all prestressing information in terms of force
rather than stress, and the only occasion on which the program deals with
tendon stress is for output. "Temporary maximum jacking force" is the
maximum force to which the tendon is initially jacked when a temporary
overstress and release-back approach is used for overcoming friction
losses. '"Jacking force" is the force being exerted by the jack just
prior to transfer of prestress. 'Initial prestress'" is the jacking force
less the force loss due to seating and deformation of the anchorage hard-
ware. "Effective prestress force" or "prestress force" will generally
vary along the tendon and is defined as the initial prestress less friction

losses.
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SIMPLA2 input deals only with the temporary maximum jacking force
and initial prestress force. The program makes no allowance for losses
due to shrinkage and creep. Consequently, losses of prestress force due
to anchorage deformation and seating, shrinkage, and creep effects must be

estimated or otherwise accounted for by the user,

Friction loss is a function of several well-defined variables and
can be evaluated analytically from generally applicable equations.
Figure 3.4(a) illustrates a typical tendon located in one plate element
of the cross section and spanning through segments K and K+1. Figure 3.4(b)
shows the free body diagram of an increment of this tendon which spans
the interval a < x €< b. The forces shown acting upon this increment are
the effective prestress force at each end, F(a) and F(b), radial force per
unit length, p, and the friction force per unit length, dF. From

elementary mechanics:

dF/ds = (u)(p) (3.6)

where {1 is the coefficient of friction. Substituting Eq. (3.3) into

Eq. (3.6) yields

dF/ds = (u)(F/R) (3.7)
Substituting (R)(dB) for ds in Eq. (3.7) leads to:
dF/F = (1) (dB) (3.8)
Integrating both sides of Eq. (3.8) from a to b gives
F(b) = [F(a)][e™b9 (3.9)

where e is the base of natural logarithms, and the sign of the exponent
depends upon the relative magnitudes of F(a) and F(b). The total friction
loss over a tendon length is generally considered in two parts--that due
to tendon drape and that due to deviations from the intended tendon plane
(wobble). In order to account for both effects, Eq. (3.9) may be written

as
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+ A
F(b) = [F(a)]e HABHAS) (3.10)
where A is the wobble coefficient and s is the tendon length over the

interval.

Equation (3.10) is a continuous function for effective prestress
force which takes into account the variation of F and variation of p
throughout the interval. However, if F can be assumed constant over the
interval, an approximate form of Eq. (3.10) may be derived to facilitate
computer calculation. Assuming F is constant throughout the interval and

equal to F(a), Eq. (3.8) can be rewritten as:
dF = [F(a)](p)(d6) (3.11)
Integration over the interval yields:
F(b) = F(a)[l = (u)(AB)] (3.11a)
and generalizing the equation to include the effects of wobble yields,
F(b) = F(a)Il £ (u)(AB) £ (W) (s)] (3.11b)

Extending the interval to include the entire Kth segment (Fig. 3.4(a)),

the above equation can be written:
F(k+l) = F(K) 1 £ (W) (A8) £ (W) (8X)] (3.12)

where F(K+1) and F(K) are effective prestress values at stations K+l and
K, AB is the change in the tendon tangent angle between stations K and
K+1, and AX is the horizontal projection of the tendon length between K
and K+1.

Equation (3.12) is a close approximation of Eq. (3.10) if the
friction loss over the interval is "small.'" According to several authori-

ties,1’26’27 Eq. (3.12) yields accurate results if F(a) and F(b) do not
differ by more than approximately 15 percent. SIMPLA2 employs Eq. (3.12)

to calculate effective prestress force at each station. For all problems
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solved to date, the use of Eq. (3.12) rather than Eq. (3.10) has seemed

justified since the tendon is broken into a number of short segments,

Numerous techniques may be used to reduce friction loss. One
sure technique is to overtension the tendon to a temporary maximum jacking
force, and then release back to a specified force, reversing the direction
of the friction force. A second approach is to stress the tendon from
both ends simultaneously. An even more effective method is to combine
these two methods. The variation of effective prestress force over the
tendon length depends upon the stressing option selected. Figure 3.5
illustrates, qualitatively, the variation of effective prestress force

for the stressing options mentioned above.

SIMPLA2 is capable of modeling all stressing options shown, with
the exception of the repeated jacking and release-back method. The tendon
stressing option to be modeled is completely described by one input param-
eter identifying the live end of the tendon (KEEP), and two force values--
the temporary maximum jacking force (PIP) and the initial jacking force

(PIPP).

The friction coefficients and stressing option are both known input
quantities and the tendon geometry is input for the particular tendon.
Calculation of effective prestress force at any station along the tendon

is accomplished by use of Eq. (3.12).

3.3.5 Calculation of Equivalent Loads. Post-tensioning induces

tw types of forces on the structure--radial pressures and anchorage
forces--both of which depend on the geometry of the tendon profile and
effective prestress force. With continuous functions representing tendon
eccentricity and effective prestress force for each tendon, the radial
pressures and anchorage force vectors are easily computed in force components

compatible with those used in the finite segment method.

Equivalent Joint Loads - The PJP Array

A prestressed box girder structure is illustrated in Fig. 3.6(a).

The structure is prestressed with two draped tendons (one per web) anchored
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in the same web plate elements containing them. Figure 3.6(b) shows the
free body diagram of segment K of one tendon in the plane of the plate
element containing it. The effective prestress forces, F(K) and F(K+1l),
and the tendon slopes, B(K) and B(K+1), are evaluated by Eq. (3.12) and
derivatives of the tendon layout polynomial, respectively. Considering

the equilibrium of the tendon segment in the element y-direction:

K+1
f (p) (cos A)(ds) = F(K) sin B(K) - F(K+1l) sin @G(K+1) (3.13)
K

The vertical components of the radial pressure, (p)(cos B), act along the
axis of the tendon, as shown in Fig. 3.6(c), and are distributed over the
segment length as cos @. The mathematical model adopted for the analysis
requires that applied forces act on the joints (edges of the elements)
and be uniformly distributed over the segment length. Obviously, an
approximation is required. The equivalent force applied to the structure

is calculated by
PV = [FV(K) - FV(K+1)]/ [X(K+1) - X(K)] (3.14)

and is applied at the I-edge of the element, as shown in Fig. 3.6(c).

The approximations introduced to the assumed uniform distribution over the
element length are probably insignificant, since generally B(K) and B(K+1)
do not differ considerably. Since, in this study, the macroscopic response
of the structure is of primary concern, the effects of changing the point
of application of the radial force components are negligible. For the
same reason, the horizontal components of the radial forces are neglected
in deriving the equivalent force system. The positive direction of PV is
the positive y-direction of the element containing the tendon. Since PV
is in the plane of the element and applied at the I-edge of the element,
the equation used to transform the element edge forces into joint forces
may be used to transform PV into an equivalent joint load. The complete

transformation is represented symbolically as:
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This transformation results in a horizontal and vertical joint force
acting at Joint I, representing the contribution of the single tendon
under consideration to the complete equivalent joint load vector for
segment K. The components may then be summed into a complete equivalent
joint load vector which contains force contribution from all tendons in
segment K. Treating all tendons in segment K in the same manner, the

complete equivalent joint load vector is written as:
Bp1
Rp2

RP = BgP(K) = . (3.17)

>BPi - “hi (3.18)

The summation indicates that the contributions from all tendons in the

segment K, at the stage under consideration, to the equivalent joint load
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vector at Joint I have been summed. An equivalent joint load vector is
formed for each segment in the structure; therefore, the complete equiva-

lent joint load array at each stage is of the form:
[pJP] = [BJP(1) QN%--.-Qyw)....ng (3.19)

for a structure with n joints and K segments. Equation (3.19) implies
that the array of equivalent joint load vectors, [PJP], is of dimension
(20x50). 1t should also be noted that the equivalent joint load vectors

are now in a convenient form to be summed with the applied joint loads.

The Anchorage Force Vector - The PBAR Array

Each tendon imposes two anchorage force vectors onto the structure:
one at the left (IXT), and one at the right (JXT) terminal station of the

particular tendon. The vector imposed at the left terminal station, 30’

is given by Eq. (3.4a) and that imposed at the right terminal station, g@,
is given by Eq. (3.4b). For the general case of a structure consisting of
g elements, both E% and Eé are composed of q subvectors, each subvector
being given by Egs. (3.4a) or (3.4b). The general form of the anchorage
force vector for a structure with q elements containing tendons in elements

i and 3§ only is:

[0

i (3.20)
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where the vector dimension is (3qxl). Each anchorage station has
associated with it a complete anchorage force vector as given by Eq. (3.20),

or each E;is associated with a particular station, either IXT or JXT.

It is assumed that all tendons stressed during a single stage of
construction have the same terminal stations; therefore, E; and E; con-
tain the contributions of all tendons stressed at that stage to the complete
anchorage force vectors which are associated with the terminal statioms
for that stage. AS‘E is computed, it is summed into the PBAR array. PBAR
is an array composed of a E;for each station in the structure, and is of

the general form:

PBAR = [SR; "B, - - - - « %Bp.,] (3.21)

The subscripts indicate the station number at which the ii

is applied. The
summation indicates that the E;associated with a particular station for
the stage under consideration is summed with,E applied at the station from
all previous stages. PBAR is therefore an array containing all E;acting
on the structure at any stage and is updated with each subsequent tendon
stressing. The column location of each vector indicates the station at
which it is to be applied. Figure 3.7 illustrates segments K-1 and K of

a one-plate element structure with‘E acting at station K. The force com-

ponents of the state vector just to the left of the station are:

'
M
2 =
Px = |Q (3.22)
N
k
and those just to the right:
M r
r
P = |Q (3.23)
~K
N
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The anchorage force vector illustrated is given by

ﬁw Y (K)cosb (K)
P = |0 = - i K
EK Q F(K) sing (K) (3.24)
Lﬁ L cosh (K)
since K is shown as the right terminal station for the tendon. All
quantities are positive as shown. For equilibrium of the station:
P - P+ B
and for compatibility of displacements across the station:
T L :
4 = 4 =4 (3.26)
K K K

where the subvector d, is the displacement component of the state vector

~
for station K. Therefore, to take account of the anchorage force vector
applied at station K, the state vector applied to segment K must be

modified by the following equation:

r
AT A
K K

G TR =)

(3.27)

To account for P, in the general case, each element of the cross section is

considered independently and the subvector associated with the particular

element is added into the complete state vector using Eq. (3.27).

2

=) ol

LGoT!

L (3.28)
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The PJP and PBAR arrays completely describe the equivalent loading
from the tendons stressed at the stage under consideration and all pre-
vious stages. For every subsequent tendon stressed, both arrays are

modified to account for the additional equivalent loads.

3.4 Analytical Treatment of Stage
Construction

3.4.1 Basic Approach. The capability of SIMPLA2 to analyze the

structure for each stage of construction depends entirely on modifications
made to the various force vectors, and boundary condition and support
arrays. Once these modifications are made, the structure is completely
analyzed once again. Since the basic analysis procedure deals with each
segment independently in turn, accounting for segments added to the struc-
ture is simply a matter of specifying the number of segments added and
their length. It may be concluded that the analysis of a structure which
is constructed in L stages amounts to L separate analyses with the input
data required for the Kth stage being deduced from that for the (XK-1)th

stage, using a minimum amount of additional user-generated input data.

The approach outlined above depends for its validity on several
assumptions. With reference to Fig. 3.8, it is obvious that stressing
tendon number 2 during the second stage of construction will cause the
effective prestress force at all points along tendon number 1 to vary
from the values calculated by Eq. (3.12). The variation in effective pre-
stress force causes variation in the equivalent load vectors. The assump-
tion is made that this change in equivalent load will be of secondary
importance to the structural analysis and no account is made for this
change. 1In order to check the validity of this assumption, SIMPLA2 is
equipped with the capability to recompute tendon stresses for all tendons
at any stage of construction. Further attention will be given this matter
in the discussion accompanying the example problems in Chapter 4. The
analysis performed at each stage assumes the structure to be completely
continuoﬁs. However, in fact, the stations located at the most recently

placed epoxy joints mark sections at which complete structural continuity
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does not exist until the jointing material develops its design strength.
The assumption of complete structural continuity may be justified by
several practical considerations. It has been recommended that structures
of this type be designed under a "no tension" criterion,6 meaning that

no longitudinal tensile stresses be allowed at any section of the struc-
ture at any stage of erection. A design allowing longitudinal tensile
stresses at some locations in the structure would be obviously unaccept-
able if the "wet'" joint were required to cavry tensile stresses. In some
designs (as Example 3 of the following chapter), where prestressing would
induce temporary tensile stresses at a wet joint, temporary tensile
fasteners may be provided to accommodate these stresses while the epoxy
sets, With these considerations in mind, it is assumed that only shear
and direct compressive stresses need be transmitted across the joint.

The physical discontinuity in the structure will have no effect on the
transmission of compressive stresses across the joint. In the type
problems of primary concern in this study (Example 3 of the following
chapter) the most significant shear forces are carried across the joint

by web elements which are generally provided with shear keys. In many
cases the flange elements are also provided with shear keys for alignmént
purposes. In view of these considerations, it is assumed that the element
shear forces will be transmitted across the joint as if the structure were
completely continuous, and thus, that the analysis of a continuous struc-

ture leads to results which are accurate in a macroscopic sense.

3.4.2 Stage Control Data and Code Words. The basis of the

staging capability of SIMPLAZ is the modification of the various force and
boundary condition arrays. These modifications are in turn governed by
the input "stage control data' and "stage code words." The stage control
data describe the number of segments added to the structure at the left
and right ends (NSAL and NR, respectively), the number of tendons stressed
at this stage (NCBA), and the terminal stations (NXTL and NXTR) for the
tendons stressed. It is assumed that all tendons stressed at one stage
have the same terminal stations. Therefore, at any stage of construction,

any number of tendons (up to a maximum of six) may be stressed, and each
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of these tendons may have an arbitrary profile. It is required, however,
that each of the tendons be anchored at the same stations along the girder
in order to be considered in one stage. The parameter NSAL is used not
only to determine the total number of segments to be considered at this
stage, but also to relocate the origin of the structure and relocate all
force vectors within the force arrays. NSAL and NR determine the total
number of segments in the structure at the particular stage; either or
both of these parameters may be zero. The parameters NCBA, NXTL, and NXTR
are associated with all tendons stressed at the particular stage., NCBA
may be zero, in which case the NXTL and NXTR parameters are undefined,

and NSAL and NR must be zero. NXTL and NXTR locate the columns of PBAR
into which the anchorage vectors for this stage will be summed, and also
the columns of the PJP array which will receive force contributions from
the tendons stressed at this stage. Stations and segments are renumbered
at each stage (except when NSAL = 0). Input and output at each stage are
referred to the station and segment numbering scheme for the particular

stage.

Stage code words, KODJA, KODBC, and KODSPT indicate how the
problem has changed with respect to applied joint actions, boundary condi-
tions, and support restraint conditions from the previous stage of construc-
tion., KREF identifies the last stage of cantilever construction; the
significance of identifying this stage will become apparent in the following.
Specific information concerning appropriate numerical values of these

data is found in Appendix B.

3.4.3 From Cantilevered to Continuous Structures. By virtue of

the very nature of cantilever segmental construction, the structural system
under analysis will at some point change from two separate cantilevered
systems to one continuous system. It is not unlikely that this transition
may occur as an intermediate stage of the complete construction, as in
Example 3 in the following chapter. Prior to closure SIMPLAZ deals with
one cantilever of the completed structure. The effects of all actions on
the structure following closure must be determined from an analysis of the

continuous structure; however, portions of the continuous structure (all
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segments except the closure segment) are experiencing "locked in'" stresses
and displacements. Therefore, to obtain a complete solution for any stage
following achievement of continuity requires additional consideration.

The approach taken by SIMPLA2 is to consider the complete solution, at

any stage after continuity, as the superposition of two component solu-

tions, the '"reference solution" and the '"continuous solution."

Figure 3.9(a) illustrates the situation at the time the two inde-
pendent cantilever systems have been constructed to their full extension,
and all preparations for placing the closure segment have been made.
Stresses and displacements in the cantilevers result from dead load, live
load applied at this stage, and prestressing applied at this and all
previous stages. These stresses and displacements are those referred to
earlier as being 'locked in,'" and constitute the reference condition for
the continuous structure. Henceforth these stresses and displacements
will be designated '"the reference solution" and this stage (the stage
just prior to closure) will be termed ''the reference stage." Figure 3.9(d)
illustrates placing the closure strip and tensioning the first of the con-
tinuity tendons. The stresses and displacements induced by this tendon
must be determined from the analysis of the continuous structure
[Fig. 3.9(c)], i.e., the "continuous solution.'" The figure implies that
only the action of the first closure tendon and the dead weight of the
closure segment are considered in arriving at the continuous solution.
Alternatively stated, at every stage after achieving continuity, only the
effects of changes in action (from the reference condition actions) are
considered, and these changes are applied to the continuous structure
Fig. 3.9(c)]. Under these circumstances, the continuous solution will
determine changes in the reference solution due only to those actions
applied to the structure after continuity is achieved. The complete solu-
tion for any segment (with the exception of the closure segment) is the

superposition of the reference and continuous solutioms.

There are two approaches which can be taken in the program for
analysis of the structure during the closure phase. The first is to con-

sider the complete problem as three separate problems. The first problem
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considers the stage construction of the left cantilever [Fig. 3.9(a)],

the last stage being the reference stage for the left cantilever.

The

second problem treats the right cantilever [Fig. 3.9(b)] in an identical

fashion, resulting in the reference solution for the right cantilever.

The third problem deals with the complete continuous structure [Fig. 3.9(c)]

and the actions applied during the closure phase of construction in their

proper sequence.

Once the three solutions are in hand, the complete solu-

tion for either cantilevered portion at every stage is readily obtained

by superposition of the appropriate solutions.

Since SIMPLA2 has no pro-

vision for obtaining two reference solutions in a single run, the super-

position has to be done external to the computer in this case.

A second

disadvantage with this approach is rhat variations of effective prestress

force in tendons stressed during the cantilevering phase of construction,

due to actions applied after continuity is attained, cannot be determined

automatically.,
best sequence in which to apply the
placements which are applied during

These actions may be applied to the

This method may be used to advantage to determine the
various forces (prestress) and dis-
the closure phase of construction.

continuous structure individually to

determine the influence of each, then superimposed in various sequences to

arrive at the most desirable.

The alternative utilizes the capability of SIMPLA2 to perform a

complete analysis in one continuous run, superimposing reference and con-

tinuous solutions automatically at all

stages are considered as additional stages in

of the cantilevers,

the reference solution for the cantilever due

with the particular stage of closure.

superimposed on the reference solution
cantilevered portion of the continuous
first arrive at the reference solution
considered by a straightforward use of

of construction is the reference stage

Analysis at each closure

stages of closure. The closure

the segmental construction
stage provides changes in

to the actions associated
These changes are then automatically
to yield the final solution for the
structure. The procedure is to

for the particular cantilever being
SIMPLA2. Assuming the third stage

for the structure illustrated in

Fig. 3.8, this would require an analysis of the structure at stages 1, 2,
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and 3 [Figs. 3.8(a), (b), and (c), respectively]. Since the fourth stage
of construction involves making the two cantilevered systems one continuous
structure [Fig. 3.9(d)], the description of the mathematical model must
change from that of Fig. 3.8(c) to that of Fig. 3.9(c). The user speci-
fies the continuous structural configuration by the stage control data;
the closure segment plus the entire right cantilever system are considered
as segments added at the right of the cantilever in Fig. 3.8(c). Since
the continuous solution is to reflect only changes due to actions applied
after continuity is achieved, the various force vectors which are held
common from stage to stage must be modified. This is accomplished auto-
matically by the program before analysis of the continuous structure is
begun. All force vectors (PBAR, PJP, and AJP) are initialized and pro-
gressive assembly of the various force arrays begins over again with the
analysis of the continuous structure for the first stage of closure.

Both the applied joint actions array, AJP, and the associated indicator
array, LIND, are initialized. Applied joint actions, therefore, must be
completely respecified at the first stage of closure. Once the descrip-
tion of the structure and the force arrays have been modified, as dis-
cussed above, the continuous structure is analyzed and results pertinent
to those segments comprising the left cantilever portion of the complete
structure [Fig. 3.8(c)] are superimposed with the reference solution.
SIMPLA2 is capable of modeling the segmental construction of only one
cantilever at a time. Therefore, unless advantage can be taken of
symmetry, analysis of the complete structure requires two separate runs

of the program.

Adopting the latter approach for analysis of the closure stages
has several advantages over the former method. The primary advantage is
that superposition of solutions is accomplished automatically. Since in
this case analysis is performed for all stages including closure in one
continuous run, variations of effective prestress force in all previously

stressed tendons may be obtained automatically at any stage of construction,
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Example Problems 1 and 3 in the following chapter employ the
latter approach for analysis during closure. Discussion accompanying

Example Problem 1 offers further comments and explanation on the technique.

3.4.4 Effective Prestress Force. Initial effective prestress

force at all tendon nodal points of a given tendon is determined by

Eq. (3.12) at the time the tendon is stressed. As segmental construc-
tion proceeds and the girder is strained under the action of further
loads and prestress, effective prestress forces in the tendon will vary
from values computed by Eq. (3.12). Referring to Fig. 3.8, it may be
seen that at stage 2 as tendon number 2 is stressed and the additional
loads are applied to the structure, the strained configuration of seg-
ments 2, 3, and 4 change from that existing at stage 1. It is assumed
that after initial stressing tendons are bonded and there exists strain
compatibility between the structure and tendon; therefore, strains in
tendon number 1 will also vary. It may be seen also that at every subse-

quent stage strains in tendon number 1 are again altered.

SIMPLA2 has the capability to compute at any stage actual tendon
stresses in all tendons stressed at previous stages. The calculation is
dependent upon the assumption that strain compatibility exists after
initial stressing of the tendon; that is, the tendon is grouted immedi-
ately after stressing. Element edge normal stresses, SX(I) and SX(J),
are computed as a matter of routine in the analysis [Fig. 3.10(b)]. Tendon
nodal point coordinates, Y, are computed. This information, coupled with
the assumption of linear strain variation across the element width, is
sufficient to calculate element normal strain, eL(K), at the location of

the Kth tendon nodal point, at any stage L, by the relation:

©) - SRD - SKD (), SKD + 5D (3.29)

€ ( d 2F

where d is the width and E the modulus of elasticity of the element con-
taining the particular tendon. This calculation is performed at each
stage for all nodal points of all tendons stressed at this stage. These
strain values are the initial nodal point strains, eo(K), in the structure

at the Kth tendon nodal point. To calculate tendon stress for these
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tendons at any future stage, L, only requires calculation of new strain

values (K), at the location of tendon nodal points by Eq. (3.29).

b EL
Since strain compatibility exists between tendon and structure, tendon

stress St’ at any nodal point K, is simply (see Fig. 3.10):

K) = -
5,(K) = ¢ ;(OE_+ E_le; (K) - ¢ ()] (3.30)
where gsi(K) is the initial tendon strain given by

€51 (K) = F(K)/AE_ (3.31)

and F(K) is calculated by Eq. (3.12). The user specifies those stages at
which this calculation is to be performed. When the calculation is called
for, revised tendon stresses for all tendons stressed prior to this stage
are computed. This calculation requires retrieving initial nodal point
strain values, tendon coordinates, and initial tendon forces from
auxiliary storage units, and thus this operation can become quite

time-consuming.

3.5 Program Limitations

Any analytical technique of structural analysis is limited by the
assumptions made in arriving atthe mathematical model. Throughout Chap-
ters 2 and 3, the assumptions made to arrive at the finite segment and
prestressing tendon models were discussed and will not be repeated., The

user should be aware of them and recognize the associated limitations.

SIMPLA2 has been written with a specific class of problems in
mind (see Example Problem 3 in the following chapter). Array dimensions
are established to render the program capable of handling a reasonably
large problem of this category. With the presently specified array dimen-
sions, the CDC 6600 version of SIMPLA2 requires approximately 130000
storage locations to compile and execute. Limitations on the input

variables are:
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(1) Maximum numbers of elements and joints are 15 and 16, respectively.

(2) Maximum number of plate types is 15.

(3) The longitudinal span may be divided into a maximum of 50 segments.

(4) A maximum of 4 interior supports may occur along the longitudinal span.

(5) A maximum of 10 segments may be added to either or both ends of the
structure at each stage.

(6) The maximum number of stages in the erection sequence is 25.
(7) The maximum number of tendons stressed in one stage is 6.
(8) The total number of tendons must not exceed 25.

(9) The difference in joint numbers of the two joints connecting ore element
must not exceed 4.

(10) The number and locations of stopovers is arbitrary and the minimum
number required for accuracy depends on the size of the structure. For
a suitable choice some experience is required. The number of stopovers
used should be minimized, since at each stopover a number of extra
calculations are required.

(11) The numerical difficulties encountered with the finite segment method
are due to round~off error. L08 states that using an IBM 7090/7094
system (9 digit word length), the use of double precision calculation
was necessary for accurate results. The IBM system 360 version was
converted to a double precision calculation throughout and indicates a
comparable degree of accuracy to the CDC 6600 version. It has been the
authors' experience with a CDC 6600 system (15 digit word length) that
for problems approaching the dimension limits above and similar to
Example Problem 3 in Chapter 4 accurate results were obtained without
the use of double precision calculation.

(12) SIMPLA2 is equipped with very few automatic error checks; therefore,
the user should prepare and check all input data carefully.

3.6 Program Extensions

Subsequent to completion of Project 3-5-69-121, the Texas Highway
Department began the preliminary design of a much larger bridge than the
one presented in Example Problem 3 in the following chapter. 1In the analysis
of that bridge, limitations (6) and (8) as given in Sec. 3.5 were exceeded.
The program was redimensioned to increase the maximum number of stages to

75 and the total number of tendons to 100.

The increased number of stages made it overly inefficient to always
run the program from the start of all construction when effects of a specific
action late in the construction sequence had to be examined. 1In reprogram-

ming a restart capability was added, so that results of intermediate stages
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were able to be saved on permanent file. 1In that way the problem could

be run to a certain stage, output examined, new input developed, and then
the analysis restarted at the last stage and with the conditions previously
analyzed. This greatly expedites analysis of large structures where results
of intermediate stages must be known to decide construction operation

values in later stages.

During the analysis of the larger structure, at a point where the
number of unknown joint-segment displacements being solved was approxi-
mately triple the maximum number in Example Problem 3, numerical accuracy
problems were encountered using CDC 6400/6600 single precision arithmetic.
The program was converted to double precision and the numerical accuracy
problems did not reappear, even though the final stages involved about

five times the maximum number of unknowns of Example Problem 3.

The CDC 6400/6600 version of this revised program SIMPLDP requires
approximately 65,000 storage locations to compile using compiler MNF

and 175,000 storage locations to execute.



CHAPTER 4

EXAMPLE PROBLEMS

4,1 Introduction

In this chapter the results of three example problems are
presented. The first example illustrates for a rectangular cross section
the input data required for segmentally constructed, post-tensioned

girders to show data coding for stage construction.

The second example gives a comparison of results obtained by the
programmed finite segment method with those obtained by the more exact
folded plate method to assess the accuracy of the mathematical model of
the composite structural system. This example demonstrates several
characteristics of the SIMPLA2 program without the complications of

stage construction.

The final example shows the capability of SIMPLA2 to analyze a
major segmental box girder structure. The example structure is the
Texas Highway Department's three-span box girder structure over the
Intracoastal Canal in Corpus Christi, Texas. This bridge was the first

of this type constructed in the United States.

4,2 Example Problem 1 - Stage Construction
of a Rectangular Girder

The purpose of this example is to show the specification of input
data and interpretation of the printed output. A listing of the complete
input data and partial output for this problem is given in Appendix C.

This example was selected to demonstrate the input required for segmentally
constructed post-tensioned structures, without the additional complications

of a complex multi-element cross section.

The completed structure (Fig. 4.2) is a three-span continuous

rectangular beam composed of two individual precast segmentally constructed

65
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cantilevered systems, made continuous by a cast-in-place closure segment
and post-tensioning. The structural configuration to be analyzed at
each stage is shown in Fig. 4.1. The sequence of construction is as

follows:

(1) TIn the first stage the anchor span is placed and post-tensioned

as in Fig. 4.1(a).

(2) In the second stage the cantilever arm is positioned as in

Fig. 4.1(c), an epoxy joint is prepared at Station 8, and the
cantilever arm is post-tensioned to the anchor span. The closure
segment is then cast-in-place. The weight of the cast-in-place
closure segment is represented by a 1.125 kip load, as shown in
Fig. 4.1(c). Addition of the cantilever arm and placement of the
closure segment would actually be accomplished in two stages;
however, for purposes of this example these events are considered

to occur in one stage.

(3) In the third stage the closure tendon is stressed, as shown in

Fig. 4.1(d).

(4) In the fourth stage the completed girder is analyzed for a
uniform live load of 0.30 kip per ft.

The closure tendon is designed to prevent tensile stresses in the
closure segment and segments adjacent to the interior support under live
load. The coefficient of friction and wobble coefficient have been

assumed to be zero.

4.,2.1 Input Data. The main purpose of this example is to clarify
the method of inputting data for stage construction. A detailed explana-
tion of the data coding for Example Problem 1 is given to show the applica-
tion of SIMPLA2 in this case. The card titles and card numbers referred to
are the titles and numbers assigned in the SIMPLA2 program input guide in
Appendix B. A listing of the actual data cards for Example 1 is given in
Appendix C.1. The card sequence number and type isidentified in the left-
hand margin of this appendix so that the ordering of the deck and the

classification of the card can be easily seen. In inputting data, all
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physical quantities must be input in consistent dimensions. 1In this
example force is input in KIPS and distance in FT. Hence, distributed
loads are input in KIPS/FT and stresses are in KIPS/SF. Dead load is

split evenly between the two joints of a plate element.

As can be seen in the SIMPLA2 Data Input flow charts in Figs. B.3,
the data input for the initial stage differs slightly than for subsequent
stages. The input consists of 101 cards. Sequence and remarks for each

card are given in Table C.2.

The input data required to specify the cross-sectional configura-
tion and elastic properties (cards 2 and 3), the plate element connectivity
(card 4), and tendon constants (card 5) is straightforward. At the initial
stage each segment requires an INITIAL SEGMENT ACTIONS CARD, 12(A), since
none of the segments has been considered previously. An interior support
is called for at station 8; i.e., ISTOP(7)=-1, since this station will
locate an interior support at every subsequent stage. However, an
INTERIOR SUPPORT/DIAPHRAGM RESTRAINT CONDITIONS CARD, 14, will not be
provided at this stage, since station 8 also locates the end boundary of
the structure (see Appendix B.2, card 12(B), Remarks 6 and 7). An END
BOUNDARY CONDITIONS CARD, 15, is required at this stage.

At the second stage the configuration is altered by the addition
of six mathematical segments at the right end of the structure and the
addition of one tendon spanning from station 1 to station 14, as illus-
trated in Fig. 4.1(c). None of the joint actions acting on that portion
of the structure comprising the initial stage structure (segments 1-7) are
altered; therefore, KODJA = 0. The boundary conditions have obviously
been altered, since the end boundary at the initial stage was restrained
in the vertical direction, but the end boundary at the second stage is
completely free and subject to a shear force representing the dead load
of the closure segment. Therefore, KODBC = 1. It will be necessary to
respecify boundary conditions for both boundaries. The interior support
restraint conditions are thought of as being changed, since at the initial
stage there are no interior support restraints specified for station 8,

whereas at the second stage support restraints must be specified. The
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support code, KODSPT, is therefore 1. Since the joint actions applied

to those segments comprising the anchor span are unaltered (KODJA = 0),
only the INITIAL SEGMENT ACTION CARDS, 12(A), are required for segments
8-14. The segment progression routine requires that the structure always
be specified from extreme left to right, beginning with the origin
boundary conditions. Each segment is considered in turn, as described

in Chapter 2. It becomes evident why, after tendon data are specified,
the structure is specified beginning with the origin in card 33, skipping
segment cards for segments 1-7, since they remain unchanged from the previous
stage, specifying the new interior support at station 8, with a type 14
card in card 34, and continuing with new segment and end boundary cards.
The second stage is the final stage at which the effects of additional
actions will be determined from consideration of a cantilevered system

(the reference stage); thus, KREF = 1.

The third stage is the stage at which continuity is achieved and
is the first (and last) stage of closure. The structure to be analyzed
has the longitudinal configuration illustrated in Figs. 4.1 and 4.2--the
STAGE CONTROL DATA are specified accordingly. The sole purpose of modeling
the complete right portion of the structure (segments 14-27) is to provide
the proper boundary conditions for the left portion (segments 1-13) which
is under analysis. For this particular example (longitudinally symmetri-
cal), the correct boundary condition may be specified directly quite
simply. However, in the general case of a longitudinally and transversely

unsymmetrical box girder, such direct specification is quite difficult.

It is important for the user to recall that the final solution for
this stage is the superposition of the reference stage solution and con-
tinuous solution which includes effects of actions applied after continuity
is achieved; and that the force arrays, PBAR and PJP, the joint actions
array, AJP, and the associated indicator array, LIND, are all automati-
cally initialized at this time (the first stage of closure). Therefore,
unless otherwise specified at the first stage of closure, the continuous
structure is analyzed for the effects of continuity prestressing only. For

this particular problem it is appropriate for all applied joint actions
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to be zero force quantities (the condition imposed by initializing AJP
and LIND). Therefore, KODJA = 0, and no joint actions specification is
necessary at this stage. The boundary conditions are changed, since the
end of the structure becomes simply supported, and the existing interior
support restraint conditions are unaltered; thus, KODBC = 1 and

KODSPT = O for this stage.

The completed structure is analyzed for a fixed live load of
0.30 kips per ft. as a fourth stage. The single modification required
is the specification of the applied load by setting KODJA = 1 and
furnishing a MODIFIED SEGMENT ACTIONS CARD, 12(B), for each segment.

4.2.2 Computed Results. In order to illustrate the interpreta-

tion of computer output using the guide found in Appendix B.4, some of
the significant items of the computed results for Example Problem 1 are
discussed briefly. A partial listing of the computer output is furnished

in Appendix C.3.

4.2.2.1 Element Stresses. Element force resultants, as shown
in Fig. B.4, and subsequently element edge normal stresses, SX(I) and
SX(J), are computed for each element in every segment. The rectangular
cross section structure in this case 1s represented by a single plate
element. Therefore, the element edge stresses computed are the top
(I or l-edge) and bottom (J or 2-edge) fiber normal stresses. The stress
distribution across the plate element is linear according to the assump-

tions of the finite segment method.

Several sections at which it is desirable to monitor the normal
stresses as construction proceeds are shown in Fig. 4.3. The longitudinal
center of segment 2 (x = 15.0 ft.) 1is the nearest section at which results
are computed to the point of maximum live load moment in the anchor span
(x = 16.85 ft.). The maximum moments, both dead load and live load, occur
at station 8, which also marks the location of the epoxy joint. The
centerline of the main span (segment 14) is the location of maximum nega-
tive moment due to stressing the closure tendon and maximum positive live

load moment.
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Computed stresses at each of these sections for each stage of
construction are given in Fig. 4.3. The tendon coordinates at each of

these sections and the tendon forces are given in the table below.

TENDON - SEG. 2 SEG. 7 SEG. 8 SEG. 14
FORCE (Kips) Y (ft.) Y (ft.) Y (ft.) Y (ft.)

1 - 135 -0.813 0.280 - -

2 - 435 0.146 1.25 1.25 -

3 - 225 - - : - -0.850

The secondary reactions induced by stressing the third tendon are
1.325 kips upward at station 1 and 1.325 kips downward at station 8. With
these data the computed normal stress values have been independently veri-

fied with excellent agreement by use of the following equations:

M= M, + P -y +M

G s
and ;
S(X) = - 0.333P + 0.667M
where; MG = Gravity load moment
MS = Secondary moment induced by prestressing a continuous
beam
P = Tendon force
y = Tendon coordinate

In using the output data to determine such computed quantities such
as end reactions, care must be taken to correctly add the vertical com-
ponents of tendons anchored at the origin or end to the plate transverse
shears, For instance, in stage 1 the origin reaction is 0.45 x 30 =
13.5 kips. Calculation of the vertical component of the force in tendon 1
using differentiation of a parabolic curve through the given tendon profile
indicates the vertical component to be 10.1 kips. Thus, the net shear at

the origin is 13.5 kips - 10.1 kips, or 3.4 kips. This is the value shown
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on the output of stage 1 for the transverse shear at the origin in element.
If the output was used for computing reactions, the 3.4 kips and 10.1 kips

would have to be summed.

4.2.2.2 Joint Displacements. The four components of the joint
displacement vector are printed for each joint in the structure at each
stage. Only vertical components are of interest for this problem.
Figure 4.4 illustrates the displaced configuration of the structure at
each stage of construction and under live load. The displacements of
joints 1 and 2 are essentially the same; therefore, only those of joint 1
are presented. It should be noted that although the stresses for seg-
ment 14 (the closure segment) are given directly the joint displacements
are not. Displacement quantities computed for the closure segment are
the displacements (computed from a zero reference) of the continuous
structure due to the actions applied after continuity is achieved. For
this example the displacements computed for segment 14 at stage 3 are the
displacements of the continuous structure, from a zero datum, due to the
action of the continuity tendon. As described in Chapter 1, the closure
segment is in general only a cast-in-place strip approximately 24 in. in
length, thus the inability of the program to compute closure segment dis-
placements directly is not a serious disadvantage. For this example,
closure segment joint displacements have been computed approximately and
are indicated in Fig. 4.4 by the dashed curve extensions. The computation
of these values is accomplished by using the computed end transverse
displacement at stage 2 (-5.645 x 10-2 ft.) as a reference datum. Super-
imposing this value with those vertical joint displacements computed for

segment 14 at stages 3 and 4 results in the values indicated.

It may be easily seen that the displacement diagrams shown in
Fig. 4.4 are reasonable by considering the equivalent loadings from the
three stages of prestressing. The equivalent loadings are sketched in
Fig. 4.5. It should be noted that the structure is lightly prestressed
at stage 1; therefore, the dead load is not completely balanced and

downward displacements result.
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(a) Equivalent loading - Stage 1 (P = 135k)

(b) Equivalent loading - Stage 2 (P = 435k)

|
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(c) Equivalent loading - Stage 3 (P = 225k)

Fig. 4.5. Equivalent loadings.
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4.3 Example Problem 2

The general validity of the finite segment method has been quite
adequately demonstrateds’19 and will not be discussed herein. The objective
of this example is to demonstrate the validity of the technique used to
model the prestressing forces on the structure in conjunction with the

finite segment method.

The structure selected for analysis, illustrated in Fig. 4.6, is a
three-cell, two-span, continuous box girder. The structure is prestressed
by four tendons, one per web, each having a profile composed of six para-
bolic curves [Fig. 4.7(c)]. The cross section idealization, shown in
Fig. 4.6(c), is composed of 14 elements and 12 joints. The structure will
be considered und er two separate loading conditions--the prestress load
and a combination of prestress and a live load applied to joint 1, as

shown in Figs. 4.6(a) and 4.6(c).

The structure is analyzed by two techniques for each loading
condition. A computer program entitled MUPDI, developed by Scordelis,18
based on the folded plate method, is used for the first analysis. As
mentioned in Chapter 1, the folded plate method is considered the most
accurate analysis presently available; therefore, the results of this
analysis will be used as a standard for comparison. The second analysis

is performed using the SIMPLA2 program.

To account for the effects of prestressing in the MUPDI analysis,
equivalent joint loads were computed as the product of the tendon curva-
ture and tendon force, and applied at the juncture of the web and top
flange. This simplified representation should be quite accurate for this
example, since the tendon curvatures and slopes are very small. Because
the end slope is slight and end eccentricity is zero, the anchorage force
from each tendon is applied as two longitudinal joint forces, each one-
half the tendon force in magnitude, and applied at the web flange junc-
ture. Application of the equivalent prestress forces to the structure
using this approach required the specification of 36 individual joint

loads.
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Scordelis19 has shown that results obtained by the finite segment
method approach the results of more "exact'" analysis techniques as the
cross section idealization is refined; i.e., more elements are included
in the cross section. The effect of refining the longitudinal idealiza-
tion, i.e., including additional finite segments in the span, will be
briefly examined here. To do this, the example was solved by SIMPLA2
using two different longitudinal subdivisions of the span, shown in
Figs. 4.7(a) and 4.7(b), and denoted Mesh A and Mesh B. It was necessary
to solve only one span of the structure with the SIMPLA2Z program, since
a fixed boundary condition can be modeled. The same cross section
idealization is used for the three analyses. The modulus of elasticity
is assumed to be 432,000 kips per sq. ft. and Poisson's ratio of 0.0 is
used. The coefficient of friction and wobble coefficients are both

assumed to be zero.

4,3.1 Prestressing Load. 1In order to assess the accuracy of

the method used to model prestress forces, results from the MUPDI and
SIMPLAZ2 analyses are compared. The following section treats the struc-

ture under the action of prestress only.

4,3.1.1 Vertical Joint Displacements. The variation of the
vertical joint displacement along the span is illustrated in Fig. 4.8
for two joints of the cross section. The elastic curve for all joints
is similar to those presented. The values of displacement computed by
MUPDI and SIMPLA2 are given at the centers of the segments denoted
Mesh A in Fig. 4.7(a).

The computed displacements compare favorably both in terms of
magnitude and variation along the span. 1In all cases the displacements
computed by SIMPLA2 are high. This indicates that the overall stiffness
of the SIMPLA2 structural model is less than that of the more exact MUPDI

model. The difference is on the order of 4 percent of maximum deflection.

The transverse distribution of vertical joint displacements is
illustrated in Fig. 4.9(a). The displacements given are for the joints

- located on the top flange at a section 27.0 ft. from the left support.
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Fig. 4.9. Transverse distribution of vertical joint
displacements (ft. x 10'3).
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Displacements are plotted from a base of 15.00 x 10_3 ft. Again, the

displacement comparison is favorable. The same relationship is exhibited

between the computed values as discussed in connection with Fig. 4.8.

4.3.1.2 Longitudinal Membrane Stress. The transverse distribution
of longitudinal membrane force per unit length, NX, is presented in
Fig. 4.10. Since the top and bottom flanges are of constant thickness,
these plots also illustrate the transverse variation of longitudinal
membrane stress, SX. The force distributions are observed at sections
21.0 ft. and 57.0 ft. from the left support. The MUPDI analysis produces
a continuous variation of NX across the width of the section with stress
concentrations at the web flange juncture. The SIMPLAZ analysis is seen
to approximate the transverse distribution of NX under the constraint
that the distribution across each element must be linear. The comparison
between NX distributions and magnitudes obtained by the two analyses is

satisfactory.

4.3.1.3 The Anchorage Force. The cross-sectional area of the
anchor plates is generally quite small compared to the cross-sectional
area of the member; therefore, anchorage forces are applied to the
structure as nearly concentrated forces. Within some distance from the
anchorage, termed the anchorage zone, the stress distribution is very non-
uniform and complex. Analytical determination of the stresses within
this zone is very complicated for even the simplest cases. Clearly this
problem is beyond the scope of the segmental analysis program. Various
researcher526 have determined, both experimentally and analytically, the
length of the anchorage zone to be approximately equal to the section

depth for a rectangular section with the tendon anchored at the centroid.

The objective of the following discussion is to point out the
characteristic manner in which anchorage forces are distributed into the
cross section by the SIMPLA2Z program and to clarify the effect of the
anchorage force on computed stresses. This effect manifests itself in
computed stress inconsistencies at points connecting two elements. Nodal
point computed stress inconsistencies are characteristic of finite element

displacement formulations. In regions of gentle stress gradients,
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incompatibilities are for practical purposes negligible and in the
vicinity of stress concentration the element size is generally refined

to largely eliminate significant incompatibilities. The unique problem
faced here lies in the fact that in the general case (as in the following
example) there are many anchorage points to consider; thus a refinement
of the mesh size in order to reduce computed stress inconsistencies is
not feasible. It has been suggested that an arithmetic average (or pos-
sibly a weighted average) of the inconsistent stress values will yield

29

satisfactory results,

The problem is illustrated in Fig. 4.11. The I-edge of element 6
and the I-edge of element 1 are, in fact, the same point on the cross
section [see Fig. 4.6(c)]. However, the normal longitudinal stress
values computed by SIMPLA2 for element 1 at joint 1, and those computed
for element 6 at joint 1 (denoted points A and B, respectively) are
noticeably different initially and for all practical purposes converge
at a distance from the left end of approximately 20 ft. It should be
noted that the anchorage zone is assumed to extend approximately 3 ft.
from the anchorage; therefore, no stresses are given in this interval.
The stress variations shown for the flange and web elements are charac-
teristic of the SIMPLA2 program. Stress concentrations are evident at
element edge nodal points (the longitudinal center of a segment), since
it is at these points that transverse compatibility is enforced. The web
and flange stress computed by SIMPLA2 are also seen to oscillate about one
another, and about the MUPDI value in the first several segments past the
anchorage. The disturbance caused by the anchorage force, for all prac-
tical purposes, disappears in the third segment (at 15 ft. from the end)
and the stress inconsistencies remaining are those characteristic of the

formulation.

Figure 4.11 also shows a plot of the weighted average of the flange
and web stresses. The agreement between the average values and the MUPDI
values is excellent., The same relationships between computed flange and
web stresses is exhibited at joint 5, as shown in Fig. 4.12, 1In this case

the "average" curve represents a simple arithmetic average of the three
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computed values. The agreement between the average stress values and

those computed by MUPDI is satisfactory.

4.3.2 Longitudinal Mesh Variation. To show the significance of

variations in the longitudinal mesh size, a line load is applied to the
prestressed structure at joint 1, as shown in Fig. 4.6(a). The total

magnitude of the load is 1.5 kips.

4.3.2.1 Vertical Joint Displacement. Plots illustrating the
longitudinal variation of vertical joint displacement are given in
Fig. 4.13. A comparison of the displacement values given indicate good
agreement between the results of the MUPDI and SIMPLA2 analyses under
this loading condition. The effect of refining the longitudinal mesh
may be observed by comparison of the second and third sets of displace-
ments. It is seen that refining the longitudinal mesh does improve the
computed displacement values; however, the improvement is slight. At
all stations the displacements computed with mesh B are less than those
computed with mesh A, reflecting the fact that with the refined mesh
transverse compatibility is maintained at more points on the structure;

therefore, the overall stiffness of the analytical model is increased.

The transverse variation of vertical joint displacements under the
combined effect of prestressing and eccentric load is illustrated in
Fig. 4.9(b). The three sets of displacements exhibit the same relation-

ship to each other as discussed in connection with Fig. 4.13.

4,3.2.2 Transverse Moments. The longitudinal distribution of
transverse moment at joint 1 is shown in Fig. 4.14. SIMPLA2 does not com-
pute transverse moments at the end of the structure; consequently, the
SIMPLA2 curve is terminated 57.0 ft. from the left end. Comparison of the
three sets of values given indicates satisfactory agreement between the
two SIMPLA2 and MUPDI analyses. The poorest correlation is obtained in
the sensitive regions near the concentrated load and the interior diaphragm
support, where torsional moments are largest. Comparison of the values
obtained from the two SIMPLA2 analyses indicates that the transverse

moments are not very sensitive to the longitudinal mesh size. Although
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the results obtained with mesh B differ from those obtained with mesh A

in every segment, the differences are small in all cases. It is also
noticeable that the results obtained using mesh B are not better for all seg-
ments than those obtained using mesh A. For either case, however, the
results are satisfactory for design purposes, the maximum difference

from the MUPDI values being 16.8 ft.-kips.

The variations in longitudinal normal stress due to the longi-

tudinal mesh refinement are insignificant and are not shown.

4.3.3 Conclusions. This example shows the suitability of the
composite mathematical model for the analysis of prestressed box girders.
It is shown that the anchorage force causes significant inconsistencies
in computed stresses; however, this effect is localized and damps out
rapidly. For those segments near the anchorage, satisfactory stress

values may be obtained by averaging the inconsistent values.

4.4 Example Problem 3--The Intracoastal Canal
Bridge, Corpus Christi, Texas

This example deals with the analysis of a precast, prestressed
segmentally constructed box girder bridge superstructure. The completed
structure is a three-span, continuous, double-cell box girder. The spans
are 100 ft., 200 ft., and 100 ft.; an elevation of the left half of the
longitudinally symmetrical structure is shown in Fig. 4.15(a). This
example is from an intermediate stage in the design of the bridge. Some
small differences exist between the example and the tendon layout as

constructed.

4.4.1 Construction of the Prototype. The entire bridge super-

structure is precast as segments 10 ft., in length and comprising one-half
of the complete cross section, as shown in Fig. 4.15(b). The complete
structure as shown in Fig. 4.15(c) is constructed as two independent box
girders side by side, each being one cell of the double cell completed
box girder. In the final phases of construction the two independent box
girders are joined transversely by a longitudinal cast-in-place strip,

resulting in a two-cell monolithic box girder bridge. Since the sequence
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of construction, prestressing, and loading are identical for each box
girder, it is necessary to consider only one acting independently of the

other for analysis during construction.

Design details are presented in Ref. 31. Full explanations of
the calculation procedures and reasons for various closure steps are
given in that reference. Only enough detail is presented here to allow

correct modeling of the construction procedure.

Each girder is constructed as a balanced cantilever. Construc-
tion proceeds from the main pier outward in both directions simultaneously
toward the end pier and central span centerline. Site conditions are
such that the contractor may work from the area subadjacent to the super-
structure and avoid the necessity of subjecting the partially constructed

girder to heavy construction loads.

Construction of each girder is initiated by placing the pier
segment [labeled "PS" in Fig. 4.15(a)]. A temporary moment connection
to the pier is made by means of 3 in. diameter anchor bolts extending
from the top flange of the girder through the diaphragms into the pier,
as shown in Fig. 4.16. The cantilevering phase of the construction
sequence begins by applying epoxy resin to the joint surfaces, positioning
segments MS1 and SS1, and tensioning tendon Bl (Fig. 4.17). The same pro-
cedure is repeated through the placing of segments MS9 and SS9, and
stressing tendon B9. The next step is to place the end half-segments,
labeled MS10 and SS10. Tendons B10, C4 and C3 are stressed in order to
place these segments. Tendons Cl and C2, which are designed to accommodate
positive moment in the side span induced by further prestressing in the
central span and by live load, are then stressed. A hydraulic jack
(Fig. 4.15) is then brought into contact with the end segment. The func-
tion of the jack at this stage is simply to restrain further vertical dis-
placement of the end of the girder while stressing the A-series tendons.

There is no jacking done at this stage.

The cantilevering phase of construction is conducted from both
main piers. At completion of the cantilevering, the structure is in the

configuration of two independent cantilevered systems, each having a
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100 ft. anchor span and a 100 ft. cantilever arm (Fig. 4.15). The opposite
end faces of the two central span cantilever arms are approximately 18 in.
apart; the system is ready for longitudinal closure. A cast-in-place
closure segment is placed and the series A tendons are stressed. 1In order
to prevent tensile stresses in the top flange of the central span (due to
stressing the A series), several intermediate operations must be performed
while stressing. After tensioning tendon A4, the rotational restraint
provided at the main piers (by means of the anchor bolts) is released,

then the end reaction is increased from 31.6 kips to 51.6 kips. The

remaining tendons, A5 and A6, are tensioned.

The final step in the erection sequence is to adjust the eleva-
tion of the end of the girder. The primary purpose of this adjustment is
to bring the top deck of the segmental span at the ends to the correct
elevation relative to the approach span. The criterion for the final
adjustment employed is that the end of the segmental girder (segment SS10)
has zero vertical displacement; i.e., the elevation of segment SS10
be equal to the elevation of the pier segment. This elevation adjustment
is accomplished by incrementing the end reaction by means of the hydraulic
jack under the end segment., For this structure under this analysis pro-
cedure the final adjustment requires increasing the end reaction for each
box girder from 51.6 kips to 64.8 kips. Determination of these values

will be explained in the next section.

4.4.2 The Analytical Model. The construction sequence outlined

has been modeled as 22 separate construction stages for purposes of the
SIMPLA2 analysis. A summary of the analytical stages of construction is

given in Table 4.1.

Transverse symmetry of each box girder with respect to both cross
section and loading makes it possible to use one-half the box girder
cross section for the analytical model and greatly reducesthe analysis
effort. The cross section and loading idealizations are shown in Fig. 4.18.

Because the program is limited to dealing with prismatic plate elements,
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TABLE 4.1. ANALYTICAL STAGES

STAGE ACTION
1-9 Addition of segments SS1 through SS9 and MS1 through
MS9; stress tendons Bl through B9.
10 Addition of segment MS10; stress tendon B1O.
11 Addition of segment SS10; stress tendon C4.
12-14 Stress remaining C series tendons in the order
c3, c2, Cl1.
15 First stage of closure. Place jack under SS10;

stress tendon Al.
16-18 Stress tendons A2-A4

19 Release restraining nuts at main pier; increment end
reaction by 20 kips/box to 51.6 kips/box .

20-21 Stress tendons A5 and A6.

22 Adjust elevation of SS10 to relative zero.

all plates are so idealized. The joint loads shown are equal in
magnitude and opposite in direction to the dead load fixed end moments
and shears for each element. The bottom flange thickness of the proto-
type structure is stepped, as shown in Fig. 4.15(c). For the analysis
the bottom flange was assumed to be 8 in. thick throughout; however, the
dead load for each segment was computed based on the actual section. The
computed bottom flange stress results have been adjusted to reflect the

actual bottom flange thickness.

The longitudinal idealization used in this example is shown in

Fig. 4.17. At the stage in which the girder becomes continuous (stage 15)
and all subsequent stages, the girder is assumed longitudinally symmetri-
cal about the centerline of the central span. Taking advantage of both
longitudinal and transverse symmetry, only one-quarter of the structure
need be considered for analysis at stages 15 through 22, Figure 4,17
shows that the complete analytical model is subdivided into 34 mathemati-
cal segments. The longitudinal subdivision shown incorporates the least

number of stations (therefore the least number of segments) required to
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specify the tendon layout for this example. A more accurate symmetrical
layout would increase accuracy. Prestressing details are given in
Table 4.2. Several dual tendons in the actual structure have been com-

bined into single equivalent tendons to simplify this example.

TABLE 4.2. PRESTRESSING DETAILS

1/2"o, 270k Area of Maximum Initial

Stage Eiﬁiiﬁ | St;z:ds seee! OF;;;?A=(k) 0 EETZe(Z>
Tendon (S.F.) ’ s s s s
1 Bl 24 0.02554 744.,0 595.0
2-3 B2-B3 22 0.02340 683.0 546.0
4-6 B4-B6 12 0.01277 372.0 298.0
7 B7 7 0.00745 218.0 174.0
8-10 B8-B10 6 0.00638 186.0 149.0
11-14 C4-Cl1 6 0.00638 186.0 149.0
15-21 Al-A6 8 0.00850 248.0 198.0

The effects of the interior support, at the main pier, are assumed
to be acting at the station marking the centerline of the pier. The main
piers consist of two 8 ft. deep by 13 ft. wide rectangular sections (one
supporting each box girder) and rise 100 ft. above the pile cap. The
lateral and rotational stiffness of the pier was computed on the basis
of an effective pier height of 130 ft. to allow for base rotation. The
effects of the pier stiffness on the girder are modeled by assuming that
the lateral stiffness acts as an axial elastic restraint on the bottom
flange element and the rotational stiffness acts as a rotational elastic
restraint on the web element at the interior support station, as shown in
Fig. 4.19. The calculation of the lateral and rotational stiffness coeffi-
cients are given in Fig. 4.20. The rotational stiffness reflects both the
pier flexural stiffness and the flexibility of the bolt connections (see
Ref. 33). Unless the anchor bolts are prestressed, rotations due to

elongations of the bolts have to be computed. Moreover, since the neoprene
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Fig. 4.19, Mathematical model of support
condition - Example 3.
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bearing pad between the top of the pier and the pier segment has very
little shear stiffness, it is questionable that the superstructure will
feel the full effect of the lateral stiffness of the pier. The rota-
tional and lateral stiffness coefficients used for this analysis are
1.48 x 106 ft.-kips per radian and 655.0 kips per ft., respectively,
for the half-box section modeled. The pier is assumed to be axially
rigid. The combined effects of the axial rigidity of the pier and the
diaphragms are modeled as restraints preventing horizontal displacement
and rotation of joints 2, 3, 4, and 5 in the segments containing the
diaphragm.

The boundary condition required to model longitudinal symmetry of
the girder for stage 15, and all subsequent stages, is obtained by
restraining all degrees of freedom at the end station (centerline of the

central span) except the shear displacement of the web element.

For purposes of analysis it is assumed that the compressive
strength of superstructure concrete is 6000 psi and the ultimate strength
of the prestressing steel is 270 ksi. When the duct material is metal
sheathing and tendons are made up of wire cables, it has been suggested
that the coefficient of friction may vary between 0.15 and 0.35, and the
wobble constant may be from 0.0005 to 0.0030.1 Since ftendon ducts can be
placed with a higher degree of quality control, a lower wobble constant
was assumed for this analysis. Values used for friction and wobble con-

stants were 0.25 and 0.0002, respectively.

A complete listing of the data input for this example is included
in Appendix C.4. The input is identified by stages corresponding to
Table 4.1, and in each stage the card types are identified corresponding

to the classification used in the Input Guide of Appendix B.2.

Stage 0 designates the input data for the general structural
constants. In Stage 1, the type 11 and 15 cards indicate free boundaries
at the origin and end for the cantilevering phase. The type 14 cards
impose the rotational and longitudinal restraint of the pier-bolt system
at the interior support and act with the type 13 cards for segment 3 to

define the diaphragm restraint conditions. The 0 in column 8 of the
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type 12A card for segment 4 imposes the same diaphragm restraints on it
as used with segment 3. Cantilevering proceeds through stage 9 in a
balanced manner. In stage 10 the joint conditions for the interior
diaphragms located in segments 14 and 15 are slightly modified to allow
elastic vertical movement so as to keep from preventing rotation of the
pier segment under subsequent unsymmetrical stressing operations prior

to closure.

Stage 14 is the last stage of cantilevering so the indicator KREF
in column 16 of card type 7B is set equal to 1 to indicate that this is
the reference stage and that further stages will involve the analysis of

the continuous structure.

Stage 15 contains extremely important changes in the boundary
conditions. The type 1l cards indicate that vertical displacement of the
origin is prevented to simulate the jacks being placed under the girders
at the left hand piers before stressing of the center span positive
moment tendons. The type 13 cards for segments 1 and 17 contain no dead
load effects at this stage, since these effects are completely
included in the reference solution and the closure analysis needs only
the continuity loading data. Segments 15 and 16 at the center pier con-
tinue to be restrained against horizontal and rotational movement by
their type 13 cards, reflecting the diaphragm effect. The type 15
cards impose the condition of symmetry at the closure segment which
allows significant reduction in the data input and analysis time. Free

vertical movement of the web at the closure is still allowed.

Stages 16 to 18 correspond to the same continuous structure with
vertical displacement at the origin still prevented. Since there are no
changes in the origin boundary card, the origin is held at the same level
as in stage 15 after completion of cantilevering. This is a design choice

and could be altered in other applications.

Stage 19 encompasses several major changes to the structure and
indicates that the SIMPLA2 program can realistically model construction
steps, but needs considerable design guidance either from other calculation
procedures or from multiple runs of the SIMPLA2 program. In stage 19 the

restraining nuts at the main pier are released, causing the reaction at the
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origin to increase. Furthermore, in order to control midspan tensile
stresses during stressing, the designers (Ref. 31) had recommended that

the origin reaction (31.6 kips per box) be further increased 20 kips per
box. The effect of this combination was precalculated and was input as
25.8 kips for the half-box model in the element 3, type 11 card. The reac-
tion at the support at the end of stage 18 corresponded to 24.5 kips/box.
The type 14 cards release the moment connection and the longitudinal

restraintat the central pier, keeping only the diaphragm support.

Origin deflection at the completion of stage 14 was 0.140 ft. down-
ward from the original baseline through the pier supports. This constitutes
the reference stage for the continuous structure. At completion of stage 19,
the origin deflection was 0.032 ft. downward from the original baseline.
However, this would be 0.140 ft.-0.032 ft., or 0.108 ft. upward from the
reference solution. 1In stage 20, the origin pier jacks hold the segment
in vertical position as the tendon is stressed so the type 11 card for the
origin is given a fixed displacement coordinate of +0.108 ft. from the
reference baseline. Similarly, in stage 22, when the origin is brought
back to essentially a zero deflection position relative to the piers, a
fixed displacement is specified at the origin which corresponds to the
reverse of the deflection at the origins at the reference stage 14. A
very slight error is shown on the card as the correct number should be

0.140 ft.,* not 0.1369 ft.

The techniques used to model the specified closure and final
adjustment sequence require detailed knowledge of intermediate solutions
for reactions and displacements. Either the specific values must be
known beforehand from other design or calculation procedures, or multiple
runs of the SIMPLA2 program are required. 1In the absence of previous
calculations, all analysis could be performed through stage 18, with a
special stage 19 in which the deformation constraint at the origin was

maintained but the center pier rotation restraint was released. This

*The Input Guide in Appendix B.2 specifies that boundary conditions at the
ends of the structure are input referenced to the element relative
coordinate system. Hence, the sign of the displacement depends on whether
the lower numbered joint is on the top edge or the bottom edge of the plate.
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would indicate the value of the reaction after stage 18 and the change in
reaction due to release of pier restraint. This value could then be supple-
mented by the indicated 20k/box additional increment at the origin. The
new force would then provide the input for stage 19 in the program input
as outlined in Appendix C.4, The program would then be rerun through
stage 19, which would yield the correct deflection for computation of the
origin boundary condition for stages 20 and 21. Another pass would then
be required for the complete solution as given. Any problem where the
boundary conditions for all stages are known beforehand or can be deter-
mined by auxiliary elastic calculations allow the entire erection sequence
to be programmed and the solution obtained with a single execution of the

program.

4.4.3 Discussion of Results. During erection of the structure

calculated displacement curves as shown in Figs. 4.21 and 4.22 can prove
useful if displacements are large enough to be accurately observed.
Since, during erection the girder is subject only to dead load and pre-
stress, the transverse membrane stresses, transverse bending moments,

and normal shears are all quite small. Because the girder is not subject
to torsion, the flange membrane shears are also small; consequently,
stress quantities considered significant are the longitudinal membrane

stresses and web membrane shears.

4.4,3.1 Displacement during Erection. Figure 4.21 illustrates
the computed displaced configuration of the girder at various stages of
cantilevering. Through the first nine stages of the erection sequence,
the girder is symmetrical about the main pier; therefore, the displace-
ments of only one cantilever arm are shown. Displacement curves for
stages 1, 2, 3, and 5 fall between those for stages 4 and 7, and are
omitted for the sake of clarity. Because under dead load the joints dis-

place almost uniformly, displacement of only one joint is reported. The
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end of the girder displaces upward through the first seven stages of
erection. With the addition of the final three full segments (stages 7,

8, and 9), the girder displaces downward. The very small deflection

b
values in the long cantilever arms indicate the stiffness of the design

and the efficiéncy of load balancing.

Figure 4.22 illustrates the displaced configuration of the girder
at the full cantilevered reference stage (stage 14) and at various stages
of the closure sequence. With the addition of segment MS10 and stressing
of tendon B10, the problem becomes unsymmetrical and it is necessary to
observe both cantilever arms. Figure 4.22 shows thema x i m um dis-
placement occurs at the end of the left cantilever arm (segment SS10) and
is approximately 1-5/8 in. downward. Vertical displacement of the right
end (segment MS10) is 1-1/8 in. downward. This difference in end displace-
ments reflects the effect of the series C tendons. Stressing tendons Al
through A4 (stages 15 through 18, respectively) reduces the vertical
displacement at segment MS10 to about 1/2 in. while increasing vertical
displacements throughout the side span slightly. Incrementing the origin
reaction at stage 19 reduces the displacement at SS10 to 3/8 in. downward
and increases that at MS10 to almost 1 in. downward. The final configura-
tion of the completed girder shows that under dead load and prestress the
completed girder is cambered upward about 1/16 in. at the center of the

side span and downward about 3/4 in. at the center of the central span.

Figures 4.21 and 4.22 reflect the fact that the tendon forces
were designed to balance approximately 60 percent of the dead load and,
therefore, control dead load displacements. The maximum dead load dis-
placement to span ratio for the completed girder is 1/3000, indicating

that the design is, indeed, well-balanced.

When the 18 in. cast-in-place closure strip between cantilever
arms is placed (stage 15), an angular discontinuity is effectively '"locked"
into the girder at the center of the central span. Since the design is
well-balanced, i.e., dead load displacements are quite small, this angular

discontinuity is also quite small.
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4.4.3.2 Normal Stresses during Erection. Normal stresses are
computed for each edge of all elements at every stage of erection. During
the cantilevering phase the critical section will be near the face of the
pier segment. However, the pier segment is fully supported and due to
the involved support condition imposed it is likely that the stresses
computed at the pier segment may be distorted. Consequently, the midpoint
of the next mathematical segment (a section 7.5 ft. to the right of the
pier centerline) is selected for observation. This section will be hence-
forth referred to as the pier section. During closure, both the pier
section and the cast-in-place closure strip are critical. Stresses at
web flange junctures are computed by averaging stresses from the connecting
elements, as discussed in Sec. 4.3.1.3. 1In the following presentation all
computed flange forces at the pier section have been given as stresses on

the actual 10 in. bottom flange thickness.

Figure 4.23 illustrates the maximum and the minimum stress
envelopes for the girder at the pier and at the closure sections. It is
obvious that all stresses are conservative throughout erection when com-
pared to the allowable compressive stress (345 KSF). This is fairly
typical of designs approached from a load balancing point of view. The
bottom flange at the pier experiences tensile stresses during the first
three stages of erection in violation of the design criteria. These
tensile stresses must be controlled during erection by the use of auxiliary
external prestressing which may be removed at a later stage. The minimum
stresses in the top flange occur at stage 1, and the maximum at stage 6.
The nonuniform distribution of stress in the top flange results from
shear deformation of the flange (shear lag) caused by high compressive
web stresses around the anchors. Maximum stress in the bottom flange

occurs at stage 11 when each cantilever arm is complete.

The minimum stresses in both flanges at the closure strip occur
at stage 15 when the first closure tendon (Al) is stressed. The maximum
stresses in the top flange occur at stage 22 as a result of adjusting the
end reaction, and in the bottom flange at stage 21. Stresses existing at
the two sections under consideration at the completion of erection are

shown in Fig. 4.24.
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Various causes for nonuniform flange stress distribution were
discussed briefly in Chapter 1. Since in this case there are no load
components to twist or distort the girder, nonuniformities in flange
stresses are caused by shear lag. Figures 4.23 and 4.24 indicate that
throughout most of the erection sequence the flange stresses are dis-
tributed nearly uniformly at the sections under consideration, the excep-
tion being at the pier section at stage 1. The apparent absence of shear
lag effects at the pier section (which would ordinarily experience the
most significant effects) may be attributed to the fact that the design
is well-balanced; therefore, a large percentage of the total stress at
the section is due to distributed axial load. This indicates that for
similar examples a reasonably accurate analysis for longitudinal membrane
stresses may be based upon ordinary flexural theory. A comparison of
longitudinal membrane stresses as computed by ordinary flexural theory
to those from the SIMPLA2 analysis is shown in Fig. 4.25 for a typical
stage (stage 6). The '"beam theory" values are obviously accurate enough
for design purposes. It should be emphasized, however, that under other
load and cross section configurations shear lag can account for signifi-

15,17

cant stress nonuniformities and the use of ordinary flexural theory

must be used with care.

Due to the nearly uniform distribution of longitudinal normal
stresses at the pier section, the average top and bottom flange stress
at each stage is a significant design parameter. Observing changes in
average top and bottom flange stresses as erection advances, provides
further insight into the behavior of the girder during erection.
Figures 4.26 and 4.27 show the variation of the average stress in the
top and bottom flanges, respectively, as erection proceeds. At stages
11, 12, 13, and 14, the stresses at the pier section do not change.
This result is expected, since the structure at these stages is statically
determinate. Therefore, only the region spanned by tendon Cl should

experience stress variation.

Figures 4.26 and 4.27 illustrate the effect of the closure

sequence upon the pier section. Each stage of the closure sequence
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(stages 15 through 22) induces positive moment at the pier section as
can be seen by considering the equivalent loads associated with each stage.
These graphs illustrate vividly that the flange stresses are conservative

at all stages of erection.

4.4.3.3 Web Shear Forces. The precast segment is provided with
a shear key in each web to carry the shear force across the interface
until the epoxy jointing material develops its design strength. 1In order
to evaluate the adequacy of the shear key provided, web membrane shears
must be determined at the interface. Referring to Fig. 4.17, it is seen
that the tendon profile has a horizontal tangent at the station marking
the interface of the segment being added and the standing portion of
the structure. By considering a free body diagram of the curved portion
of the tendon, it is seen that the vertical component of the anchorage
force must be equilibrated by the vertical components of the radial
pressures applied to the tendon by the web. Therefore, during erection,
the web shear at an interface is simply the shear force due to dead load--

that due to prestressing is zero.

Should the tendon profile, cross section, or construction loads
be more involved, evaluation of the web shears at the epoxy joints would
not be such a simple matter. Moreover, the anchorage force and tendon
curvature cause significant variations in web shear between stations;
thus the most effective means of studying web shear is to construct a
web shear force diagram. Computer output from the SIMPLA2 analysis
includes membrane shear forces for each element at the longitudinal
center of the mathematical segment. These values are used to construct
the web shear force diagram at a typical stage (stage 6) shown in Fig. 4.28.
Vertical components of the anchorage force vectors are given as the
transverse shear in the web element at the origin for the stage at which
the particular tendon is stressed. Since element edge forces are assumed
uniformly distributed over the length of one mathematical segment,
membrane shear in each element is assumed to vary linearly over the
segment length. Actual shears would depend on the tendon curvature.

Consequently, construction of an approximate web membrane shear force
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diagram directly from computed values is a simple matter. Figure 4.28
shows that the dead load shear values (which were calculated independently)
agree well with the values obtained from the shear diagram constructed

in this manner, indicating reasonable accuracy of computed values.

Computed results indicate that during erection the critical web
shear is 350 kips and occurs at the anchorage ends of the structure at
the initial stage. This maximum shear force is a direct result of the
large prestress force employed at the initial stage, and acts temporarily
upon a section at the anchorage end of segment SS1. The maximum shear
force acts temporarily, since at each stage subsequent to Stage 1 the
shear force at this section is reduced by the dead load of the segments
to the left of segment SS1 (see Fig. 4.28). At Stage 6, Fig. 4.28 indi-
cates that the shear force at this section is reduced from 350 kips to

206.8 kips by the dead load of segments SS82 through S$S6.

4.4,3,4 Effective Prestress Forces. The total area of pre-
stressing steel required during cantilevering is much too large to be
placed in the web. Therefore, most of the B series tendons curve in
plan out of the web into the top flange as they move away from the
anchorage. Figure 4.29 illustrates a plan and an elevation view of a
typical B series tendon. Because the tendon curves both in a horizontal
and in a vertical plane, and since the curvature of the tendon in the
vertical plane is relatively large, severe friction losses are observed
over the first 20 ft. of the B series tendons. SIMPLA2 furnishes effec-
tive prestress at each tendon nodal point at the stage at which the
tendon is stressed--initial effective prestress. The tendon may be
monitored at some future stage of erection and revised effective pre-
stress is computed as explained in Chapter 3. Figure 4.29 shows the
variation of computed effective prestress for a typical B series tendon
(tendon B6). The solid curve labeled 'Stage 6" represents effective
prestress at Stage 6 after the tendon has been pulled to a maximum jacking
stress of O.75f; and released back to O.60fé. The dashed curve labeled
'"Stage 9" represents the effective prestress in tendon B6 at the comple-

tion of Stage 9 of erection.
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Several conclusions may be drawn from Fig. 4.29. In Chapter 3
the assumption was made that over the length of one segment friction loss
would not exceed approximately 15 percent. This assumption allowed the
use of an approximate prestress force function. Figure 4,28 indicates
that the maximum friction loss over one segment length for tendon B6 is
approximately 6 percent--the maximum friction loss observed for all
B series tendons is approximately 9 percent, occurring in tendon B9.
Since the assumption is not violated in this severe test, it may be
concluded that adopting an approximate force equation rather than the

more exact equation is justified.

Variations of tendon stress from initially computed effective
prestress values have been discussed in Chapter 3 and are a result of
elastic deformation of the structure due to sequential prestressing and
dead load application. It has been assumed implicitly in the analysis
that these tendon force changes are small and that equivalent joint loads
computed from initial effective prestress values need not be recalculated
to reflect these changes. For more conventional structures, variations
in prestress force are for design purposes negligible.26’27 In this
more unusual application, however, it is conceivable that tendon force
changes could be significant. The capability to monitor all previously
placed tendons provides a convenient check on the assumption mentioned
above and furnishes the designer a continuous account of the tendon
stress status. The plot shown in Fig. 4.29 illustrates this capability.
It is seen that at the completion of stage 9, tendon force in tendon B6
is increased by a maximum of 3 percent. The logic of this result may be
deduced by inspection of Table 4.2 and Fig. 4.21. Figure 4.21 indicates
that from stage 1 to stage 6 the prestress forces applied produce a posi-
tive moment in the pier segment. Alternatively stated, it can be said
that at each stage, from 1 to 6, the positive moment increment induced in
the pier segment by prestressing is greater than the negative moment
increment induced by the dead load of the added segment. Table 4.2 indi-
cates that from stage 6 to stage 9 the prestress force is reduced; thus

at stages 7, 8, and 9 theadditional increment of dead load moment is not
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completely balanced. This fact is illustrated in Fig. 4.29. Since
strain compatibility between the concrete and tendon B6 exists at

stages 7, 8, and 9, it is obvious that the tensile strain in tendon B6

at the support segment must increase. Although tendon stresses have been
increased to values slightly over the 0.60fé assumed, the excess is for
all practical purposes negligible in view of creep losses. It is also
evident that tendon force changes are insufficient to warrant a revision
of equivalent joint loads contributed by tendon B6. Tendon B6 was
selected as a typical example; however, from a limited study of tendon
stress changes occurring during erection, it was found that the conclu-

sions noted above are generally applicable for this structure.

The A and B series tendons each have characteristic tendon
profiles. Furthermore, the profiles of all tendons within each series
are similar. Thus, it is possible to evaluate the effectiveness of the
suggested stressing procedure (a single overtensioning to 0.75f; and
release back to 0.60fé) by observing a single tendon from each series.
It may be seen from Figs. 4.29 and 4.30 that the proposed stressing pro-
cedure results in effective prestress force of approximately 0.60fé over
the éntire tendon length. The distribution of prestress over the tendon

length is considered satisfactory.

4.4.4 Summary. The application of SIMPLA2 to a practical example
of a segmentally constructed box girder has been demonstrated. The
analysis has furnished displacement diagrams which provide an insight into
the structural behavior during erection. These diagrams illustrate that
the design is well-balanced. Stress envelopes, readily obtainable from
the computer output, show that throughout erection compressive stresses
are quite conservative. Small tensile stresses are observed during the
early stages of erection and appropriate temporary stressing should be used
to control them, since the epoxy can take no tension at early ages. It is
seen that in order to construct web shear force diagrams the effect of pre-
stressing tendons must be taken into consideration, but such consideration
is easily accomplished using computed results. For this structure, tendon

stress changes due to stage erection are shown to be insignificant.
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The accuracy of SIMPLA2 has been further verified by comparison
with detailed measurements made in tests of a realistic one-sixth scale
structural model of the Corpus Christi bridge. The comparison will be
presented in a subsequent report in this series. However, the comparison

is generally quite favorable, showing the general applicability of SIMPLA2.

In order to judge the time and cost requirements of running
SIMPLA2 for a practical case, the following times are of interest. A
complete analysis run for the input data of Appendix C.4 for Example 3,
using the CDC 6600 version and a FORTRAN program deck, used 108 seconds

of central processor time and 318 seconds of peripheral processor time.



CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDAT IONS

5.1 Summary of the Investigation

The objective of this research was to develop a mathematical
model and an associated computer program for the analysis of segmentally
constructed, prestressed box girders. The scope of this investigation
was limited to the analytical consideration of constant depth, elastic,
longitudinally prismatic plate assemblages such as box girders or foldad

plates.

From a number of available plate analysis models, the finite
segment technique was deemed most appropriate for adaptation. Develop-
ment of the segment progression computational technique was presented in
Chapter 2. Chapter 3 derives the equations by which equivalent prestress
forces are computed, and introduces the concepts used to model segmental

erection and closure. The limitations of SIMPLA2 are enumerated.

In order to demonstrate the practical application, accuracy, and
capabilities of SIMPLA2, three numerical examples are considered in
Chapter 4. The example problems are solved and the results presented

graphically.

5.2 Conclusions

5.2.1 General Conclusions. The main conclusion of this research

is that SIMPLA2 is a useful tool for the analysis of segmentally erected,
prestressed box girders. The program allows the designer to automatically
model the erection of the structure, within the computer, in the same
manner as he envisages the field erection. The results show the structural
response of each step of the proposed erection sequence. SIMPLA2 can be
utilized for the analysis of elastic, prismatic folded plate structures

of arbitrary open or closed cross section. The program is applicable to
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general conditions of loading and restraint, including diaphragms and
elastic restraints. A wide variety of prestressing tendon profiles and

stressing options may be considered.

The Texas Highway Department made use of SIMPLA2 during the design
of the Intracoastal Canal Bridge at Corpus Christi, Texas, which was the
first segmentally erected precast box girder bridge constructed in the
United States. The program was used to check the final design at all
stages of erection, including each step of the closure sequence, and to
rapidly assess the feasibility of tendon layout changes suggested by the

subcontractor.

5.2.2 Specific Conclusions. Example Problem 2 was solved by

both the SIMPLA2 analysis and the more accurate folded plate (elasticity)
method. A comparison of results indicates that the composite mathematical
model employed in the development of SIMPLA2 adequately predicts the

response of segmentally constructed, prestressed box girders.

Computed local stress inconsistencies are typical of finite
element displacement formulations. The stress inconsistencies observed
are insignificant, except in the vicinity of an anchorage. Large stress
inconsistencies are observed at the flange web juncture in the vicinity
of an anchorage and dissipate rapidly away from the anchorage. Within
the anchorage zone an average of the inconsistent stress values provides
satisfactory stress values for the flange web juncture. 1In cases where
the juncture connects more than one flange element to a prestressed web

element a weighted average was more appropriate.

Example Problem 3 demonstrated that the SIMPLA2 analysis can be
applied to practical problems and showed the value of the technique as a
design aid. The B series tendons were designed to balance approximately
60 percent of the dead load when the full cantilever condition 1is reached.
With this percentage of dead load balanced, there is an adequate end
reaction (51.6 kips) at completion of closure and the elevation of the
end may be adjusted to zero without excessive jacking (final reaction of

64.64 kips is required). With 60 percent of dead load balanced, the
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vertical displacement at the tip of the main span cantilever arm was less
than 1 in. This amount of deflection presents no problems during the
closure sequence. Utilizing this design criterion also satisfies working
stress criteria except during the first three stages of erection when
small tensile stresses are induced in the bottom flange. These tensile
stresses can be easily controlled by temporary prestressing. Therefore,
the design criteria requiring that approximately 60 percent of the dead
load be balanced are satisfactory for this design and may be adopted for

preliminary designs of similar girders.

In this example there were no load components to produce torsional
deformations (with accompanying nonuniformity of longitudinal normal
stresses). Moreover, since the design is well-balanced, a major portion
of the stress at the pier section is due to axial load which is distrib-
uted along the span of the cantilever arm; hence the effects of shear
lag are minimal. It can be concluded that under these circumstances a
simplified longitudinal flexural analysis treating the girder as a beam
will provide results adequate for design purposes. In cases where this
simplification is applicable, it remains necessary to carefully evaluate
equivalent prestress loads, since the characteristic tendon profile and

high prestress forces induce high shear forces.

The results of this example also illustrate that effective pre-
stress in a given tendon may be increased or decreased as a result of
the stages of erection following the placement of the tendon. It is
concluded that as a result of the stressing sequence employed for this
design variations in tendon stresses from initial values are negligible
for practical purposes. It can also be concluded that,unless the friction
and wobble coefficients employed for this problem are seriously under-
estimated, a single overstress to 0.75fé and release back to 0.60fé will

produce a satisfactory distribution of prestress force along the tendon.

5.3 Recommendations

5.3.1 Use of SIMPLA2., There is a definite disadvantage accom-

panying the neatly printed, well-organized, printout from a '"canned"
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computer program. All too frequently users are lulled by its official
appearance into accepting whatever is printed on the paper as unques-
tionable fact. The strongest recommendation the authors can make to a
potential SIMPLA2 user is to avoid this pitfall by using engineering
judgment to constantly ensure that the computed results appear reason-
able. The user is advised to carefully scrutinize the echo print of the
input data to ensure that the input modeled what is intended. 1In order
to minimize input errors, a carefully prepared sketch depicting what is
to occur at each stage of erection is indispensable. In order to
properly interpret the computed results, the user is urged to become

familiar with all the assumptions upon which the analysis is based.

In some cases the box girder will respond essentially as a
conventional beam; however, it is frequently difficult to recognize
these cases. In such cases shear lag and cross-sectional distortion can
justifiably be neglected and the longitudinal and transverse analysis
conducted separately. However, the equivalent prestress forces represent
a significant portion of the total load during erection. Moreover, web
shears resulting from the vertical components of anchorage forces are
quite large. These considerations demand that even in cases where the
girder may be treated as a beam in the longitudinal direction, an
accurate representation of the tendon profile and evaluation of equiva-
lent prestress forces is still necessary. SIMPLA2 can be used effectively
for such problems by use of an equivalent, one or two element cross-
sectional idealization (rectangular beam or T-beam). This approach
allows analysis of the longitudinal structural response, and an accurate
automatic evaluation of equivalent prestress forces. Use of a simple
cross-sectional representation allows a saving of computational effort.

This technique will be of value when SIMPLA2 is used as a design aid.

Equivalent prestress forces are a function of the tendon profile.
Therefore, the accuracy of the computed equivalent prestress forces
depends largely upon how well the polynomial expression, generated from
input control coordinates, represents the actual tendon profile. The user
is advised to select and specify the tendon profile control coordinates

with care.
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5.3.2 Improvements to SIMPLA2. Unfortunately, hindsight is

generally much better than foresight; this research is not an exception
and experience suggests the following modifications to SIMPLA2Z. 1In

order to obtain the analysis for a particular stage it is now necessary
to first perform the analyses for all previous stages. By making several
rather simple changes, this inefficiency could be eliminated. By
including an additional branchvwithin the driver program, it would be
possible to have the program compute and compile equivalent prestress
force vector contributions from any particular stage(or any number of
stages) without going through the complete solution for each stage. This
added flexibility could significantly reduce the execution times required

for large problems at the expense of having a solution for every stage.

The segment progression procedure can be described as the
numerical solution of a boundary value problem. The equations relating
the actions at the ends of the structure are derived from the known
origin boundary actions, unit values of the unknown boundary actions,
and the applied loading. Due to the nature of the problem, the known
boundary actions and the loading applied between two given stations may
change from stage to stage. It is necessary, therefore, to rederive the
relationship between the state vectors at the two stations for each
stage of erection. The authors suggest an approach whereby the relation-
ship between end actions is derived by assuming unit values for all
boundary actions and applied loads. Utilizing this approach, the equation
relating the actions between two stations would remain constant for every
stage of construction; therefore, the segment progression would have to
be performed only over those segments added at each stage. The solution
would then be obtained by substituting the actual boundary conditions and

loads into the equation.

5.3.3 Research Needs. The program developed herein is applicable

to prismatic, constant depth, structures. In practice, however, constant
depth box girders are not economically feasible for spans greater than
approximately 250 to 300 ft. Moreover, bridge superstructures which are

skewed with respect to their supports or curved in plan, or both, are not
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at all uncommon. SIMPLA2 is applicable to neither curved nor skewed
bridges. There is, therefore, an obvious need for additional research,
both analytical and experimental, to study curved, skewed, and haunched
segmentally constructed, prestressed box girders. Lo8 suggests that
the finite segment technique may provide a logical approach to the
analysis of haunched structures, Variations of the traditional finite
element method have been employed recently for analysis of curved and
skewed box girders. Adapting one of these techniques for the basic
analysis and an approach such as the one reported herein to model pre-
stressing forces and segmental erection is a possible approach to mathe-
matical analysis. Regardless of the scheme followed, experimental
results with which to check the applicability of, and to inspire

confidence in, the analytical technique is highly desirable.

5.4 Concluding Remarks

It should be recognized that the three examples reported do not
fully demonstrate the versatility of the SIMPLA2 program. The examples
presented are limited to simple loading, boundary, and support condi-
tions in order to demonstrate the application of the program without
unnecessary complications. The program was developed for analysis during
erection; however, it is equally applicable for analysis of the completed
structure under service loads. The work reported herein dealt primarily
with cantilevered construction. However, the program is applicable to
general support and boundary conditions; therefore, it may also be
applied to girders being constructed on falsework. SIMPLA2 may be
applied to a problem as simple as a simply supported prestressed beam,
or as complex as an indeterminate, stage erected, prestressed folded
plate subject to general conditions of loading and restraint. As with
other analytical techniques, the range of problems to which SIMPLA2 can
be applied depends partially upon the user's familiarity with the tech-

nique and his ingenuity.
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M1

Z 2

K+1

o

t8a=L

Cross-sectional area of element
Cross-sectional area of steel reinforcement.
Element thickness.

Displacement subvector of the state vector.

Displacement subvector of the element state vector just to the
leftof station K.

Displacement subvector of the element state vector just right
of station K.

Element depth.
Modulus of elasticity of tendon steel.

The subscript indicates that the subscripted quantity is
referred to the end station.

Effective prestress force.

Vertical component of the effective prestress force F.
Shear modulus of element.

Moment of inertia of the element = bd3/12.

Moment of inertia of slab strip of unit width = d3/12.
Segment (element) length.

One-half segment (element) length = 1/2 L.

Component of the fixed element edge force vector, Em, due to the
known origin boundary actions and the applied joint actioms.

Longitudinal bending moment component of the anchorage force
vector, P.

~

Gravity load moment.
Secondary moment induced by prestressing a continuous beam.

Longitudinal bending moment component of the element state vector

at station K+1, EK+1'

Transverse bending moment component of the element edge force
vector, S, at the element I edge. A corresponding moment component
is defined at the element J edge. The components of S are assumed
to be uniformly distributed over the element edge.

Axial force component of the anchorage force vector, P.

~

Axial force component of the element state vector, Ek+1'
This subscript is used to denote quantities associated with the
origin boundary of the structure.

The anchorage force vector.
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Symmetrical transverse membrane edge force component of
the generalized element edge force.vector, Q.

Antisymmetrical transverse membrane edge force component of the
generalized element edge force vector, Q.

Force component of the element edge force vector, S, associated
with transverse extension of the element. A corresponding force
component is defined at the element J edge. The components of
E’are assumed to be uniformly distributed over the element edge.

Anchorage force vector at the end station.

Anchorage force vector at the origin station.

The equivalent joint load vector exerted on segment K due to
prestressing. These equivalent joint loads result from
curvature of the tendon profile.

An array of equivalent joint load vectors, PJP.

The equivalent vertical tendon pressure, uniformly distributed
between two stations of the structure, applied at the element I
edge.

Radial force per unit length, due to prestressing, acting at
the interface of the tendon and the structure.

The force subvector of the element state vector just to the
left of the anchorage station K.

The force subvector of the element state vector just to the
right of the anchorage station K.

The generalized element edge force vector.

Shear force component of the anchorage force vector, P.

Shear force component of the element state vector, Z.

The number of elements in the cross section.

Radius of curvature of the tendon profile.

The equivalent joint load vector, due to prestressing, for a
complete finite segment.

The equivalent joint load vector, due to prestressing for joint i.

The joint displacement vector for a complete finite segment. The
components of r occur at the element edge nodal points.

The joint displacement vector for a typical joint, 1i.

The horizontal component of r.. Similar displacement components
in the vertical, longitudinal, and rotational directions are
defined at joint 1.

The element edge force vector referred to the element relative
coordinate system.

A subvector of S containing the element edge forces associated
with membrane behavior of the element.



136

5’(/)

S, (K)

3%

Wi

hi

pa2l

=

1e

A subvector of S containing the element edge forces associated
with one-way slab behavior of the element.

Tendon stress at nodal point K.

The element edge force vector referred to the global coordinate
system.

The horizontal component of §i' Similar force components in
the vertical, longitudinal, and rotational directions are
defined at joint 1i.

A subvector of S containing the element edge force components at
the element I edge. A corresponding subvector S. is defined at
the element J edge. J

Tendon length.

Symmetrical membrane element edge shear force component of the
generalized edge force vector, Q.

Antisymmetrical membrane element edge shear force component of
the generalized edge force vector, Q.

Membrane element edge shear force component of the element edge
force vector, S. The force components of S are assumed to be
uniformly distTibuted over the length of a segment. A corre-
sponding force component is defined at the element J edge.

The element edge nodal point displacement vector referred to
the element relative coordinate system. The components of u

» . B lacd
occur at the longitudinal center of the element edge.

The longitudinal displacement component of the generalized
element displacement vector §. This displacement component is
associated with the T/ force component of the generalized
element edge force vector g.

The element edge nodal point displacement vector referred to
the gloval coordinate system. The components of u occur at the
longitudinal center of the element stage.

The element edge nodal point longitudinal displacement component
of u at the element I edge. A corresponding longitudinal dis-
plaCement component is defined at the element J edge.

A subvector of u containing the components of u occurring at the
element I edge.” A similar subvector is defined at the element
J edge.

The longitudinal displacement component of the element state
vector of station K+1.

The horizontal displacement component of Gi' Similar displacement
components in the vertical, longitudinal,”and rotational directions
are defined at the element I edge
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A subvector of u containing the element edge nodal point

u

~m displacement coﬁbonents associated with membrane behavior of
the element.

u A subvector of u containing the element edge nodal point dis-

~s placement components associated with one-way slab bending of
the element.

V. Element I edge normal shear force per unit length referred

b to the element relative coordinate system. A corresponding
force component is defined at the element J edge.

v Vertical projection of the element depth, d. This is a
signed variable.

v Transverse extension displacement component of the generalized
element displacement vector, &. This displacement component
is associated with the P’ forCe component of the generalized
element edge force vector, Q.

v Vertical displacement component of the generalized element
displacement vector, €. This displacement component is
associated with the T° P” force components of the generalized
element edge force vector, Q.

v, Transverse extension displacement component of u at element I
edge., A corresponding displacement component is defined at
the element J edge.

Vel Shear displacement component of the element state vector at
station K+1.

W, Normal shear displacement component of the element edge nodal
point displacement vector, u.

X Longitudinal distance measurement along the span of the structure.
The x origin is located at the origin station of the structure.

Y The y coordinate of the tendon profile at any location, x, along
the girder. Y is measured in the plane of the element containing
the tendon.

y The element transverse coordinate. The y origin is located at
the transverse center of the element.

EK The complete station state vector at station K.

Eo The complete station state vector at the origin station. This
vector is expressed as the sum of two components; the unknown
components of the origin state vector [L]Z , and the known com-
ponents of the origin state vector, Zok ~ou

Z . .

~ok The known components of the origin state vector.

Zou The unknown components of the origin state vector.

Ee The complete station state vector at the end station of the

structure.

The element state vector at station K.
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The longitudinal normal strain in the structure at the location
of the Kth tendon nodal point. The subscript L denotes that
this strain value corresponds to a stage after the particular
tendon has been stressed.

The longitudinal normal strain in the structure at the location

of the Kth tendon nodal point. The subscript o denotes that

this strain value corresponds to the stage at which the particular
tendon is stressed.

The initial strain in the tendon at the Kth tendon nodal point.
Tendon profile slope at any point along the profile.

Element edge transverse bending displacement component of the
element edge nodal point displacement vector, u, at the element I
edge. A corresponding displacement component is defined at the
element J edge.

Wobble coefficient.
Friction coefficient.
Generalized element displacement vector.

Generalized element displacement vector ignoring the transverse
extension displacement component of the element.

Longitudinal rotation component of the element state vector.
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B.1 - General

Identification

The computer program discussed within this appendix, entitled
SIMPLA2, is written in the FORTRAN IV computer language with versions
for use on the CDC 6600 computer and the IBM System 360 computer.

Application

The primary objective of the program is the structural analysis
of segmentally constructed, post-tensioned, box girder bridges at each
stage of construction. The generality of the program gives applicability
to numerous other problems involving prestressed box girders and folded

plates.

Coordinate Systems and Sign Convention

All joint actions are input and output referenced to the fixed
coordinate system. Positive action directions are common for all joints
(Fig. B.2). Internal beam-type and element edge actions, and boundary
conditions at both ends of the structure, are input and output referenced

to the element relative coordinate system (Figs. B.3 and B.4).

B.2 - Guide to Input Data

The program data are input by means of data cards. Each
individual stage of construction may not require all the data cards
listed below. The user supplies only those cards required for the
particular stage. Extra data cards will result in erroneous execution.
The order of data specified here must be strictly adhered to and con-
sistent units must be used throughout. An asterisk indicates further

comments are to be found in the "Remarks' concerning the particular card.

1. TITLE CARD - (12A6)

Column 1-72 - TITLE (12), title of the problem. Any FORTRAN

characters are acceptable.
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Plate type numbersg
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s S QO O
\ 3 .- 4
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Fig. B.1. Cross section idealization showing plate type,

element, and joint numbers--section taken
looking toward origin (from Ref. 19).

Joint nos.

Longitudinal
(away from origin)

1,ongitudinal
(toward origin)

Moment Rotation 2 o« Horizontal
* Horizontal ©
Vertical
Vertical ertica
FORCES DISPLACEMENTS

Fig. B.2. Positive joint actions (from Ref. 19).

Fig. B.3. Sign convention for element projections, positive
direction of element coordinate axes and edge
forces (from Ref. 19).
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*3,

" Column 31-40

*4

CROSS SECTION CONTROL DATA - (3I4)

Column 1-4 -

Column 5-8 -

Column 9-12 -

PLATE TYPE DATA

NPL, number of plate types in the cross section.
(Maximum 15)

NEL, number of elements in the cross section.
(Maximum 15)

NJT, number of joints in the cross section.
(Maximum 16)

- (110, 4F10.0)

Column 1-10
Column 11-20
Column 21-30

Column 41-50

Remarks - Card

I, plate type number.

H(I), horizontal projection of plate Type I.
V(I), vertical projection of plate Type I.
TH(I), thickness of plate Type I.

E(I), elastic modulus of plate Type I.

3

1. The horizontal and vertical plate projections must be input

with the pr

2. A separate
arranged to

ELEMENT DATA

oper sign. See Fig. B.3 for sign convention.

card is prepared for each of the plate types and

read sequentially from plate Type 1 to plate Type NPL,

(414)

Column 1-4 -
Column 4-8 -
Column 9-12

Column 13-16

Remarks =~ Card

I, element number.

NPI(I), joint number at element I-edge.

NPJ(I), joint number at element J-edge.

KPL(I), plate type number of plate type describing
element T.

4

1. A separate

card is prepared for each element and arranged to read

sequentially from element 1 to element NEL.

TENDON DATA - (

10X, 3(F10.0))

Column 11-20 -
Columm 21-30 -
Column 31-40 -

CFC, friction coefficient, .
CLC, wobble coefficient, 3.

¥YMS, elastic modulus of tendonms.
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*6(A) STAGE CONTROL DATA - First Stage - (4I4)

Column 1-4 - NNSG(1), total number of segments in first stage
structure.
Column 5-8 - NCBA(1l), number of tendons stressed at first stage
‘ {(may not be zero),
Column 9-12 - NXTL(1), left terminal station for tendons stressed

Column 13-16

at first stage.

NXTR(1), right terminal station for tendons stressed

at first stage.

*6(8) STAGE CODE WORDS - First Stage - (2I4)

Column 1-4 - KREF, reference stage code word.

Column 5-8 - KODTS, tendon stress check code word,

Remarks - Cards 6(A) and 6(B)

1.
2.

Cards 6 follow Card 5 for the initial stage of construction.

KREF is an index indicating whether the stage is a stage of the
cantilevering sequence or of the closure sequence. KREF = 0O:

This stage is a typical stage of the cantilevering sequence.

KREF = 1: This stage is either the last stage of the cantilevering
sequence (the reference stage) or a typical stage of the closure
sequence,

KODTS is an index indicating whether tendon stresses are to be
checked at this stage.

KODTS = 0: Skip check of tendon stresses.

KODTS = 1: Check tendon stresses for all tendons stressed at
previous stages.

For the initial stage of construction, Cards 7 are omitted and
the data deck goes directly from Cards 6 to Cards 8.

*7(A) STAGE CONTROL DATA - Typical Stage - (6I4)

Column 1-4

NSTG, number of the construction stage. Stages

must be numbered in consecutive order.

Column 5-8 ~ NSAL(NSTG), the number of segments by which the

structure has been extended to the left,

Column 9-12 - NR, the number of segments by which the structure has

Column 13-16
Column 17-20

been extended to the right.

NCBA(NSTG), the number of tendons stressed at this stage.

i

NXTL(NSTG), left terminal station for tendons stressed

at this stage.
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Column 21-24 - NXTR(NSTG), right terminal station for tendons

stressed at this stage.

*7(B) STAGE CODE WORDS - Typical Stage - (5I4)

Column 1-4 - KODJA, joint actions code word.

Column 5-8 - KODBC, boundary conditions code word.

Column 9-12 - KODSPT, interior support restraint conditions code word.
Column 13-16 - KREF, reference stage code word.

Column 17-20 - KODTS, tendon stress check code word.
Remarks - Cards 7(A) and 7(B)

1.

KODJA indicates if prescribed joint actions for any segment have
changed (magnitude or location) from those prescribed for the
last stage.

KODJA = 0: All joint actions for every segment prescribed for
the last stage remain the same; only INITTAL SEGMENT ACTIONS CARDS,
12(A), are required for those new segments added.

KODJA = 1: Some, or all, joint actions prescribed for the last
stage are modified at this stage. Every segment of the structure
requires a segment card, an INITIAL SEGMENT ACTIONS CARD, 12(A),
for those segments added at this stage, and a MODIFIED SEGMENT
ACTIONS CARD, 12(B), for the remaining segments.

KODBC indicates if boundary conditions at the origin and/or the
end, for any element of the cross section, have changed from
those specified for the last stage.

KODBC = 0: Boundary conditions at both the origin and the end
for all elements of the cross section are the same as those
prescribed for the last stage. No BOUNDARY CONDITION CARDS are
required.

KODBC = 1: Boundary conditions at the origin or the end (or both)
have been modified from those specified for the last stage. Both
ORIGIN and END BOUNDARY CONDITION CARDS (11 and 15) are required
in their proper place.

KODSPT indicates if some or all the interior support restraint
conditions at any of the interior supports have been modified

from those specified for the last stage.

KODSPT = 0: 1Interior support restraints at all interior supports
are unchanged from the last stage. INTERIOR SUPPORT/DIAPHRAGM
RESTRATNT CARDS (1l4) are required only for those supports introduced
at this stage.

KODSPT = 1: Interior supportrestraints at somef/all interior
supports are modified from those specified for the last stage.
INTERIOR SUPPORT/DIAPHRAGM RESTRAINT CARDS are required for all
interior supports in the order in which the supports are encountered
from the origin to the end of the structure following the proper
segment actions and joint actions cards.
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4. KREF is an index indicating whether the stage is a stage of the
cantilevering sequence or of the closure sequence.

KREF = 0: This stage is a typical stage of the cantilevering sequence,.

KREF 1: This stage is either the last stage of the cantilevering
sequence (the reference stage) or a typical stage of the closure
sequence.

5. KODTS is an index indicating whether tendon stresses are to be
checked at this stage.
KODTS = 0: Skip check of tendon stresses.
RKODTS = 1: Check tendon stresses for all tendons stressed at
previous stages.

SEGMENT LENGTH CARD - (2I4, 2X, F10.0)

Column 1-4 - ISEC, station at which repeating segment length begins.
Column 5-8 - JSEC, station at which repeating segment length
terminates.

Column 11-20 - SL, segment length of all segments between ISEC and
JSEC.
Remarks - Card 8

1. Each consecutive group of repeating segment lengths requires a
new card until JSEC equals the last station in the structure.
These new cards are ordered as the segments are encountered from
left to right.

2. With the exception of the first stage, these cards are provided
only for those segments added in the order in which they are
encountered from left to right.

*9(A) TENDON CONTROL DATA - (3I4, F8.0, 2F10.0, I5)

Column 1-4 - KN, tendon number. Tendons are numbered in consecutive
ascending order.
Column 5-8 -~ NCV, number of distinct curves (straight lines or

parabolas) in the tendon profile.

Column 9-12 - NELC (KN), element number of the element containing
tendon KN.

Column 13-20 - AREA (KN), cross-sectional area of tendon KN.

Column 21-30 - PIP, temporary maximum jacking force. (See remark No. 1.)

Column 31-40 - PIPP, initial prestress force. (See remark No. 1.)

Column 41-45 - KEEP, live end index. (See remark No. 2.)
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*9(B) TENDON OUT-OF-PLANE DATA - (F10.0, 2I5)

Column 1-10 - FO, maximum divergence from plane.
Column 11-15 - NXCVGL, left station number at which FO is achieved.
Column 16-20 - NXCVGR, right station number at which convergence

into plane begins.

Remarks - Cards 9(A) and 9(B)

1. If the tendon is jacked directly to the initial prestress force
(without being overtensioned and slackened) PIP must be specified
as that force and PIPP must be specified as zero.

2, KEEP is an index indicating the live ends of the tendon.
KEEP = -1: Tendon stressed on left end only.
KEEP = 0: Tendon stressed from both ends simultaneously.
KEEP 1: Tendon stressed from right end only.

3. For stressing both PIP and PIPP are input as positive decimal
numbers. Temporary tendons may be removed by using negative numbers.

4, If tendon lies in one plane, Card 9(B) is left blank but must be
included.

5. Cards 9(A) and 9(B) for a given tendon are immediately followed
by Card 10 for that tendon.

*10. TENDON PROFILE DATA - (I10, 3F10.0, I10, F10.0)

Column 1-10 -~ NXL, left terminal station for the curve,

Column 11-20 - YL, Y éoordinate of tendon at NXL.

Column 21-30 - XM, X coordinate of interior point of the curve.
Column 31-40 - YM, Y coordinate of interior point,

Column 41-50 - NXR, right terminal station for the curve.
Column 51-60 - YR, Y coordinate of tendon at NXR.

Remarks - Card 10

1. Each curve in the tendon profile requires one Card 10. The
cards must be in the order in which the curves appear in the
tendon profile from left to right.

2. The tendon profile must be idealized as a series of distinct
curves (straight lines or parabolas) with a continuous tangent
slope.

3. For straight line curves the interior point fields (columns 21-40)
must be left blank.

4. Y coordimtes, YL, YM, and YR,are measured in the plate element
(NELC (KN) coordinate system shown in Fig. 2.3. Note that the
positive Y axis direction is toward the lower numbered (i) edge
of the plate element.
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For each tendon stressed in the stage, one Card 9(A) and 9(B)

immediately followed by its required NCV Cards 10 are provided in

sequence.

After all tendons are described, the structure must be described

from left to right with origin, segment and joint actions, support,

ment, and end cards arranged as they occur in the structure,

*11. ORIGIN BOUNDARY CONDITION CARDS - (I10, 3F10.0, 3I2)

Column 1-10 - I, element number.

Column 11-20 - BCORI (1,I), prescribed longitudinal force or

displacement.
Column 21-30 - BCORI (2,I), prescribed transverse force or displacement.
Column 31-40 - BCORI (3,I), prescribed moment or rotation.

Colum 41-42 - 1IORI (1,I), longitudinal force/displacement index.

Column 43-44 - 1IORI (2,I), transverse force/displacement index.

Column 45-46 - 1IORI (3,I), moment/rotation index.

Remarks - Card 11

1.
2.

Each element of the cross section requires one Card 1l1.

IORI (I,J) is an index indicating whether BCORI (I,J) is a force
or displacement value.

IORI (I,J) = 0: BCORI (I,J) is prescribed force.

IORI (I,J) 1: BCORI (I,J) is prescribed displacement,

*12(A) INITIAL SEGMENT ACTIONS CARD - (314)

Column 1-4 - NN, segment number.
Column 5-8 - TIAJA, joint action index.
Column 9-12 - 1ISTOP (NN), stopover or interior support index.

*12(B) MODIFIED SEGMENT ACTIONS CARD - (2I4)

Column 1-4 - NN, revised segment number.

Column 5-8 - TIAJA2, joint actions index.

Remarks - Cards 12(A) and 12(B)

1.

For the initial stage, INITIAL SEGMENT ACTIONS CARDS, 12(A) are
required for each of the initial segments,

If the joint actions applied at the previous stage are not to be
modified at the present stage (KODJA = 0), only INITIAL SEGMENT
ACTIONS CARDS, 12(A), for those segments added at the present
stage are required.

seg-
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3. 1If joint actions applied at the previous stage are to be modified
at the present stage (KODJA = 1), all segments require a SEGMENT
ACTIONS CARD. An INITIAL SEGMENT ACTIONS CARD, 12(A), is pro-
vided for those segments added at the present stage, and a
MODIFIED SEGMENT ACTIONS CARD, 12(B), is provided for all
remaining segments.

4, At each stage there are four possible situations with regard to
specification of joint actions for each segment: (a) NSAL (NSIG) +
NR = 0. KODJA = O indicates that no segments have been added to
the structure at this stage, and all joint actions remain unchanged
from the previous stage. No SEGMENT ACTIONS CARDS are required in
this case. (b) NSAL (NSTG) + NR = 0. KODJA = 1 indicates that no
segments have been added to the structure at this stage; however,
some existing joint actions are to be changed. MODIFIED SEGMENT
ACTION CARDS, 12(B), are required for all segments of the struc-
ture. (c) NSAL (NSTG) + NR # 0. KODJA = O indicates that there
have been segments added to the structure; however, joint actions
specified for those segments which comprised the structure at the
previous stage are not modified. INITIAL SEGMENT ACTIONS CARDS,
12(A), are required for those segments added only. (d) NSAL (NSTG) +
NR # 0. KODJA = 1 indicates that segments are added to the struc-
ture and joint actions applied to those segments comprising the
structure at the previous stage are modified, INITIAL SEGMENT
ACTIONS CARDS, 12(A), are required for those segments added and
MODIFIED SEGMENT ACTIONS CARDS, 12(B), are required for all
remaining segments. In any case, all SEGMENT ACTIONS CARDS must
be arranged in the order in which segments are encountered from
the origin to the end.

5. IAJA is an index for repeating joint actions from Segment NN-1 to
Segment NN.
IAJA = 0: Joint actions applied to Segment NN are the same as
those applied to NN-1. No JOINT ACTIONS CARDS are required for
this segment.
TAJA = 1: Joint actions applied to Segment NN are to be specified.
JOINT ACTIONS CARDS (13) must follow this card.

6. ISTOP (NN) is an index indicating whether a stopover or interior
support follows Segment NN. However, if NN is the last segment
of a stage, the index indicates an END BOUNDARY CONDITIONS CARD
(15) is required.

ISTOP (NN) = -1: An interior support occurs at Station NN+1. An
INTERIOR SUPPORT/DIAPHRAGM RESTRAINT CONDITION CARD (14) must
follow either this INITIAL SEGMENT ACTIONS CARD or the INITIAL
SEGMENT ACTIONS CARD and its JOINT ACTIONS CARDS, except when NN
is the last segment.

ISTOP (NN) = O: Neither an interior support nor a stopover occurs
at Station NMN+1.

ISTOP (NN) = 1: A stopover occurs at Station NN+1.
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The stopover status for each station is specified only on the
INITIAL SEGMENT ACTIONS CARD. There is no provision for revising
the value of ISTOP initially assigned to a particular station.
Therefore, if Station NN+1 is to be supported at some stage of
construction after the stage at which it is introduced, it is
necessary to specify a fictitious support at Station NN+1 initially,
and specify a change in support restraint conditions (KODSPT) at
the appropriate stage. If a boundary condition at one stage is

to become an interior support at the following stage as illustrated
below,

1|6 6|06

Station 2 3 4 5

Structure at Stage L (ISTOP (5) = -1)

Station

©

2

@

®

®

®

®

7

Structure at Stage L+1 (ISTOP (1) = -1; ISTOP (6) = -1)

the approach is as follows. The station designated as No. 6 at
Stage L marks the location of an interior support at Stage L+l

and all subsequent stages; therefore, ISTOP (5) = -1. At Stage L,
however, Station 6 is the end boundary of the structure. There
are no interior supports; thus no INTERIOR SUPPORT/DIAPHRAGM
RESTRAINT CONDITIONS CARDS are provided. However, an END BOUNDARY
CONDITIONS CARD (15) must be provided. At Stage L+1, the boundary
conditions at both boundaries (Station 1 and Station 8) have changed
(KODBC = 1). The interior support restraining conditions are also
considered changed (KODSPT = 1). Although the physical restraints
imposed upon the structure at Stations 2 and 7 (Stage L+1) may be
the same as those imposed at Stations 1 and 6 (Stage L), the
designation is changed from a boundary condition to interior sup-
port; therefore, KODSPT = 1. INTERIOR SUPPORT/DIAPHRAGM RESTRAINT
CONDITIONS CARDS are required for both supports at Stage L+1.

IAJA2 is an index indicating the modification required for the
joint actions applied to Segment NN.

TAJA2 = 0: Joint actions applied to Segment NN are the same as
those applied to Segment NN-1. No JOINT ACTIONS CARDS are required
for this segment.

IAJA2 = 1: Joint actions applied to Segment NN are the same as
those prescribed for this segment at the preceding stage. No JOINT
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*13.

*14.

ACTIONS CARDS are required for this segment. If this stage is
the first stage of closure, this option is not available and
IAJA2 must be specified as either O or 2.

IAJA2 = 2: Joint actions applied to Segment NN are to be
respecified. JOINT ACTIONS CARDS iust follow this card.

The structure is always sequentially described from far left to
right. If the cards for boundaries and supports are required, the
deck is always assembled as origin, segment action cards up to
support with any joint action cards immediately following the
segment action cards, support cards, additional segment, joint, and
support cards, until the right end of the structure is reached.
At that point the end boundary condition is inserted.

JOINT ACTIONS CARD - (I10, 4F10.0, 4I2)

Column 1-10

L, joint number.

Column 11-20 - AJP (1,L), applied horizontal force or displacement

Column 21-30 - AJP (2,L), applied vertical force or displacement.

Column 31-40 - AJP (3,L), applied moment or rotation.

Column 41-50 - AJP (4,L), applied longitudinal force or displacement.

Column 51-52 - LIND (1,L), horizontal force/displacement indicator.
Column 53-54 - LIND (2,L), vertical force/displacement indicator.
Column 55-56 - LIND (3,L), moment/rotation indicator.

Column 57-58 - LIND (4,L), longitudinal force/displacement indicator.

Remarks - Card 13

1.

Each joint requires one card 13. Cards must be arranged with
joint numbers in ascending order.

LIND (I,J) is an index indicating whether AJP (I,J) is a force or
displacement value.

LIND (I,J) = 0: AJP (I,J) is a prescribed force applied to joint
J as a uniformly distributed line load over the length of segment
NN. Dimensions are force/unit length.

LIND (I,J) = 1: AJP (I,J) is a prescribed displacement enforced

at joint J at the longitudinal center of segment NN,

INTERIOR SUPPORT/DIAPHRAGM RESTRAINT CONDITIONS CARD -(414,4X,3F15.0)

Column 1-4 - J, element number.

Columm 5-8
Column 9-12
Column 13-16

IED (1,J), axial indicator.

IED (2,J), shear indicator.

IED (3,J), rotation indicator.
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Column 21-35 - SSC (1,J), axial elastic restraint stiffness coefficient.

Column 36-50 - SSC (2,J), transverse elastic restraint stiffness

coefficient.

Column 51-65 - SSC (3,J), rotational elastic restraint stiffness

coefficient.

Remarks - Card 14

1.

Support for the structure (displacement restraint) may be pre-
scribed by restraining joint displacements (JOINT ACTIONS CARDS)
or element displacements (INTERIOR SUPPORT/DIAPHRAGM RESTRAINT
CONDITIONS CARD) or a combination of both.

The type and degree of restraint imposed by the interior support
is specified for each element individually. The interior support
restraints are imposed on the plate degrees of freedom at the
station of the interior support.

IED (I,J) is an index indicating the type of restraint imposed

on the associated (Ith) plate degree of freedom of the Jth

element.

IED (I,J) = -1: The associated displacement is partially restrained
by the interior support. A non-zero value of the corresponding
restraint stiffness, SSC (I,J) must be provided.

IED (I,J) = 0: The associated displacement is not restrained by

the support.

IED (I,J) = 1: The associated displacement is completely restrained
by the support; i.e., the displacement is equal to zero.

The nature of restraint imposed upon the structure by a particular
support may change from stage to stage. The degree of restraint
may range from complete fixity of all elements to no restraint of
any element. Therefore, even though interior supports may not be
arbitrarily imposed and removed at every stage, the same effect
may be accomplished by changing the support restraint conditions
as desired. (See remarks Nos. 6 and 7, Cards 12(A) and 12(B).)

END BOUNDARY CONDITIONS CARDS - (I10, 3F10.0, 312)

Column 1-10 - I, element number.

Column 11-20 - BCEND (1,I), prescribed longitudinal force or

displacement,
Column 21-30 - BCEND (2,I), prescribed transverse force or displacement.
Column 31-40 - BCEND (3,I), prescribed moment or rotationm.

Column 41-42 - T1IEND (1,I), longitudinal force/displacement index.

Column 43-44 - TIEND (2,I), transverse force/displacement index,

Column 45-46 - 1IEND (3,I), moment/rotation index.
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16.

Remarks - Card 15

1. Each element of the cross section requires one card 15.
2. 1IEND (1,J) is an index indicating whether BCEND (I,J) is a force
or displacement value.
IEND (I,J) = 0: BCEND (I,J) is prescribed force.
IEND (I,J) = 1: BCEND (I,J) is prescribed displacement.
SEQUENCING
A. Card Type 7(A) will follow card Type 15 for analysis of the next
stage of construction.
B. A blank card follows card Type 15 in order to terminate the run.
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B.3 - Flow of Input Data

The following chart is presented in the form of a program flow
chart and is inftended to indicate graphically the sequence in which the
program reads the input data. The numbers associated with READ statements
refer to the card numbers defined in B.2, and statement numbers are for
purposes of this chart only. All variable names appearing in the chart
have been defined in B.2. L is a symbol for a typical stage.

/  READCARD 1 /

:

/ READ CARD 2/

{
[ pg 2001 =1, neL |
|

200 / READ carD 3/

[ Dg 210 T = 1, NEL |

210 /  READ CARD 4 /

/ READ cARD 5/ |
SET (NSTG) = 1 — e/ READ CARD 64
}

SET (KODBC) = 1 / READ CARD 6B/

for all segments
READ CARDS 8

READ %ARD 7(A)/

/  READ CARD 7(B)/

~— < IFNsaL(L) =0 >

Symbol for
READ CARDS 8 for continued on
all segments added subsequent
at the left. page

IFNR=0 >

/\
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B.3 - Flow of Input Data (con't) i: i?
C
cl
READ CARDS 8 For
segments added

at the right.

—

<IF NCBA(L) = 0 >——

N
| Dp 10 1 = 1, NCBA(L) ]

/ READ CARD 94 /[

/ READ CARD 98 [

| Dg20J=1, NV |

20 /  READ CARD 10 /

10

Y
<IF K@DBC = 0 >—
N

[ ¢ 30 1 =1, NEL]

30/ READ CARD 11 /

< <__IF NSAL(L)

V

| D@ 40 I = 1, NSAL(L) l

[ READ caRD 12(a) /
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<_IF IAJA = 0 >1
/ca\
N
|Dg 50 J = 1, NIT | '
so / READ carb 13/
<1F 18TOP(T) = -1 >—N
Y
| D¢ 60 N = 1, NEL | ‘
60 / READ cAaRD 14 /
¢

< 1F KODJA = 0
N

D@ 90 for all segments
of the stage L=l

structure
/  READ CARD 12(B) /
IF IAJA2 = O Y
or IF TAJA2 =1
iN
[pg 100 I = 1, NIT |

100 CARD 13
/ ngg11 /

X < IF KODSPT = 0 >
&N
o +< IF ISTOP = -1
Iy
' lpg 110 T - 1. NEI
110/ READ CARD 14 /

A

IF KODSPT = 0 >—t+

N

D@ 70 for all
interior supports
of stage L-1

!

| Dg 80 I = 1, NEL

!
8o /

READ CARD 14

/

70

/A

A\
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B.3 Flow of Input Data (con't.)
/C7\
Y !
] -
< IFNR=0__> i
¢N
[pg 120 3 = 1, NR_|
|
/ READ CAR]
< IF 1AJA = O > -
tY
| D¢ 130 K = 1, NJT | ¥
130 / READ CARD 13 / 1
<TF 1sTP (3) = -1 >N o
yY
| Dp 140 N = 1, NEL |
T Y
140 / READ CARD 14 /
! -
120
F YA
< _IF KgDBC = 0 >
I
= Y
150 /  READ CARD 15 /

/

<IF L is last > Y e Blank card
stage
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B.3 - Flow of Input Data (con't)

(g 200 7 =3 0]
/_READ CARD 12(a
< JF 1AJA = 1 .

[Dg 210 7 = 1, NJT | Y

210 Vi READ CARD 13 /

I .
<IF IST@P(1) = -1 >—De—r

Y

[Dg 220 K = 1, NEL | Y

220 /  READ CARD l4 /

-

230
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B.4 - Computer Qutput

SIMPLA2 performs a complete structural analysis for each stage of
construction and outputs the results for each stage. The output consists

of:

B.4.1 Title and echo print of structure constant data (output for
initial stage only).
B.4.2 Echo print of construction stage XX data.
(a) LONGITUDINAL CONFIGURATION OF STRUCTURE AT STAGE XX
(b) INPUT DATA FOR TENDONS STRESSED AT STAGE XX
(c) ORIGIN BOUNDARY CONDITIONS AT STAGE XX
(d) JOINT ACTIONS, SUPPORT AND STOPOVER DATA FOR STAGE XX
(e) END BOUNDARY CONDITIONS AT STAGE XX
B.4.3 Printout of Computed Results
(a) FINAL PLATE FORCES AND DISPLACEMENTS FOR LONGITUDINAL PLATE
ELEMENTS AT END - These values are the components of the state

vector at the end of the structure. Superposition of reference
and continuous solutions is not accomplished automatically
at the end stations. (See Figs. 2.3 and B.4 for sign convention.)

PLATE INTERNAL DISPLACEMENTS - The following displacements

are given for each element.
Longitudinal displacement
Transverse displacement
Beam rotation

PLATE INTERNAL FORCES - The following forces and stresses are

given for each element.

Beam moment

Transverse shear

Axial force

Longitudinal normal force/unit length at element I-edge, NX (I)
Longitudinal normal force/unit length at element J-edge, NX (J)
Longitudinal normal force/unit area at element I-edge, SX (I)

Longitudinal normal force/unit area at element J-edge, SX )J)
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(a) Positive Element Forces

Axial

Force Moment M(J)
T(J P
Transverse

y¥

(b) Positive Element Displacements

NOTE: With the exception of the longitudinal
element edge displacement, the edge nodal
point displacements have the same positive
directions as their associated forces.

Fig. B.4. Positive element forces and displacements.
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(b) FINAL PLATE FORCES AND DISPLACEMENTS FOR LONGITUDINAL PLATE
ELEMENTS AT END OF SEGMENT XX AND AT SUPPORT - These results

are provided at each station locating an interior support.

PIATE DISPLACEMENTS AND REACTIONS AT INTERIOR SUPPORT - These

results are provided for each element of the cross section.

The sign of reaction components is referenced to the element

relative coordinate system and indicates the direction of the

reaction as it acts on the diaphragm. The plate displacements

and reactions at the interior supports for the reference and

continuous solutions are not automatically superimposed.

Longitudinal displacement/reaction

Transverse displacement/reaction

Beam rotation/reaction

PLATE INTERNAL DISPLACEMENTS - Same as those listed under B.4.3(a).

PLATE INTERNAL FORCES - Same as those listed under B.4.3(a).
(c¢) FINAL PLATE FORCES AND DISPLACEMENTS FOR LONGITUDINAL PLATE

ELEMENTS AT ORIGIN - These values are the components of the

state vector at the origin of the structure. See remark No. 2.
PLATE INTERNAL DISPLACEMENTS - Same as those listed under B.4.3(a).
PLATE INTERNAL FORCES - Same as those listed under B.4.3(a).

(d) FINAL JOINT AND PLATE FORCES AND DISPLACEMENTS FOR SEGMENT XX -

The following results are furnished for every segment.

JOINT DISPLACEMENTS - The following displacements are given

for every joint. Joint displacements are referred to the
longitudinal center of frhe segment. (See Fig. B.2 for sign
convention.)

Horizontal displacement

Vertical displacement

Rotation

Longitudinal displacement

ELEMENT EDGE DISPLACEMENTS - The following displacements are

given for each element. (See Fig. B.4 for sign convention.)
Rotation at I-edge.

Rotation at J-edge.



(e)
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Normal shear displacement at I-edge,W(I).
Normal shear displacement at J-edge, W(J).
Longitudinal shear displacement at I-edge, U(I).
Longitudinal shear displacement at J-edge, U(J).
Transverse membrane displacement at I-edge, V(I).
Transverse membrane displacement at J-edge, V(J).

ELEMENT EDGE FORCES - The following forces are given for

each element, (See Fig. B.4 for sign convention.)
Transverse moment per unit length at I-edge, M(I).
Transverse moment per unit length at J-edge, M(J).

Normal shear per unit length at I-edge, Q(I).

Normal shear per unit length at J-edge, Q(J).

Longitudinal shear force per unit length at I-edge, T(I).
Longitudinal shear force per unit length at J-edge, T(J).
Transverse membrane force per unit length at I-edge, P(I).
Transverse membrane force per unit length at J-edge, P(J).
PIATE INTERNAL DISPLACEMENTS - Same as those listed under
B.4.3(a). See remarks.

PLATE INTERNAL FORCES - Same as those listed under B.4.,3(a).

See remarks.

STEEL STRESSES FOR ALL TENDONS AT STAGE XX - These results are

provided only at those stages specified by the user.

B.4.4 Remarks

1.

Qutput quantities noted in B.4.3(a), (b), and (c) are the
beam-type displacements and stress resultants at the
longitudinal end of the respective element,

Superposition of solutions is performed automatically only for
those quantities associated with a segment (as opposed to
those quantities associated with the end of a segment).
Therefore, forces and displacements noted in B.4.3(a), (b),
and (c) are not automatically superimposed. Should the stage
of construction under consideration be a stage of closure, the
correct origin and end actions and support reactions would be
given by summing corresponding quantities from the reference
solution with those printed for this stage.
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3. Reaction components are printed when the associated displacement
is completely restrained (equal to zero); otherwise, the dis-
placement component is furnished. Reaction components are
referred to the respective element relative coordinate system.
The sign affixed indicates the direction in which the reactionm
acts on the diaphragm or support.

4. Results noted in B.4.3(d) pertain to each element at the
longitudinal center of the segment. JOINT DISPLACEMENTS AND
ELEMENT EDGE DISPLACEMENTS represent the element edge nodal
point displacements in the fixed and element relative
coordinate system, respectively. PLATE INTERNAL DISPLACEMENTS
AND PLATE INTERNAL FORCES are the beam-type displacements
and stress resultants at the longitudinal center of the element.
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B.5 - Program SIMPLA2

(  sTaRT )
!
/ READ and PRINT — TITLE
'

READ and PRINT - structure
control data: NPL, NEL, NJT.

P

READ and PRINT - tendon
constants: CFC, CLC, YMS.

!

| Compute structure constants r

!

READ - stage control data
and code words for first stage

~d d

| KCL(1) = 1 : KeL() =0 |

Y

!

Compute stage constants:
NSEG = NNSG (1)
NCB NCBA (1)
IXT = NXTL (1)
JXT = NXTR (1)
NSS = JXT-IXT
NWD = NCB* NSS

'

Initialize PBAR,PJP |

READ - stage constants
typical stage, NSTG

(Coror )




164

Program SIMPLA2 (con't.)

KCL(NSTG) = KCL(NSTG-1)+ 1

KCL(NSTG) = O

¥
Compute stage constants for typical stage

NSLS = NSEG

NL = NSAL(NSTG)

NSEG = NL + NSLS + NR

IXT = NXTL(NSTG)

JXT = NXTR(NSTG)

NCB = NCBA(NSTG)

Resubscript column wvectors of force and

indicator arrays -
AJP(I,K + KNL)
PJP(I,K + NL)
PBAR(I,K + NL)
LIND(I,K + NL)

LA N N ]

AJP(1,K)

PJP(I,K)

PBAR(I,K)
'LIND(I,K)

—

Resubscript elements of ISTOP vector -
= TSTOP(K)

ISTOP(K + NL)

NSS = JXT-IXT

< 2 -—44 branch on KCL(NSTG)

1. 2

=2
}

| NSRF = NSLS + 1 |
]

[ nss =

Nfgg - IXT |

NSS=NSRF+1-IXT
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Program SIMPLAZ (con't.)

|

l Initialize PBAR, PJP

[ Nwp = nss * ne |

1
CALL }S’I‘AGE l

| CALL STEP |

i

[ carp sowy |
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B.5.1 - Subroutine STAGE

ISE

Sum length from ISEC,to JSEC
SASL = SASL + SL

JSEC = NL+

Y

Recompute station coordinates
for previous stage stations
X(I+NL) = X(I) + SASL

I = NSLS+1

Compute station coordinates
for stations added left.

O

|
__READ ISEC, JSEC, SL 441
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-Subroutine STAGE (con't.)

Compute station coordinates
for station added right
X(I) = X(I-1) + SL

<EE:> I=NSEG + 1
Y

PRINT longitudinal

configuration at stage NSTG

}

|  Initialize PBARO, PBARE |

| DO 104 N=1.NCR |

READ & PRINT tendon control data -
KN, NCV, NELC(KN), AREA(KN), PIP,
PIPP, KEEP, FO, NXCVGL, NXCVGR
[
e——— DO 200 KV = 1,NcV |

1

READ & PRINT curve control coordinates-/
NXL, YL, XM, YM, NXR, YR.

Compute constants for curve
b polynomial - AC, BC, CC.

t

Compute tendon coordinates at tendon
nodal points - YK(I,N)

|

200 Compute tendon slope at stations -
THET(I,N)
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Subroutine STAGE (con't.)

l

Compute THETH(I) for all segments
from station 1 to NXCVGL and from
NXCVGR to NSEG + 1.

@ -

FKL (IXT)=PIP 0 —{ branch on KEEP - +1 —{FrL(1XT)=0.0
FKR (JXT)=PTP | FKR (JXT)=PTP

-1

|

FKL(IXT) = PIP
FKR(JXT) = 0.0

Compute tendon force at station
from left
FKL(I) = FKL(I-1)[1.0 - pA8-AAX]
{
Compute tendon force at station
from right
| FKR(I) = FKR(I+1)[1.0 - uA6-iAX]

|FK(I,N) = FKR(T) A K(I,N) = FKL(Ii]
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Subroutine STAGE (Con't.)

Modify tendon force to account
for slackening initial jack force

@ -

104 Compute contribution to anchorage force

vectors by tendon N - PBARO and PBARE

i
| 33 = Jxr-1 — < 1— branch on KCL(NSTG) |—— > 1 —] JJ = NSRF |
I _ |

¥
/r Write disc file TAPE5 //
((YK(1,J), J = 1, NCB),I= IXT, JJ)
]

sum PBARO and PBARE into PBAR
PBAR(I, IXT) = PBARO(I)
PBAR(I,JXT) = PBARE(I)

l

IXT, JXT-1 |

!

NCB |

> 1 D0 45 L

- LDO 45 K

i}

Compute the contribution of tendon K
45 to equivalent joint load vector at
segment L.

Average tendon force at stations to
compute tendon nodal point forces
FK(I,N) = FK(I,N) + FK(I+1,N)/2.0

!

WRITE disc file FXXX ///

Compute initial effective prestress
SIG = FK(I,N)/AREA(N)

/ PRINT SIG for all NCB /

i
| RETV

( END )
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B.5.2 Subroutine STEP

] NN 0 |

NSTG READ origin
boundary conditions
KODBC

PRINT origin
boun nditi

form state vector
at origin - ZK

|

1

131 LNN = NN+ 1 f

NN < LSLS

READ and PRINT initial
segment actions data
NN, IAJA, ISTOP (NN)

READ and PRINT joint
actions for
segment NN

N

AJP(I,NN) = AJP(I,NN-1)

LIND(I,NN) = LIND(I,NN-1)

- N //g;;;iNN)
<]
Y
N
et NN < NSEG




Subroutine STEP (con't.)

l

[

READ and PRINT interior

/

support restraint data
—
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READ and PRINT modified
segment actions data
NN, IAJA2?

F

/

*{— branch on IAJA2 l -— (

2 l
READ and PRINT joint AJP(I,NN) = AJP(I,NN-1)
actions~-segment NN LIND(I,NN) = LIND(I,NN-1)

}

READ and PRINT interior
support restraint data

814

PDSL = 0

N

/

READ BIGK from
disc file TAPE3

/

| CALL STIFF

compile SMALLK into BIGK

!
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Subroutine STEP (con't.)

modify BIGK for
specified displacements

compute fixed-element
forces—-PTTT

I

compute total load vector—--
AJP + PJP-PTTT

t

solve equilibrium equations
for joint displacements

WRITE ZKNN and DISPNN
on disc file TAPE1l

!

compute ZKNN+1 due to

fixed-element forces

|

compute ZKNN+1 due to

joint displacements

modify ZKNN+1 due to

anchorage force vector

ISTOP (NN)

=0

N

set up ZK for segment
following interior
support or stopover

|




B.5.3 Subroutine SOLV

NSTG = 1 or Y
KODBC =1
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READ end
boundary conditions

/

N

PRINT end boundary
conditions

|

solve for last
intermediate unknown

actions vector

Calculate and PRINT plate
forces and displacements
at end.

Y

NSTOi/j/S//

N

Calculate and record all
intermediate unknown
actions vector

i

NSTOP = NSTOP-1

Calculate and PRINT plate
forces and displacements
at origin——ZKl

NRES

NSRF

N
NRES = NSEG

o
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Subroutine SOLV (Con't.)

- NRES = 0

I NRES = NRES ~ 1 ’

CALL COSTRAIN

Calculate joint displacement --
D(I), I =1, MX

Calculate plate edge
displacements—-VS(I,L),VP(I,L)
I=1,4, L = 1,NEL

1

Calculate plate edge forces
§s(1,L), SP(I,L),
I =1,4, L=1,NEL

—

Calculate plate internal
forces and displacements
ZA(1), I = 1,M6

0 | branch on KCL(NSTG) b—1 —

‘ RETURN

l

END

Vv
.

WRITE disc file TAPE9
D, V§, VP, 8§, SP, ZA -~
the reference solution.

READ disc file TAPES
DAR, VSR, VPR, SSR, SPR, ZAR-~
the reference solution.

1

Superimpose solutions

1

PRINT joint displacements,
plate edge displacements,
plate edge forces, plate
internal forces and displacements

1




B.5.4

Subroutine CSTRAIN

| NsTeM = NSTG-1
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KODTS = O

Ny
REWIND disc file
TAPES

[ po 1000 NsT = 1.NsTGM |

e

locate terminal
stations for NTD--
ICS, JCS

1

NSTGM = 0 ‘\\ v
or /

READ disc file TAPES5 tendon
coordinates - Y(I,J),
J=1, NTD, I=ICS, JCS

1

random READ disc file
FXXX, initial tendon
forces - F(1,J), J=1,
NTD, I=ICS, JCS

|

random READ disc file
SXXX, initial nodal strain-
EPSC(1,J), J=1, NTD,
I=ICS, JCS

I
1
[Do 20 1 =1c5, Jcs |

[po 20 5 =1, nmp |

{

Compute element edge strains
for element containing tendon
J - EPSI, EPSJ
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Subroutine CSTRAIN (con't.)

Compute revised strain
at tendon level in element
containing J--EPSCP

‘ i
DEPSC = EPSCP - EPSC(I,J) |

!

Compute revised tendon nodal
force - F(I,J)

20

compute and PRINT revised
tendon nodal strains

1000

BACKSPACE disc file
TAPES

[ JXT™ = JXT-1 |
READ disc file TAPES
tendon coordinates, Y(I,J)
]
|

| po 60 J = 1xXT, JXTM |

{

.| po 60 J =1, NCB |

Compute initial element
edge strains - EPSI, EPSJ

|

Compute initial nodal
strain - EPSC (I,J)

60

random WRITE disc file
SXXX - EPSC (I,J)
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PROGRAM SIMPLA2 (INPUT,0UTPUT,TAPEL,TAPE3,TAPES,TAPES,TAPES,
LFXXX 9 SXXX)

10 FORMAT(//42HO**>**ERROR-MAX. JOINT DIFFERENCE .GT.4%x23)
20 FORMAT(&4]4)
25 FORMAT(614)
9 FORMAT(I10,4F10.0)
4 FORMAT(1HO,3X,20HPROBLEM CONTROL DATA)
17 FORMAT(1HO3X 916HND, PLo TYPES = 12/4X,16HNO. ELEMENTS =
1HND, JOINTS = 12/7)
5 FORMAT(1MO,3X,32HGEOMETRIC AND ELASTIC PROPERTIES)
21 FORMAT (1HO93X9THPL TYPE, 10Xy THH-PROJ. 910Xy THY=PROJ4 » 10Xy SHTHICKNE S
15+10X 4 THHODULYS/ )
22 FORMATLIB 49X y4(EL15,643X))
6 FORMAT(1HO,3X , 17THCONNECTIVITY DATA/)
23 FORMAT (4X 423HELE 1-J7 J=JT7 PL/)
24 FORMAT{4X ¢4(1245X))
7 FORMAT(1HO¢3Xo19HTENDON CONTROL DATA/)
8 FORMAT{(4X,16HSTEEL MODULUS = EL15.6/4X,20HFRICTION CONSTANT = E15.6
1/4X 4 18HWOBBLE CONSTANT = E15.6)
12 FORMAT(314)
16 FORMAT(1H1,1246)
32 FORMAT(10X,3F10.0)
11 FORMAT (12A6)

12/74%,16

COMMON DIMENSION AND EQUIVALENCE STATEMENTS

COMMON NSTGyNSRFoNSEG s SEGL 9 NLoNL1 JNRyNSLSyNSLS],NS14LSLSyNSS,NWD,
INCByIXT 9 JXTyNPL yNIT yNEL M3 s MX,ME,M31 ,NXBANOyMAX) TDy YMS,CLC 4CFCy
2NSTOP yKODJA »XODBC yKDDSPT4KODTS

COMMON H(15),V(15)sTHI15),E(15) yPRTH{15)4sNPI(15),NPJ{15)4KPL{15),
INPDIF(15),ZEND(90),BCORT{3,15),10RI(3,15),BCEND(3,15),IEND(3,]5),
2IED(45+4) +SSCL45+4),2K(90,46),1FD(90)

COMMON NNSG(25) yNSAL(25)9yNCBA(25),KCL{25) 9 NXTL(25)sNXTRI(25),
LIDXF(25) »1DXS(25),XSEC(51) 1 STOP{S0O) 4KANCH{50),AJP (64,501},
2P JP (64,501 sLIND(64,50) 4PBAR (454+51) 4NELC(25) 4AREA(25)

. COMMON BIGK(64,20) yPTTT(649461+CM(9,15) sHM{17415)1,FI(9,15),
1A(4,4) ,BTAV (&) ,RBAR(4),D(20),22(6)

DIMENSION TITLE(12)

101 READ 11y (TITLE(I),I = 1,12)
READ 129 NPLNEL #NJT
IF(NPL) 999,999,102
102 PRINT 16, TITLE
PRINT 4
PRINT 179 NPLoNEL,NJT
PRINT S

[aNaXg] o000

[aNaNal

125

126
127
130

72
123

26

READ 9, (I, H{(I),y V(I),y, TH(I}y F(I)y J = 1,4NPL)
READ 20, (I,NPI(I)y NPJ(I},y KPLIIY, J = 1,NEL)}
READ 32, CFCyCLCyYMS
PRINT 21
PRINT 22,
PRINT 6
PRINT 23
PRINT 24,11,
PRINT 7
PRINT 8y YMS,CFC,CLC

(ILHED) o VIT),THLIDLELT)y T = 1,NPL)

NPI{IY, NPJUIY, KPLIT)y I = 1,NEL)

COMPUTE PWTHUI) AND SET H(I) = H(I}/PWTH(I) AND VII) = V(I})/PWTH(I}
DO 125 1 = 1,NPL

PWIH (1) = SQRT(H{I)®»H({]) + VII)*V(]))}

H{I) = H(I)/PWTH(I}

Vil) = VUI)/PUTHI(T)

COMPUTE PROBLEM CONSTANTS

MX = 42NJT
M3 = 3=NEL
M31 = M3 + 1
M6 = 6%NEL
NSTG = 1

COMPUTE MAX HALF BAND WIDTH AND SET NPI = NPI®4-4 AND NPJ = NPJ*4-4

BX = 43NJT

NXBAND = O

D0 130 1 = 1sNEL

NPDIF(I) = NPJ(I) = NPI(I])
K = TABS(NPDIFII))

IF (NXBAND - K) 12691274127
NXBAND = K

NPT (1) = NPI(])®&-4

NPJII} = NPJU(I)%4-4

MAXJTD = NXBAND

NXBAND = NXBAND®4+4

IF (NXBAND - 20) 123,123,722
PRINT 10

GO TO 999

CONTINUE

READ 20y NNSG(1}osNCBA(1)}4NXTL(1),NXTR(1)
READ 20,y KREF,KODTS

TF(KREF) 31,31,33

KCL(1) = O

GO TO 34

KCL(1) =1

{VIAWIS 3O BuUIllsIT - 9°¢

LLT



34

210

213

27

40

NL =0

NSEG = NNSG{1}
MR = O

NL1 = O

HS5LS = O

N5LS1 = O

NS1 = NSEG + 1
LSLS = O

IXT = NXTL{1)

JXT = NXTR(1}

NH5S = JXT-IXT

NCB = NCBA(L)
MND = MCBAENSS
REWIND 5

DO 210 I = 1,50
DO 210 4 = 1.,MX
PIP{Js1} = 0.0
CONTINUE

DO 213 J = 1,51
DO 213 I = 1,m3
PBAR{I J} = 0.0
CONTINUE

60 TO 28

READ 25y NSTG4NSAL{NSTG) 4NR ¢4NCBAINSTG) oNXTLINSTG ) NXTR(NSTG)
READ 25, KODJAKODBC 4KODSPT,KREF,KODTS
IF(NSTG~11999,999 s44

IFIKREF) 43,43,48

KCLINSTG) = O

G0 TO 40

KCL{NSTG) = KCL{NSTE~1)+1

NL = NSAL{MSTG}

NL]1 = NL+]

NSLS = NSEG

NSLS1 = MS)

_NSEG = NL+NSLS+NR

NNSGINSTG) = NSEG

NCB = NCBAINSTG!

NS1 = NSEG+]

LSLS = NSLS+NL
IF(NCB.EQ.0) GO TO 55
IXT = NXTLINSTG}

JXT « NXTRINSTG)

NSS = JXT-IXT

NWD = NSS#NCB

IFINLY 99944929

29

46

%

-

45

47
4“9
65

66

67
561
[.¥4
28
55

999

[sXaN el

RESUBSCRIPT FORCE AND INDICATOR AHRRAYS

L * LSLS+1

DO 45 J = 1,NSLS
K = L=d

KK = K+l

M o= L=NL=J

MM = M4

DO 46 1 = 1.AX
PUP (I 4K} = PIP(] M)
PUP(I4M) = 0.0
AJP (T 4K) = AJP{] oM}
LIND(I 4k} = LIND{I+M)
CONTINVE

00 41 1 = 1,M3
PBAR(I,KK) = PBAR{I.MM)
PBAR (] 4MM) = 0.0
CONTINUE

ISTOP(K} = ISTOP{N}
CONTINUE

00 47 1 = 1,M3

PBAR{I NL1) = PBAR(I 41}
PBAR{1+1) = 0.0
CONTINUE
TFIRCLINSTGI-2)28,65+69
NSRF = NSLS1

NSRF1 = NSRF+1

DO 66 4 = 14NSLS

DO 66 1 = ]1,MX
AJP (L 4J) = 0.0
LINDIIsJ) = O

PJPIL,J) = 0.0

DO 67 J = )sNSRF1

DO 67 1 = 1,.M3
PBAR(Ll,J) = 0.0
IFUJXT-NSRF1) 614619862
NWD = {JXT-IXT}*NCB

GO TO 28

NWD = (NSRFI1-1XTIeNCB

CALL STAGE
CALL STEP
CALL SOLVY
60 TOo 27
CALL EXIT
END
SUBROUTINE STAGE

FORMATS

8.1



306 FORMAT(13X oI3,14XF74345X,E15.6,46X,E15.61}

415 FORMAT(1HO0,20X,41HINITIAL TEMDON STRESS AFTER FRICTION LOSS/720X,3
14HTENDON SEGMENT STRESS//)

416 FORMAT(23X41299X,12910X4E1546)

425 FORMATI{1H] ,20X+40HINPUT DATA FOR CABLES STRESSED AT STAGE [2//)

400 FDRMAT{2]442X4+F10.0)

405 FORMATIIHL 420X y42HLONG. CONFIGURATION OF STRUCTURE AT STAGE 13/)

410 FORMAT (1HO,20X s7H5PAN = F8.3/20X,18HNO, OF SEGMENTS = 13/20X¢26HND
1. OF TENDONS STRESSED = I2)

420 FORMAT(1HO420X47HSPAN = FB8,3/20X,]18HNO. OF SEGMENTS = 13/20X,26HNO
1. OF TENDONS STRESSED = [2/20X,22HNO, SEG. ADDED LEFT = 13/20%,23H
2NO. SEG. ADDED RIGHT = [3}

430 FORMAT (1MO 20X s 14HSEGMENT NUMBER »5Xo 1 4HSEGMENT LENGTH/)

440 FORMAT (28X +]3414X 4F8.3)

427 FORMAT{1HO0420X13HTENDON NO, = [3/20X+THAREA = E15.6/20X,13HND. CU
1IRVES = 13/20X410HELEMENT = [3//20X,21HINITIAL JACK FORCE = E15.6/2
20Xy 19HFINAL JACK FORCE = E15.6/720X.17HLIVE END INDEX = 137/20Xy13H
3DIVERGENCE = E15.6/20X512HSTA, LEFT = [3/20X,13HSTA, RIGHT = [3)

424 FORMAT(I2246Xs1292X93(F10,.342X),12,2X,F10.3)

428 FORMAT{1HO,20X s 19HCONTROL COORDINATES//20X,59HCURVE NXL YL
1 XN ™ NXR YRS/

60 FORMAT(3144FB.042F10.0,15)
T0 FORMATI{F10.0+215])
51 FORMAT(110,+3F18.04110,F16,0}

COMMON DIMEMSION ANMD EQUIVALENCE STATEMENTS

COMMON NSTGoNSRF NS  ¢SEGLNL ¢NL1yNRoNSLS,NSLS1yNS1yLSLS,NSS.NWD,
IMCB oI X T o JX T oNPL NI ToMEL o I, MA 4 MO 4 ML s HXBAND s MAXITOD ¢ YMS ,CLEC yCF Ly
ZNSTOP . KUDJA 4 KODBC ,KODSP T, KODTS

COMMON HI15)1 V{15 o THIL5)YJE( 151 PHTHILI5) MPI(16)sNPI(15),KPLL15},
INPDIFL15) ,ZEND(GO)»BCORT(3,15) ,J0RI{3,15),BCEND(3,153,1END(23+15},
ZIEDUAS5 44} 455C (45,41 9IK(90,46) ,1FD(90)

COMNON NMSGI25)/NSALTUZS5) 4 NCBA(25) yKCL (25 ) JNXTLI25 4 NXTR(251,
LIDXFIZ5) o IDXSI25 19 XSECIS1)4ISTOP(50) ¢KANCHI50) s AP (6445010,

ZPJP (64 4501 +LINDI64,50) +PBAR(45,51) 4NELC(25) s AREA(ZS)

COMMON BIGK {64,201 sPTTT (64,460 4CMIT415) ,HMIL1T,153,FU(9,151),

IA(4 41 ,BTAVI4}yRBAR(4),D(20142216)

DIMENS TON FKiSl,bi'FKL(SIvblvFKK(SlybquK(SOyél9TNET‘SL,6),
ITHETHI50) ,YLE (61 yYRE(6),ASL(10) ,PBARO(45) ,PBARE(45},VFK(300)

EQUIVALENCE (ZKsFK)1ZK(307),FKL) 9 (ZK(614)4FKR) 5 (ZK{920)4YK ),
T(ZX(1221) o THET 9 (ZK(1528) 4 THETH) o ( ZK( 1579y YLE 4 {ZK (15861 ,YRE ),
ZUZK (1593} 4ASL) 4 (2K(1604) ,PBARDC), [2K(1651) ¢PBARE } 4 (ZK {16981 ,VFK)

IXTP 3 IXT+1
JXTHM = OXT-1
IFINSTG~1)20420,10

10

[ NaNalal

14

[aRatal

15
100
11

16
20

[aXat ol

21

22

115

120
204

KC = KC+NCBA(NSTG~1}

RECOMPUTE STATION COORDINATES FOR LAST STAGE STRUCTURE.

IF(NL) T4100,7

SASL = 0.0

READ 400, ISECs JSEC, SL
JSECM = JSEC-1

DO 8 I = ISEC.JSECH
ASL(I) = SL

SASL = SASL+4ASL{D)
CONTINUE

TFIJSEC-NL1Y 17,9,9

I = NSLSI+NL1

K = NSLS1+1

DO 14 J = 1,NSLS1
XSEC{I~J) = XSEC{K-J)+SASL
CONTINUE

COMPUTE STATION COODRDINATES FOR ADDED SEGMENTS.

XSEC(1) = 0.0

DO 15 L = 24NL

XSECEL) = XSEC(L-1)+ASLIL=-1)
CONTINUE

IF{NRIT1,110,11

READ 400, ISEC, JSEC, SL
JSECH = JSEC~1

DO 16 1 = ISEC,JSECM
XSEC(T+1} = XSECII)+5SL
CONT1INUE
TF{JSEC~NS1)11+110+110
K =0

COMPUTE STATION COOROINATES FOR FIRST STAGE STRUCTURE

XSEC(1) = 0.0

READ 400, ISECs JSEC, SL
JSECA = JSEC-1

DO 22 L = ISEC,JSECM
XSECIL+1) = XSEC(L)I+SL

CONT INUE
IF(JSEC-NS1121+110,110
PRINT 405, NSTG
IFINSTG-1)1154115,120

PRINT 410y XSEC(NS1},N5,NCB
GO TO 204

PRINT 420, XSEC{MS1)sNSsNCBNL,NR
PRINT 430
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206

23

29

30
28

37

50

DO 206 4 = 14NS

SL = XSEC(J+1)-XSEC(J)
PRINT 440, JoSL

CONT INUE

PRINT 425, NSTG

INITIALIZE THE PBARO AND PBARE VECTORS

DO 23 J = 14M3
PBARDI{J) = 0.0
PBARE(J) = 0.0
CONTINUE

COMPUTATION DF CABLE Y-COORDINATES AND FORCES AFTER LOSS FOR ALL SEGMENT

DD 104 N = 1,NC8

READ 60y KNyNCVsNELC(KN) JAREA(KN),PIP,PIPP,KEEP
READ 70y FO4NXCVGL¢NXCVGR

IF(PIPP) 29,429,430

PIP2 = PIP

60 TO 28

PIP2 = PIPP

PRINT 427y KNyAREA{KN) yNCV  NELC (KN) yPIP,PIP2,KEEP,FO NXCVGL +NXCVGR
PRINT 428

DO 200 KV = 1,NCV

READ 514 NXL oYL sXM,YM,NXR,YR

PRINT 4244 KV oNXLoYL 9XM,YM,NXR,YR
IF(KV.EQ.1IYLEIN) = YL

IF(KV.EQ.NCV)YRE (M) = YR

XL = XSEC(NXL)

XR = XSEC(NXR)

IF(XM) 50,5037

XL2 = XL*XL

XM2 = XMEXM

XR2 = XR*XR

DET = XM®XR2 + XL*XM2 + XR*XL2 — XM*XLZ - XR*XM2 - XL*XRZ2
DETX = YL®XN®*XR2 + XL*XM2*YR + XL2*YM*XR -

1 YREXMFXLZ — XREXM2%YL — XR2®YMeXL

AC = DETX/DET

DETX = YMEXR2 4 YL*XM2 + XL2*YR — YM®XL2 =~ YR®XM2 - XR2#*YL
B8C = DETX/DET

DETX = XM®YR + XL*YM + YL*XR - XM*YL - XR*YM - YR*XL

CC = DETX/DET

G0 TO 52

BC = (YR-YL)/(XR-XL)

AC = YL-({8BC*xL)

CC = 0.0

CALCe YK AT CABLE NODES~THETA AT CABLE STATIONS.

[nNalal [aNeXal

[aNaXgl

52
46

“7

4B

55

49
61

200

71

54

63

56

58

66
59

69

NXRM = NXR-1

IF(KV=1) 2004647

XX = XSECINXL}

THET2 = ATAN(BC+2.0%CC*XX)

CONTINUE

DO 200 L = NXLyNXRM

K = L+1

XX = (XSEC(L)+XSEC(K}))/2.0

YK(LeN) = ACH+BCEXX+CCHXX*XX
IF(L=NXL) 200,48,49

THET1 = ATAN(BC+2.0*CC*XSEC(L))
THETIL,N) = (THET1 + THETZ2}/2.0
IFEL—NXRM) 200,55,200

THET2 = ATAN(BC+2.0%CC*XSEC(K))
TF(NXR EQ.IXT)THET(K 4yN) = THETZ2
60 TO 200

THET(L#N) = ATAN(BC+2.0*CC*XSEC(L))
IF (L-NXRM) 200,61 ,200

THETZ = ATAN{BC+2.0*CC*XSEC(K))
IF(NXR .EQ.JIXT)THET(K,N) = THET2

CONTINUE

DO 71 1 = IXT,JXTM
THETH(I) = 0.0
EONTINUE

TEST FOR CABLE DIVERGENCE FROM SINGLE PLANE.
IF(F0)69 69,54
ASSUMING CONVERGENCE LENGTH AT B80TH ENDS TO BE THE SAME.

CX = XSEC{NXCVGL)

G = (6.0%F0)/CX
DO 59 L = IXT,JXTM
K = L+l

TF(L-NXCVYGL}! 56963463
IF(L-NXCVGR) 59,58 ,58

XLl = XSEC(K)/CX

XL = XSEC(L)/CX

G0 TO 66

XLl = (XSEC(K)-XSEC{(NXCVGR))/CX

XU = (XSEC(L)-XSECINXCVGR))/CX

THETH{L) = ABS{G*(XL1*XL1~XL*XL-XL14XL))
CONTINUE

CALC OF €ABLE FORCE FDR EACH STA POINT FDR CABLE N

IF(KEEP)153,154,4155
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153

155

154
157

162

163

1867
164

170
31

76

33
34
a9
19

36

FKLIIXT(N) = PIP

FER{JXT4N) = 0,0

60 10 157

FRKLIIXT,N] = 0.0

FKREJXT N} = PIP

60 TO 157

FKL{IXT¢N) = pIP

FEKR{JXT¢M) = pIp

MM = 0

DO 162 J = IXTP . JXT

MmN o= MML

K = J-1

K s JXT~MM

L = M+)

DTHL & ABS{THET{J+NI~THET(K M) J+THETHI{K)
DTHR = ABSITHET(M NI~THETIL ¢N}J+THETH{M)
CLL = XSEC{J)I-XSEC{K)

CLR = XSECIL)I=-XSEC{M)

FRLIJsN) & FEKL{KJNI*{1.0~{CFC*DTHLI={CLC®CLL) )
FRKR{MN) = FRR{L NI*{14D~{CFCHDTHRI~{CLC*CLR))
CONTINUE

DO 164 J = IXTeuxT

IFIFKL{JoNI~FEKR{JoN) 1163,163,167

FK{JyN) = FKR{.J¢N)

GO TO 164

FE{JeN) = FKL{JyN)

CONTINUE

IF(PIPPIIOLy 1014170

IF{KEEP)31431,39

FK{IXT4N) = PIPP

L o= IXT

K = L#]

CLL = XSEC(K}I-XSEC(L)

DTHL = ABS(THET(K N)-THET{L,N)J+THETHIL)
FKP = FK(LyNI*{1.0+{CFCEDTHL }+{CLCHCLL))
IF(FKP=FK{KyN) ) 33,33, 34 .
FK{K4M] = FKP

L = L+l

JF(L=JXTIT6 934,434

IF(KEEP1101,39,29

FRK(JXTyN) = PIPP

L= JXTH

K = L+]

CLR = XSEC(K)~XSEC{L)

DTHR = ABS{THET(K,N)~THET(L,NJI+THETH(L)
FEP = FK(KoNI*(1.0+(CFC*DTHR}+(CLC*CLR))
IF(FKP=FK{L4N))36436,101

FK(L+N) = FKP

L =L-1

IF(L=IXT)J1C1,79,79

[
c
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oo
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101

104
105

106
107

308

99

w2

43
44

40
62

CONTINUE

FORMATION OF PBARD AND PBARE VECTORS

KKC = KC+ N

NF = NELCIKKC1%3-3

I = NF+¢l

J = 1+1

K = J+} .

PBARO(I} = PBARCU(I}={FK{IXT(NI=COSITHETIIXT NIISYLE(N))

PBARO(J] = PBAROI )= (FKLIXT NISSINITHET(IXT(N}}}

PBARD{K] = PBAROIK)I=(FKIIXT,NI*COSITHET(IXT N1}

PBARE(I} = PBARE(I)I+{(FK{JXT ¢NIRCOSITHETIJIXT ¢NJI}XYRE (NI}

PBARELJ} = PBARE(JI+(FKIJRT NI*SINITHET{UXToN}}}

PBARE(K) = PBARE(K)I«(FK{JXT NISCOSITHETIJXTeN}}!
CONTINUE

IFIKCLINSTGI=11105,105,106

JJo= UXTH

GO TO 107

JJd = NSRF

WRITEIS) ((YR{Isdisd = LoNCBIeI = IXT,JdJ)
SUMNATION OF PARO AND PBARE VECTORS INTO PBAR ARRAY.

D0 99 J = 1,M3

PBAR{J,IXT) = PBAR{J,LIXTI + PBARGI(J)
PBAR(JyJXT) = PBAR{J,JXT) + PBARE(J)
CONTINUE

CORPUTATION AND SUMATION OF EQUIVALENT PRESTRESS FORCES

DO 45 L = IXT,JXTM
M o= L+l

HL = XSEC{M)-XSEC{L)
DO 45 Kk = 1,NCB

KKC = KC+K
LC = NELCIKKC)
KP = KPL{LC)

IOF = RPI(LC)+)

DTHT = THET(MyK)-THETIL,K)
FYL = FE{L,X)*SIN(THET(L+K)}
FVR = FE(M,K)*SIN(THET{M,K))
IF(DTHT] 43,6044

Pl = (~1.0%(ABSC{FVL-FVR)))I/HL

GO TO 62

Pl = {ABS(FVL~FVR))/HL

GO TO 62

PI = 0.0

PIPLIDFSL) = PUP{IDF,L)I-Pl*H{KP}
PIPLIDF+1,L1 = PUP{IDF+14L}+PIeV(KP)
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45 CONTINUE

TF{KCL(NSTG)~1180+80,81
80 JJ = JXTH

G0 TO 83
Bl JJ = NSRF

AVERAGING THE CABLE FORCES AT STA POINTS TO OBATIN CABLE FORCE
AT THE CABLE NDDAL PDINTS AT THE CENTER OF EACH SEGMENT

83 PRINT 415
LM =0
D0 T8 N = 1.MCB
KKC = KC+M
DD 78 L = [XT.dd
LK = (Ml
VFKAILM) = {FEK(LsNI+FK{L+1,N}}/2.0
SIG = VFKILM)/AREA(KKC)
PRINT 416+ KKCyL+SIG
78 CONTINUE

CALL TOBIN(GHWRITER ¢&4LFXXX,VFK{1),NWO, IDXF(NSTG))

RETURN
END
SUBROUTINE STEP

FORMAT STATEMENTS FOR SUBROUTINE STEP

2 FORMAT{]IHO8X y26H INDEX = O FOR GIVEN FORCEZ17TX.25H 1 FOR GIVEN DIS
LPLACEMENT//) ’
10 FORMATII10+3F10.04312)
11 FORRAT(3THIORIGIN BOUNDARY CONDITIONS AT STAGE 13}
27 FORMATL(I10+4F10.0,412)
41 FDRMAT(3[4}
45 FORMATI41444X,3F15.0)
112 FORMAT {85HOELE AX[AL FOR/DISP
10€X ROMENT OR ROT
862 FORMATI2I%)
850 FORMATI1H143XySIHJOINT ACTIONS, SUPPORT AND STOPOVER DATA FOR STAG
1E I3/710X o44HTAJA = B, JOINT ACTIONS SAME AS LAST SEGMENT/ 16X ,44H1
29 JOINT ACTIONS DIFFERENT FROM LAST SEGMENTZ/9%.45HIAJA2 = 0, JOIN
3T ACTIONS SAME AS LAST SEGMENT/16X,35H1, JOINT ACTIONS SAME AS LAS
4T STAGE /16X +29H2, JOINT ACTIONS RE~SPECIFIED//9X,3THISTOP =-1, SUP
SPORT AFTER THIS SEGMENT/16X,25HM0, NO SUPPORT OR STOPOVER/16X,30M1,
& STOPOVER AFTER THIS SEGMENT//7}
42 FORMATI14Xe4HSEG [244X THTAJA = 124X BNISTOP = 2}
847 FORMAT( 16X ¢ 21HAPPLIED JOINT ALTIONS//Z2Xs3RITosSX46HHORIZ 496X, 3
IHF /D 96X ySHVERT w 9 SX 9 3HF /D46 X9 2HROT 4 46Xy IHM/ Ry SX 4 SHLONG o y6 X ¢ 3HF /D7)
851 FORMAT{I&43Xeb(FlaeTelXy1242X17)

INDEX SHEAR FOR/DISP IN
INDEX/([4931E20.8515,2X)1})

[a R et el

[a Nalal

860 FORMAT{ IHO BSHE2S 2R 2t ¢ At SR ER SRS NT SR NFSRRRFEREAFFELLHBHE S 26 H KK
[y Ty T s eI T TP T T

868 FORMAT(]6X+ZTHINTERIOR SUPPORT RESTRAINTS//10X,7OHELE.
10EFFICIENT SHE AR COEFFICIENT ROT. COEFFICIENT)

43 FORMATI14X 24HSEGC I12,3X,8HIAJA2 = [24+4X,BHISTOP = 12}

890 FORMAT(1eX 21HJT, ACTIONS FOR SEG. [3,6H THRU 13,26H UNCHANGED FRO
1M LAST STAGE}

866 FORMATIILI246X43112,3X,E15.6,3%X)}

AXTAL C

COMMON, DIMENSION AND EQUIVALENCE STATEMENTS

COMMON NSTG oNSRF JNSEGoSEGL ¢NL4NLLsNR 4JNSLSeNSLS14NST+LSLS NSSyNWDy
INCBy IXTgUXToNPLINIT,NEL M3 4 MXsMOE,M31 JNXBAND ¢+ MAXJITD 4 YMS 4 CLLSCFCy
2NSTOP ,KODJA ,KODBC .KODSPT,KODTS
COMMON H{I15) V{15 THI1S),E(15),PWTH{1S) NPI{1S)sNPI{15),.KPL{15)s
INPDIF(15) 4ZEND(SO) «BCORI (3,151 +10RI(3,15) +BLENDI3, 153 IEND(3,15],
2IED(4546)4550145,.4),ZK{90+46),1FD(90]}

COMMON NNSG(251 +NSAL(25] 4NCBA(25),KCL{25) 4NXTL(Z5)+NXTR{25),
LIDXF {2514 IDXS125) ¢XSEC{S1) +ISTOP(S0) +KANCH{S50},AUP (64,500,
2PJP 164450 ¢ LINDIB4,50),PBARIGS,51 ) NELL(25),AREA(25)

COMMON BIGK(64920) 4PTTT(649461,CMIT415) HMIL1T15),FJ{9,15),
1ALG 241 ,BTAVIG! JRBAR (&) ,D{ 201422186}

DIMENSION DISP(64,461,SMALLKIB,8,15),I5TOP(45,9))y 1DU{4S)
EQUIVALENCE (BIGK.ZISTOP),(PTTT,DISP,SMALLK)
SET uUP BOUNDARY ACTION, INDICATOR ARRAYS AT ORIGIN

IF(NSTG.EQ.1.0R.KODBCLEQ I IREADIO,y (T 4(BCORITJyI)2I=143)y
TCIORT €Kyl }yK=1y3)4L=} ¢NEL}
PRINT 114NSTG
PRINT 112y (I4(RCORI(JIyI)oIORITI9ID4U=193)yI=1,NEL}
PRINT 2
DD 104 I=1,M3]
DO 104 J=].Me
104 ZK(J,11=0.
L=0
DO 108 I=14NEL
M=6%]+]
MM = [€3+]
N=M=-7
DO 108 J=1,3
L=L+]
M=M-]
N=N+1
MM = MM
IFD{MI=0
IFDIN}=}
IF (IDRICJ.1}} 107,106,107
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106

107
108

131

330

940
935

945

100
101

102

IK(NyL)=],

IK(MeM31)=BCORI (JoI}+PBAR(MM,1)
GO TD 108

IK (Mol I=1,

IK(NyM31)=BCORI (Js 1)

CONTINUE

INITATION OF FORWARD PROGRESSION

NN = 0

NSTOP = O

SEGL = 0.0

KSPT = 0O
IF(NSTG.EQ.1INSPT = O
REWIND 1

REWIND 8

PRINT 850, NSTG

NN = NN + 1

IF{NN-11930+930,940
SEGL = XSEC(2)

FSEGL = XSEC(3)-XSEC(2)
FDSL = FSEGL-SEGL

PDSL = 1.0

GO0 TO 100

IF (NSEG-NN)935,935,945
PSEGL = SEGL

SEGL = FSEGL

POSL = PSEGL-SEGL .

FDSL = 1.0

GO TO 100

PSEGL = SEGL

SEGL = FSEGL

FSEGL = XSEC (NN+2)-XSEC(NN+1)
PDSL = PSEGL-SEGL

FOSL = FSEGL-SEGL

IF(NN-NL)102,4102,101
IF(NN-LSLS)105,105.102

READ 41y NN, 1AJA,ISTOP(NN)
PRINT 424 MN+1AJA,ISTOP{NN)

IF(TAJA)3,4,.3

L = NN-1

DO 7 J = 1,MX
ASPUJIWNN) = AUP(J,L)
LINO(JoNN) = LIND(J,L)

905
907

920

24

73

48

71

13

14

CONT INUE
GO TO 9

PRINT 860

PRINT 847

KDF = 0

D0 5 L = 1,NJT

READ 2Ty JTy(AJP (KDF+I ¢NN) 31 =1,44) 3 (LIND{KOF+I4NN)yI=144)
PRINT 851y Lo lAJP(KCF+] 4NN),LIND{KDF+]4NN),1=1,64)

KOF = KDF+4

CONTINUE

PRINT 2

PRINT 860

IF(ISTOP(NN)18+814,814
IF{NN-NL 910,910 +905
[F(NN-NSEG)907,920,920
KSPT = KSPT+1

G0 To 71

NSPT = KSPT
GO TO 814

XKSPT = KSPT + 1

K = NSPT + 1
CONTINUE

Lt = K-1
IF{L)T1.71,73

DO 48 J = 1,M3
IED(JWK) = JED{J L)
SSCLJK) = SSC(JeL)
CONTINUE

K = K=1

GO TO 24

CONTINUE

D0 13 I « 1,NEL

KDF = [%3-3 :

READ 45, Loy{JED(XOF+LyKSPT)yL = 193)(S5SC(KDF+L4KSPT) L
CONT INUE

PRINT 860

PRINT 848

DO 14 1 = 1,NEL

KDF = [#*3-3

PRINT 866, I (IEDIKDF+L JKSPTY,S5C tKDF+L KSPT) 4L = 1,3)
CONT INUE

PRINT 860

GD TO 814
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105
874

820
806
830

831

802

BOS

810
808

T4

812
814

144

14

wn

IF{XODJA 80648744806

IF(NN-NL1)820,820,810
PRINT 860

PRINT B90, NL1.LSLS
PRINT 860

60 TO 810

READ 862+ NN,1AJA2

PRINT 43, NN,JAJA2,ISTOP(NN)
IF(1AJA2-1)830,810,802

L = NN~}

DO 831 J = 1,MX

AJPUJINN) = AYPLI,LY

LIND{J+NN} = LIND(JoL)

GO TO 810

PRINT 860

PRINT 847

XDF = 0

DO 805 L = 1,NJT

READ 274 JLy(AJP{KDF+14NN) o1 = 1,4) o (LINDIKDF+I4NN)y1 = 1,4)
PRINT 8519 Lo(AJP (KDF+1 9NN) yLINDIKDF+I 4NN}yl = 1,41
KOF = KDF+4

CONT INUE

PRINT 2

PRINT 860

IF(ISTOP(NN)1808,814,814%
KSPT = XKSPT+1
IF(KDOSPT)T74,814,T4
PRINT 860

PRINT 848

DO 812 1 = 1.NEL

KDF = [#3=3

READ 459 Ly (IED(KDF+L KSPTloL = 14+3)9({SSC(KDF+L+KSPTI,L = 1,3)

PRINT 866y 19(1ED(KDF+L+KSPT),SSCIKDF+LyKSPT)yL & 1,3)
CONTINUE
PRINT 860
TF(PDSL) 144,215,144
FORMATION OF 816K MATRIX FOR SEGMENT NN
DO 145 J=1,NXBAND
00 145 I=1,MX
BIGK(1,J)=0.
CALL STIF

DO 210 L=14NEL

aon

20

—

202

203

205

206
210
211
212

215

220
221

225

K=KPL(L)
M=NPI (L)
N=NPJI(L)
DO 201 I=1,4
I1=Ms]
T1J=N+1
IK=1+4
DO 201 J=1+4
BIGK(II4J)=BIGKITII4J)+SMALLK(I +J,4K)
BIGK(1J4J)=BIGK(IJsJ)+SMALLK(IK J+4,K)
IF (NPDIF(L)) 205,202,202
[K=N=-M-4
DO 203 [=1y4
11=Ms]
DO 203 J=5,8
TJ=lK+d
BIGK(IT oI J)=BIGKIIITJ)+SMALLK(I yJ4K)
GO 10 210
IK=M-N
N=N-4
DO 206 1=5,8
T1=N+1
DO 206 J=1,4
1J=1K+J
BIGK(IT1J)2BIGKIIT41J)+SMALLK(] U,4K)
CONTINUE
IFI{FOSL) 220,212,220
REWIND 3
WRITE (3) ({BIGK(I,J)4I=1,MX),J=1,NXBAND)
END FILE 3
GO0 TO 220

REWIND 3
READ (3) ({BIGK(I,+J),yI=1yMX),sJ=1,NXBAND)

CALCULATE ~(FIXED JOINT FORCES)

DO 221 J=1,4M31
DO 221 I=1,MX
PTTT(1+J}=0.
Ul=2,/SEGL

DO 240 L=1,NEL
M=KPL (L)}

DO 225 1=1+9
D(I)=CH(I,M)
HD=H (M)

VD=V (M)
I1=NPI (L }+1
[2=]141
T4=11+3
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J1=NP J{L}+1 N=l J=M )54 +]
J2=sjile) 11=(M=1)%4
Jam 143 00 255 lJ=l.4
Nuésl -6 IK=1}+} 4
DO 240 I=1,M3] IF{LIND(IK,NN)1255,256,255
DO 230 J=1.6 256 PYTT{IKyM3I1)=PTTT{IK,M31I~BIGK (K \NI&C
K= J+N 255 BIGK{IK,N}=0.,0
230 Z204)=1KIK,1} BIGKIIL,I)=1.0
Cl=0(11%22¢11+UL*2218) 260 CONTINUE
C2=D{2)%2Z(2)+D(3I*Z2(3)+D( &) %2Z{4)+D{SI*LZ(5) C
C=C1+C2 c INVERT DIAGONAL K AND MOOIFY BIGK AND PTTT FOR BACKSUBSTITUTION
Cl=C1~C2 C
PTTT(I4I)=PTTT(14,1)4C N=0
PTTT{J4,1)=PTTTIJ4,1)40] 300 N=N#+]
CIsDUT)ISII(2)I+DI8ISLIIIBI+D{DIRZIZLLI+D{LISIZ(S] 1L =N®
C2==C} L=fL~%&
PTTT{I 1ol mPTTT(IL 1 }~HDSCY DO 301 I=14%
PITTII2,1 3 PTYTT{I21)4vD*(} K=]+L
PITTEJL oI} =PTTTIIL I )4HDRC2 DO 301 J=xl,.4
PTITT(IZ I )P ITT{S2,1]1~-VDRL2 301 ALl 4 JI=BIGKIK,.J}
240 CONTINUE CALL DSYINV (a}
DO 241 1 = 1.MX K=NJT-N
261 PITT(I+4M31) = PTTTLI JMILI«PIP LI NN} IF (K) 4«D04400.302
DO 243 1 = 1.MX C
LE(LINDUL yNN) 1243,242,243 302 M=MINO(K,MAXJTD)
242 PYTT{I+M31) = PYITT(I ,M31} + ASPII NN} 1K=M*%
243 COMTINUE DO 305 I=1+%
IlwlsL
CHECK FOR SPECIFIED DISPLACEMENT ~ MODIFY BIGK MATRIX DO 305 Jxl,%
) 305 BIGKUIT 40)1=A014J)
00 260 J = 1,MJT c
DD 260 1 = 1,4 Ja=0
IL = {J=1)#%4+] DO 340 IN=]1,M
IF(LINDUIL NN 126502604245 00 340 IN=1y4
245 C = AJPIIL,NN) J=J¥]
IF{C 124892524246 (e
2646 11 = L~} C
DO 248 K = 5 ,NXBAND 00 320 le]l,4
L o= K+l 320 BTAVII JeBIGK L+l o T JI%ALL4I)4BTGKILY2,10)#A(2,1}+BIGKIL+3,1J)%
TF(LIRDIL ¢NN)) 248,247,248 TALS I J+BIOK(L+4 1)1 S A KT}
247 PTTT{L+M31F = PTTTIL,M3Y} - BIGK(IL.K)SC C
248 CONTIMNUE KeJell
252 DO 253 L=]1 ,NXBANO DO 330 [=1,M31
253 BIGK(IL+LY=0.0 330 PTTTIR L hxPTTTUK 1 b= (BTAV{LISPTIT(L+ 1, [)+BTAVIZISPTTIT(L*2,1}
DO 254 L=1,M31 1+BTAVIZIOPTTT(L+3, 1 J4BTAVIL)IRPTTTIL+4,1))
256 PTITT(IL 4L )=0. C
PTITTIIL M31)=C [S»0
K=J=-MAXJSTOD JUs[M*4-3
=MAXO(Ky1)} DO 340 }=lU+IK
00 255 M=L,J 1T=1+4

S81



[aXaXaXel

ono

aon

I1S=]S+1
BIGK(KoIS)=BIGK(KoIS)~(BTAV(1)2BIGK(L+1,[T)+BTAVI(2)=BIGK(L+2,1T}
14BTAV(3)SBIGK (L+3,IT)+BTAV(4)2BIGK(L+4,1T))

340 CONTINUE
GO TO 300

START BACKSUBSTITUTION AND SOLVE FOR UNKNOWN JOINT DISPLACEMENTS

L=IL-4 SEE AFTER STATEMENT 300
400 DO 403 K=1,M31

RBAR(1)=PTTT{(L+1,K)

RBAR (2)sPTTT(L+2,K)

RBAR{3)=PTTTI{L+3,K)

RBAR (4 )=PTTT(L+4,K)}

DO 403 I=1.4

J=I+L

403 DISP(JyK)=A(I y1)}*RBAR(1)+A(]2)*RBAR(2)+A(143)%RBAR(3)+A(],44)%
1 RBAR(4)
N=NJT FROM STATEMENT 300

410 N=N-1

IF{N) 465,465,411
411 M=MINO((NJT-N)yMAX)TD ) *4+4
IN=N%4
IL=IN-4
IM=IL+1
DO 425 K=1,M31
DO 415 [=5,m
J=I+IL
415 D(I)}=DISP(.J.X)
DO 420 [=1,4
IT=IL+1
C=0.0
00 418 J=5.M
418 C=C+BIGK(II 9J)%D(J)}
420 RBAR{I}=PTTT(I1 ,X)-C
DO 425 I=IM,1N
425 DISP(I,K)=BIGK(I »1)*RBAR{1}+BIGK(I,2)#RBARI2)+BIGK(]1,43)}3RBARI(3}
1 +BIGK(I,4)*RBAR(4)
. GO TO 410

WRITE ZKs DISP ON TAPE 1

465 IF(KCL(NSTG)-1)440,440,455

455 IF (NN-NSRF)440:440+450

440 WRITE (1) NNoSEGLw((ZK(I9d) 9oI=1sM6),J=1,M31), ((DISPII,J)sI=1,MX1,
1 J=1,M31)
IX DUE TO FIXED JOINT

450 DO 500 L = 1,NEL

la¥al

460

470

500

550

600

555

M=KPL (L)

DO 460 I=1,17

DI )=HM(],M)

N=6*L -6

DO 500 I=1,M31

D0 470 J=1,6

K=J+N

ZZ(J)I=ZKIK,y1)

ZK(N+191)=-3,%22(1)4D11)%22(6)
ZKIN+2,41)=22(2)2D(3)+22(3)%D(4)+2Z(4)%*D(5)+2Z(5)*D(6)
IK(N+3,1)=22(2)%D(T)+22(3)*D(8)+2Z(4)1*DI9)+ZZ(5)}*D(10)
IK(N+4,11=2202)eD011)+22Z(3)%D{12)+22{4)=0(13)+22(5)%*D (14}
ZK(N+So1)=2Z(21%0D(15)~ZZ(3)%D(11)+22(4)*D(161+2Z(5)%D(17)
ZK{N+641)=D(21%2Z(1)-3,%22(6)

CONTINUE

MODIFY ZK DUE TO JOINT DISPLACEMENT

DD 600 L=1.NEL

[1=NPIIL)+]

12=] 141

14=11+3

J1=NPJIL)+1

J2=Jl+1

Ja=J1+3

M=KPL (L)

HD=H (M)

vD=v(m)

N=6%L—6

00 550 [=1,9

DU Y=F U] M)

DO 600 [=1,M31

ULl=DISP{l4,1)

U2=DISPlJd4 1)
V1==HD=DISP(11,1)+VD2DISP(I2,1)
V2=HD*DISP(J1,1)-VvD2DISP(J2,41)
Cl=ul+u2

IK{N*1,1)1=ZKI(N+]1,]1)+2.5C1

IK(N+6 4,1 1=ZK(N+6,1)+D(5)2C1
C1=ul1-u2

C2=v1-v2

IKIN+2,1 1=ZK(N+2,1)+D(1)8C1+D(6)*C2
ZK(N+3,1)1=ZK(N+3,]1)+D(2)%C1+D{T7)*C2
ZKUN+& o] )=ZK({N+4,]1 )1+D{3)5C1+D(8)%C2
IKIN+S5,1 )=ZK(N+5,1)+4D(4)*C1+D(9)*C2
CONTINUE

IFANSFG=NN) 720,720,555

L = NN+1

MODIFY Zx VECTOR DUE TO THE ANCHORAGE FORCE VECTOR
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565
601

605

&07

&09

610

620

625
630

632
633

634
635

636

DO 565 1 = 1.NEL

M= Jep-3

N = [#3.3

00 565 J = 1,3

M) = N+

N = N+J

IK{MI,M31) = ZK({MI,M31) + PBARINJ,L}
IF(ISTOP(NN)) 605,131,605

SET UP IK FOR NEXT SEGMENT AFTER A4 STOPOVER OR AN INTERIOR SUPPORT

RSTOP=NSTOP+1

L=0

DO 510 M=l ,.0né

IF (IFDIN]) 607+610,607
L=ls}
ISTOP(L oM31 o2 K( My M31}
DO 609 N=1,M3

ISTOP(L MI®ZK{M,N}
CONTINUE

IF{ISTYOP(NN)) 650,131,520

M=M3L+]

N=M31+M3

DO 630 1=M,N

L=T-M31

DO 625 J=1,M3

ISTOP(Jsl I=0,

1STOP (Lol )=,

CALL OSIMEQ (ZSTOP,M3,M31)

WRITE (BINNoISTOP(NNDY JM3,((ZK(L,J0,151,M60,d21,M313,1Z5TOPI1,M31),

1E=1gM3 ), (CZSTOPUT o J) o=y M3} o J=MyN} o{ TED(T ), 121 ,M3)
1ED IS A DUMMY HERE

Le0

DO 640 I=1,M6

IF (IFBCI)} 63746324637

D0 633 J=1,M3

ZEND (J)=2K (1,0}

DO 635 Jx1,M3

H=M3Il+J

€=0.

DO 634 K=],M3

C=C+ZENDIKISZSTOP(K oM}

IKAL 4 J)=C

C=0.

DO 636 Kw],M3

CeC+ZENDIKI®ZSTOP (K M3 D

ZK{T JMILIRZK(] ¢M31I4C

637
638

b40

650

654

655
640

60 TD 640
Lt=L+1

DO £38 J=x1,.M31
Ik(14J)=0.
IK{]+L)=1a
CONTINUE

GO TO 131

I=M31

Iy =20

DO 660 L=1,M3
IFUIED(L +KSPT 11654 ,654 660
121+

Iy = 1y + 1

Ipuliyy =

00 655 J=1,.,m3
ZSTOP{J,1)=0.
ISTOP(LsI)=1.

CONTINUE

N=]

LES X202 Y

K=N-#31

L=K+l

CALL DSIMEQ (ZSTOP,M3,L})
WRITE (BINMoISTOPINNY y Ko li2ZKET 4J) o121 4ME14J=1 431}, (2STOP(T,M31),

111 M3 2 L{ZSTOPUT 4 ), 151 oM3) o d=M N} (TED(T 4KSPY ), 151 ,M3)

668

669
670
671

675

&80
682
683

IJd=0

Kl=Ks+1

L=0

LL = 0

DD 710 1 = 1.M6
TF{T.LEL31560 TO 695
TFUIFD(II=TFDII~111668,669,695
LL = i+l

LM = 0

GU TO 671
TFCIFOUL1)695,6704695

LM = LMs]

1S = 3=LL-iM

DO 675 J = 1,M3
ZEND(J}=ZK(T yJ)

DO 685 J=],X

m=M3 14+

C=0.

DD 680 N=],M3
C=CHIENDINI®ZSTOP (N GM)
TFIIDULI)I~18)682,683,682
IKileJd} = C

GO TO 685

IKETed} = C 4 SSCUI5,K5PT)
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685

690

691
692
695
100
7085

710

712

715

T20

Te0

CONTINUE

[ 8

DO 590 H=1,M3
CmL4ZENDINISISTOP (N A31)
IKCT o M3 I=IKET M3 )4C
IF(R1I-M31691,691,710

DO 692 N=Kl M3

IK(I M)=06,

60 16 710

Lat+l

D0 700 J=1,M31

IKI] +31=0.

IFCIED{L +XSPT})705,705,710
1J=1J+1

IKtIeld)=l,

CONT INUE

L=9

D8 715 I=l.NEL

B0 T15 J=1,3

Lui+l

IFCIEDCL JKEPTIIT15,715,712
K=4%]-2+1

IK{KoKL)=1,

Ki=Kli+l

CONTINUE

60 TO 13

END FILE 1

RETURN

END

SUBROUTINE SOLY

COMMON, DIMENSION AND EQUIVALENCE STATEMENTS

COMMON NSTG yNSRF ¢NSEG ¢ SEGL yNL yNL ) MRy NSLS, NSLSI yNS1,LSLSyNSSoNWD,

INCB o IXT pIXTyNPLyNJTyNEL ¢ M3 oMX yM6 ¢M3] ¢ NXBAND yMAXITDy YMS,CLC+CFCy
2NSTOP « KDDJA ¢ KODBL o+KADSP T4KDDTS

. COMMON HEL15)oVI1S) e THUIS I qELL1S) 4PWTH{LIS) JNPILISINPJLLIS)KPLTL5),

INPDIF{15) ZENDIS0) +8CORI(3,15)yIORI(3415),BCENDI3,15),1END(3,151,
21EDL45 ¢4 ) 4 SSC (45 44} +2K190,46) ,1FD(90)

COMMDN NNSG25) JNSALT25) ¢NCBA(25) 9KCL(25) 9NXTLE25) ,NXTR(251,
LIDXF{25) o IDXS{25)¢XSEC(51Y 41 STOP{S0) yKANCHIS50) AP (64,501
2PUP(64450)yLIND(64450) +PBAR(45,5)),NELLC(25) 4AREA(25)

COMMON RIC15)oMJ{15) oAEL1S5)E1PL15),EIS(3,15),PP(15),2190),
1IORI (45 ) sDISPI64, 46) 4D 64) 3 VSI4415) yWP{4y15),55(44151),
25P (%, 15) NN

DINENSION DAlA416) s2AL6¢15) 4 ZKENDI45,91)yZ0R{3,15),1EN(3,15)
DIMENSION DAR{4316) s VPRE4y15)yVSR{4s15)4SPR{4,15),S5R{44151,

[aRaXalel

c

1ZARL6,15)

EQUIVALENCE [(DsDAY+{Z+ZA),(DISP,ZKEND} y{ZDRI,Z0DR)
EQUIVALENCE {(DISP,DAR) +IDISP(6S)4VPR),(DISP{126},VSR),(DISP{18T),
1SPR}Y 4 (DISP{2481),5SR)(DISP{309)+ZAR)

FORMAT STATEMENTS

2 FORMAT (1MOBX,26H INDEX = 0 FOR GIVEN FORCE/ZL7Xe25H | FOR GIVEN DI
ISPLACERMENT}

10 FORMATIIN0,3F10.0,+312)

112 FORMAT (85HDELE AXTAL FOR/DISP INDEX SHEAR FOR/DISP  IN
1DEX MOMENT OR ROT INDEX/{I14,31E20.8415,2X)})
114 FORMAT{33HIEND BOUNDARY CONDITIONS AT STAGE 13}

11 FORMAT (TOHLIFINAL PLATE FORCES AND DISPLACEMENTS FOR LONGITUDINAL
LPLATE ELEMENTS AT ORIGIN}

12 FORMAT (76HIFINAL PLATE FORCES AND DISPLACEMENTS FOR LONGITUDINAL
IPLATE ELEMENTS AT END)

15 FORMAT(1HO,564H PLATE DISPLACEMENTS AND REACTIONS AT INTERIOR SUPPOD
IRT/ /96K ELE 1 4 LONG. DISP/REACT. INDEX TRAN. DISP/R
2EACT. INDEX BEAM ROT./REACT. INDEX/{316+3(E20.8,1442X%)))

13 FORMAT (BT7HLIFINAL PLATE FORCES AND OISPLACEMENTS FOR LONGITUDINAL
IPLATE ELEMENTS AT END OF SEGMENT [4,15H AND AT SUPPORT}

1& FORMAT{S6HD INDEX IS -1 OR O FOR DISPLACEMENTy AND 1 FOR REACTION
1}

20 FORMAT(&63HIFINAL JOINT AND PLATE FORCES AND DISPLAUEMENTS FOR SEGM
1ENT NO. l4}

21 FORMAT (//7208 JOINT DISPLACEMENTS//B&M JOINT
1 VERTICAL DISP ROTATION

22 FORMAT {164.4E20.8)

30 FORMAT (//725M PLATE EDGE DISPLALEMENTS//116H ELE [ J ROT

HORTZONTAL DISP
LONG. DISP}

IATION(I) ROTATION(J) N({l) wiJ) uern) U
2¢4) vil} Vi)
31 FORMAT {164214+2X,1P8E13.5)
40 FORMAT {(///18+4 PLATE EDGE FORCES//116H ELE I J Ml
1 LR (I8 B [} T} TLh
2 PII} P4}

SHEAR = 1.0

SET UP BOUNDARY CONDITIONS AT END

TFINSTG EQ 1 4ORLKODBLLEQLLIREAD 1D (T, (BCENDIS+1)d=1+3},
LETENDIKs] ) oK=143)4L=1,NEL)

PRINT 114y N5TG

PRINT 112401 2(BCENDIJ I oIENDCI 91D od=143)el=lyNEL]
PRINT 2

L=0

DO 750 I = 1,NEL

M = &xl+]

MM = 3% 41
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(2222l

730

731
740

T4)

750

Bo0

5

-

69

75
80

N = M=7

D0 750 J = 1,43

N = M~]

N = N+l

MM = MM-]

TFUIEND(J 1174047304740

ZENO(M) = BCEND(JoI)~PBAR{MM,NS1)
L = L+}

ZKEND (L +M31)} » ZEND{M)I-ZK{M,M31)
00 731 K = 1 ,M3

ZKEND (L+K} = 2K{M,K}

60 T0 750

ZENDI(N) = BCEND(Je1}

L= L+l

ZKENDILM31) = BCENDUJ o1 1~IKIN,M31}
00 761 K = 1,M3

ZKENDIL K} = ZK{N4K)

CONTINUE

CALL OSIMEQG (ZKENDyM3,41}

DB 800 1=1,M3
ZORI(1)=ZKEND(] 421}

INITIATION

D0 51 1Ix1NEL
NI(T)=NPI(])/4+1
NJ{II=NPJ(1}/4+]

00 60 I=1,NPL
CuPuTH(1)

Cl=Co
AE(I)I=E{]1)eTH(]1}*C
EIPII)=AE{1)%C1l/12.
C2=E(LIS{THII =21 /C
EIS{1.11=C2/6.
EIS(Z,1)=C2/12.%C)
EISi3,1)=C2/C1
PPLII=6,/C1

CALCULATE AND PRINT PLATE FORCES AND DISPLACEMENTS AT END

00 80 Ivl.M6

C=0,

DO 75 J=l,M3
C=CeZK{I,J)®I0RILJ)
21 1=C+IK(I,Mm31)
PRINT 12

CALL PLFDS

CALCULATE AND PRINT PLATE FORCES AND DISPLACEMENTS AT STOPOVER OR
INTERIOR SUPPORT

NN = NSEG
IFINSTOP} 614614300

300 REWIND 3

301

320

323

325
330

340
345

347
is¢

35%
360

361
362

370

zRaXal

61

WRITE (3) NNSs{ZDRIUI)I=1,M3)

BACKSPACE 8

READI(B) NNoISTOP(NNI y MMy ({ZKIT 4 J)yI=1oME) 9y I=1 M3 1, (ZKENDI]T M31)y
1121583 ) s {{ZKENDUT sV sl =14 M31 =1, MM) L LETENTJ I 1 od=192)+1=1,NELY
IFLISTOPINNI}320+200,340

PRINT 13, NN

N=20

M=pMM

DO 330 l=]1,NEL

D0 330 Jsl,3

IF(IENCI,100323,323,325%

Nansl

LA(J o1 )=ZOR] (N}

60 TO 330

Maie )

ZA(Js11=Z0R]I M)

CONTINUE

PRINT 159 (1 NIETDoNJUT )9 (ZACI 1) 4 IENCD v ) 9d=143),1=14NEL)
PRINT 16

DO 345 =]1,MM
ZIY=ZORTI(T}

00 350 Ixl,M2

C=0,

DU 347 Jc=l,.MM

CuCAZ {JISIREND(] 4J 1}
1081 {1 )=C+ZKEND{] ,M31 )
00 360 I=1,ms

C=0.

DO 355 J=l M3
CoC+ZDRI(JISIRIT J)
Z{IV=Coln (] 4M31}
TFLISTOPINNI 361,362,362
CALL PLFDS

NSTOP = NSTOP-)

IF (NSTOP) 61461,370
BACKSPACE &

G0 TQ 301

CALCULATE AND PRINT PLATE FORCES AND DISPLACEMENTS AT ORIGIN
L=0

DO 70 1=1,NEL
M=6el+]

681



(X a2 ul

MM » [*3+)
NwhT
DG TO0 J=1,3
Leield
H=p-1
MM = MM-]
NeN+1
IF (I0RI{J1 ) 67 1654467
65 ZIN)=20R1{L)
Z{M) = BCORI{Jo I} + PBAR(MM,1)
G TO 7O
4T 2tA) = ZORT{L)
ZiN) = BLORI{Jel)
T0 CONTINGE
PRINT 11
CALL PLFDS
KSTOPF = NSTOP-1

READ IKe DISP FROM TAPE 1 AND FIND STATE VECTORS AT SEGMENT K

M=
IFIRCLINSTGI~11T2473,74
T3 REWIND 9
T2 NRES = NSEG
&0 TO 76
T4 NRES = NSKF
T6 REWIND }
90 IF (NRES) 200,200,911
91 NRE S=NRES~1
READ (1) "“oSEGL’((ZK(]'J’1I=1'N6’QJ'IQH31)0((DISP(IQJ]QISIQ"X)'J
1=1,M31)

400 IF (MN~MM} 93,93,410

4#10 BACKSPACE 3
READ (3) MM (ZOR1(T) ¢I=1+M3)
BACKSPACE 3
60 10 <00

93 SE=SEGL*0.5
SEQ=SESSE
0O 95 I=) N6
Co0a
DD 94 Jwl,mM3
96 CuCeZKil,JISZ0RI(J)
95 Z{1)mC+ZKRE oN32)
00 98 [=1eMX
Cx0.
DO 97 J=1.M3
97 CaCeDISP(L,J)%2Z0RI L)
98 DI )=C+DISP LI M31)

[aXa ¥l

[aXaXal

108

CALCULATE AND PRINT PLATE EDGE DISPLACEMENTS

DO 105 L=1.NEL

1I=NPI (L)

JJ=RPIELY

M=KPLIL)

HO=H{M)

YO=v (M}

VS{L2L)=D(T1+3)
VS(2,L)=0(JJ+3)
VS{3,L)==VO*D ({11 +]1)~HD*D{11+2)
V514 4L }=V0RD{JJ+1 ) +HO*D(JJ+2)
VPileLI®D(11+4}
VELZLI=D(JJ+4)

VP {3, 1=-MDEO (11 +1)+YD2D{I1+2)
VP (4oL J=HD*D (4] 1-VD*DIJJ+2)

CALCUALTE AND PRINT PLATE EDGE FORCES, PLATE INTERNAL FORCES AND DISPL.

DD 115 L=1,NEL

M=KPL L)

BET#) 2% (PWTH{M)/SE)* %2+ SHEAR
BETI=)e/(1++6.*BET)

CavVSi3sL)evSia,L)
Cl=EIS(2,M)*IVSULeLI+VEL2,L )} I+EIS(3M)=*C
SS{3,L)=C1

SS{4sL)=C)

CoCoE]S(24M)

Cl=ETS{1,MI*VS{1,L)

C2=E IS{LeMI®VS(2,L)

SS{1,L)182,%C1+C2+C

SS{2,L)mC1e2.%C 2+

COL=0S*(VP(L4LI+VP (2L 13}
CC250S*(VP{3¢L)-VP(4,4L1)])
CC3m(VPL{L1,L)~VP{2,LV}/PHRTH(M)
C=0.5% (VP {2,L)+VP (4,L 1)
C1aCClwZA{1 L )~SE/AEIMISIALG,L)

C2aCC2=ZAl25 L) +#SE®ZAT34L)+SE2/{2.2EIP{MIIR{ZATA,L}1+SERZA{S,L)/3.%
1 {(1.-BET))
C3=CCI=ZA(3,L)~SE/EIPIMIS{ZA 4, LI+SEXZA(B,L)/2,.)
C4=C1*AE (M} /SE2

C5=6xEIPIM) /(PWTHIM)SSEZ) % (4 *(2/SE+C3%(] ,-2,%BET ) I*BET]
SP (1,40 I=Ca~C5

SP(2+L1*Ca+C5

CasCr2,2E (MIXTH(M) /PKTHIM)
C5=)2.%EIP{M)/{SE*#SE2)*{3,*%C2/SE+CI}*BET]
SP{3,L)=Ca~(5

SP (4,1 )=Ca+(5

TAtl,L)=CC)

061



[aFaRaleNal

Tat24L1=CC2

ZA{34L)=CC3

C=6 HEIP(M)/SE*BETL

ZALA L InZ AL& (L) #SERIA(S L) +C*(L2%2, /SE4C3* (1 .+2.%BET))
ZA(SLI=ZA(S oL ) +h #C/SE*(C2%3./SE+L3)

ZALE 4L ImZALL 2L )42 %AE(M)*C] /SE

115 CONTINUE

TFAKCLINSTGI-1181,82,83

B2 WRITE(9) ({OALIs1)yd = Lyhdel = 1,NITH(UVSIIy I, VPUJ 1) ,S550J,11,
ISPUJ eI ded = 1oadel = LoNELILTZATJo1)9d = 1460s] = ) NEL)
60 TO 81

83 JF(NN~1184,84,85

B5 IF(WRES)IB1,81,86

84 REWIND 9

86 READ(9) ((DAR(J91)3J=148) ol =l NITIpIVSRIUGI} VPRI, T)1,S8RTI, 1),
ISPRUJI)od = 14401 = 1,NEL) 2 ((ZARI I 1}ed = 1,6),1 = 1,NEL)
08 87 T = 1,NJT

00 87 J » 1,4
BT DALJoI)} = DALJs] 14DAR(J,I)
DO 88 1 = 1,NEL
DO B8 J = 144
VSEJsl) = ¥SUJ,114VSR(J,])
VPLJL1) = YP(J,1 VPRI ,I)
S5(Jsl) = SS{J11+SSR(Jy1)
88 SPUJel) = SPLU,TI+SPR(J,1)
DO 89 I » 1.MEL
D0 89 J = 146
89 ZA(J 1) = ZALJLI)+ZART 1)
81 PRINT 20, WM
PRINT 21 .
PRINT 22, (1,(DAIJoI)ydx],4),1=1,MJT}
PRINT 30

PRINT 31, (1,NICI) NI o 0VSIda1)s321 &), (VP(JsT)sd=lsalslnl,NEL)
PRINT 40

PRINT 31y (JoMICI)oNIETHo0SSIJol)vdxloh} o USP{Isl)pdmlod) Bl NEL)
CALL PLFDS

GO TD 90

200 CALL CSTRAIN

RETURN
END
SUBROUTINE PLFDS

YO PRINT FINAL PLATE FORCES ANO DISPLACEMENTS

COMMON » DIMENSION AND EQUIVALENCE STATEMENTS

COPMMON NSTG sNSRF sNSEG  SEGL ¢oNLyNLL ¢ NR yNSLS NSLS1yNS1LSLSsNSS ,NND,
INCBoIXT o JXTyNPL oNJIT yNEL M3, MX s ME M3 1 yNXBAND ,MAXJTD + YMS 1 CLELCFC,

ZNSTOP oKODJA yKDUBC 4 KODSPT ,KODTS
COMMON Hil5)yvi15),THIL5) JE(15),PHTHILS) NPT (15} ,NPJLIS) ,KPLELS),

o O 0

(s 2 a¥al

10

INPDIF(15),ZENDI90) yBCORI (3,150 ,I0RI (3,151 +8LENDI3415)4]ENDI3,151},
2IED 45 44) SSC {45 ,4) 4ZK{904+46) 2, 1FD(90)

COMMON NNSG(25) yNSAL(251 4NCBAT25) ¢yKCLI25) ¢NXTL(25)¢NXTRI25},
LIDXF{25)210XS5(25),XSEC(51)41STOP(50) JKANCH{S0) yAIP{64,+50)

2PUP LS4 +50) +LINDIO4,501PBAR (45,511 NELCIZ251 ,AREA(25)

COMMON NI(15) JNJUL1SToAELLS)yEIP(15)4EIS{3+415)9PPI15)+Z(90),

LZORI (45) DISP LG4, 46) D164, V504151, ¥P{4,151:55(4,151,

25P (44150 fNN S {215,500

OIMENSION 2A16415)¢S1T15)+5J(15)
EQUIVALENCE (1,24}

FORMAT (/7/729H PLATE INTERNAL DISPLACEMENTS//7BH ELE 1
i LONG. DISP TRANSVERSE DIsP BEAM ROTATION}

11 FORMAT (316,3E20.8)
12 FORMAT (/7/22H PLATE INTERNAL FORCES//115H ELE 1 J BEAM M
LOMENT TRAN, SHEAR AXI AL FORCE NX{1) NX{J)
2 Sx¢{1) SX{J}}
13 FORMAT (169214,3E]15.6,4E15.6)
PRINT 10
PRINT 11y (1 NI{T3,NJI01)o02A0Jelded=1,3]1,1=1yNEL)
PRINT 12
DD 20 Ix1,NEL
J=KPLLT)

21
20

Th

CL=ZA(6 1) /PHTHIJ)
C2nl A4 1 )sPP(J)
Fla(l+(2

FJ=Cl~C2

S1(1) = FI/THJ)
SJLI) = FusTH Y
PRINT 13, IaNTEE Dy RIT o (ZALK 1) K=a,36) o FIFJoSTL1)SIL])
JIFINSTOP} 21920420
S(141 4NN} = SI(I)
S{2+1MN) = SJL1)
COMTINUE

RETURN

END

SUBROUTINE CSTRAIN

FORMAT STATEMENTS SUBROUTINE CSTRAIN

4«50 FORMATIIMI 19X ,39HSTEEL STRESSES FOR ALL CABLES AT STAGE 12/20X.40

IMNOTE SEG.NDS. REFERED TO PRESENT STAGE//}
FORMAT( 25X yIHCABLE NO. ¢ 2X ¢ THSEGJND, 12X+ 14HREVISED STRESS)

75 FORMATIZTR 412,+10X,12,4XE15.61

76

FORMAT{IHO,13,13H STAGE CABLES)

161
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COMMON DIMENSION AND EQUIVALENCE STATEMENTS

COMMON NSTGyNSRF ¢NSEGySEGL yNL yNL1 sNR yNSLS yNSLS1 ¢NS1+LSLS +NSS+NHDy
INCBy IXToyJIXToNPL yNJITyNEL yM3 4 MX yM69yM31 ¢yNXBANDyMAXJITDy YMS9CLC4CFCy
2NSTOP yKODJA yKODBC yKODSP T ,KODTS

COMMON H(15)4V(15)yTH(15)E(15) yPWTH(15) yNPII15)9yNPJ(]15)¢4KPL(15),
INPDIF(15) ,ZEND(S0),8CORI(3,15),J0RI{3,15) ,BCEND{3915),IEND{3,15),
2IED{45 440y SSCL45,4) ,ZK(90+46),1FD(90)

COMMON NNSG(25) yNSAL (25) 4NCBA(25]) 4KCL{25) 4NXTL(25) yNXTR(25]),
LIDXF (25) y 1IDXS(25) yXSEC(51),1STOP(50) yKANCHI50),AJP(64+50),
2PJP (64 ¢y50) yLIND (64 450) yPBAR (45451} yNELC (25)+AREA(25)

COMMON NI(15)4NJ(15),AE(L15)4EIP(15)+EIS(3+15),PP(15),2190),
LZORTI(45) sDISP (64 946) DU 64) 4VS(4415) yVP (44151455 (44+15),
25P(4515)yNN,5(2+15,50)

DIMENSION Y(5096)¢F(5098) EPSC(50+6)yTEMPFI300),TEMPE(300)

EQUIVALENCE (ZKysY)o(ZX(301)4F)¢(ZK(602)4EPSC)y(ZKIS03),TEMPF),
1(ZK€1204) o TEMPE)

LFC = ©
NSTGM = NSTG-1
IF{NSTGM)86+86,80
80 IF(KODTS~1)85+90+90
85 CONTINUE
DO 91 J = 1,KRSTGAH
91 LFC = LFC+NCBA(J)
86 BACKSPACE §
60 TO 500
90 REWIND 5
PRINT 450, NSTG
PRINT 74
DO 1000 NST = 1,NSTGM
NTD = NCBAINST)
1F (NTD.EQ.0) 6O TO 1000
NSG = NNSG(NST)
IXE = MXTL(NST)
JXE = NXTR{NST)
- IF(KCL(NST)-1140+404+41
40 LCS = JXE-1
GG TO 42
41 LCS = NSRF
42 NCS = (LCS+1)-IXE
NTRM = NTD*NCS

K = NST+1

KSAL = 0

DG 10 [ = KyNSTG

KSAL = KSAL+NSAL(I)
10 CONTINUE

c

[

c

[
5

[

[
]

[
20
35
1000

C

[
500

c61

ICS = IXE+KSAL
JCS = LCS+KSAL

READ {5) ({Y(I4J)sd = 14NTD)y] = IXE,LCS)

CALL JDBIN (4HREAD 4LFXXXTEMPF{1),NTRM, IDXF{NST))

LM =0
DO S M = 1 ,4NTD
DO 5 L = IXE,sLCS

LM = LM + ]
F(LyM) = TEMPF(LM)

CONTINUE

CALL IDBIN (4HREAD y4LSXXX,TEMPE{L1) yNTRM,IDXSINST)}
LM =0

DO 6 M = 1,NTD

DO 6 L = IXE,LCS

LM = LN +

EPSC(LyM) = TEMPE(LM)
CONTINUE

K = [ICS-1

DO 20 1 = IXE,LCS

K = Ke)

DO 20 J = 1.NTD

KC = LFC+J

NL = NELC(XC)

KP = KPL(NL)

EPSI = S(1+NL+K}/E(KP)

EPSJ = S{2+NL,XK}/E(KP)

EPSCP = (((EPSI-EPSJ)/PHTH(KP))I=Y(],J))+{EPSI+EPSY)/2.0
DEPSC = EPSCP-EPSCI(I,J)

F(I,3) = F(I,J) + {DEPSC*YMS*AREA!KC))
CONTINUE

PRINT T6, NST

DO 35 | = 14NTD

KC = LFC+I

DO 35 J = IXE,sLCS

L = KSAL+J

SIG = F(Jy])/AREAIKC)

PRINT TSy KCyLySIG

CONTINUE

LFC = LFCeNTD

CONT INUE

IF(NCBAINSTG))14,14,501



[a3zkalalal

[l o NI BN o]

501
50

51
52

TF(RCLINSTG)I~1150,50,51

JXTH = JXT-1

GO TO S52

JXTM = NSRF

READ (5) ((¥(14d)sJ = 1,NCBISI = IXT,3XTM)

00 6D J = IXToJXTR

DO 60 1 = 1.NCB

KC = LFC+I

NL = MELCIKC)

KP = KPL(NL}

EPST = S{1yNLyJI/E(KP)

EPSJ = S{2+ML+J)/E(KP)

EPSC(Is]) & (((EPSI-EPSJII/PHTHIRPEISY{ Il )1+ (EPSIHEPSIIZ/2.0

6D CONTINUE

25

LR = D

DO 25 M = 1.NCB

00 25 L = IXTHJXTM
LM = LM+)

TERPE(LM) = EPSCIL M)
CONTINUE

CALL I0BIN (OHWRITER 4LSXXX,TEMPE(L] +NWD, IDXS{NSTG})

13 IF(I0BINIAMTE ST 4L SXXX))13,14,14
14 RETURN

END
SUBROUTINE STIF

TO CALCULATE STIFFNESS AND COEFFICIENT MATRICES FOR EACH TYPE OF PLATE
COMMOM, DIMENSION AND EQUIVALENCE STATEMENTS

COMMON NSTG oNSRF ¢ NSEG sSEGLaNL ¢NL1 s NReNSLSoNSLST ¢NSLLSLS ¢NSS NWD,
INCB o IXT ¢ JXT JNPL yNJ T NEL y M3 ,MX , M6, M31 JNXBAND MAXI TD+ YHS ,CLC ,CFC,
2NSTOP ¢ K(IDJA ¢ KOUBC yKODSPT,KDOTS

COMMON M{15),¥{15),TH(L15) ¢E(15) yPHTHI15) NPIL15) JNPI{15) 4KPL(15),
INPDIF( 153 +2ZEND(901,BCORI(3,15) JORI(3,15) 4BCENDI3,15) . TEND(3,15),
21ED (45 44 ) ¢SSC 145 44 ) ,IK {90,461 ,1FD(90)

COMMON NNSG{25) ,NSALIZS5) 4NCBAT25) 4KCLE25) JNXTLI25) ,NXTR259,
LIDXF(25) ¢ 1DXS(251,XSECE51) I STOP(50) ,KANCH(501,A0P (64,501},

2PJP (64 ¢50) 4 LIND(64,501 5PBARI45,51) NELC125) (AREA(2S)

COMMON BIGK{64920) oPTTT{66¢46) 4LHIT15) 3 HM{L1T1514FI{9+151,
1ALG9%) yBTAV{& ) +RBAR (&) 4D(201,2716)

DIMENSION SK{8,8) ,SKA{B,8),BI15),5M(8,8,15}
EQUIVALENCE {BeTH ) (PTTToSMI,(PTTT(1001),5K),(PTTT111011,5KA)

FOR NEGLECTING SHEAR DEFORMATION SET SHEAR = 0

e FaRal

[aXaXel

SHEAR = 1.0
00 100 L=1.NPL
HO=H(L}

VD=V (L}

COMPUTATION CONSTANTS ARE FORMED

GaPWTHIL}

EG=SEGL/2.
BET=1,2%{G/EG]*%2*SHEAR
BET1=21a/11.%6.%BET}
EG2=EG*E(
Gl=E{L)*BIL)*G
CCel 5% 126G
62=G1/1G*G})
G1=61/EG2
G3eG1*%G/EG*BET]
G4=CC/(EG2*EG2 )1 %BET]

STIFFNESS MATRIX FOR SINGLE PLATE IS LOADED

DL=E (LISB{L)I*%3/(be*6)
SK{le2)=D1
SK{2.1)=D1
SKilel)=2.%D1
SK{242)=5K(1411)
C=D1#3./6
SK{l 3 )m(
SKilehdaC
$5Ki{242) = ¢
SK{Zyb)=(
SK(3,1)=C
SK{3,2)=C
SK{4s1)=C
SK{442)=C
Ce(%2,/6
SK{3,3)=C
SK{3 44 )=(
SK{4531=(
SKi4+41=C

C=6 ,*BET$BETI%G)
SKt545)s(
SK1&e6)=C
C2{1e#2.3BET10BETIGY
5KR{S61eC
SK{b+5)=C
SK{5+7T¥=~03
SK(54+81=63
SKI&»TH=63

€61
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[aXaN 3zl

SK(648)=~G3
SK(T7¢5)==63
SK(T796)=G3
SX(8,5)=63
SK(By6)=~G3
SKIT+7)=62-G4
SK(T+8)=62+G4
SKI(B+7)=5K(7,8)
SKIBBI=SK(T,T)

CM(1,4L)=G1

CM(24L)=-G3

CM{3,L1=G2
CM(5,L)={1.+2.%BET)*BET1/6
CM{4,4L )=CM(5,L) %6, /EC
CM(T+L)=-G4

CM(8,4L)=C

D1=6.*BET1/EG
CM{9,L)=D1/EG
CM{64L)=-D1+BET

761

[alaNalal

20

STIFFNESS MATRIX =* TRANSFORMATION MATRIX c
c CALCULATE HM MATRIX {ZX DUE TO FIXED JOINT)
DO 10 I=1,4 c
J=l+a G1=E(L)*B(L}*G/SEGL
SKA(I 41)==SK(143)8VD HM({1sL)=-1./G1
SKA(I92)=-SK(I,3)%HD HM(2,L)=-8.%G1
SKA(I¢3)= SK(I,1) CC=18.*SEGL/CC
SKAlI44)= 0.0 C=CC*SEGL*BET]
SKA(I 45)= SK(I,4)%VD HM(3,L)=BET1%(1T.-18.%BET)
SKA(I46)= SK(I44)=HD HM{&,L)=BET1*SEGL*(10.*BET-5.)
SKA(I ¢7)= SK(1,2) HM (5 4L )=Cx (4 *BET=-1,)/2.
SKA(1,8)= 0.0 HM(64L)=C*SEGL*BET*(3,-2.%BET) /8.
SKA(Jy1)==SK(J,47 )2HD HM(T 4L )=-96 ,*BE T1/SEGL
SKA(J92)= SK(J4T)=VD HM(84L)=BET1%{29.-18 .%BET)
SKA(J93)= 0.0 HM(9 ,L )=BET1%CC*(3.-6.5BET)
SKAlJya)= SKU(J,45) HM(10 4L Y==2 ,*BET*C
SKA(Jy5)= SK(Jy8)=HD C=BET1/(CC*SEGL}
SKA(Jg6)==5SK(J,8)*VD HM({114L)==384 ,%C
SKA(JyT)= 0.0 HM(12+L}=BET1%(120.-48+*BET)/CC
SKA(JeB)= SK(Jy6) HM{13 4L )=BET1%(13.~18.%BET)
HM{14,L })=—-8 ,*BET1*SEGL*BET
TRANSPOSED TRANSFORMATION MATRIX#STIFFNESS*TRANSFORMAT [ON MATRIX MM 15 4L )==6 ,2CM(8,L)
HM(16,L )=48.%BET1/SEGL
00 20 [=1,8 HM(17 eL)=BET1%(1.~18.%BET)
SMUYel oL )==SKA(3,1 )2VD-SKA(T,I)2HD c
SMI(2,1 oL )=—SKA(3,]1)*HD+SKA( T,1)%VD C CALCULATE FJ MATRIX (ZK DUE TO JDINT DISPLACEMENTS)
SM(3,14L)= SKA(1,1) c
SM(4 I sL)= SKA(S,I) CC=SEGL/G
SM(S5,TyL)= SKA(4,])*VD+SKA(B,]]1%HD FUll,L)=-6.%(]1.+BETI*BET1=CC
SM(64IsL)= SKA(4s] )*HD-SKA(8,1)¢VD FJU2,L)=BET1#(20.+24.¥BETI/G
SMITsI 4L )= SKA(2,41) FJU3,L)=CoCC(72.+468.%BET)
SMI(B,I,L)= SKA(6+1) €=182.%C
FJla,L1=C/6
CALCULATE CM MATRIX, =—(FIXED JOINT FORCES: DUE TO ACTIONS AT PREVIOUS FJ(5,L)1=4.%G1
SECTION FJ(6,L)=BET1%(12.¢BET~8,)
FI(T4L)=HM(16,L)
G2=(3.42.%BET)*EG*G3/2, FJUB,L)=C
63=2,%G3 F4(9,L)=3.%C/SEGL
Gon2.264 c
C=G3+G 100 CONTINUE
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20
30

40

&0
80

98
100
110
120
130

165
150
160
163

165
250

50

RE TURN
END
SUBROUTINE OSYINV (A)

DIMENSION A(4.4)

Al2+1)1%A(1,2)
A(341)=A11+3)
Aldy11=A101,4)

DO 160 N=1.4

PIVOT=AIN,N}
IF(PIVDTLEQ.0.0) CALL ERROR
AlN el

DD 60 Jd=l.4

AN JImAINL I} /PIVDT

DO 145 1=1,4

TF(N=1} 95,145,495
EF(ACLWNI) 100,145,100

DO 140 Jvlesh

IF(N~J) 1204140,120
AlLoJdrmAlT o J)~A{T 4NITAINS I}
Ald ol )=A(T,4J)

CONT INUE

CONTINUE

DO 160 I=1,4

AT yNI=AIN,LI)

D0 185 I=1,4

00 165 J=l,.4

At gdl==A(1,J)

RETURN

END

SUBROUTINE DSIMEQ (A, NNyML)

DIMENSION A(45,1), 10(45)
SET 1.D. ARRAY

LL=NN+NL

MM=NN+ ]

00 50 N=1, NN

I0(MI=N

DO ATS N=m1 NN
N1=K+1

LOCATE LARGEST ELEMENT

D=0.0

[sRslel [aXatal

[aNaRal

[ Xulel [aNalal

[aXa kel

90

100

120

130

150

200

250

DD 100 §=N,NN

DO 100 J=NyNN

IF (ABS(A(I,J})~-D) 100,90G,90
D=ABS{A(I ,J})

1=}

Jd=

CONTINVE

INTERCHANGE COLUMNS

DO 110 I=14NN

D=a1{] N}

AlT¢MI=AlT0d}
A{I+J01=0

RECORD COLUMN INTERCHANGE
I=ID{N}

[IGINI=I0LJd)

[I0(Jd=1

INTERCHANGE RODWS

DO 120 J=NNN

D=A(N+J}

AN )=All] 24}
ALl W1 =0

DD 130 L=MM,LL

D=A(NyL}

AIN,LI=ATTT L)
AtTlel)=D

FORM DIN,L)

FF{AININ) LEQ.0.0) CALL ERROR
DO 150 L=MM,LL
AINsLI=A(NLL)/A(NGN)
CHECK FOR LAST EQUATION
1F {N-=NN)} 20045004200
DO 450 JU=N1l4NN

FORM HIN,J}

IF (A{Ne+J}) 250,350,250
ANy JI=AINLJ I 7AINGN)

S61
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[a el

L

[aXalal

300

350
400
450
475

500

550

600

100

150

8O0

900
950

MODIFY Atl .4}

DO 300 I=N1.NN
ALy J)=A{T1+J)=A(] JNI*A{NJ)

MODRIFY B(I.L)

DO 400 L=MM,LL

AGS L =AY L) ~ALJ NIEATN,L)
CONTINUE

CONTINUE

BACK=-SUBSTITUTION

Ni=N
N=N-1
IF IN) 700,700,550

DO 600 L =MM,LL
DO 600 JU=N1,NN
A{NsLI=AINLI=AIRJITALI,L]

G0 T0 500
REQRDER UNKNOWNS

B0 950 N=]1,NN

DO 200 1 =NyNN

IFf tIDC1)-N} 900,750,900
00 800 L=MM,LL

D=A(N.L}

AINLL)=A(E L)

A{l,L1=D

GO TO 950

CONTINUE

104 =10(N)

RETURN

END

SUBROUTINE ERROR

FORMAT (16HOSINGULAR MATRIX)
PRINT 1}

sToP

ENO

961



C.3
C.4

APPENDIX C

EXAMPLE PROBLEMS

Listing of Inmput Data - Example 1

Explanatory Remarks for Data Input
for Example 1

Selected Output - Example 1
Listing of Input Data - Example 3

[197]
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C.1 Input Data for Example Problem 1

No. Type
Card| Card Data
21 21 . . ;XA}ELE PROB. 1 THREE SPAN CONTINUQUS GIRDER.
3 3-1 1 . -3. . .
1 il 1 1 ) 1 0 3.0 1.0 432000
5 5 0. 0. 4175000.
6 6A 7 1 1 8
7 6B 0 0
8 8-1 1 6 * 10.
9 8-2 6 8 5.
10 9A 1 1 1 .00635 135. 0. 0
11 9B 0. 0 0
12 10 1 0. 30. -1, 8 0.5
13 11 1 0. 0. 0.11 O
14 12A-1 1 1 0
15 13-1 1 0. .225 0. 0. 00 00O
16 13-2 2 0. ,225 0. 0. 00 0O
17 12A-2 2 0 0
18 12A-3 3 0 1
19 12A-4 4 0 0
20 12A-5 5 0 0
21 12A-6 6 0 0
22 12A-7 7 0 -1
23 15 1 0. 0. 0. 01 O
24 TA 2 0 1 1 14
25 7B 0 1 1 0
26 8-3 8 10 5.
27 8-4 10 14 10.
28 9A 2 3 1 .0191 435, 0.
29 9B 0. 0 0
30 10 1 -.25 7 1.2
31 10 7 1.2 60. 1.25 9 1.1
32 10 9 1.1 14 0.
33 11 1 0. 0. 0.11 O
34 14 1 0 1 0 ) 0.
35 12A-8 8 0 0
36 12A-9 9 0 0
37 12A-10| 10 0 1
38 12a-11] 11 0 0
39 12a4-12] 12 0 0
40 12A-13( 13 0 0
41 15 1 0. -1.125 0.00 O
42 TA 3 0 14 1 10 19
43 7B 0 1 0 1 0
44 8-5 14 15 5.
45 8-6 15 19 10.
46 8-7 19 23 5.
47 8-8 23 28 10.
48 9A 3 3 1 .00955 225. 0.
49 9B 0. 0 0
50 10 10 1.5 77. -.645 11 -.85
51 10 11 -.85 18 -.85
52 10 18 -.85 148, -.645 19 1.5
53 11 1 0. 0. 0.11 0

T JIOV1S

T dOVLS

€ HOVIS
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No. Type

Card Cagd Data

S4 [ 12A-14| 1& 0O 1 [y

55 |124-15[15 o 0

56 |12a-16|16 o0 0 "
57 |12a-17|17 o 1 =
58 |12a-18| 18 © 0 e
59 |12a-19(19 o 0 o
60 |[12a-20|20 o0 -1

61 |14 1 0 1 0 0. 0

62 [12a-21]|21 ® 0

63 [124-22]|22 0O 0

64 [124-23]|23 0 1

65 |12a-24 |24 0 0

66 |12a-25]|25 0O 0

67 |124-26 |26 o 0

68 |124-27[27 o 0

69 |15 1 0. 0 0.0 10 i[
70 7A 4 0 0 0 »

71 78 1 0 1 1

72 | 12B-1 1 2

73 | 13-1 1 0. .3 0. 0.0 00 O

74 | 13-2 2 0. 0. 0. 0.0 00 O

75 | 12B-2 2 0

76 | 12B-3 3 0

77 | 12B-4 4 0

78 | 12B-5 5 0

79 | 12B-6 6 0

80 | 12B-7 7 ¢

81 |12B-8 8 0

82 | 12B-9 9 0 w
83 |12B-10| 10 © b,
84 |[12B-11]|11 O Q
85 |12B-12|12 0O IS
86 |12B-13| 13 ©

87 |12B-14| 14 O

88 |[12B-15[15 ©

89 |12B-16| 16 O

90 12B-17 | 17 0

91 |12B-18| 18 0

92 | 12B-19| 19 ©

93 | 12B-20| 20 O

94 |12B-21| 21 O

95 |12B-22| 22 0O

96 | 12B-23| 23 O

97 |12B-24| 24 O

98 | 12B-25| 25 O

99 |12B-26] 26 O

100 | 12B-27| 27 ©

101 BLANK CARD TERMINATES RUN 1}
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C.2 Explanatory Remarks for Data Input for Example 1

Card Card Remarks
No. Type
1 1 Title
2 2 Cross section data
3 3 Plate data--one card for each plate type. This example,
1 card.
4 4 Element data--one card for each element. This example,
1 card.
5 5 Tendon data
6 6A Stage data for initial stage
7 6B Stage data word for initial stage
8 8 In the initial stage, cards 7 are omitted and data input
goes directly to cards 8, segment data. 1In this example
segments between stations 1-6 are identical so they are
included in one card.
9 8 Remainder of segment data for segments between stations 6-8.

10 9A Initial stage tendon data

11 9B Initial stage tendon out of plane data

12 10 Tendon profile data. All tendons stressed in a stage must
have their type 9A, 9B, and 10 cards arranged in sequence
here.

13 11 Boundary condition for each element at origin. 1In example,
provides for no longitudinal or transverse displacement and
no moment at the origin.

14 12A For the initial stage, type 12 initial segment cards are
required for each of the initial segments. This card shows
IAJA = 1, since joint actions are to be specified so that
dead load acting on joints can be applied.

15 13 This joint action card specifies that one-half the dead
load (0.225 k/ft.) be applied as a transverse load along
joint 1.

16 13 Remainder of dead load is applied along joint 2.

17-21 12A Initial segment cards for segments 2 through 6. TIAJA = 0
means same joint loads as previous segment, so that dead
load is applied to all segments uniformly.

22 12A Initial segment card for segment 7, ISTOP = -1 indicates

that either an interior support or stopover will follow seg-
ment 7 at this stage or some future stage. In this case

station 8 will locate the interior support at stage 2, 3,
and 4.
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23 15 Gives boundary condition at station 8 as a roller with
transverse displacement prevented.

END STAGE 1 - BEGIN STAGE 2

24 7A Information on number of segments and tendons added in the
second stage.

25 7B Second stage code words - KODJA = O indicates no change in
joint actions for segments of stage 1. Only type 12A cards
needed for new segments., KODBC indicates a change in
origin or end boundary conditions due to change at station 8
from end to interior station. Both card type 11 and 15
required. KODSPT = 1 indicates interior support condition
(at station 8) has changed. Type 14 card required.

KREF = 1 indicates this is last stage of cantilevering

sequence,
26 8 Segment data for segments between stations 8-10
27 8 Segment data for segments between stations 10-14
28 9A Second stage tendon data
29 9B Second stage tendon out of plane data
30 10 Tendon profile data--linear--stations 1-7
31 10 Tendon profile data--parabolic--stations 7-9
32 10 Tendon profile data--linear--stations 9-14
33 11 Origin boundary - same as #13
34 14 Interior support designation at station 8, which has

changed from end boundary to interior support--follows

card 33, since no card 12A, or 12B, or 13 is needed for
segments 1-7, this stage. Whenever card 14 is used, it
must come right after applicable card 12A or 12B and 13.

35-40 12A Initial segment cards for new segments 8-13

41 15 End boundary card for station 14 with dead load of 1/2
the closure segment imposed as a prescribed transverse
force.

END STAGE 2 - BEGIN STAGE 3

42 7A Adds 3rd stage structure and closure tendon

43 7B Third stage code words - same as #25 except KODSPT = 0,
since no change in interior support from stage 2.

44-47 8 Segment data for segments between stations 14-28

48-52 9A-9B-10 Tendon data for tendon 3

53 11 Origin boundary - same as #13 and #33

54-60 12A Initial segment cards for new segments 14-20

61 14 Interior support card for station 21
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62-68 12A Initial segment cards for new segments 21-27

69 15 End boundary card for vertical reaction at station 28

END STAGE 3 - BEGIN STAGE 4

70 7A No new segments or tendons added for fourth stage

71 78 To analyze for live load, joint actions must be changed,
hence KODJA = 1. All boundary conditions remain same, so
KODBC and KODSPT = 0. Therefore, modified segment cards
required for all segments but no boundary or support cards.

72 1238 Modified segment card for segment 1
73-74 13 Joint load card with live load at 0.3 k/ft.
75-100 12B Modified segment cards for other segments. IAJA2 = 0

indicates uniform load on all segments

101 BLANK CARD TERMINATES RUN



B.4.1

B.4.2a
Stage 1

B.4.2b
Stage 1

EXAMPLE PRORe NOo )

C.3 Selected Data Qutput - Example Problem 1

PROBLEN COMTROL DalA

- 5 SPAN CONTINUOUS GIRGER CONSTRUCTED IN 3 STAGES,

NOs ML TYRES
NOe ELEMENIS

NUe JOINTS . 7
GEOMETRIC ANR B} ASTIC PROPFRTIFS
P TYPE H=PHUJe VePROY, THICKNFSS
1 G «3,000000E+00 1,000000€¢00

1
1

CONNECTIVITY pATA

ELE  lm=J?
1 1

J=uT PL

? 1

TENDON CONTRGOL fata

STEEL MODULUS e 4,175000F 004
FRICTION CUNSRTART = O,
wOBBLE CONSTANT = ¢y

LuNGs CONFIGURATION OF STRLCTURF A1 STAOF 1

sPAN = £0.000
a0, OF SEBMENTR » T
ner, GF TENDONS STHESSEO » 1
SEGHENT WUMRER SEGURRT LENGTH
10,000
16,000
10,000
16,0480
10,0640
5,000
5,000

~PEP SN

14P01 Pata FOP CABLES STRESSED AT STaGE )

TENLUN NO, & ]
AMES ® h ISR00VE-0I
Kity CURVES » i
ELEMENT = 1

INITIRL JACK FORCE = 1.,350000%02
FINAL JACK FORFE ® 1,390000E+02
LIVE EAD INDEX & 0
DIVERGENCE = B
8Ta, LEFT [
STa, RIGHT = o
CONTROL COORDTINATES
CHRVE Nxi "W P L ™
1 i g,000 30,5000 1,800
INITIAL TENDON STRESS APTER PRICTION LOSS
1ENDON SEGVENT STRESS
1 1 2.125984E 004
1 2 2.12%904E004
1 3 2,126984E+04
1 4 2.128084E404
1 L1 20125084E004
1 [ 21250848004
1 7 2.1280848404

HabuLUS
4,320000€0%

wm

+900

203
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OR1GIN HCUNDAKY concllluné AT STARE 1

kLt AXIaL FOR/DTSP  INDEX SHEAR FOR/0ISP  INpFX MOMENT OR ROT INDEX
1 0, 1 o 1 0. 0
B.4.2(c) INDEX & 0 Fom GIVEN FORCF
Stage 1 1 For GIVEN DISPLACEMENT

1

JOINT ACTIUNS, SUPPOKT AND STOPOVER DATA FOR STAGE 1

IaJA = ny JOINT ACTIONS SAME AS LAST SEGMENT
Ts JOINT ACTIONS OTFFERENT FACM LAST SEGMENT

14422 = 0r UNINT ACTIONS SAME AS LAST SEGMENT
1 JOIT ACTIONS SAME AS LAST STaGE
Pe JOINT aCVIONS RF=SPECIFIFN

ISTOP =-1+ SUPPGRT AFTER THIS SEGMENT
0y MO SUFPORT OR STOPOVER

B.4.2(d° 1s STOROVER AFTER THIS SEGMENT
Stage 1
SEG laJa = ) ISTOP &«
0000000000000 00000000a000000000 L] acstasssse - e [YYY} etaads
8PP TED JUINT ACTIONS

JT, HORIZ, F /0 VERT, F/n ot M/R LONG, F/0

1 0.0000000 o +2750000 O 0,0000000 o 0,0000000 o0

2 040000000 o 02750000 © 0+0000000 © 0.,0000000 o

INVEX = 0 FUR GIVEN FORCF
1 FOR GIVEN DISPLACEMENT

RNt et tanatat et st et ettt aentnente ettt etentenettesetesetoettanssssatotat,

SEc ? 1aJa s 0 ISTOP = 0
SEc A 1AJA = o ISTOP = |
SEG 4 1aJA & 0 ISTOP = 0
SEG < TAJA & ¢ ISTOP = 0
SE6 * laga s ¢ ISTOP = n
SEc 7 1Aua = ¢ ISTOP a el
ENU BOUNDARY COANITIUNS AT STAGF |
j Lt AXIAL FOR/D1SP  INDEX SHEAR FAR/CISP  INDFX MOMENT OR ROT INOEX
1 0, 0 0, 1 0, °
INDEX = 0 FOR GIVEN FORCF
B.4.2(e) 1 FOK GIVER DISPI ACEMENT
Stage 1
FINAL PLATE FORCES aND DISPLACEMENTS FOR LONGITUDINAL PLATE ELEMENTS AT END
PLATE INTERNAL DISFLACERENTS
ELE 1 J LONG, PISP TRANSVERSE DISP BEAM ROTATION
1 1 2 «6,22390568F-02 0, *2,088069426-0)
B.4.3(a)
PLATE INTERNAL FORCES
ELE 1 9 BEAM MOMENT TRAN, SHEAR AXIAL FORCE NX (1) $X(1)

NX .
1 1 2 =6.721B18BE+0) 1.1TTATSEC00 =14344364F¢02 w8,962424F001 «6,821210Ee13 «=8,902024E401

$X(J)
«6,021210E01)



FIMaL

PLATE

ELE
B.4.3(c)?
Stage 1

PLATE

FLt
1

FIMAL

JOINTY

JolnT

PLATE

tLE

PLATE

ELE
B.4.3(d)n
Stage 1

PLATE

tlt
]

PLATE

tLE

FINAL

JOINT

JOINT

PLATE
ELE

PLATE
ELE

PLATE
ELE

PLATE
ELE

A
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PLATE FURCFS a'm LISPLACEVENTS FOR LONEITURTAAL PLATE FLENENTS AT ORIGIN

INTERAMAL NISPLACERENTS

1 J LONG, PISP TRAMSYFHRSE DISE BEAM ROTATION

1 ? [ Ne

TATERNAL FOkCFS

1 J FEAM WIMERT 19aAN, SMEAN
1 2 ne ~A A02DRRFOG

1e391499A4E~02

AxTat Fnmce BA(1} NX () SA¢T} X (1

TLaVeA36AF 607 <A SRIZI2E0] =4 ,481212F%01 —e.sB121FFep]l w4 ,081212F+0)

JOINY aKD PLATE FORCES ANU NYISPLACEMENTS FON SEGMENT NO, 1

DISPLACEME TS

HORIZCRT 8L 115P VFRYICAL Disp POTATION LONg, DISH
[N ts01570955€m03 O 1.5n543%00=03
o, 6.OLTU0MPEEwNT o, 2,547 1505 1FE w03
ECGE DISP) aLt MrnRTR
) SN ROTATIOUN(TY  RUTATION(J) ity w{J) U Uiy Vil vidy
1 2 v, [ n, a, 15, 05618Funa=2%,427S3F ~04at¥, 1STI0F. 04 £9,1T004E«04
EQGE FanCFS
iy Pyl “yd) STy N dy Ty T A3 8 Poy
1 4 s 0. L 0 13,9948 0E»)13%39,9)1 L 16E=14 14, T8739F=02 2Z.50000E~02
INTERNAL NISPLACEMEATS
1 J LaNG, DISP TRaRSVFRSE DIeP BEAM RCTATION
1 ? ~9 [RESKU e YN “6,9103%¢H fan) . 1434939887203
INTERNBL FnierfS
T J i pM MOMERT TaaN, SHEAR AxTAL FORCE NX (1) KXY $en $x{w)

1 2 wletpantTeen] =3 . aYbY¥iufFegp

w1a0A3BEE N2 ~5,9511236401 «3,411301Fv01 ~5.5513123€e01 «3,41130)¢.01

JOINY AND PLATF FUHCFS AND RISPLACEMENTS FOK SFGMERNT MO, 2

D1SPLACEMENTS

MORIZONTAL 0S¥ VFRTICAL O18P RETATION LORg, DISF
0, 1,2]14B5987€-02 a, Te455TATIBE-DS
0, 1,61498965€~07 Q. «1,11940357F=07
EDGE OISPLACFMENTS
b3 J RET,TIONET)  ROVATION{ ) wtl} ¥y uen XN} iy Yin
1 ? U, 0. e Q. Th 55T TEaqT =31 L 1940FE~08=19,14860E-03 16,1%990E~03
EDGE FORCES
T g 8¢ LIRH an Qcdi Teyy T(J} F11) g
1 2 U D) 0 0, «38,68848E=1) TB,25T03E-13 14,93400E«02 22.500008~02
INTERNAL GISPLACEMENTS
1 J LONG, DISP THANSYFRSE pISP BEAM RCTATION
1 2 “1.5859784)#.03 "], 91492468Ewn2 1,00228811€403
IHTERNAL FORCES
| S BEAM MOMENT TRAN, SHEAR axlal FORCE NX(Ty NEEDY SK(1) S$x J)

1 2 e8,23798T6s01 w2, 2839876409

1 N4AISAE 202 #7,30683TEep]  «1,65588BEe0] <7.3088537F+p) «),655888¢e02
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LB LYIR

JOInT

JOINT

PLATE

ELE

PLATE

ELE

B.4.3(d)
Stage 1

FIhalL

JOINT

JOINT

PLATE
ELE

PLATE

ELE

PLATE

ELE
1

PLATE

ELE

‘ 1

JOINT AND PLATE FUNCFS AND NISPLACEMENTS FOR SEGMENT NO. 3
DISPLACEMFNTS
HORI20NT AL DS VFRTICAL DISP ROTATION LONG, OISP
O 2,70727751E-02 o, -1,83827339€-03
0, 2,7073577¢E=n2 0, «3,34831465€.03
EUGE QOISPLACFMFENTS
1 J RETATION(T)  ROTATION(J) w(l) ¥ (J) Uty
1 2 0, 0, 0, 0. =18,38273E=n4=30,4
EDGE FORCFS
J "0 Mydd S - Y]} T
2 0. 0 0 0. *33.50244E<13 3740
INTEANAL DISHLACEMENTS
1 J LONG, NISP TRANSVFRSE Dlep BEAM ACTATION
1 2 =2:59329002F=0) ©2,707292860F=n2 5.03347085€-04
IMNTERNAL FOkrFS
1 J bBEAM MUMENT TRAN, SHEAR AxlaL Foacf NX(T) NX(J)
1 2 ~Fe11343PE00]1 <] ,49Y820F40y 1.764366Fen?  <0,556834F00] <4,055906F
JOINT AND PLATF FORCFS AND PISPLACEMENTS FOR SEGMFNT NO. ?
OISPLACEMENTS
HORIZONTAL DISH vERTICAL DISP ROTATION LONA, D1SP
0, $,M0538330E.03 0, «8,81198409E-03
0, 5,00667]148E=01 0, ©3,09716862F-03
EDGE ODISPLACEMFNTS
1 J HROTATION(T) ROTATION (J) XS 8 w(Jy Utry
1 2 0. Oe 0, 0. «88,319A4E=04=30.9
EDGE FORCFS
1 J LS ¢} “(J) e Q) T
1 2 0, 0. L8 0. 83,49842E-13=10.5
INTERNAL DISPLACEMENTS
1 J LONG, NISP TRANSVFRSE DIsP HEAM ROTATION
1 2 -5,986457625F«03 -5,00602738E-93 «1,91160%522€0)
INTERNAL FORCES
1 J BEAM MOMENT TRAN, SHEAR AxlaL fFoRCE NX (D) _NKeJ)
1 2 ~6.991456E¢0] 9,79Y500F=01 =1,344364E¢02 «9,142210E¢01 1,797884E

Uy vn )
8)15p=04+27,07228E-03 27,07358€=0)

Th (43 ¢} P
99STE=13 14,95465C0-02 22+50000€~02

(LIS SN
~8.556834E¢51

sSx(Jy

*00 =4 ,055906E900

U(J) v i
7168€=00-50,05383E.04 50,086T71E-00

T PL) Py
0812€-12 14,99808€.02 22.50000€-02

$xi{J)
1.,797854E +00

sX(I)

*00 =9,142210Ee0])
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1T UNGe CONFIGURATION OF STRLOTURE AY STaGF 2

- “ean ® 110,000
Begin Nis UF SEGMENTS = 13
kity OF TENNGNS STRFSSEN = 1
Stage 2 ND. SEG. ADDED LEFT = o
B.4.2 K1, SEG. ANDED RIGHT =
SeBMENT NUNBED SEGMFRT LFMGTH
1 19,000
? 16,5800
3 ju,n0¢
. 10,000
5 10,000
6 5.000
1 5,080
A $.000
Q 5.000
1y 10,000
11 10,000
17 10,800
13 16,000

IuPUT DATA FOR CAHLES STRESSFU AY $1anfF 2

TENCUN KO, = 2
AwEA & 191n000E=D2
nhy CURVES » 3
ELEMENT » 1

1:1Y1AL JACK FORCE 4, 3800008602
FINAL JACK FORCE & 4,350n00F+02
wive AN INOEX w» ]

iyrrubACE & fie
STA, LEFT » "
STa, HianT « 9

CUNTRLL (QORDINATES

vt &XL L A e NXE ¥R
1 1 I Lad 0,600 w0,000 7 1,260
2 7 1.200 60,200 1,280 9 1.100
1 L] 1.100 ~04000 0,000 14 0.000

I4IiAL TENDON STRESS AFTER FRICTION LOSs

TF NDON SEgMENT STRrSs

?2.2T14870404
2:2TTARTE 04
2e2TT487E 004
2:277487€0 064
2:277487€004
242774810204
2.2TT4B7E+ 04
727748 7Ee0d
202TT748TH 04
227748704
2:277487E ¢ 04
2. 2TTASTE 404
2+27T407E404

TR CUN NV R AN U NN N
LWy €1 NP RS N

— -

ORIGIN BOUNDAMY CORDITIONS AY $Ya0€ 2

ELE AXEAL FOR/QISR  INDEX SHEAR FOR/DISE  THDEX MOMENTY OR Q0T  INDEX
1 . 1 0, ] L. ]
INDEX = © FOR GIVEN FORCE
1 Fo GIvEN DIBPLACEHENTY
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JOINT ACTIONS, SUBPORT AND STOPOYER DATA FOR STAGE 2

1aJdA » ne JUINT ACTIONS SAME AS LAST SEQMFNT
1e JOTNT ACTIONS DTFFERENT FRCM LASY SEGMENT
TAJAZ = fs JOINT ACTIONS SAME AS LAST SEGHMENT
1y JOINT ACTIONS SAME AS LAST STaQE
2+ JOINT ACTIONS RF-SPECIFIED
ISYOP ma)s SUPPURT AFTER THIS SEGMENT

0e 201 SUMPORT OR STOPOVER
1y STURAOVER BFTER THIS SFOGMENT

BESRIBEF AR RN SR B REU B VUGN IRRESERSSNERERNIEPSRS AL A0SR ICEACCIE0S SSRGS CESEENRNRRNRG
WY, ACYIONS FOR SEG, 1 THRU T UNCHANGED FROM LAST 3Taqe
GORGUNSN OB EN Rt NG P ARSI GN ISR NENENRNS SN ORRUEN RN OCRR03020580820R00EE0R0RRQ000000%8
BP0 NE0RNQPaRRR RN RNBER LI BERRERIECRN NS OR SRS SRS SLERGRRCCERNC0000RRGNGQQ0RGNSRQRY
INTERIOR SUPPORT RFSTRAINTS

ELE, axtal COEFFICIENT SHEAR COEFFICIFNY aeT, COEFFICIENT
1 s 04 1 -y 0 0

X YT Y X P P e TR R e Y Ry R R R S A R TR A S P P P SR TR AR R L 2R 22 222 22 ) 2]

SEG [Aua 2 o ISTOP & 0
e 1aga a ¢ ISTOP &
SEn 10 Tagd = ¢ ISTOF =« |
SE6 11 1404 = ¢ IST0P = 0
SEG 17 laga = ¢ ISTOP = ¢
SFp 11 tagd = ¢ ISTQP = O
ENL pgOURDARY COMDITIONS AT STaGrk 2
ELt AXIAL FOR/CISP  IhDEY SHEAR FAR/CISP  INQER MONENT OR ROl INDEX
1 0, 9 «1.129000Q0E+00 ¢ [ "

INDEX » O FOM GIVEM FOKCF
1 FOR GIVEN OISPLACEVENT

FINAL PLATE FORreS ati0 DISPLACEMENTS FOR LONGITUDINAL PLATE ELEMENTS aY ENp

PLATE INTEANAL DISFLACEMENTS

ELE t J LONG, NISK TRANSYERSE BDISP BEAM ROTATION
i 1 2 «4431341701F=V2 6 6883420 Fwr? «2,80280929E-0)

PLATE INTERNAL FNKCES

ELE 1 J HE M MUMENT TRAN, SHEAR AxlalL FORCE

NXqT) N3N
1 1 2 1.h1BYBYE=12 Y, SPSISAEC0Q =4 34RTOIFe02 =1 ,44958TE00Z «1,44956T€402

Sxqg $xtJ
-1.44956;2002 .1,‘¢qéc;:o§!



FINAL PLATE FORCES ANO LISPLACEMEHTS FOR LONGITUDIKAL PLATE ELEMENTS AT ENp OF SEGWENT

PLATE DISPLACEVFLTS anb KFRCTIONS AT INTERICR SUPPURT

(30 3 1 o
1 1 2

LuNGe DISPAREACTe INDEX
«2eb3INETBUAE G2 ]

INDEX IS w1 DW 0 5o DISPLACEMFNT, AND 1 FeR REACTINN

TRaM, DISp/REACT,
-4, T43846046E00) 1

209

T AND AT SUPPORT

InDEX BEAM ROTe /REACT, INDEX

«1+08394821E~04 ¢

FLAVE INTERKAL nTSPLaCEFENTS
ELE 1 J LONG, N15P TRENSVFRSE PSP BEAM RCTATION
1 y Fl «2.6 Y56 THOAF wU? 4,44089210F <18 ©],08394821E-04
PLATE INTERNAL FOMCES
ELE 1 J b A% MUMENT TRPANs SHEAR A¥YIAL FORCE NR(D) Y T 81 L1188 $x {4}
1 i 2 PRZEATOESOL  2,BI6325Fe01 -4, 34RT01Fe02 «9,482023€40) «1,950932E402 «9.482023E001 ],950%32¢002
FInaL PLATE FURCES AU LISPLACEMENTS FOR LONGITUDINAL PLATE FLEMENTS AT OAIGIN
HLATE TATERNAL DTSFLACEMLATS
tLt 1 J LONG, nISk ITRANSYFRSE DisP BEAM RELTYATION
1 1 4 e [N w] 2EASARBOE.0S
PLATE TMTERNAL FNRCES
tLE 1 N “F A% Mg NT TPaN. SHEAR Axial FORCE NXt1) AREJY SXe1} Sxid)
1 1 2 VtHTI2ces02 b REAGILFe00 o8,893065F407 =1,172940F402 «2,822436E+02 #1,172940E+02 «2,622436E+02
FINAL JOINT AMO PLATF FORCFS ani NISPLACEMFATS €00 SEGKENT KO, 1
JOINT DISPLACEMERTX
JOInNT WORL7ONTAL UTSK YFRTICaL DISP ROTaTINN LO&n, O1SP
i [ “4,0299h930L 03 0o »3432460740E-03
2 [: N % ,I2RBSRIGEwnY 0. =1406R18014Lw0 ]
PLATE ELGE DISPLALI MENTS
£LE 1 J HeTaTiongly  RCTATION () wil} i3 urrs Uty L 51 8 ¥y
1 1 2 U, 0o e 'N =33, 24608E0a"10,68109E=00 49,29990F-04-49,28695F~04
PLATE EUGE FORCES
Pdt
tLE SN ML} LR Gty [- TR} Yoo T (3¢
112 ('R o 0n [ 26,01342Em13 174152056=13 14,787309F.02 22+50000E-02
PLatk INTERNAL OTSELACEMENTS
LLE 1 J LONG, NISP TaansVERSE DLew BEAM ROTATION
1 1 2 ~2¢19839837F=013 4,92934258Ee03 «T7,521354R88C-04
PLATE INTEANAL FONCES
N . Sxisy
ELE 1 J BEAM MUMENT TRAN, SHEAR Axial FORCE LITR8) NXLH) SXi1)
1 1 2 BLAYOSHUECN] =4 16E440F €00 =5,693065E402 «1,318316E402 =2,4T7T061E+02 =1:31R316Een2 «2,47T081E402
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rIMAL JUINT AND PLATE ¢ ORCES AND NISPLACEMENTS FON SEBMENT wO, 2

JOLluT OISPLACEMENTS

JOINT HORLZOMTAL QISP VERTICAL Oyse ROTATION LONG, OTSP
1 qa, =P RGE509 THEw ) 0, wb 6TRIISISELCD
2 LS =8,8912699%C«01 Qe 650027408601

PLATE EUGE QISP aCEMENTS
ELE 1 J FOTATTONELY  ROTATIOM () »i¥} wiJ) Uity Uiy viny vin
H 1 2 [ g, f, 0. b6, 781 15EwA~E8,00279E=04 65,92370€.04.85.91270€04
VLATE EDGE FOKCFPS
ELE Iy (N2 B LJRE cn Qeds Ty T Pily P
1 1 2 [N 0. L O 23, 13684E1310,63590E=12 14,934008w02 22.500000»02

PLATE INTEARAL OTSPLACEMENTS

ELE 1 J LOMG, NISP TAANSVFRSE D1SP BEAM RETATYON
1 1 ? ~6e5B918%])1F~0) B,661G19R9F«q) »8,92801556E~05

PLATE INTERMAL FORCES

ELE 1 3 BF At MOMEANT TRAN, SHEARW Axtal FORCE N (D) KX () . SX() Sx(J§
1 1 2 8280922001 =3, 404030F00D S A9N08SEeN? o1 STOB2TES02 ~2,22475DF*02 ~1.570627€e02 «2,224750E+02

FIRuL JOINT AND wlATF FURCES AND NISPLACEMENTS FOR SEGMFNT NO, 13

JOLnT DISPLACEMENTS

JOInT HORIZONTFL uTSP YFRTICAL D1ss ROTATION LONG, DISP
1 [N w8 25534808E .02 0, *4,54017004E-02
é . % 25534 608Ew02 o, w3, Te211107€w02

HLaTek EUGE QISPLACFMENTS

tLE T J ROTATION(EY  ROTATION(J} (13 4] ey uer uidy vin Yy
L S U, [’ ' 0. w45 491 T6Ewn3=3TAZ111E=03 42,55346€.03-42485346E702

PLATE EOLGE FORCLS

ELE 1 J X9 8! [ TN (13 &) ath Ten Teds [ 43¢} PiJy
H 1 2 G Oe L [ 38,6631 1612 20,088090~1222.500008w02 22.500008~02

PLATE INTERMAL DISPLACEMENTS

ELE 1 J LONG, NISP TRANSYERSE DISP BEAM RCTATION
1 1 ] who J4564368F =02 4,28530808Ew02 =2,69021724€~03

PLATE INTERNAL FOHCES

tLE 1 BF aM MOMERT TRAN, SHEaR AxIat FORCE CNR(EY MKy X1 . SxiJdy
1 1 2 ~4e19N0TFECO] T ASSISBESOD =4.34RT01F002 ], T26906£¢0F ~1,]70228E+02 w) ¢ PIBVOLESOZ w1,170220€402



LutiGs CONFIGURATION OF STRLCTURE AT STAGF 3

SHAN & 225,000
P, OF SEGHFATS & 727
bt UF TENDORS STHRESSE
NO. SEGe APDEn LEFY =
N SEG. ARDED RYGRY =

SEGHMENT NUMBER st

et - o Ot
DL NP DN D ONSPRE N~

B RV VLS RS )
PO E W - D

LY
b

Dw
[
14

GMFNT LENGTH

10,000
10,000
16,000
10,000
10.000
5,000
L0080
5,100
5,000
10,060
10,000
10,000
10,000
5,000
10,900
10,000
10,000
10,000
5.000
§,000
S.000
5,000
10,000
10,000
16,0600
10,000
10,000

TAPUT DaTa FOR CABLES STRESSED AT STAGE 3

TenlUN WO, = hJ
AHLA = 9.,590000€003
Aty CURVES = 3
LLEMENT = ]

INITIAL JACK FORCE »
FINAL JACK FOREE a
LIVE END INUEX @ ]
DIVERGENCE = O+
STa, LEFT » O

STa, RIGHT = L}

CUNTHDL CONROTNATES

CIRVE NXL n
1 10 1,500
2 11 *«hS0
3 18 -.8%0

2.280000€e02
2,250000F 402

XM

77.000
‘0.000 -
148,000

ha

vy 645
0,000
a5

INITIAL TENDDN STRESS AFTER FRICTION LOSS

TENDON SEGMENT
3 1o
3 ]
3 1
3 13
3 14

STRESS

2.356021F 404
2435002)Ee0h
24356021E+04
2.356021E004
24356021804

NIR

11
18
19

YR

» A50
=¢850
1.800

211
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ORIGIN BDUNDARY cGADITIONS AT STAGE k)

ELE AXIAL FnH/DTSP  INDEYX SHEAR FOR/DISPE  INNFX MOMENT OR QT  INDFX
1 0, i [ 1 0. o

INDEX = 0 FOR CLVEMN SORCF
1 Fith GIVER DISPLACEMENT

JOINY ACTICNS, suFepRT anD STAPOVEN DATA FOR STAGE 3

TAJA & fs JUINT ACTIONS SARE AS LAST SEpMghy
1s JOINT ACTIONS DTFFERENT FACK LaST SEGMENY

IAJAZ ® ns JOINT ALTIONS SaME AS LAST SEGMENY
Yy JOINT RCTIONS SAMr AS LAST STAGE
2, JOINT ACTIONS RF=SPECIFLED

ISTOP mets SUPRUKT AFTER THIS SEGMENT

iy 1 ¢ SUPPORT OR STOPOVFR
Te SINPOVER AFTER THIS SFOMFNT

SECBHBEEATGUEN QGNP EEEEHAB ARV VQICERNCRGIRB BRIV EEDRSSHESHIBBRNAERGRENLEN QNG

~T, ACTIUNE FOR SEG, I THRU {3 UNCHANGFN FROW LAST STagt

USRS ISVSER NSRBI SERNVRBRNRBRRARB g0 . «Se sees tesane IS X2 222 ]
SEG 14 1a08 = 0 1ST0P & 1
SFa 1% 1agh = ¢ ISTOP & o
SEC s 1aJA 3z @ IstOP = 0
SEG 17 lagd « 0 ISToP »
SEG 1w l1aJa = @ 18109 « o
SEG 1w 1&g = ¢ 1Stof €
Seg 20 laJh = ¢ ISTOF » ol

Y I Y Ty T Y Y Y T R Y I Y Y Ry Yy e T e e I T Y e A P e RS AL AR Y Y P A ALY )

INTERIUR SUPPORY RFSTRAINTS

ELE, axtab COEFFICIENT SHEAR CrEFFICTENT ReT, COFFFIclENTY
1 " 0. 1 -y ’ [] LTS

BRVRGURVEP G BRI GRUSEBERNSSCCRERCS 002NN RRREEIGRCRRRANNRIESEEPRNRRRENLERLIRRRRELES

Sgs 21 ladd = 0 IST0F =« O
SEn 22 lnJad = g ISTCP w0
SEG 23 laJd = 0 ISTOP » 1
SEG 24 Iadd = 1STOP &« 0
$€G zx lagh = ¢ ISTAP ¢ 0
SEQ 28 1a48 a 0 ISTOP &« ©
SEc 27 1aJé = ¢ 1ST0P = O
ENG BOUNDARY CONDLTIONS AT STAGE 3
ELE AXIAL FoksDT9P  INDEX SMEAR FoksCles  INDEX mOKENT AR 80T INDEX
1 0. 0 0 1 6. a

INDEA &« 0 Fiw GIVEN FORCF
I FON GIVER DISPLACERENT

FINAL PLATE FORCES a7 DISPLACEMEMTS FOR LONGLTUPINAL PLATE ELEMENTS AT ENE

PLATE INTERNAL DISPLACEMENTS

ELE i o4 LONG, DISP TRANSVFRSE DISP AFAM ROTATION
1 1 2 w]e33394AT71FmU2 R BA17R420E-16 wR,15185311F~04

PLATE INYERMAL FORCES

X 90n
ELE I U BEAM MDMENT TRAN, SHEAR Axlal FoRCE sxild N
1 1 2 Te2TS9SBE~12 1 ,1245TAE400  1.364242F.12 5,3059868012 4,1980018=12  5,305388E«)2

sx§J)
4395891012
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FIMAL PLATE FOMCFS aD UISPLACEMENTS FOR LONGITURINAL PLATE ELEMENTS AT ENp OF SEGWENT 20 AND AT .SUPPORT

PLATE OISPLACEVEATS AND REACTIONS AT INTEWICR SUPPORT

ELE 1 4 LONG: DISP/REACTe INDEX TRAN, DISP/REACT, INDEX BEAN nOT./REACT, INDEX
1 1 2 =1+33394471F~02 O 1.32457392E¢00 | 1+63772937E«03 0

INpEX 15 =} 0GR 0 For DISPLACEMENT, AND 1 FOR REaCTION

FLATL INTERNAL rISFLACEMENTS

BLE 1 J LonG, NISP TRANSVERSE DIgP HEAM ROTATION
1 ] 2 =1233394471Fau2 ABBLITEA20E=1S 1.63772937E-03

PLATE INTERNAL FORCFS

ELE I J kt AM MOMERT TRAN, SHEAR AxTal FomcE Nx (1) - LI INE SX{1)
Ll 2 =754 T4asEsn] B 25p35TE=09 «],R68878F.10 =%,290296E«01 5,298206£+01 »5.298294E+p1

sx 4y
5298298401

FInal PLATF FORCFS at) LASPLACEMENTS FOR LONGITUDINAL PLATE ELEMENTS AY ENp OF SEGHENT T AND AT SUpRORT

PLATE DISPLACENMFNTS unb WEACTIONS AT INTERICR SUPPORT

ELE H J LUNGa DISR/REACTe INDEX YRaAN, DISP/REACY, INDEX BEAM GOT,./REACT, INDEX
1 1 ? CeBhINHIGFwi A [ 1,32457392E¢00 1 «1s831726037E%03 0

INDEX 195 =1 06 0 FOu NISPLACEMENT. AND 1 POR REACTION

PLATE INTERMAL DYSHLACERENTS

FLL 1 J LONG, NISP TRANSYERSE DIsp BEAM ROTATION
1 3 2 27863685 F=14 B «l+83TT2937E«03

RLATE INTERMAL rowceS

ELE 1 J of AM MOMEAT YRaN, SHEAR Axial ronce L ¥94] LTSN} SX{1)
H 1 2 «T7.0aT48eE+0]1 w],324574F000 6.PO41ABEWI0 «%5,298298F401 §,398206E+01 +5,.298296L0p1

FINaL PLATE FURCES AND DISPLACEMENTS FOR LONGITURINAL PLATE ELEMENTS AT ORIGEN

PLATE INTEANAL OTSPLACEMENTS

ELE 1 J LONG, NISP TRANSVFASE DISP BEAM QQTATION
1 1 ? 0, [ 841518531 1E 04

PLATE INTEANAL FonrES

BLE 1 J BEAM MOMENT TOAN, SHEAR axlaL FoaCE BTt 13I8 X113
i 1 2 O wl, 1245 74F+00 5.639814F1n 1,873805£4140 1 ATIBOSE=10 1.87980%¢w10

$xid)
8,298296E«01

Sxid)
1.,879808E-10
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FinatL

JO1WTY
JOINT

1
2

PLATE

ELe

PLATE
ELE

PLATE

ELE

PLATE
tLE

FINAL
JOINY

JOINT

PLATE

ELE

PLATE
. BLE

PLATE

ELE

PLATE
ELE

JOINT ANU BLATE FORCES ahb DISPLACEMENTS FoR SEGRENT Nn,

DISPLACEMENT®
KORIZONTAL u1SP VFRT [CAL DiSP RETATION LONA, O1SP
0. “k,T0LHBIBOE=04 0, «2+127380R3E-03
8. b, ABBY4BEE B4 0. 2424541591503
tUGE DISPLaALS FENTS
1 J HOTATTION{I) HROTATION(J) win ¥ (J3 uirs uid L3S Vi
i 2 9. 0. 0o 0. w21, 2738 1Eafa"22.054 18E~06 87,0189 0F-05+86.B8943E~05
EOGE FORCFS
| SN e LIV . ctn Gy Tn TtJ) P Pt
12 [N 0» e 0, 11,60313€=13 20.40127€~13 14,70739E02 22,50000E~02
INTERNAL RISFLACERENTS
1 J LONG, miSH TRANSVEASE OISR SEAM ROTATION
1 ? “241963983 1702 8,69%41630F« 04 4,601 10832805
INTERNAL FrRrES
| S ns AN MOMENT TRaN, SHEAR axfal rorce NXtD) 1IN 1134 CSxtdy
i 2 RLr2HRUBELO]  wB A490TAE0g B 09V0NBEC? ] IOXABER0F «2,422900F002 w1.030246800 02 «2,43290BFe02

JOINTY ARD PLATE FURCES AND NTISPLACEMENTS FON SEQMENT N6,

DISPLACEmENTS
HORLZCNTAL DISP VFRTICAL DYSM NOTATION LONG, OTSP
%, *1,83509681Ew0] o, «8,68972383 .08
9, «1,23909881Fw01 0, w5897 2353503
EDGE UTSPLACEWENTS
t ) ROTATION(!Y  ROTATION () wil) LR} ugny | Utd) vil) Ydy
1 2 0. 0. [ [ @66 BT IAE~ 4B R6FTRAE04 10,3909TE02-10,39097Pw02
EDGE FORCES
1 J Mty TR sin L TE]) Tty Teh ‘*Lxy Py
1 2 0. 0o Oe 0 FT.822618=11742643012E%11 19,4164 12«11270.57T49€"11
INTERNAL [ SPLACERENTS
1 & LONG, DISP TRAMSVERSE DIk BEAM ROTATION
1 2 b 408972353803 1029096815 wn] «7,89702623E14

INTEANAL FORCES

BEAM MOMENT

! J
$.307033Ex0)

1 2

AXIAL FoReE
«2.033873L.02

TRAN, SHEAR
w5 ,825700¢~1p

sx ¥y

. NR(DD KD SX(1) x
S, TABAYRE00 ], 29842TE¢02 wB,T48892Ee00 =-1,79842TH+0R



ORIUIN BOUNOAKY CONDITIONS AT STARE

ELE AXIAL FOR/DISP  INDEX
1

1 0,

INDEX =  FOH GIVEN FORCF
L FOk GIVEN DISPLACEMENT

4

SHEAR
o,
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FOR/DISP  INOEX MOMENT OR ROT INDEX
1 O 0

JOINT ACTIONS, SUPPORT AKD STOBPOVEW DaTa FOR STAGE &

Iada w g JOINT ACTIONS SAME AS LAST SEGMENT
1o JOINT ACTIONS DYFFERENT FRCF LASY SEGMFNT

IAJAZ = D JUINY ACTIONS RAME AS LAST SEcMENY
1y JOINT ACTIONS SAME AS LAST STaGE
2s JOINT ACTIONS RE-SPECIFIFD

ISTOP wuyy SUPPORT APTER THIS SEGMENT
0s O SUPPORT OR STOPOVER
15 STOPOVER AFTEP THIS SEGMFMT

SEa

1

1AJA2

H

ISTOP

= 9

SESESSEETRRRVRERNCRNNERIRNNEG N UIR RN 2000000008080GRBRINNNIINISRRIETIETEITESRRENS

ARPLTED JOIWY aClInng

4T, HORIZ,
1 8.u000000
2 840000000

Fro
@

[

VERT,

F

«3000000

e 0000000

INOEX = 0 FOR GIVEW FORCE
1 PO GIVEN DISPLACEMENT

mn ROT, MR LONE, F/0
0 D.00000800 o 040000000 0O
] O.0000000 o 0e0000000 O

LXIZYIITT I I YA PT YT PP XYY R LT YT B8 2 Py 3 SR esNeRy * L L (222 2
SEG ?  1aJA2 m 0 18T0P « 0
SEG 3}  JAUA2 e 15T0P = )
SEG 4 IaAl s 0 ISTOP = 0
SEG 5 JAJAR w ¢ I1ST0P = 0
L1 X TAJAl s ¢ isTAP = 0
$€c v 1Al e g ISTOP = o1
SEg ® IAJAZ = ¢ 1STOP = ¢
SER ¢ fadal s 9 1STOP w0
$EG 1o TaJAl e O ISTOP = 1
SEQ. 11 Tada? w 0 ISTOP & 0
SEG 17  lAJaz " o ISTOF » ¢
SEG 13 JAgaZ = D 1SToP = O
SEG 14 1hJAZ w ISTOP & 1
Sgs 18 TaJdaz * g ISTOP »
$€6 14 14JA2 » isToP ¢ O
SEG 17 1aJA2 » © ISTOP o 1
SEG 1P 14482 = ¢ 1sToP & ¢
SEG 19 IAVAZ = @ ISTOP & 0
SEp 20 18042 = 0 18T0P o »}
SE6 21 14dA2 » ¢ I1$T0P =« 0
S¢g 22 14043 = D I18T0P = &
SEG 23  JaJAR = ¢ I1STOP a |
SEQ 24, lAJAE m ¢ ISTOP =« g
SEG 2% JAWAR m 0 ISTOP = ¢
SEG 26 lavA2 » 0 ISTOP = o
SEG 27 lAVAZ & ¢ isT0P = 0
END BOUNDARY CONGITIONS AT STAGE &
ELE AXIAL FOR/DISP  IMDEX SHEAR FOR/DISP  INOEX MONENT OR ROT INDER
1 0, ¢ O 1 [ °

INDEA » U FOR GIVEN FORCE
1 FON GIVEN OISPLACEMENT
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FIRaL PLATE FURCFS arD LISPLACRMENTS FOR LONGTTUNINAL PLATE ELEMENTS aY END

PLATE IRTERNAL O18+LaCENERTS

ELE ! N Llitit;, NISP TRANSVERSE Dlep BEAM ROTATION
1 1 2 =14333v4aTiFal 0. wlel64T3536E01

PLATE INTERNAL FoRCLS

ELE T HE AW MUMERT TQAN, SHEAR AXIAL FoORCE NX (1} (YN} $X(0
1y 2 6. 6.3TTGORECQD  Bo094P4TE=LI I, 031649F1Y  3,031649€%13  3,031649E~1)

FinalL PLATE FORCES amn UISPLACEMENTS FOR LONGITUDINAL BLATE ELEMENTS AT ENn OF SEGVENT 20 AND AT SUPPORY
PLATE DISPLACENENTS AND REACTIONS AT [NIERTCR SiFPRORY

ELE t J LONGe DISP/RFACT. INDEX Than, NISP/REACT, INDEX BFAK ROT./REACT, INDEX
3 1 -] =1231394471F=p2 [} =7.7370991 7601 1 “da6280681328=04 ]

INDEX IS =} OR 0 FOR LISPLACEMENTy AND | POR RFALTION

PLATE EINTERNAL DISPLACEMENTS

ELE i J LONG, N1ISP TRANSVERSE N1&P HEAM ROTATION
1 1 2 «l 23330047 Ful2 w2, 220460880 A “h ,A2R6B1I2E-04

PLATE INTERMAL FRKeES

ELE 1 J WEAR MOMERT TRAN, SHEAR AxTsL FOPCE N (D) NX(J) s$x(1
1 3 4 14575950002 1,575000F%01 «2:173695Fe10 1,04R397E+02 «1,448397€v02 1« 048397E+02

FINAL PLATE FURCES AND UISPLACEFESTS FOR LONGITURINAL PLATE FLEMENTS 4T ENr OF SEGKENT 7 AND AT SUPPORT
PLATE UISPLACEMENTS ANU REACTICNS AT INTERTCE SLPPORT

tLt 1 J LONGe ODISP/REACT, INOEY TRAN, DYSo/REACY, INDEX REam pOT./REACT, INOEX
1 1 2 ~3e4215060858F=]4 Q =2, 731099 7€ 01} 1 4 5386RT3PE~04 o

InGkx IS «) O u FOR DISPLACEMENT, AND 1 FCR REACTIOM

PLATE INTERWAL NiSeLACEXENTS

(383 1 4 LONG, n1I5sP TRAANSVFRSE pIaP BEAM ROTATION
1 1 2 “3s421568580=14 “1+11022302E=18 4,42848102E-04

PLATE INTEmnaL FRRCES

ELE 1 J BEAM MOMENT TEAN, SHEAR Axtal Fromce NX11) ‘RXQJ} $X(1)
101 2 1.572595E02  1,163099E¢0]1 B3,a14Z2P6Fe10  1,06B39TEe02 ~1,04030TE002  1.048397Ce02

FInalL PLATE POURCES aNO DISPLACEMENTS FOR LONGITUDINAL PLATE ELEMENTS AY ORIOIN

PLATE INTERKMAL DISPLACEMENTS

ELE 4 4 LONG, NISP TRANSVERSE DISP BEAM RCTATION
} 1 2 [N [ 1o16473528E403

PLATE INTERNAL FORCES

ELE 1 J BFAM MOMENT TRAN, SHEAR AXTAL romCE NX{13 RGN SX(1)
1 1 2 0. «6,179008E400 «¥,8210276«10 «R,80T009E«10 =2,407009E=10 «2.40700%E«10

$X (3}
3,031649=13

$x ()
~14048397¢ 002

SXC¢dY
-], 008I9TE02

$xtd)
2, H07000E~10



Flhal

JOInT

JOInT

PLAIE

tLe

PLATE

CLE

PLATE
tLE

PLATE

tLE

Finat

JOLInY
SJOInT

1
2

PLATE

ELE

PLATE
tLE

PLATE
ELE

PLATE

ELE
1
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JOLNT ARG BUATE FURCES sND RISPLACEMENTS FrH SFGMENT NO.
DISPLACEMFNIE
HURLZCKT L ISP VFHTICAL DISP RETaTTION LONg, DISP
[ £.176414624L-04 U, w1 469091136FEw03
U, H,17R94459F ~ 04 U, «?.TO18RSITELOT
EDGE DISwpaCrmraTs
H J FOTalION(T)  ROTATION(J} Wiy win X3 §] UiJs Vi Yin
12 U, 0, 0. 04 16,9091 1E~0av27.01888E~04-8],T6414E05 B1.78948p=08
EUGE FOMCES
1 L3 8] w(J} . ¢t YR} TN Tt L 13 4 P
12 0. 0s De N Ba,14T02Ew1d 15,479608=13"15,21261F=02 22,50000€+02
INTERNAL DYSKLACEMENTS
1 J LONG, DISF TR4NSVFRSE N1sP BEAM ACTATION
1 ? «2¢]19639837F =03 “A 11115828 wns 1, 3699133TE-04
INTEANAL FORCES
1 J BF A% MUMENT TRAN, SHEAR Axtal FORCE Mxeh rXJ) . 8X¢(1) -3xid)
1 2 S.FTADBLESDL =9, naT4H9E00 ~B5.693065E¢07 «],B0%989Een2 «2,2R%a2TE02 =1.505949Ce08 ~2,.289427E402
JOINT AnD PLATF FORCES AND RISPLACEMENTS FOR SEGWEMT NGO,
O1SPLACRHENTS
HORLZONTAL 1IS¥ VERTICAL DISP ACTATYION tLONn, NTSP
o, 4,96940868E02 0, «8,66972353E.03
0. 4,96930472€E-02 0, «b 2689 T2VEIE 03
EUGE DISRLACHWFNTS
1 J WeTATIONGI) ROTATION(J) wtly wJ) ['T3 3 Uy Vi Y
1 F 9, 0, 0, 0. “06,09724Ewntub6,69724E04=49,89409F.03 49,693052-03
EOGE FOWCESR
T 9 Mt “edy Sir YRR TN T i1 LIi 1 Pty
12 0. 0. fle O *11.03700E=12 #a485000E~127310,000008<02 ¥8.1)3420"11
INTEANAL DISPLACEMENTS
1 J LONG, NISP TRANSYFRSE DISP HEA® RCTATION
1 Fd -6,66572353F-03 -4,9693%680Fwp2 2:91433544E.14
INTERNAL FORCES
1 J  uFaM HONENTY TRaN, SHEAR AxlaL FORCE Neth BLLEY AX L sty
H 2 =B A8I2IE00] «T RIQSA1E=10 =2.n33BTIE402 =1,235513e02 «1,200029€000 1 BISNIILe0R -« 2040292401
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STEEL STRE9SES FQR ALL CABLES AT STAGF &
KNTE SEG.NQOSe REFERED T PRESFNT SYAGE

CABLE no, SEG.NO. REVISEP SYppse
1 STAGE CaRLE®

1 1 1.974959r404
1 2 1.975%96F 204
1 k] 1,919182F%n4
1 4 1.97%431F ¢4
1 L3 1.968114F+na
1 & 1.,97998qr 04
i T 2007227 e 04
2 STAGE CaBLES
4 1 2,278916F004
2 2 2.273817¢ 004
2 3 2.,265938F¢04
2 . 2.2650897 %04
2 5 2.2R4Z01Fe0N
H [ 2.315745F 004
2 7 2,348826F 004
[4 8 2,3387325404
2 9 2.298715F+04
2 16 2.21%68%97 04
2 11 2,2199048+04
2 12 2,200030F «04
4 13 2.20R019F+04
3 STAGE canlEsg
k] 10 23420470004
3 11 2,379119F 204
3 12 2.,8037638404
3 13 241 T4SBF 04
3 14 2,42083%r 004
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Stage

Card

Listing -~ Page 1

INTRACOASTAL CANAL BRIDGE CHANGING LAST STAGE 70 @ DISPL,

4

£ N -

4

-3 U R

- RV S

5

[V P RV,

5,833

«7 3758

L8482

ooc\oxmbbbbwwwumwg
o X ©®

LY Y]

I WIS Vs

-

A~

e RN W

V& WY e £ BN e R AN e

SR -

U E W e

& Ui -

-

w

8 E e

S,
, #2554

-, 136
3,518
3,538

- 5 S

744,
4,69

25,31

1,418
¥,336
8,938
2,375

1,410
8,336
8,938
2,375

0,584
8,584
1,408
16667

4189084,

634000,
634004,
bl4B0e,
634008,

59s,
2,484

9,898
9,217

655,

8,898
w217

-y ST e

g bt

P N

3,518
.leﬁ

s guts g P

B SS

1480000,

i1
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Stage

Listing - Page 2

oo

N3 e e O

N B il »

VB R e

5,
3 82348

2,364
3,685
3,685

4,69
45,31

W e
> » ew
W os
D O e
BEwon

1,418
9,336
2,863
2,306

S46,
2,752
2,752

,898

wid, 142

2,898

wd 142

3,685
3,685
8,364

12

E ]
- N Lad |-
i
NN O

WV AN D -

WA N e

18,

L

3 82340
4 19
2,364
3,685

14

683,
4469
65,31

1,410
B,336
4,788
8,225

1,418
2,336
2,788
8,225

546,
2,752
2,752

2,898

«3,967

0,898
»0, 067

12
14

3,685
3,685
d,364

3,685

18

372,
4,69
85,31

298,
2,752
2,752

16
18

3,685
3,685
8,364
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Stage

Type
Card

Listing - Page 3

124

1,418
2,336
6,788
4,229

0,898

i, B67

124

NE=m s

Lo

19,

]
,21277
Y

2,364
3,685
3,685

21

372,
2,469
185,11
1,418
4,336

8,788
8,228

298,
2,752

2,752

2,898

i U67

21

3,685
3,685

0,364

N ==

25

372,
4,69
125,31
1,410
8,336

0,788
8,225

298,
2,752
2,752

9,898
oP 867

25

3,685
3,685
@,364

nNesms

18,

L4
28745
4 24

9,364
3,685
S.bas

28

218,
4,69

145,31

174,
2,752
2,752

28

3,685
3,685
8,384



222

Stage

Listing - Page 4

WL W) e

1,410
8,336
2,788
2,225

B,898

o@,067

NN

D=

VB ) e

N

w

10,

Se
128638 186,
327
2,364 4e69
3,685

3,685 165,34

1,410
2,336
8,788
0,225

149,
2,782
2,752

2,098
e@,067

3,685
3,685
8,364

W
NHWUN =g

-
-
NN -

W

VE W

1 1 33

!00638 186,

30
8,364 4,69
3,685

3,685 185,31

1,410
8,336
8,768
8,225

149,
2,752
2,752

2,898

w867

32
33

3,685
3,685
8,364

10

V£Vt e

3

1 29 34

Se
P8638 186,

3,795
55

172,01

149,

.05

32

'.55
n,55
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Card
Stage|, e Listing - Page 5
128 6 1 -
12B 7 1 -
12B 8 1
12B 9 1
12B 10 1
128 114 |
12B 12 1
12B 13 1
12B 14 e
13 1
13 e 1,41 191 ¢
13 3 0336 18418
13 4 938 1 814
13 - 375 1 614
12B 15 ]
12B 16 1
12B 17 1
12B 18 1
12B 19 1
12B 29 1
12B 21 1
12B 22 1
12B 23 1
12B 24 1
128 25 i
128 26 1
128 27 1
12B 28 1
128 29 1
12B 30 1
128 31 1
12B 32 1
12A 33 @ [
11 7A i1 1 ¢ 1 1 14
7B
8 1 P Se
9A 11 3 3 ,00638 186, 149,
9B
10 1 e2,88 2,5 w3, 24 e «3,55
10 2 3,55 10 ~3,55
10 10 3,55 75, 2,98 14 3,795
124 1 1 %)
13 1
13 2 1,410 8,898
13 3 2,336 1 1
13 4 Bn,788 el 067
13 5 9,225 1 1
12 7A 12 0 [] ] 1 12
7B
94 12 3 3 ,00638 186, 149,
9B
10 1 w2,080 2.5 3,24 2 3,55
10 2 w3 55 8 »3,5%
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Stage| Type

Listing ~ Page 6

»3,55

65, w2, 98

12

3,793

13

13
13

~1

o=

) !
#8638

0,90
@, 55
9,55

9

186, 149,
2,5 wid 416

52,19 .85
Y

£ ~4 T

=d '55
«¥,55

14

14

14

ws =

£2 O -

WS w

T B 2

b 2
,BB638

8,09
wd,55%
vd,55

- v
186, 149,
2,5 8,416

32,19 95

[ 0

8,55
'3.55
3,795

15

12B
128
13
13
13
13
13
128

128

15

35
15

O~ ARWN

19

16
17

VM EESESSSESSEARRES

18
22

B e

[F -V R

[V VN g

3

1
80852

3,795
*3,55

36

228, 198,
125, »2,98

AHLES

-]

22
36

e W
SGWME %

e e

IR

*3,55
3,55

-
[
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Stage %3;2 Listing - Page 7
13 1
13 2
13 3 1 t v
13 4
13 S 1et4
12B 18 ']
12B 19 "]
128 29 ]
128 21 "]
12B e2 ]
12B 23 ]
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