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ABSTRACT

This user's manual contains the description of the input
of program BOVAC (Bridge OVerload Analysis-Concrete). The program
is designed to compute the elastic and inelastic behavior of simple
span beam-slab bridges with reinforced concreté deck slab and pre-
stressed concrete I-beams. The program could be used in the determin-
ation of the overload response of bridges or in the rating of bridges -
with the above characteristics. The program can predict the damage
to the bridge superstructure, if any, in the form of cracking and crush-

ing of concrete and yielding of steel.

The report contains sections describing the overload related
activities as an introduction to the use of BOVAC. Three example
problems are also included to illustrate the input of the program.

The computer printouts of these examples are also provided.
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FOREWORD

Program BOVAC .(Bridge OVerload Analysis-Concrete) is the
result of an extremely sophisticated analytical investigation that has
been carried out to predict the inelastic behavior of beam-slab bridges.
This researcﬁ program had resulted in a computer program, acronymed
BOVA (Bridge OVerload Analysis). However, the use of program BOVA
required substantial skills and patience.. 1In order to make the program
accessible to individuals with limited technical skills, it was deemed
necessary to simplify BOVA, at the expense of loss of some of the
generality. This selective simplification has resulted in program BOVAC,

which is described in this manual.

Surveys conducted by the ;esearcher have indicated that

there still exist some. ambiguities among the engineers in the definition
of the methods, and especially.their limitations, that are available for
the rating of bridges and the activities related to overload permit |
operations. The egrly chapters of this manual provide a general over-
view of the rating and overload activities. In the development of these
chapters it is assumed that the reader's familiarity with the subject
matter is limited. The main emphasis of the manual is directed towards
the collection of the data to be used in program BOVAC. Three example
problems have been provided. The inpﬁt data for program BOVAC for these
examples, and the output of the program for these examples, are included

in the manual.
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It is recognized that the manual does not contain gll the
information, obsérvations and experiences that have been accumulated on
the inelastic behavior, serviceability limits of highway bridges,
effects of overload and many other similar tributary fields. Consequently,
this document should be considered in its intended mission, which is,
introduction to the use of program BOVAC. Based on the researcher's
experience with BOVAC, and other similar tools in the rating of highway
bridges and overload response of these bridges, a number of other chapters
could have been added to this manual. However, the technical depth of
these additional chapters would have cofresponded to a sudden requirement
on the technical background of the readers. The transfer of information
of this nature could best be accomplished through interaction, where there
will be a dialogue between the researcher and the prospective users of
BOVAC. However, the manual as. it s;ands can very well be studied, with-

out the need for outside assistance, by the prospective users.

The reader of the manual, and especially the prospective users
of BOVAC, are strongly recommended to study the examples provided in
detail. Even though the examples may seem rather routine, they are

designed to transmit all. the pertinent aspects of BOVAC to the users.
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1. INTRODUCTION

Program BOVAC (Bridge OVerload Analysis-Concrete) is a major
sophisticated computer program to predict the elastic and inelastic
behavior of simple span multi-girder beam slab bridges. The program is
capable of analyzing solid prestressed concrete beams having cross sec—
tions of either standard AASHTO (American Association of State Highway and
Transportation Officials) or Standard Pennsyivania Department of Transpor-
tation (Refs. 25 and 27). The bridge deck must be monolithic reinforced
concrete slab. Full composite interaction between the bridge deck and the
beams is assumed. The computer program includes provisions for the non-
linearity of stress—strain relationships for concrete, reinforcing bars,
and prestressing strands. The program.is also capable of predicting the

type of damage (cracking or crushing of concrete, yielding of reinforcement

bars and prestressing strands), its location, and its approximate severity.

Program BOVAC considers only the static loading of the bridge
superstructure. Each set of analyses, or simulation of the bridge super-
structure, can consider only one load positioning. If, for example, the
effects of a given vehicular loading on a bridge superstructure is to be
determined for maximum flexure by positioning the vehicle at mid-span of
the bridge, and for maximum shear by positioning the vehicle near the sup-

port of the bridge, two different sets of analyses will be required.

Program BOVAC was developed foa use in two specific areas:



(a) rating of highway bridges, and especially,

(b) overload permit activities.
In these areas of activities the bridges may either be existing bridges or
may exist only in design drawings. The bridges may also contain some
imperfections or deterioration. Through the careful input of the design
dimensions and parameters these characteristics could be simulated. The
vehicular loading must be predefined by the user. The placement of the

vehicle on the bridge also needs to be defined by the user.

It is envisioned that program BOVAC should be used for rating or
overload permit operations where the loading of bridge superstructure poses
a challenge to the bridge engineer or the permit officer. This challenge
may be due to the unique geometry of the bridge where the engineer or the
permit officer can not easily extrapolate their past experience with bridges
to the case on hand. If the bridge superstructure exhibits certain deterior-
ation, then the rating or permit operations may require more precise results
prior to rating or in the issuance of the overload permit. The major usage
of the program would correspond to the case where the vehicle under consider-
ation, because of uncommon axle loads and axle spacing, may not permit the
bridge engineer or the permit officer to relate the vehicle under considera-
tion to the vehicles that they might have previously encountered. In view
of the continually increased gross vehiclular weights, and rearrangement of
the axles, the vehicles that are being considered for rating and overload
permit operations have been gradually deviating from the "standard design
vehicle" (Ref. 1). Consequently the bridge designer's visualization of the

structural behavior of the bridge subjected to standard design vehicle




‘versus the actual behavior of the bridge when subjected to arbitrary over-

load vehicle are loosing their commonalities.

The use of program BOVAC would permit the bridge engineer or the
permit officer to make realistic estimates, which will correspond to actual
behavior of the bridge, and prediction of damages that the superstructure

may experience, if any, when subjected to any given vehicular loading.

1.1 Development of Program BQVAC

A research program titled "Overloading Behavior of Beam-Slab Type
Highway Bridges" sponsored by the National Science Foundation, Reinforced
Concrete Research Council, Pennsylvania Department of Transportation
(Research Project 71-12) and Federal Highway Administration was initiated
in 1970 at Lehigh University (Ref. 4). This program has resulted in an
extremely sophisticated analysis scheme and the pertinent computer program
acronymed BOVA (Bridge OVerload Analysis) (Refs. 17 and 19). The demands
placed on the development of the computer program inevitably led to a
computer program where the input information for even simple bridge configur-
ations taxed the technical background and the patience of the users. A

decision was reached to simplify the input of program BOVA as much as

possible, so that even a user with no technical background would be able to
use the new version of program BOVA, i.e. BOVAC (Ref. 8). This led to the
initiation of research program "Implementation of Program BOVA." This users
manual, which is also one of the interim reports of the said project, sum~
marizes one of the activities carried out in the project. It should be

noted that all developmental research activities that have been carried out



within the framework of Pennsylvania Department of Transportation Research
Project 71-12 are fully applicable towards the technical developments lead-
ing to program BOVAC. More specifically, the research reports issued on
inelastic analysis of beams (Refs. 11, 12 and 14), inelastic analysis of
reinforced concrete slabs, (Ref. 16), inelastic analysis of beam-slab high-
way bridges (Refs. 6, 18, 20, 21 and 22), shear punching of bridge decks
(Ref. 7), parametric investigation on the overloading behavior of highway
bridges (Refs. 5 and 10), and the final report (Ref. 9) summarizing the
observations on overloading of highway bridges form the basis of program
BOVAC. These reports could be used as complimentary material for the readers
who may wish to study the technical background of program BOVAC. However,
the report titled "User's Manual for Program BOVA" (Refs. 18 and 19) issued
for research project 71-12 can not be used in any form for this report or

program BOVAC.

1.2 Disclaimer

The attainment of perfection in computer programs is an elusive
goal. The use of program BOVAC for about 100 case studies and the comparisons
and benchmarks, where possible, have indicated that the progfam is debugged.
However, there may be problem areas that have not surfaced, and are thus
unnoticed by the developers, which may be uncovered by the users. It is
highly recommended that any unusual results be transmitted to the developer
of the program for necessary actions. Neither the developers nor the

sponsors assume any responsibility in regard to the use of the program.

A great deal of responsibility for sensible output from the




program rests with the user. Preparation of the best possible input model
will result in the best possible solution. In the same vein, incorrect
input will result in a detailed solution by the program, however, this will
not correspond to the problem on hand. Regardless of all the warnings in
this manual and the program, the ultimate decision rests with the user

through the profuse employment of common sense and technical judgment.

1.3 Rating of Bridges and Permit Operations

The current AASHTO Standard Specifications for Highway Bridges
(Refs. | and 2), or for that matter, Commonwealth of Pennsylvania regula-
tions (Ref. 26), do not specifically suggest a method of analysis that can
be reliably employed in the rating of highway bridge superstructures. In
the AASHTO Specifications the overload related activities are indirectly
referred to through the increased allowable stresses and increased forces
acting on the components of the superstructure. However, the method of
analysis that can be employed for infrequent permit operations is not clearly

defined.

In the overload permit related activities four important concepts
need to be considered.
l. Under arbitrary loading conditions the bridge superstructure
may have deformations and stresses quite different as compared
to the designgr's projections. Difference in actual and designer's
estimated deformations and stresses do not necessarily indicate a
distress in the superstructure.

2. The actual values of the stresses and deformations can be predicted



only if the full superstructure is analyzed as a monolithic unit.
Due to the very high degree of internal statical indeterminacy,
different bridge components will have a beneficial interaction
towards the structural integrity of the superstructures. This
interaction is not considered in full in the design phase.

Some bridge components may exhibit limited damage during the
passage of the permit vehicle. In most instances due to the
elastic rebound capability of the bridge components the bridge
will return to its original position after the passage of the
vehicle. The amount of permitted limited damage is a service-
ability limit that could be defined by a policy decision. This
approach could, and should, be considered for infrequent overload-
ings only.

If the load is heavy enough the stresses at certain points in the
superstructures may be in excess of allowable limits. Even some
limited damage may accrue due to this load. Even though this load

"allowable

may be in excess of the load level defined through
stress" approach, the load is usually far below the so-called
collapse load of the structure, which can be arrived at through
the "ultimate strength" approach. In overload permit request
cases the load level may be above the "working stress' load level
but below thé "ultimate strength" load level. At this time the
only known method that relates the stresses and damage in the

superstructure to the vehicular load at the above defined load

range is the method which is employed in program BOVAC.




1.3.1 Reverse Design Procedure for Infrequent Overloadings

Because of the absence of clearly defined procedures that
can be used in the rating of highway bridge superstructures and activ—
ities that deal with the overload permit operation, the engineering
profession has traditionally employed the reverse design procedure
to define the loads acting on individual beams (Refs. 9 and 23).

This approach makes use of distribution factors to define the

lateral distribution of live loads (Ref. 1). The completed research
have indicated that the use of the distribution factors in the defi-
nition of the forces carried by each beam is a questionable approach
if "most" of the lanes are not loaded (Refs. 3, 9, 21 and 22). Even
then, the accuracy of the distribution factors will not result in
sufficiently reliable results. However, if the loading is substan-
tially different than the standard design vehicle, then the results
obtained by the distribution factor approach become even more
questionable. Furthermore, for certain rating and overload permit
operations the vehicular load may have to be placed near the support
to simulate the "worst" shear case. In this case the applicability of
the distribution factors becomes even more questionable in predicting

the forces carried by each beam.

It has been concluded that in the absence of any other tool,
the use of distribution factors may be justifiable. TIf some engineer-
ing analysis procedures are available, and if these procedures are
not too complicated and if these procedures can produce accurate

results, than the use of distribution factors for uncommon loading



configurations can not be justified. The procedures referred to

herein will be presented in the following sections.

1.3.2 Detailed Analysis and Equivalent Loadings

The shortcomings of the AASHTO type rating and overload
permit activities have been recognized by a limited number of trans-—
portation aéencies, and have led to the development of tentative guide-
lines and analysis schemes that could be employed within the jurisdic-
tion of these agencies. Both the state of California and the province
of Ontario, Canada have developed certain "equivalent vehicles"

(Ref. 28). These vehicles are used in the rating of bridges. Further-—
more, through the pre-rating of the existing bridges for various types
of these vehicles, it is possible to have a good assessment of the
rated capacity of any given superstructure. This type of data bank

can easily be employed in the qudick issuance of the overload permits.
Since the vehicles that are employed in this approach are limited, it
is essential that any given vehicle be "translated" to one of the

equivalent vehicles.

The Ontario Code is one of the most recent and completely
revised bridge codes (Ref. 28 and 29). For certain types of bridges
the Code recommends the use of fairly sophisticated analysis and simu-
lation schemes to predict the structural behavior of the bridge
superstructure. Because of the complexity of the recommended methods,

the use of large computer programs becomes an inevitable need. The




sophistication of these computer programs far exeeds the current
AASHTO Specifications that essentially employ the distribution factor

approach.

1.3.3 Limited Damage Due to Infrequent Overloads

If a detailed analysis scheme could be developed, as in the
case of program BOVAC, then for infrequent passages of oﬁefload vehicles
it may be possible to permit limited damage to the bridge superstruc-
ture. This damage could be permitted by the bridge engineer or permit
officer who has a better appreciation for the criticality of the bridge
in'the transportation network. The important factor that needs to bé
. considered is the full "recoverability" of the damage, and the premise
that no damage will occur to any one of the components of the super-
structure that will be instrument;l in the "recovery" of this local

and limited damage.

The parametric investigations on the overload respoﬂse of
simple span multi-girder bridge superstructures with reinforced
concrete deck slab and prestressed concrete I-beams have indicated
that the deck slab is usually the first bridge component that will
exhibit some damage when the bridge is subjected to overload vehicles
of increasing gross vehicular weight (Refs. 5 and 10). The damage
is in the form of the cracking of the concrete cover of the rein-
forcing bars of the deck slab. These cracks close when the beams
return to their original position after the passage of the load.

Prior to the initiation of any damage to the bridge beams, the deck




slab undergoes cracks of non-negligible depth. For spans of 40 ft.

or less the initiation of the damage may initiate due to the excessive
interface shear between the beams and the deck slab. For increased
load levels the extensive cracking of the deck slab is also observed.
Thus, for short span bridges the damage between the interface of beanms
and slab is as likely as the cracking of the deck slab. For medium to
long span bridges the damage occurs in the form of the cracking of the

deck slab.

- The major decision to be reached by the bridge engineer or
the permit officer will be to determine the amount of damage that can
bé permitted for a given bridge, and to find the gross ﬁehicular weight

~ that can be allowed to traverse, which corresponds to the permissible
amount of damage. This concept should be used only for infrequent

loading of bridges.

1.2 Overload Directories

To have a better understanding of the initiation of damage to
the bridge superstructure due to certain classes of overload vehicles, a

parametric study was undertaken. The results of this study are reported in

a tabular form referred to as overload directories (Ref. 5). For simple
span beam slab bridges with reinforced concrete deck and prestressed con-
crete I-beams the developed overload directories can realistically predict
the damage that the bridge may sustain, if any, due to traverse of over-
load vehicles. Con&ersely, if a certain amount of recoverable damage is

to be allowed, the gross vehicular weight which can induce this damage can

-10-




be estimated. The overload directories have been developed for.bridges of
certain geometries and of predefined vehicular configurations. The bridges
and vehicles that are similar to these, but not the same, can also be con-
sidered via interpolations between the case studies included in the over-
load directories. The overload directories have been developed through

the application of program BOVA (Ref. 17). Because of limitations imposed
in the development of the overléad directories, such as predefined bridge
geometries and vehicular configurations, the problems that the bridge
engineers or permit officers will have to resolve could not always be accom-
modated through the use of the directories. In cases as such the next

practical alternative would be the use of program BOVAC.

1.3 Program BOVAC for Rating and Permit Operations

The purpose of this report is to acquaint the users with the
input and output options of program BOVAC. Program BOVAC could be used for
problems that are more complex than those that are included in the'over-
load directories. To master the use of program BOVAC is more demanding than

that of the use of the overload directories.

In the process of conversion of program BOVA to prbgram BOVAC
major simplifications were undertaken. These simplifications iﬁherently
introduced certain limitations on the applicability of program BOVAC.
For example, if the problem to be resolved employs beam cross sections
noticeably different than standard Pennsylvania Department of Transportation
or AASHTO sections, than the program will not be of assistance to the user.

Also, for example, if a given bridge employs different beam cross sections,

~11-



again, the program can not differentiate the difference. 1In the develop-
ment of program BOVAC a practical compromise has been reached: to make
the program applicable to the majority of bridges encountered in Penn-
sylvania and also to make the input and output information as simple as

possible.

1.4 Program BOVA for Rating and Permit Operations

There always exists the possibility that the bridge that must be
rated or the permit application that must be considered may correspon& to
a case where, because of the nonstandard dimensioning and detailing of the
bridge superstructure, it might not be handled by overload directories or
program BOVAC. 1In situations as such the user may wish to consider the
possibility of using program BOVA (Ref. 17). The output of program BOVA
is extremely similar to that of BOVAC. The user who is familiar with
BOVAC should be able to interpret the BOVA output. However, the prepara-
tion of input information for BOVA requires noticeable time. Under the
circumstances, it is recommended that the reader not rush to master program
BOVA's input information. If there is a possibility that the reader may
have to use program BOVA, planned activities in developing sufficient
knowledge in the use of BOVA is strongly recommended. It has been the
observation of the author that the predominant majority of all rating or
permit activities for bridges with the types of beams that have been
described in Section 1.3 could be analyzed through the use of program

BOVAC.

-12-~




2. ANALYTICAL MODELING OF HIGHWAY BRIDGES

Program BOVAC employs the finite element displacement method and
incremental téngent stiffness formulation. Description of these concepts
and the detailed description of different phases of the overall formulation
are beyond the scope of this usér's manual. The reader can easily use the
program without mastering the theoretical developments. If the user wishes
to study the analytical formulation, the following self-study program, from
fundamental to advanced levels, could be undertaken:

(a) Formulation of the elastic and inelastic behavior of

reinforced and prestressed concrete beams (Refs. 11 and 12)

(b) TFormulation of the elastic and inelastic behaﬁior of reinforced

concrete slabs (Ref. 16)

(¢c) Formulation of elastic and inelastic behavior of simple

span beam-slab bridges with reinforced concrete deck and,

prestressed concrete I-beams (Refs. 18, 20; supplementary

refs. 21 and 22).

The purpose of this chapter is to acquaint the reader with the

fundamental concepts and terminology employed.

As the title of the chapter indicates, the main issue in program
BOVAC, and all the developments leading to the computer program, is the
simulation of the bridge superstructure via mathematical model. In struc-

tural engineering this simulation is commonly referred to as analytical or

13-




mathematical modeling. Because of the complexity of this type of formula-
tion, the use of computer based solution is essential, as has been the case
in program BOVAC. To héve a better perspective of the relation of the
analytical modeling to the actual structure some analogies would assist

the reader. Undoubtedly the best way to determine the oﬁerload response

of a given highway bridge superstructure would be the field testing of the
highway bridge in question for the envisioned overload ﬁehicle. Similarly,
good results will also be obtained if a scale model of the bridge can be
tested in a laboratory enviroqment. Neither of these alternatives are
practical. They require a disproportionate amount of time and great
expendifures. Furthermore, if a different bridge and/or loading is to be
considered, than it is essential that the new bridge be tested. The direct
transportability of observations from one case to another is impractical.
The only advantage of this approach would be the deﬁelopment of a data base,
whereby after testing hundreds of bridges, the cataloged information could
be employed, with or without minor adjustments, for other similar c¢ase

studies that need to be resolved.

A more practical, but equally reliable approach, would be the
deﬁelopment of a computer program. If this program can simulate the struc—
tural behavior of the bridge, then the results obtained fromjthe computer
analysis would essentially be the same as the field or laboratory testing.
This is the basic philosophy that has led to the development of program

There are a few issues regarding the computerized approach that
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tﬁe user must be aware of:

1. The accuracy of computer results must be ﬁerified. Regardless
of the "exactness" of the formulation that might be employed,
there always exists the possibility that some systematic error
in the program might have gone unnoticed. The accuracy of pro-
gram BOVAC has been tested by using all of the field and labora-
tory test results thaf.haﬁe been conducted and reported in the
literature. All comparisons have indicated that program BOVAC
yields results that are fully acceptable.

2. If the user misintefprets the information contained in the manual,
then systematic errors could be introduced having magnitude as |
great as the errors referred to in the preﬁious.paragraph.

3. Accidental errors that can be committed by the user, either in
input of the computer progréﬁ or the intérpretation of the out-
put, are comparable to any qther‘engineering computation.

4. Common sense and engineering judgment must be employed by the
user. Even though a number of controls have been incorporated
in the program, no controls and checks can be developed to check

the accuracy of a consistently careless user.

5. The user should ne&er consider thé computer printout as
indisputable fact. The results provided by the computer must
always be critically examined by the user. If the results
do not make sense, this should not be attributed to the complexity
of the problem or to a new engineering finding. It usﬁally

corresponds to an error committed by the user.
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If the user, after a number of checks, is conﬁinced that no

error on his part has been committed, and if the results still

can not be fully justified by the user, then the prudent approach
would be to contact the program developer. Even though the pro-
gram has been debugged and has been tested to the fullest extent
employing the aﬁailablg'results, there is still a possibility

that some error might ha&e gone unnoticed. An interaction between
the user and the program,deQeloper will pro&ide an occasion to

test the validity of the data and a possible check of the program.

2.1 Bridge Superstructures

Program BOVAC is capable of analyzing bridges haﬁing the following

characteristics:

1. Bridge must be of simple span construction.

2, There must be a full composite interaction between the beams
and the deck slab.

3. Bridge deck must be reinforced concrete slab.

4., Bridge beams must have the dimensions corresponding either to
FHWA or Pennsylvéhia Department of Transportation standard
prestressed beam cross sections (Refs. 25 and 27).

5. All beams in a given bridge must have the same cross sectional
properties.

6. Beam spacing(s) must be constant for a gi&en bridge.

7.

It is assumed that the midspan diaphragms do not contribute

to the structural stiffness of the superstructure.
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8. It is assumed that the bridge beams are bending in a plane

perpendicular to the deck slab, i.e. major axis bending.

9. The stresses in the slab are due to the biaxial bending of the
slab and the axial forces that may de&elop in the deck slab in
longitudinal and transversal direction.

10. Shear punching of the deck slab will not take place.
11. The other assumptions of a more technical nature have been

listed in References 17, 18 and 20..

2.1.1 Skew

The analytical developments and program BOVAC are formulated
for bridges with 90° skew, i.e. right bridge. The numerical comparisons
have indicated that bridges ha&ing skew angle of down to 60° can also |
be simulated by using program BOVAC. The lossbof accuracy for “
bridges with this skew is barely noticeable (Ref. 4). However, if the
superstructure has a skew less than 60° the extent of the loss, of
accuracy has not been determined. It is intuitively postulated that if
the skew angle is 45° or less than the accuracy of the solution should
be adversely effécted. In transferring the skew bridge to equiﬁalent
right bridge, the bridge width should be kept the same. The span
length of the equi#alent right bridge should be taken as center-to-

center distance between the supports of the skew bridge.

2.1.2 Beams

Prestressed concrete I-beams that could be analyzed by
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program BOVAC are listed in Table 1. These beam cross sections are
the standard AASHTO and Pennsyl&ania Department of Transportation
beams. Dimensions of these beams are given in Table 2, and the key
to the nomenclature used in Table 2 is shown in Figures 1 and 2.

If the case studies encountered by the user employ a slightly different
beam cross section, then the beam cross section that is available in
the program that can closely simulate.the cross section in question
can be used in the analysis. It should be noted that the depth of
the beam is a more critical item than the width of the flanges and
the web. As the difference between the dimensions of the actual beam
and the cross section aﬁailable in the program increases, so does the

error in the results provided by the program.

The computer program permits the input of one prestressing
strand group per beam. This seem; to be in contradiction with the
prestressed concrete design and construction practice. The user should
note that this strand group contains all the strands employed 'in the
beam, and the group is located at the center of gravity of all strand
groups placed in the beam. This is a simplification that is employed
to assist the user. Past experience with program BOVAC have indicated
that this simplification does not affect the results in any appreciable

degree (Refs. 11, 12, 18 and 20).

2.1.3 Prestress Losses

The prestress losses in the beams are computed using the
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standard design provisions'of Pennsylvania Departmént of Transporté—
tion (Refs. 24 apd 25). The.formulae in the prediction of these losses
are quite simple and unsophisticated. Howeﬁer, studies carried oﬁt
have indicated that other formulae de&eloped by other researchers are
more rigorous, should be able to predict the prestress losses more
accurately, but at the same time require more precise information on
the history and condition of the bridge. It is assumed. that the
bridge engineer or permit officer would not have the time to uncover
additional information for the use of these formulae. Thus, a more
simplistic approach has been taken. It is also noted that there
exists a disagreement amongst the ﬁarious researchers who have spent
considerable time and effort for the de§elopment'of the loss formulae
as to which formula can predict the losses more accurately than the

" others. Under these'circumstances; a particular prestress loss
formula is chosen as the one that has been agreed upon. In the
future, if either one of the prestress loss formula will be agreed
upon, or a new formula will be developed, than this formula can easily

be incorporated into the program.

2.1.4 Deck Slab

Program BOVAC assumes monolithic reinforced concrete slab
placed at the top of the beams. The user only needs to define the
slab thickness. The top and bottom longitudinal and transversal
reinforcements are automatically computed according to the table

provided in Reference 24. This table is reproduced as Table 3 in

-19-




the users manual. The‘amount of reinforcement is related tq the
clear transverse distance between the beams. The formula that defines
the distance between the beams for the selection of reinforcement is
defined as follows:

B=s-B+ 10
where B is the quasi-clear span between the beams (in.)

s is the center-to-center spacing of the beams.(in.) and

‘ Bf is.the top flange width of the beams (in.). |

Since the user defines the type of beams, B_ is also automatically

£
computed. The user also defines the width of the bridge, width of
the overhang, and total number of beams. This information determines

the center-to-center spacing. of the beams.

2.2 Loading

The program accepts three types of loads on the. bridge super-

structure:

(a) dead loads on beams due to the weight of the superstructure,

(b) prestressing forces on individual beams, and

(c) 1live loads applied on the bridge deck.
Dead loads are automatically computed, and are not viéible to the user.
No additional input or computations are needed. Prestressing forces are
defined by the user. The program accepts only the straight strands. Studies
haﬁe indicated that even if the strands are laid in parabolic, trapezoidal,

or three point patterns, the straight strand approach still provides a
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reliable approximation. The results obtained for thé straight strand
approach will slightly underestimate the strength of the bridge,‘and con-
versely, will slightly overestimate the damage occurred due to the vehicle.
However, if the bridge is loaded in such a manner that the superstructure
will be subjected to maximum flexure, then the error involved in this

approximation will barely be noticeable by. the user.

Li#e loads applied to the bridge are defined as area loads
(rectangular in shape). The loads are assumed to be acting vertically on
the bridge deck. The loads are defined by distance of the centroid of the
area with respect to the coordinate system (See Section 2.3.1). Length
and widﬁh of this area load need also be defined. Furthermore the user
must define intensity of the load. The load intensity is defined as force
per unit area, e.g. ksi, psi. For example, a typical 18 wheeler truck with
front éxle (2 wheels), drive axle (2 axles, 4 wheels per axle), and rear
axle group (2 axles, 4 wheels per axle) could be defined by 6 area loads.
Two of these will come from the front axle, and 2 each from the dri%e and
rear axle groups. Due to the close proximity of the tandem wheels on the
drive and rear axle group each axle group could be simulated by two area

rlbads per axle group each, one for the right and one for the left side
tandem group each. For example, if the '"vehicle" under consideration is

a four axle eight wheel per axle dolly, then because of the close proximity
of the wheels, which is usually the current practice, the whole dolly can

be simulated by one area load. This area load is a rectangle which envelopes

all wheels.
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The user should be cognizant of a limitation of BOVAC as far as
the application of the loads is concerned. All the developments'haﬁe been
carried out for static or psuedo-static loadings. This implies that the
traverse of the ﬁehicle over. the bridge should be carried out at low speeds
in order not to cause dynamic effects. If the springs and the suspension
system of the vehicle are unsatisfactory and/or if there are large "pot-
holes" or similar obstructions on the bridge deck surface and/or if the
approach road to the bridge contains many bumps or potholes and if the
vehicle is approachihg the bridge and traﬁersing it af a high. speed than
the stresses induced in the.bridge components will be amplified. This
dynamic amplification, also referred to as impact factor in AASHTO Specifi-
cations, has not been determined for o&erload vehicles. Thus the amplifi-
cation of the stétic stresses to obtain the dynamic stresses could not be
accompiished. Under the circumstances, it is reéomﬁen&;d that the user
inspect the approach roads to the bridge and bridge surface. If any holes,
bumps or unduiafions are noted, then the vehicular speed should be reduced
to crawl speed. Within the context of this report, the crawl speed is
defined as 2-3 mph thicular speed. If the road and bridge surface is
smooth enough, and if the spring and suspension system of the vehicle is
fully functional, efforts to reduce the vehicular speed would still be
preferable. This has been primarily due to traffic safety reasons. The
traffic engineers can proﬁide the additional information on the permissible

speeds{
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2.3 Analytical Modeling

The analytical modeling of the bridges, as employed in this
reported research, is an extremely detailed activity. The considerations
that go into the mathematical modeling of the superstructure. are drawn

from bridge engineering, engineering mechanics, theory of finite elements

and many other ancillary fields. Rather than confuse the reader with a '
number of theoretical details, it is preferred to describe only the high-

lights in. the folloy}ng three subsections. If the reader wishes to study

the technical details of the mathematical modeling, the first source of

information would be a detailed study of Reference 18.

2.3.1 Coordinate System

fhe best way to Qisualize the coordinate-system would be
the consideration of a rectangle (Fig. 3). Left and right ﬁertical
sides of the rectangleare the supports, and top and bottom lines are
the free edges of the bfidge deck, i.e. oﬁerhang. The center of the-
coordinate system lies at the lower left corner of the rectangle.
X-axis emanates from the origin toward the right side of the bridge.

This axis coincides with the lower edge of the bridge. Y-axis extends

from the origin in the direction towards the top of the rectangle.
This axis coincides with the left support line. Z-axis originates
at the origin, i.e. left bottom corner of the rectangle, and extends

towards the top of the bridge (not in the direction of the beams).
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2.3.2 Finite Element. Discretization

’Bridge superstructure is composed of deck slab and beams.
In the finite element. discretization the deck slab is divided into a
series of plate bending elements. These elements are either rectangular
or square. The elements are interconnected to each other at the
corners of the rectangles. These cormers are called nodal points.
Each nodal point needs to be numbered. Program BOVAC automatically
assigns nodal point numbers as indicated in Fig. 3. If there are
more plate elements of smaller dimensions in the direction of the span
length, then the number of nodal points will increase, but the program
will still automatidally assign the nodal point numbers. In Fig.\3
the bridge deck slab is divided into 4 strips in the longitudinal
direction, thus the numbers at the lower line are from 1 to 5. How-
eﬁer, if the deck would have been diﬁided into 10 strips, the numbers
on the first line would have been 1 through 11, on the second line 12

through 22, etc.

Each plate bending element also needs to be numbered. The
automatic plate bending numbering scheme is depicted in Fig. 4.

The numbering pattern is similar to that of the nodal point numbering.

The other major component of the bridge superstructure is
the beams. Beams, just like the deck slab, also require discretiza-
tion into a seriesAof Beam finite elements. The length of the beam
elements coincides with those of the plate bending elements. The

plate bending element and beam elements are interconnected at nodal
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points common to these elements. Beam numbering sequence is shown in
Fig. 5. The pattern of numbering is similar to.that of nodal points

and plate bending elements.

2.3.3 Automatic Finite Element Discretization

Program BOVAC has 'a number of features to assist the user.
One of them is the automatic. finite element discretization of the deck
slab and the beam. The program always puts one string of elements
between the edge beam and the edge of the deck slab. If there is no
overhang, then this string of plate bending elements will not be
considered. Between each beam two strings of plate bending elements
will be placed. These features could be noted in Figs. 3 and 4. This
type of placement of the elements is in the transverse direction of

the bridge.

In the lateral direction the division of the bridge deck
into strings of elements also needs to be carried out in order to
deﬁelop the rectangular grid. The user has four options for this
mission:

1. -Fully Automatic Discretization - Full Bridge

The deck slab, and inevitably the beams as well,
will be divided into 8 strings of rectangles as shown in Fig.
6. Once the span. length-L is defined the dimensipns of these
elements are automatically defined as well. ~It should be noted

that near the center of the bridge elements are smaller than
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those near the supports. This type of discretization is
designed for accurate prediction for the placement of £he
§ehic1e for maximum flexural loading. This type of discretiza-
tion is recommended for those who haﬁe not developed sufficient

familiarity in "custom—tailored" discretization.

2.  Semi-Automatic Discretization - Full Bridge:

The user can discretize the bridge as appropriate
for the g%ﬁen loading condition. If the loading condition is
not suitable for the use of the fully automatic discretization,
then this type of approach should be used. In this approach the
user defines the length of each element in the longitudinal
direction. The program will then accomplish the required number-
ing. The user should note that the summation of the length of
the members should be equal to the center-to-center span length

of the bridge.

3. Fully Automatic Discretization - Half Bridge:

If the bridge superstructure is symmetric with respect
to the midspan, and also if the load in longitudinal direction is
symmetric and the load is to be placed symmetrically with respect
to the midspan of the bridge, then the structural response of
the superstructure will fe symmetric with respect to the midspan
of the bridge. In other words, the midspan of the bridge will be
an axis of symmetry for the right and left halves of the bridge.

In a situation like this the analysis of the full bridge will not
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reveal any additional information that could have been obtained
through the analysis of one half of the bridge. The uéer can
then define the option that only the half of the bridge will be
analyzed, and that furthermore, the automatic discretization of
half of the bridge will be requested. These options will result
in discretization of the'left half of the bridge as shown in

Fig. 7. It should be noted that this discretization is similar
to automatic discretization of the full bridge, however, only the
left half Bf the bridge is considered. The right most extremity

of Fig. 7 corresponds to the midspan of the bridge.

4, Semi-Automatic Discretization - Half Bridge:
In the semi-automatic discretization of half bridge
superstructures the user considers only the left half of the
bridge, as in Option;B;r The &imensions‘of the elements are

defined by the user in a form similar to that of Option-2.

Additional comments on the advantages and disadvantages of .
different types of discretization are discussed in Chapter 3. Even
though the discretization options seem #ery simple, the.use of unrealis-
tic discretization may introduce inaccuracies. Therefore, the sug-
gestions of the problem areas. that the user must'be aware of are an
important issue. In order not to confuse the user with the details
of bridge discretization, this aspect of the problem is deferred to
Chapter 3 of the users manual. The aim of this chapter is only to

provide coverage to enable the user to use the program. After mastery
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of this aspect, the user should refine his skills through the careful

study of the later chapters.

2.3.4 Layering

In any gi&en bridge superstructure and loading configuration,
if the load level is below a certain limit, then the bridge super-
structure will be in linear elastic state of stress. However, if the
load level is abo&e a certain limit, then because of nonlinearity of
stress—-strain curves of steel and especially concrete, parts of the
structure will exhibit material nonlinearities. At this load 1e§e1
the structure may, and in most cases will, not exhibit any damage.
However, if the load intensity is increased further some form of
damage initiation takes place, usually in tbe form of cracking of the
céncrete in the outermost‘extremitiés of the deck slab. If the load
leﬁel is increased even further, the cracks will get deeper, new
cracks at other locations may form, and on very rare occasiomns, even'a
limited amount of crushing of concrete at the extremities of the
bridge may take place. The above sequence of damage initiation and
propagation has been observed in the field testing of reinforced or
prestressed concrete beam slab bridges (Refs. 6, 18 and 20). There
exists a clear relationship Between the bridge superstructure, the
type of damage, its location, and its magnitude and the'placement of
the vehicle and intensity of the load level. Program BOVAC is designed
to predict the damage characteristics, if any, for a given bridge and

vehicle. Depending upon the amount of damage that the bridge may
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sustain, if any, the bridge engineer or the permit officer can decide
on the issuance of the .overload permit for the passage of a giﬁen

vehicle over the giﬁen.bridge.

The critical issue in the damage initiation and propagation
is the monitoring of the damage. As can be recalled, neither the
working stress nor the ultimate .strength approaches can predict this
limited damage. In working stress approach it is tacitly assumed that
no damage occurs, whereas in ultimate strength approach it is assumed
that the format;on of a mechanism is in the offing. In actuality, if
the thicle is heaQy enough'"limited recoverable damage" may take
pléce. It is the unique feature of program BOVAC that this damage

can be predicted to enable the engineer or the officer to decide on

the issuance of the overload permit.

The initiation and propagation of the nonlinear material
behavior and different forms of damage usually start at the extremities
of the bridge surface, i.e. top and bottom surface of the deck slab, -
and the boftom surface of the beams and, as an exception to the rule,
interface shear stresses between the beams and the deck slab near the
supports as well. This damage gradually penetrates through the
. depth of the members for increasing load intensities. In order to
simulate the penetration of the damage through the members, program
BOVAC employs the "layering" technique (Fig. 8). Both the beams and
the slab are divided into finite number of layers. Each layer is

assumed to be in plane state of stress. In the case of beams it is
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assumed that each layer is subjected to axial tension or compression.
In the case of deck slab layers are assumed to be in biaxiai plane
stress condition. The biaxial stresses. in the slab are induced due

to the presence of bending moments both in trans&erse and in longitu-
dinal directions. Furthermore, the axial stresses that are present in
the beams and the slab are also accounted for by the assumed stress
fields. It should be noted that due to the assumption made regarding

- the types of stresses in the beams, the weak axis bending as well as
torsional.bending of the beams are not considered. The.research have
indicated that for the types of bridges and beams in question these
moments do not noticeably change the stresses in the beams (Ref. 12

and 13). The prestressing strands and reinforcement. are transferred

to an equiQalent layer of steel by the program. The depth of these
layersiéoincides with the depth of the centfoid oégthe giﬁen reinforce-
ment or strand. The layering of the steel and the concrete is auto-
matically éerformed by the computer program, and thus is not visible

to the user. The layering becomes important to the user only in the
case of the '"'detailed output" option of program BOVAC (Fig. 9). This
option prints the stresses at each layer of each element (plgte bending
element of deck slab, or beam element for beams) for each load

increment.

One aspect of the layering should be recognized by the
user, and that is the accuracy in the moniﬁoring of the possible damage
to the superstructure. This accuracy is controlled by the number of

layers that are employed for deck slab and beams. The concrete of
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the deck.slab is divided into 6 iayers. Two 1a§ers of concrete are
placed at the top of the top reinforcing bars, and two layers of
concrete are placed at the bottom of the bottoﬁ reinforcing bars.

This implies that the concrete cover is layered into two layers each,
for top and bottom of the slab. . The concrete between the top reinforce-
ment and bottom reinforcement is diﬁided into two layers. The numbering

of the layers is indicated in Fig. 9.

. Beam concrete is di&idedvinto 10 layers as shown in Fig. 9.
Both for the deck slab and for the beams the reinforcement and pre-
stressing strands are also incorporated into the layering as additional
Tayers. The details of this are described in the chapter of. the report

on the long.output option.

The stress variation through the deck of any member changes
as a continuous curﬁe; at one extremity of the curve is the maximum
compressive stress and at the other extremity. the maximum . tension
stress, and somewhere in between the zero stress, which corresponds
to the neutral axis. In layered approach this continuous variation
of the stresses is simulated by discrete bars of constant stress.
These bars will have negatiﬁe and positiﬁe values to indicate the
tension and compression. The simulation of the continuous stress
variation by step-wise Qariation leads to some inaccuracies. These
inaccuracies are reflected at each solution step. The magnitude of
error does not change for o&erload vehicles that might or might not

cause any damage, or the vehicles that can cause extensive damage.
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The extent of the error can be best described by the following example:
Assume a @eck slab that has a 7% inch thickness, with 2 inch concrete
cover above the top reinforcing bars, and 1 inch concrete cover below
the bottom reinforging bars. This indicates that the top layer

(Layer No. 1) and the layer below (Layer No. 2) are 1 inch thick each.
Furthermore, concrete layers between the top and bottom reinforcing
bars (Layers No. 3 and 4) are 2% inches thick each. The concrete
layers below the bottom reinforcing bars (Layer Nos. 5 and 6) are %
inch thick each. If in the process of bending of the deck slab a 0.6
inch crack forms at the bottom of the slab, then the program can not
predict the exact depth of the crack. However, if the crack depth

is closer to the thickness of one layer, it will indicate that one
layer has c?acked. If the depth of the crack is closer to the thick-
ness of two layers, it will indicate it asvfwollay;rs have cracked.

In this example, the crack depth of 0.6 inches is closer to the
thickness éf one layer, i.e. 0.5 inches, than that of two layers, i.e.
1.00 inch. Thus, the program will indicate that one layer of concrete
has cracked.  However, if the depth of the assumed crack should have
been 0.8 inches, then the program would have indicated that two layers
of concrete had cracked. The accuracy in the prediction of the depth
of the crack ié within half the thickness of the layer. 1In the case
of the cracking of concrete in the bottom of the slab, for the given
example, it is 0,25 inches. In the case of the cracking at the top

of the slab it is 0.5 inches.

Another area that is of relevance to the user of program
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BOVAC is the crack width in concrete. There exists a number of detailed
studies to relate the crack width to the serviceability limifs_of the
members, and also a number of studieson the "prediction of the crack
width" (Ref. 15). Most of the later studies have been conducted in

a laboratory environment employing controlled conditions and most
importantly, quality controlled spegimens. If the findings of one
researcher are applied to the test results of another, and even worse,
if the laboratory results are applied to field tests, a large disagree-
ment was observéd. In view of the practical problems that will be
encountered by the bridge‘engineer or the permit officer, the intro-
duction of the crack width concept as far as its relation to service-
ability limits would have yielded results that could have been refuted
by the parties employing the findings of other studies. To prevent
future complications, the crack width has nét 5eeﬁﬁconsidered as a
governing parameter in the determination of the overload limits. If

in the futﬁre less .contestable results in the estimation of the crack
width are developed, then these checks could be incorporated into

program BOVAC.

2.4 Material Properties

It has been stated that program BOVAC incorporated the linear and
nonlinear portions of stress-strain curves for the constitutient materials,
i.e. steel and concrete. The full definition of these curves is accomplished
simply through the definition of the compressive cylinder strength of

concrete and the grade of prestressing strands (250 ksi or 270 ksi). The
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yield strength of'reinforcing bars is taken as 40 ksi. The previous
research have developed the necessary relatioms to establish full& accurate
stress—strain curves for these ﬁaterials through the definition of the above
said strength properties. The user need not be concerned about defining

these curves in any form.

2.5 Analysis Scheme

The analysis of bridge superstructures using finite element
method, especially ié the superstructure exhibits material nonlinearities,
is beyond the scope of this manual. If interested, the reader can refer
to any advanced textbook on finite element method or specific reports (Refs.
18, 20, 21 and 22?. However, the basic mechanism of the analysis procedure

could easily be summarized within this report. This summary could then

provide a better understanding of program BOVAC.

If every single point of the bridge superstructure was to remain
in linear elastic regime under the application of the dead-load of the
bridge and the full live load, then the routine analysis could have been
applied. An analysis as such would have computed the vertical and hori-
zontal displacements, and two orthogonal slopes (slopes in the longitudinal
direction of the bridge, and those in the transverse direction) of the
nodal points. Internal mechanism of the program would then have computed
the stresses in plate bending elements and the beam elements, and would
have printed these values. However, it is recognized that even under the

prestressing forces the stress-strain relationship of concrete is slightly
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nonlinear. The application of dead loads and live loads will increase

the nonlinearity of ‘the concrete even further, and will initiaté the non-
linear behavior of reinforcing steel and possibly prestressing strands.

In simplified terms, this phenomenon can be best described as the Modulus

of Elasticity, i.e. Young's Modulus, of concrete and steel and is dependent
on the applied stresses. In order to find the stresses it is necessary to
find the deflections and rotations of the nodal points. This vicious circle
can be broken through the incremental application of the dead weight, if

need be, and of vehicular loads.

The deadweight of the structure is applied to the superstructure,
and inifial guesses for moduli of elasticity are made. The deflections
and rotations of the nodal points are computed. From these values the
stresses in the deck slab and the beams are determined. By using these
values.the program automatically enters the stress—strain curves of con-
crete, reinforcing steel and prestressing strands. New moduli of elasticity
for each material at different locations are computed. If these moduli are
noticeably different from those which were initially assumed, the structure
is reanalyzed by using the new moduli. Again the comparisons are performed.
If the difference between the assumed and computed moduli for a given
set of analysis is close enough, it is assumed that the acceptable solution
is obtained and the necessary information is printed (only in the case

of long printout).

After the completion of the dead load analysis of the structure,

the program automatically switches to the live load analysis phase. A

-35-




part of the live load is applied to the structure; this is in addition
to the full deadweight consideration. The analysis is performed; The
comparisons between the assumed and computed elastic properties. are con-
ducted. After the attainment of acceptable accuracy, the live load is

increased further and a new cycle of analysis commences.

The cycles of the live load incrementation continue until the
total live load level is 1107 of the vehicular load. This 107 incrementa-
tion is provided to assure the uncertainties in the correct determination

of the vehicular load. Further comments on this issue are specifically

addressed in the last chapter of this manual.

The increments of the live loads are automatically computed
by the program, and it is not visible to the user. The execution of the
program terminates if one or more of the "threshold limits'" are attained
before the attainment of full live load plus ten percent of the live load.
In a case as such the bridge superstructure will exhibit unacceptable
damage if the vehicle of a given weight traverses the bridge. This corres-
ponds to the denial of the overload permit, or the lack of éualification

of the bridge to be rated for the given vehicular configuration.

2.6 Termination Checks

For increasing live load levels the stresses and strains in
the deck slab and the beams will increase. At certain load level, which
depends on the bridge and the loading configuration, concrete can crack.

For increased load levels the damage will penetrate through the depth of
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the members and will also spread throughout the superstructure. From
serviceability standpoint, certain limits can be imposed on the response
of the bridge superstructure, such that load levels higher than these
limits will not be permitted. If the load levels are in excess of any
one of these limits, the serviceability criteria will be violated. The
limits have been set in terms of maximum strains, maximum stresses and

number of cracked concrete layers (which controls the crack depth).

2.6.1 Termination Checks for Deck Slab

Following are the termination parameters for the deck
slab:
1. The maximum allowable strain for comcrete is 0.0025
iﬁches per inch.

2. The maximum allowable tensile stress for concrete is

G\I_f-?

where fé is the compressive cylinder stréngth of concrete. .
3. The maximum allowable concrete compressive strength is
80% of the compressive cylinder strength.
4. The maximum number of cracked concrete layers is 3.
5. The maximum number of crushed concrete.layers is 1.
6. The maximum allowable strain for the reinforcing bars
is 75% of the yield strain.
7. The maximum allowable tensile stre;s for the reinforcing

bars is 757% of the yield stress of the bars.
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8.

9.

The maximum allowable compressive stress for the reinforcing
‘bars is 75% of the yield stress of the bars.

The maximum number of yielded steel layers is 1.

This specifies that a crack in the slab concrete is acceptable if

it is less than three layers deep.

The following represents the beam termination parameters:
The maximum allowable strain for concrete is 0.002 inches/
inch.

o

The maximum allowable tensile stress for concrete is

.The maximum allowable compressive stress for concrete is
80% of the compressive cylinder strength of concrete.

The maximum number of cracked concrete layers is 1. =
The maximum number of crushed concrete layers is 1.

The maximum allowable strain for the prestressing strands
is 75% of the '"yield strain'" of the strands.

The maximum allowable tensile stress for the prestressing
strands is 757 of the tensile strength of the strands.

The maximum allowable flexural shear is

2 x 0.85\/?(':‘
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3. COLLECTION OF DATA FOR PROGRAM BOVAC

Prior to filling the input forms for program BOVAC, the collec-
tion of all necessary information, and the finalization.of preliminary
decisions are of great importancg. Through this approach.the .user will
have to worry oﬁly about filling the form once the activities listed
in this chapter are completed. The areas of preparétory actiﬁities deal
with the'informatfon'regarding'the b;idge superstructure,.yehicle,‘and
loading configuration.. The last item requires some decision making by

the user.

3.1 Information on Bridge Superstructure

The user should be sure that the span of the bridge super-
structure under consideration is a simﬁle-span one. Beams are pre-
stressed concrete I-beams, and the deck slab is reinforced coﬁcrete.

-

3.1.1 Beams..

Bridge beams should have cross sectional dimensions
coinciding with one of the.staﬁdard sections of the Pennsylvania
Departmeﬁt of Transportation or Association of American State
Highway and Transportation Officials (AASHTO). If the dimensions
of the beams on hand differ slightly from one of the standard
sections, then the user can approximate the beam with one of the

standard beams. It should be noted that this introduces siight
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inaccuracy into the analysis. It is preferable that the user should
pick up a standard section that is slightly under dimensibned,
especially in terms of the depth of the beam. This will make the

approximation a conservative one.

If none of the standard beam cross sections.can approxi-
mate the bridge beam on hand, then a decision has to be reached by

the user.

1. The urgency of the job may require the use of the
_closest beam section. This could be done with the pro-
viso that the results are approximate. The amount of error
increases as the beam cross section starts differing from
-the assumed standard seg}ion.

2. If the user is familiar with program BOVA, and if the
user has sufficient time to initiate the joB by using
BOVA, the job could be undertaken via BOVA (Ref. 17).

- 3. . The user may wish to employ other means in the rating

of the bridge or issuance of the overload permit.

If the user proceeds with the use of BOVAC, the following data need

to be obtained:

1. Number of beams

2. Beam cross section (actual or assumed)

3. - Compressive strength of beam concrete (see the note
below on the assumptions regarding the compressive

strength of concrete)
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Prestressing strand diameter

Number of prestressing strands per beam

Grade of prestressing strand steel (250 or 270)

Initial prestressing on the strands

Distance from the top of the beam to the center of the
prestressing strand group.

Age of the bridge in years (employed in the computation

of prestressing losses)

3.1.2 Comments on the Concrete Compressive Strength

The compressive cylinder strength of beam and slab concrete

needs to be known. This value determines not only the crushihg of

) v
the concrete but more importatnly the elastic modulus of the bridge

and cracking of concrete. Usually 28-day cylinder strength is

used. However, if more realistic information can be determined,

theqithis value should be preferred over the 28-day strength. Some

considerations that the user should be aware of are as follows:

1.

If in the construction of the bridge the quality control
was observed, and if the beam and especially, the deck
slab concrete have had all the desirable attributes in
the aging process, and if the deck slab does not have
any cracks_besides the limited hairline shrinkage cracks,
then the value higher then the 28-day strength could be
used. The user should be able to justify the increase

in concrete strength. However, if this justification
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can not be met and if the above provisions are met, then
28-day strength could be used. This will give élightly
conservative results.

2. If the bridge construction observed limited quality con-
trol, and if the environment has not been conducive to
the increase of concrete strength, the cylinder strength
should be taken as that of 28-day strength; or below.

The user should justify the reductién of the concrete
étrénéth. The user should recall that the critical
bridge component as far as the rating is concerned is
the deck slab, assuming that the beams do not have major
defects.

3. .If the bridge deck exhibits major defects that may be due
to incomplete aging process, effecfs dg chemically aggres-
sive environmgnt, extensive use of de-icing agents, and/or
poor maintenance, the user should use a concrete strength

" below the 28~day strength. The thickness of concrete cover
at the top of the top reinforcing bars should also be
reduced. This is in addition to the reduction of concrete
strength, not instead of. The reduction of the thickness

simulates the wear of the concrete cover.

3.1.3 Bridge Dimensions

The following information pertaining to the dimensions of

the bridge superstructure needs to be determined:
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1. Center-to-center span length
2. Out~to-out bridge width
3. Overhang (distance from the edge of the bridge slab

to the centerline of the exterior beam)

3.2.4 Slab Information

The following information regarding the deck slab needs

to be determined:

1.. Compreésive.strength of concrete (See Section 3.1.1 for
additional comments)

2. Thickness of the slab including an assumed 1/2 inch
-integral wearing surface;(this implies that the strﬁcfural
capability of the slab yill be analyzed for the slab thick—
ness of 1/2 inch less than that defined by ﬁhe user)

3. Cover from the top of the slab to the closest layer of

- ~ reinforcement bars.

4. Cover from -the bottom of the slab to the closest layer

of the reinforcement bars.

Slab reinforcement is automatically computed by the program.(Table 3).

3.2 Information on Vehicle

The user should consider two distinct areas: (1) the vehicular
configuration, which defines the load configuration, and (2) the surface

roughness of the bridge and approach spans/or highway to the bridge, which
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can effect the dynamic amplification of the magnitude. of the axle

weights.

3.2.1 Vehicle

The user should consider the plan view of . the axles and

the wheel spacing. In all probability the contact areas of the wheel

groups could be éimulated~as a single area. If the contact area of

a single wheel is a rectangle having dimensions a by b, a new rectangle

could be cons;ructed having dimensions (t+a+t) by (t+b+t), where t

corresponds to the thickness of the deck slab. TFor the majority of

the vehicles the wheel groups could be simulated by one area load

each. In the case of special dollies where a number of axlesAaré

cldsely spaced and each axle conta;ns four a;mosE evenly spaced

wheels or eight wheel groups withttwo wheels per group, then the

plan area of the. dolly could be eméloyed as the loaded area. Any

otheylcombinations should be decided upon by the user. The

sizes and.the shapes of the loaded areas will have to be determined
. ' by the user, through the application of common sense and engineer-

ing judgment.

The user should be cognizant of a.crifical factor regard-
ing the gross vehicular weight versus axle weights versus wheel
loads. The total gross vehicular weight could be far in excess of
the aesign vehicle weight, and still have no damage inflicted on
the bridge. This no damage situation can be attained if the vehicle

has multiple axles and multiple wheels per axle. The relationship
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of how many axles per vehicle and how many wheels per axle has not
been determined as yet. In summary, reduced wheel 1oads,.and dis-
tribution of the wheels over a larger area, will be of assistance

in the reduction of possible damage to the superstructure.

Conversely, the user should be careful in the case of
vehicles that might be evénrlighter than the designvconfiguration,
but where the loads are transmitted via limited number of closely
spaced axles; and even worse, limited wheels per axle. Again, the
quéntificatio; of the effects of these vehicular configurations
has not been undertaken. At:this stage the awareness of the effects

of the axle spacings and groupings by the user is essential.

3.2.2 Approach and Traverse of the Vehicle

The smoothness of the approach road to the.bfidge span
is an important féctor in the transfer of the vehicular wéight as
a pseudo-static loading to the superstructure. If the approach
road or the bridge surface is not smooth enough and/or if the
vehicle's suspension system is not properly functioning, then the

vehicular speed should be reduced to essentially crawl speed, i.e.

2-3 mph. The information regarding the road‘sﬁrface in the
immediate vicinity of the bridge span may not be available to the
user of the computer program. In that case, the overload permit
could be issued, provided that the bridge can accommodate the
vehicle, with the provision of the reduced vehicular speed. The

factors regarding the speed of the vehicle are also gdverned by
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the traffic safety conditions. This aspect should be observed by
the officers enforcing the implementation of the overload'permit

operations.

3.3 Placement of Vehicle

Program BOVAC performs one analysis for a given bridge, and for
one particular placement of one vehicle. Therefore, it is essential that
the user place the vghicle in such a manner that it will correspond to
the worst possible.loading of the bridge superstructure. Past experiences
have indicated that through the use of engineering judgment the placement
of the vehicle in a location that will cause the mdst adverse effect on

the superstructure is possible, and also quite practical.

The user will have to decide whether the vehicle is symmetric
with respect to some mid-length point qf the vehicle. If that is the
case, and also if the symmetric placement (with respect to the mid-span)
of the vehicle'on the bridge will induce the extreme loading, then the
"SYMMETRY" of the problem in the input should be recognized as such
(Fig. 10). The reduction of the problem from full to half symmetry
(with respect to the mid-span) reduces the computer time requirement by
at least a factor of four. Some of the cases where'symmetry can be

encountered are as follows:

1. Assume that the vehicle.is composed of front axle, and front
"and rear axle groups, each of whicﬁ could be considered as

"dollies." 1If the distance between the centers of the front
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2.

and the rear dollies is greater than or equal to the half span
length, then only one of the dollies could be symmetfically
placed at the center of the bridge. This loading will induce
the worst flexural response on the superstructure. If the
distance between the centers of the dollies is less than the
half span length of the bridge, still only ome of the dollies
could be placed.at the center of the bridge. However, the
results will not necessarily be the extreme flexural loading.

Aé the-dlsfance between the centers of the dollies gets smaller
than the half span length, the errors. introduced into the loading
configuration increase.. The simplest tool for the user to
decide on the placement of the vehicle will be the visualization
of a.simple beam'with two contentrated loads. If one of the
loads is élaced at the center of the-beém,AEhan the closeness

of the other loads will define the maximum bending moment that
‘the beam will have. By "juggling" the load locations, the
engineer can determine the location of the loads that will

cause the highest flexure in the beams. By using the same con-
cept the user can decide on how to place the vehicle.

In the case of trucks with limited spacing of the axles (front-

drive, drive-rear) as compared to the half span length of the

bridge, the peak flexural loading could be obtained by the

placement of the drive axles over the mid-span of the bridge.

In this case, the symmetricity of the loading could be violated,

thus the full bridge needs to be analyzed.
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3. For trucks with drive axles; and 3-4 axles under the load,
especially if the distance between the drive axle an& the
beginning of the '"rear axle group'" is limited, the center of
the axle groups could be placed at the midspan of the bridge.
If the magnitude of the front axle loads is small enough, as
compared to the individual axle loads of the '"rear axle group,"
than it is possible to ignore the front axle, and distribute
the weight of the front axle amongst the axles of the group.
This wili'permit consideration.of the symmetricity of the
problem, and will also yield conservative results.

4, In the case of vehicles with limited number of axles, but
where these axles have pronounced individual weights, than the
heaviest axle could be placed at the center of the bridge, and

full vehicle; and fuli bridgé need to be considered.

As can be seen above, there ﬁay be a number of vehicular con-
figuratiqﬁsuthat“the user will have to face. Inclusion of all scenarios
in this manual is not possible.. The user should visualize the bridge as

. - if it is a simple beam and consider the vehicle as a train of concentrated

loads. Using engineering judgment and common sense, the user should place

the vehicle at the worst possible location.

3.3.1 Shear Loading

For very short span bridges, 25 ft. or less, it is
theoretically conceivable that the initiation of the damage to the

bridge superstructure will start in shear mode, either the interface
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shear between the beams and the slab or the principal tension field
in the "web'" of the beams at the immediate vicinity of the support.
If such a possibility is to be considered, the user should then
place the axle at about quarter span length points. If the vehicle
under consideration can be simulated as an area load due to multiple
axles and wheels, than this area load could be placed on half the-
span length or even greater distances so long as the full area load

is adjacent to the support line.

Past experience, és has been stated previously, indicated
that in the majority of the bridges that have been studied the damage
initiates as the cracking of the deck slab. Only in short span
bridges is the damage initiated as the interface shear failure between
thé beams and the slab, and is then transforped into the cracking of

the deck slab.

3.3ﬂ2 Load Placement in Transverse Direction

It is very rare that the vehicle under consideration will
occupy the full width of the bridge cross section. The vehicular

axis will traverse a. certain longitudinal line on.the bridge. This

preference of the axis of traverse, or travel,‘is usually predefined
by the bridge or the traffic engineer. If the transverse placement
of the travel lane is predefined, then the user will have to place
the vehicle, as far as the transverse placement is concerned, in a
real or hypothetical traffic lane. However, if the user is given

the option of defining the preferred traffic lane on the bridge,
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certain considerations must be given:

1.~

Placement of the vehicle wheels over the beams will

not necessarily reduce the stressing of the deck slab.

The beams under the wheels will deform because of the load-
ing. The beams that are not under the load will try to
remain in their original positions. The differential
deflection of the bridgedbeams will be prevented by

the transverse bending of the deck slab. The concept of
the load distribution factor plays. an important role in

the transfer of’the vehicular load to all the beams.

The load will never.be equally distributed amongst all

‘the beams. The variation of the load distribution amongst

d |
the different beams triggers the transverse bending of the

deck slab. Thus, any effort to try to place the wheels on

beams corresponds to a futile effort.

The usual preference is to have the vehicle traverse the

bridge on the outermost lane. From overloading of bridges
standpoint, this practice does not correspond to the best
alternative. If possible, the vehicle should traverse the
bridge in one of the inner lanes. Theoretically ideal,
but practically nearly impossible, this option corresponds
to the placement of the vehicle axis with the centerline
of the bri&ge. Thus, if the vehicle is located somewhere
between the outermost and.the innermost traffic lanes, the

stresses induced on the superstructure will be slightly
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less than those resulting from placement of the vehicle
near the "edge'" of the bridge. It should be re;embered
that if the bridge superstructure is composed of two side-
by~side bridges, the use of the innermost traffic lane
will have the same effect as the use of the outermost
lane.

3. 'The use of the bridge solely by the overload truck
during the traverse of the bridge is justifiable only
in the case that other trucks, close to or heavier than
the design vehicle, are attempting to traverse the bridge
at the same time as the overload vehicle. The structural-
response of the bridge will barely Ehange if automobiles
and light vehicles are to traverse the bridge at the same
time as the overload vehicle. The decisions regarding
traffic control during the passage of the overload vehicle
are to be decided through the consideration of tra?fic
safety provisions. The structural response characteristics
will be effected only if the bridge is to be loaded by the

overlbad vehicle and sizeable trucks.

3.4 Discretization

After the user decides on the placement of the vehicle on the
bridge that will cause the worst possible effect on the superstructure,
the user will then have to decide on the type of discretization of the

finite element mesh that will be employed. Symmetric loading of a
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symmetric bridge should be handled by using the symmetry option of pro-
gram BOVAC. 1If slight inaccuracies can be introduced by making the
problem "symmetric," an alteration as such will greatly reduce the com-—

putational. effort.

After the decision by the user as to whether it is a symmetric
problem or a nonsymmetric one, the second decision that has to be reached
is to use the automatic mesh generation option or to discretize the struc-
ture personally. The automatic option should .be considered by the
beginners. Special discretization should be considered by the average or
qualified users. Some of the considerations that go inté the discretization
of the bridgés can be noted in the example problems that have been included

in ;he manual.

The detailed discussions onmhow to discretize a given problem
would be confusing to the beginning user of finite element analysis,
e.g. program BOVAC. Therefore, these discussions have not been included
in this chapter. However, to illustrate the dependency between the
placement of the vehicular load and the "best'" discretization. of a given

bridge for the given loading, a simple example is included herein.

If, for example, a discretization shown in the top of Fig.
11 is loaded by the equivalent vehicular loading (shaded area) two of
the plate elements will be loaded. The stresses in the deck slab under
the loaded area will have extreme values. However, if the same discreti-
zation is loaded by an area load as shﬁwn at the bottom of Fig. 11,

the stresses in the plate bending elements that are partially covered
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by the area loads will not necessarily be the highest possible values.
If this load is moved towards the left by half the plate element length,
and either moved up or down by half the plate element height, than the
stresses that will be developed due to the new load positioning will

be higher. Thus, for the skilled user of the program, the best alterna-
tive is first to place the vehicle, then to perform the discretization
in such a mannér that the loaded area will be over one or more elements.
This will give higher stress values, consequently, a more conservative
estimate to the possible damage to the bridge deck. The above comments
once again confirm the previous suggestions that the user of the program
should use some judgment in. the placement of the load and the discretiza-

tion of the bridge structure.

3.5 BOVAC Data Collection Form

To assist the user, a form has been prepared that can be used
in the accumulation of the data. The use of this form is not essential;
however, because of its comprehensive and systematic nature, use of
the form will assisg the user prior to the preparation qf the "data

cards" for BOVAC

The first column in the list is the name of the pieces of
data to be collected. The second blank column is designed to be filled
during the accumulation of the data, regardless of the units, e.g. feet
or inches, pounds or kips, employed. The third column is again a blank
column. The user is expected to transfer the numerical values of each

entry in the previous column by converting into a consistent set of
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units. The last column is the so—called INPUT UNIT NUMBERS, where the
pieces of data are linked to various input cards used for BOVAC. The

description of the INPUT UNIT NUMBERS is included in Chapter 4.
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BOVAC DATA COLLECTION FORM

Raw Values w/
Data Consistent INPUT
Description Values Dimensions UNIT NO.
1. Job Title 1
2. Span Length (fr) 4
3. Width | (£t) 4
4. Overhang (ft) 4
5. Age of the Bridge (years) ' (yr) 8
R |

Is__w; | |
6. Concrete Strength, f; (ksi) 7
7. Thickness (in) 7
8. ' ‘Top Concrete Cover (in) 7
9, Bottom Concrete Cover ] (in 7
BEAMS
10. Number of Beams | I &
11. Beam Type 3
12. Concrete Stremgth, f! ‘ (ksi) 8
13. Diameter of P/S Strands 8
14. Number of P/S Strands per Beam ‘ 8
15. Grade of P/S Strands (250 or 270) (ksi) 8
16. Initial P/S Stress (ksi) 8
17. Distance from Top of Beam to '

Centroid of P/S Strand Group (in) 8
e —
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Values w/ INPUT
Consistent Dimensions °“| UNIT NO.

PRINTOUT

18. Printout Detailed (DETAILED),
Short 2

DISCRETIZATION

19. Type of Symmetry (ALL or HALF) 3

20. Number of Elements in Long.
Direction (Needed if Automatic
Disc. is NOT Used) 5

21. Length of Elements in Long.
Direction (If Predisc. is NOT
Used) (in inches) (start with

the top line, and continue) 6
———

LOADING

22, Number of Independent Area Loads | ?

23.1 Load i1 . 10
Load Intensity . (ksi)
Longitudinal Distance (in)
Transverse Distance ' (in) )

Length in Long. Direction (in)
Width in Transverse Direction (in)

23.2 Load #2 10
Load Intensity | (ksi)
Longitudinal Distance (in)
Transverse Distance (in)

Length in Loné. Direction (in)
Width in Transverse Direction (in)
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Values w/ INPUT
Consistent Dimensions UNIT NO.

23.3 Load #3 10
Load Intensity (ksi)
Longitudinal Distance (in)
Transverse Distance (in)

Length in tong. Direction (in)
Width in Transverse Direction (in)

23.4 Load #4 10
Load Intensity (ksi)
Longitudinal Distance (in)
Transverse Distance (in)

Length in Long. Direction (in)
Width in Transverse Direction (in)

23.5 Load #5 10
Load Intensity (ksi)
Longitudinal Digtance (in)
Transverse Distance (in)

Length in Long. Direction (in;_-
Width in Transverse Direction (in)

23.6 Load #6 10
Load Intensity (ksi)
Longitudinal Distance ——(in)
Transverse Distance (in)

Length in Long. Direction (in)
Width in Transverse Direction (in)
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Values w/ INPUT
Consistent Dimensiong - | UNIT NO.

23.7 Load #7 10
Load Intensity (ksi)
Longitudinal Distance (in)

Transverse Distance (in)
Length 1n.long. Direction (in)
Width in Transverse Direction (in)

23.8 Load #8 10
Load Intensity (ksi)
Longitudinal Distance (in)

Transverse Distance (in)
Length in Long. Direction N (in)
Width in Transverse Direction (in)

23.9 Load #9 | .10
Load Intensity (ksi)
Longitudinal Distance (in)

Transverse Distance (in)
Length in Long. Direction (in)
Width in Transverse Direction (in)
| e d— e —*_;==_——_~_————_-___———==E===i
Notes:
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4. INPUT TO PROGRAM BOVAC

This chapter describes the necessary data input for the execu-
tion of the program. .There is a total of ten input units or‘data groups;
however, the number of data cards required for the execution of BOVAC
can be as low as seven. The majority of program executions requires
nine data cards. Each unit consists of one card with one or more differ-
ent types of information per.card. Under conditions of multiple patch
loadings, an input unit must be repeated more than once. Various input
options are selected through the use of certain variable assignments

or skipping a particular unit entirely. ..

4.1 TFormat Specifications

The four format specifications, i.e. the form in which certain
numerical or alphébetical information needs to be punched, required
for the program are real (F-format), integer (I-format), alphanumeric
(A-format), and skip (X~-format). These formats can be,briefly described
as:

1. F-Format: This is the type used to input the numerical values
with decimal fractions. For example, if the format is (F10.0),
and the value to be punched is 3.1416, then the card should be
punched as (in the first ten columns, remainder being blank)

B¥¥¥3.1416

or
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3.1416B¥8Y
or
B¥3. 141681
If the number to be punched is 31416, and if the format is
still (F10.0) the card should be punched as (in the first
ten columns, remainder being blank)
¥¥¥¥31416.
or
31416.¥¥¥Y
or
B¥31416.58
In the above example ¥ denotes that thié particular column
is to be left blank, i.e. no punching.

Two salient.points that the user can observe: In F-format
the decimal point must be punched, as far as the scope of this
brief presentation is concerned, and the number to be pynched
can occupy any space within the specified number of columns.
In the above examples F10.0 indicates that the number is
allocated'lo columns. (The number immediatelf following the
letter F indicates the number of columns allocated.)

2. I-Format: 1I-field specification is used to define integer
variables (or numbers). For example, if the format calls for
(2I5), it indicates that two integer values are to be punched
in the particular data card. The first value will employ the

first through fifth columns, and the second value will employ
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sixth through tenth columns. It should be remembered that in
inputting integer values no decimal points are to be punched
and the number to be punched must be placed at the outermost
right side of the allocated number of columns. If the number
to be punched is 12 and if the format is (I5) then the number
could be punched only in the following manner:

BBB12
In the above punching only the first five columns are indicated,
the rest of the card is left blank.

If the user punches the card in the following manner,

for the same example as above:

12¢¢¥

or

BL2¥¥
the computer program assumes that in the first case the number -
is 12000, and in the second case the number is 1200: Tpese
mispunchings result in either the rejection of the data by
the program, or the attempt .to solve a problem that has no

relevance to the problem on hand.

As can be noted in the above discussion, both F-format
and I-format can be repeated using an appropriate integer
before the letter designation. For example, FORMAT(I5,I5)
is the same as FORMAT(2I5). Similarly, FORMAT(I5,I15,F10.0,
F10.0,I5) serves the same purpose as FORMAT(215,2F10.0,I5).

In the latter example the first through fifth columns are
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allocated for the first integer number, sixth through tenth
are allocated for the second integer number, llth through 20th
are allocated for the first real number, 2lst through 30th are
allocated for the second real number and, the 3lst through
35th columns are allocated for the third integer number.

3. A-Field Specification: A-field specification is used to
transmit alphanumeric values, usually names or acronyms. The
variable name can be composed of alphabetic or numeric characters.
The cards must be punched, within the given field length (that
is, the number of columns allocated) in such a manner that
the "name" will start in the left-most column. For example,
if the format is (A5) and the "value" té be punched is YES,
then the value should be punched as (for the first five columns
of the card, remainder being blank):

YESY®

4, X~Field Specification: X-field specification is used to skip
a certain number of columns in the data card. Any value
punched in these columns corresponding to this field length

(number of columns representing the said fiel& length) will be

ignored. For example, if the format is (A5,13,2X,F10.0) and if
the values to be punched are YES, 2 and 3.1416 then the punch-
ing should be (for the first 20 columns of the card, remainder
being blank)

YESYYYB2BB3 . 1416¥BBY
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4.2 Input Information

UNIT !

UNIT 2

UNIT 3

1. Identification title for the particular problem. The
title may be 80 characters long.

FORMAT (2044 ) '

The user has the option to select either a detailed or brief
output mode. The brief output will present a summary of all
cracked, crushed or yielded portions of the bridge as well as

the load and displacement at the center of the bridge midspan.
The detailed output will present stresses, strains, loads and
deflections at every element layer or nodal point of the
analytical model of the bridge superstructure. A summary of

the cracked, crushed or yielded portions will also be presented.
Detailed output can run into hundreds of pages of computer print-

out; whereas, short printout is about a dozen pages or less.

If a detailed output is required, input DETAILED. If a short

output is required, skip this input information, i.e. no input

required.

FORMAT (5X,A7)

1. Total number of beams.

2. Beam type chosen from Pennsylvania Department of Transporta-—
tion or AASHTO shapes. See Tables ! and 2 for the avail-
able shapes and the acronyms designating the shapes.

3. Type of symmetry desired. For nonsymmetric loading
input ALL. - for symmetric loading input HALF.

FORMAT (I5,A7,3X,A4)
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UNIT 4 I. Center to center span of the entire bridge, in FEET.

If half symmetry is used, the span length of the full
bridge still needs to be specified.

2. Bridge overhang, in FEET, defined as the distance from
the centerline of the outermost beam to the edge of the
bridge deck slab in the transverse direction.

3. Out-to-out width of the bridge deck slab in FEET.

FORMAT (3F10.0)

UNIT 5 If the prediscretization option is to be used, skip this unit
(i.e., no cards are needed for Unit 5). If the discretization
in the longitudinal direction is to be done by the user, the
card must be punched.

I. Number of elements in longitudinal direction.

FORMAT (5X,15)
UNIT 6 If the prediscretization option is used by skipping UNIT 5,

skip this unit as well. If the user will define the discreti-

zation in the longitudinal direction punch the required card(s).

Length of finite elements in the longitudinal direction. If

the number of elements in the longitudinal direction is less than
or equal to 8, one card will suffice. If the number of elements
in the longitudinal direction is more than 8, but less than or

equal to 16, two cards will be required. If this number 1is

greater than 16, but less than or equal to 24, three cards will

be reguired.
FORMAT(8F10.0)
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UNIT 7

UNIT 8

1.

Compressive strength of slab concrete (fé) in KSI.
Thickness of the slab in INCHES, including an assumed

% inch integral wearing surface. This implies that the
structural capability of the slab will be analyzed for a
slab in which the thickness will be assumed to be % inch
less than the thickness inputted by the user.

Thickness of the‘concrete cover, in INCHES, from the

top of the slab to the closest layer of reinforcing
bars.

Thickness of the concrete cover, in INCHES, from the
bottom of the slab to the closest layer of reinforcing

bars.

FORMAT (4F10.0)

I.

2.

7.

Compressive strength of the beam concrete (fé) in KSI.
Prestressing strand diameter in sixteenth inches (e.g.
7/16 inch strand is inputted as 7).

Number of prestressing strands in each beam.

Grade of prestressing strands (either 250 or 270).
Initial prestress on the strands, in KSI.

Distance from the top of the beam to the centroid of the

prestressing strand group in INCHES.

Age of the bridge in years.

FORMAT(F10.0,315,3F10.0)
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UNIT 9 Number of ihndependent area loads (loading patches) to be inputted.

FORMAT (I5)

UNIT 10 NOTE: THIS UNIT MUST BE REPEATED FOR EACH INDEPENDENT AREA
LOAD (i.e., LOADED PATCHES). If, for example, 6 area
loads are defined in UNIT 9, as is usually the case for
an 18-wheeler semi-tractor trailer, 6 separate cards
need to be punched.

I, Intensity of the area load in KSI.

2. Longitudinal distance to the center of the area load
measured from the left side of the bridge in INCHES
(i.e. y—axis).

3. Transverse distance to the center of the area load measured
from the bottom of the bridge in INCHES (i.e. x-axis).

4.  Length of the area load in the longitudinal direction in
INCHES (i.e. the length of the side of the rectangle
parallel to the x—axis).

5. Length of the area load in transverse direction in
INCHES (i.e. the length of the side of the rectangle
parallel to y-axis).

FORMAT(5F10.0)

THIS CONCLUDES DATA INPUT.

4.3 Units

The program and the user's manual is prepared essentially for
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the input of all force units in KILOPOUNDS (KIPS) and stresses in
KILOPOUNDS PER SQUARE INCH (KSI). Span length, bridge width and overhang
must be inputted in FEET. Other lengths should be inputted in INCHES.

Any deviation from these recommended values would yield results that have

no resemblance to those of the actual problem.
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BOVAC INPUT FORM (SHEET - 1)

Title .

O O O O O O O T T L T LI T AT e re v ivey

Printout -

2 W/‘lll (5%,A7)
) No. Bm. Bm. Type Syom. :
AT Z I EEEN
S$p. Length Overhang width
a LIOPTET TR REA PR IPRa gy oroo
No. Elems.
5 . (5X,15)
Element Lengtha (8F10.0)
6 -
fc; (slab) Thickness Top Cover .Botton Cover
fo (bu.) p/S-¢  B/S#  P/S-Grd. P/S-P, Dist. to-P/S C.G. Bridge Age

e T T CTTTOCOTOC T CTITITITT T T T LT EELY cene-0.315.3010.00




!
¥

No. lLouads

Load Intensity
(pressure)

Long. Dist.
from Left Side
to Ctr. of Load

Trans. Dist.
from Botton to
Ctr. of Load

BOVAC INPUT FORM (SHEET ~ 2)

- Length of
Atea Load

Width of
Area Load

oI

IRIRREER

IRERRERR

IREERIRNR

AEIRNERRIN NN IR NN RNRNRERRRRNNRERERRR

OO O OO O O OO O O O I

IIIIIIITIILlll]lllllll[l]lllIlll]]lllllT]ljllllllli

NN NERRERANEANNERENENNENNNNANNENRNRRENNEARRENRDDD

ENEEERERERRRERNENRENENNRREANERINNRRREANRRERRERREER

IREENEERENI RN NNENINRRRANINIANERNNENRRERRRDRES

. .

Area Load No.

Area Load No.
Area Load No.
Area Load No.
Ate; Load No.
Area Load No.
Area Load No.
Area Load No.

Area Load No.






5. EXAMPLE PROBLEMS

This chapter contains a brief presentation of tﬁree example
problems worked out by BOVAC. The information contained herein is aimed
at describing how the data can be collected to input BOVAC. In the sub-
sequent chapter, the interpretation of the output of BOVAC for the

three examples is given.

3.1 Example-l

3.1.1 Description of the Problem

The first case study is a four beam bridge as shown
in Fig. 12. In this example the user specifies the length of
the elements in the longitudinal.directién tFig. 13). It can
be noted that in the vicinity of the applied loads the size of
the elements is?smaller than the size of the elements near the
supports. This is due to the fact that the bridge will have
high moments and stresses near the center of the bridge, due to
the loading, and thus, more accurate information at this area is
required. Near the supports the stresses will be much smaller,
and consequently the size of the elements is not important.
However, it is essential that the change of the element sizes
from fine-mesh region, i.e. mid-span, to coarse-mesh region, i.e.
near the supports, must be gradual. If there are abrupt changes

of the element size, the possibility of error build-up in the
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BOVAC DATA COLLECTION FORM

Raw Values w/
Data Consistent INPUT
Description Values Dimensions UNIT NO.

1. Job Title EXAMP (£ BRIDGE] !
2. Span Length 70, T O (fr) 4
3. Width 27 31, (fv) 4
l4. overhang 3¢ | 3.5 (£v) 4
5. Age of the Bridge (years) Ca, H GO 8
'g;._;u;
6. Concrete Strength, N 3500 Psi 3.5 (ksi) 7
7. Thickness g g (in) 7
8. --Top Concrete Cover 27 =z (m)l 7
9. Bottom Concrete Cover | | Y | (4n 7
BEAMS
10. Number of Beams 4 4 3
11. Beam Type PDTZ%Q Pb2.4/4 % 3
12. Concrete Strength, fc' 5500 PSlI 5.5 (ksi) 8‘
13. Diameter of P/S Strands 7//6 " 7 8
14. Number of P/S Strands per Beam 5 4 g5 171_ 8
15. Grade of P/S Strands (250 or 270) |2 70 2.7V (ks1) 8
16. Initial P/S Stress |97 2/ 18T wsn| 8
U et S St |37 44| 37|
—
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Values w/ INPUT
Consistent Dimensions UNIT NO.
PRINTOUT
18. Printout Detailed (DETAILED), DeTAIL ED
Short 2
b

DISCRETIZATION

19. Type of Symmetry (ALL or HALF) HALR 3

20. Number of Elements in Long.

Direction (Needed if Automatic ES
. _ Disc. 1is NOT Used) 3
21. Length of Elements in Long. 126| $4 Z4 g4 4

Direction (If Predisc. is NOT

Used) (in inches) (start with

the top line, and continue) 6

LOADING

22. Number of Independent Area Loads| , 9

23.1 Load i1 10
Load Intensity Z}o CD / (ksi)
Longitudinal Distance 2 7 C7 (in)
Transverse Distance / EZ é5 (in)

Length in Long. Direction 4; z (in)
Width in Transverse Direction i% é; (in)

23.2 Load #2 g ) 10
Load Intensity (ksi)
Longitudinal Distance l//’/ (in)
Transverse Distance 41///r (in)

Length in Long. Dirgﬁtign (in)
(in)

Width in TransverjﬁzDirection




—sz

BOVAC INPUT FORM (SHEET -~ 1)

Title .
lﬁmﬂz[mqﬁlulljlllllllllllllIIIIIIIIIIIlIIJIIIIHIIIlIIIIIII-IIUHIIIIIIIIHI
Peilntout ’
2 VAPELT) (s%,A7)
) No. Da. Bam. Typg Symm. .
> (111 DR sa1.3m.00
5p. Length Overhang Width

o (AETTBE T ereo

No. Elems.
s WZZAT11H (K15)

Element Lengths (8810.0)

6'24“ ‘. d‘f Z . Z]»

té (slab) Thickness Top Cover Bottom Cover

(4F10.0)

P/s-¢  P/s-# B/s-Grd. P/S-P, Dist. to-P/S C.G. Bridge Age

s (RO ORI BA TR : EAFRIT AT T o.0.05.m0.0




1
~
¥

BOVAC INPUT FORM (SHEET - 2)

No. Loads

Long. Dist. Trans. Dist.
Load Intensity from Left Side from Botton to - Length of Width of
(pressurce) to Ctr. of Load Ctr. of Load Area Load Area Load

Ol I T B TTT T T e T T T T T A TITT I T el TTTTTTT]

O S OO

)

A
NEANENARERENERNRANZ4RNNNARENERNNRREERRERRRNRREERDY

IRANERRRENRREEDY

/

[ O O O O T T

Area Load No.
Area Load No.
Area Load No.
Area Load No.
Are; Load No.
Acea Load No.
Area Load No.
Area Load No.

Area Load No.




numerical analyéis increases. As can be seen in Fig. 13,
the size of the elements increases gradually.

It can also be note& that the loads are placed
on two elements, thereby making these two elements the
most likely ones to exhibit damage in the case of increased
load 1evels.. The beams are Pennsylvania Department of
Transportation's standard PD24/48 cross sections. The
cross section of the beam is shown in Fig. 14. The pre-
stressihg strand group used in the cross section consists
of 54, 7/16 inch, grade 270 strands, an& its center of
gravity is located 37.44 inches below the top of the beam.

The slab is 8 inches thick, including the assumed
Y iﬁch thick integral wearing surface. This implies that
the computer program will assume thé siab ﬁhickness to be
7% inches thick in the structural analysis of the bridge
superstructure. The slab reinforcement is automatically
defined by the program following Pennsylvania Department
of Transportation standards (Fig. 18, and Table 3).

The slab concrete compressive strength is assumed
to be 3500 psi, and that for the beam is .assumed to be 5500
psi. These values correspond to the design specifications,
in other words, an increase in concrete strength due to
age, or a decrease due to envirommental factors are not
considered. ‘The computer program automatically computes the

uniaxial tensile strength and the modulus of elasticity of
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3.2

beam and slab concretes. The program assumes that the
"yield strength" of the prestressing strands is 270‘ksi,

and that the modulus of elasticity is 27000 ksi.

The loading is assumed to be 302.4 pounds per

square foot.

3.1.2 BOVAC Data Collection Form

The completed form is enclosed in the report.

3.1.3 BOVAC Input Form

The completed BOVAC Input Form is also included in

the report. .

Example-2

3.2.1 Description of the Problem

This example .is the same bridge that was employed in
thé first example. The loading configuration is also the same.
The difference between these two examples stems from (1) the use
of the automatic mesh generation, and (2) the use of the short
output. Because of the change in the definition of the discreti-
zation, the length of the elements in longitudinal directiom is
divided differently. The new discretization is shown in Fig. 15.

The other changes in the input stream that the reader should note
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BOVAC DATA COLLECTION FORM

Raw Values w/
Data Consistent INPUT
Description Values Dimensions UNIT NO.
1. Job Title EXAMPLE BRIDGE 2 1
2. Span Length 20/’ =20, (fv) 4
3. Width 2/ 2. (£ 4
|4 Overhang 2/- ¢l 3.5 (fv) 4
5. Age of the Bridge (years) ' 0 (j‘ (yr) 8
RS |

. Concrete Strength, £ 2500ps|| 3, 5(ksi) 7
7. Thickness </ g m) 7
8. - Top Concrete Cover 2 " C (in)l 7
9. Bottom Concrete Cover | | " | (a 7
BEAMS
10. Number of Beams 4 4 3
11. Beam Type 1=DT14/4g PD 24—/4-8 3
12. Concrete Strength, f! 5500 Psf 5.5 (ksi1) 8
13. Diameter of P/S Strands 7 / 1L " 7 8
14. Number of P/S Strands per Beam = L 54. 8
15. Grade of B/S Strands (250 or 270) |G 2 70 | 27( (ksb) 8
16. Initial P/S Stress 1 87 L) | /189 st 8
Vg mim st tem e 137447 (37,440 |
_
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Values w/ INPUT
Consistent Dimensions °“| UNIT NO.

PRINTOUT

18. Printout Detailed (DETAILED), ShorT+
Short ,

e

DISCRETIZATION
19. Type of Symmetry (ALL or HALF) FJ AL 3
20. Number of Elements in Long.
Direction (Needed if Automatic . :
_ Disc. is NOT Used) 3
21. Length of Elements in Long. ;,L
Direction (If Predisc. is NOT
Used) (in inches) (start with I/'
the top line, and continue) 7 6
—— |
LOADING
22. Number of Independent Area Loads| ’ ’
23.1 Load #1 . . 10
Load Intensity R 0| (ksi)
Longitudinal Distance 3 7 7, (in)
Transverse Distance ' / %7é5, (in)
Length in Long. Direction 4 2 v (in)
Width in Transverse Direction Ca?é; , (in)

23.2 Load #2

Load Intensity ' j (ksi)
/
[
\

Longitudinal Distance (in)

Transverse Distance (in)

Length in Long. Direction (in)

Width in Transverse Direction (in)
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BOVAC INPUT FORM (SHEET - 1)

Title .
lmﬂlllIIIIIIllIlIIIIIIIJllIlIIIIHIIIIlllllIIIH-I]WHUIUFIIIH
Printout ’
2 7] G
No. Dm. Bm. Type Symsa.

s UL BHNd /a7 0AUR  as.ar.x.0
Sp. length Overhang Width

s ITTTIT A TTTEL T B TTLET] ero-o

—8‘— .

No. Elems.
Element Lengths (8¥10.0) (
[ L
pad
W/’
fc' (slab) Thickness Top Cover Bottom Cover
7 (4F10.0)
£l (Bm.) p/s-¢  B/S-# B/S-Grd. P/S-B, Dist. to-P/S C.G. Bridge Age

s IETTIIITITHITEE T ER BT T B T TIFTITIIII0 eo.0.315.0m0.0




BOVAC INPUT FORM (SHEET - 2)

No. loads
s (T1LIA o»
Long. Dist. Trans. Dist.
Load Intensity from Left Side from Botton to - Length of Width of
{pressure) to Ctr. of Load Ctr. of Load Area Load Area Load

@ T BT T T T AT T T T -T T T
4 lHlll[I'IrﬂllII[l][llllIl/ll/HlJHﬂlI]llHLI][UU

MMM A T T T O T T

Area Load No.

Area Load No.

Area Load No.

Area Load No.

Area Load No.

Atrea Load No.
Area Load No.
Area Load No.

Area Load No.




3.3

are that there are no cards for input Units 3 and 6; the rest
of the input cards are essentially the same. The major differences
between this and the previous ‘example can be noted in the computer

printout, which is presented in the next chapter.

3.2.2 BOVAC Data Collection Form

The completed form is enclosed in the report.

3.2.3 BOVAC Input Form

The completed BOVAC Input Form is also included in the

report.

Example-3

3.3.1 Description of the Problem

The bridge is a three beam bridge, as shown in Fig. 16. -
In this example the use of automatic discretization for the entire
bridge is employed. The finite element discretization resulting
from the use of the automatic option, as well as the loaded areas,
are shown in Fig. 17. Since the loading is not symmetrical with
respect to the midspan of the bridge, and also since the loading
does not have a symmetry with respect to some hypothetical point
along the length of the wvehicle, the use of the full discretization

is essential. It should be noted that the load positioning, its
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‘BOVAC DATA COLLECTION FORM

Raw Values w/
: Data Consistent INPUT
Description Values Dimensions UNIT NO.
1. Job Title EXAMPE BRIDGE > 1
2. Span Length 50! | 5o, o 4
3. Width ;g [Z, o &
4., Overhang 3,- 0” 3, (ft) 4
5. Age of the Bridge (years) ' 4 o, 40‘ (yx) 8
.

==w o ey
6. Concrete Strength, fc' 950& 75,’ 2, 5 (ksi) 7
7. Thickness 7 VL "1 7.5 () 7
8. - ‘Top Concrete Cover Z " z (in) 7
9. Bottom Concrete Cover i I ”’ ] (in 7
BEAMS
10. Number of Beams 2 3 3
11. Beam Type PDTZé‘/’,’B PO 24/33 3
12. Concrete Strength, £ 4- 500 PS” 4., 5 (ksi) 8
13. Diameter of P/S Strands \/Z d < 8
14. Number of P/S Strands per Beam 20 20 8
15. Grade of P/S Strands (250 or 270) |4 250 2 50(ksi) 8
16. Initial P/S Stress [ 75 Jesi] |75 (kst) 8
v immarnt [ 25" | 25,4,
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Values w/ INPUT
Consistent Dimensions UNIT NO.
PRINTOUT
= . _
18. Printout Detailed (DETAILED), ShorT
Short 2

M

DISCRETIZATION

19. Type of Symmetry (ALL or HALF) A L L 3

20. Number of Elements in Long.

Direction (Needed if Automatic
_ Disc. is NOT Used) 5
21. Length of Elements in Long. )_4.
Direction (If Predisc. is NOT
Used) (in inches) (start with
the top line, and continue) 6
—

LOADING

22, Number of Independent Area Loads| fz_ 9

23.1 Load #1 10
Load Intensity (0. v) / (ksi)
Longitudinal Distance 2 25, (in)
Transverse Distance 5 4 » (in)

Length in Long. Direction 2 d. (in)
Width in Transverse Direction 3 é (in)

23.2 Load #2 10
Load Intensity 0. O / (ksi)
Longitudinal Distance 3 é 0 p (in)
Transverse Distance 5 [F, (in)

Length in Long. Direction 6 D ' (in)
Width in Transverse Direction 3 6 (in)
4
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BOVAC INPUT FORM (SHEET - 1)

Title

\ EAAATE TERIEEE B L O O O O T T I T LT TP T T IR i i g

Printout

2 P o

A NINERLeCUEEZ I R

Sp. Length Overhang Width

o B L ITTTITE-AATITTTT g P ITITf) ore-o

No. Elems.

5 (5X,15)

Element Lengths (8r10.0)
6 -

LT
/4.»“

f; (slab) Thickness Top Cover Bottom Cover
7 B3 . . A1THINI]]) ro.0

f; (bu.) P/S-¢ p/s-# p/S-Crd. PIS_PI Dist. to-P/S C.G. Bridge Age

o FEE L T BT TR T P TR T A T THATTITTTT io.o.at.0m0.0




BOVAC INPUT FORM (SUEET - 2)

No. Loads

Long. Dist. Trans. Dist.

Load Intensity from Left Side from Botton to - Length of Width of

(pressure) to Ctr. of Load Ctr. of Load Area Load Area load
WA T EFE T T TR T E-LI T T EETIITITT]  aces tosd wo.
j:‘l:;“:»;llii'_“ Lo l 11 ‘ AARERECHER Area Load No.

P .

lIIIIIlIIIIlllllllllIllllllll}lllllllllliil!Illllﬁl Area Load No.
' " Area Load No.
IS T TR T T IV A T I T AT AT DA AT TITTI 0 0]  Acen vond mo
A _ l . Area Load No.

i

lIIIIIIIIIIII!I:{IIIIIII'III'IIIIIIIIIII'IIIIIIIIIII Area Load No.
llllllllll!IdlllllllllllllllllIIIIIIIIIIIIIII'IIII' Area Load No.

llllllll!kllllllllllIIIIIIlIIII||||I|IIII'I|IIIII'I Area Load No.




size, and the correspondence of the loaded areas to the finite
element discretization of the bridge is '"perfect." Such an one-
to-one match of the element sizes versus load is not always
encountered. Slight rounding, either in the definition of the
loaded elements or the definition of the loads, is usually under-

taken with very little introducion of errors.

The beams used are Pennsylvania Department. of Transpor-
tation's standard prestressed concrete I-beams, PD26/33. There
are two pres;:essing groups, each containing 15, % inch strands
of grade 250 prestressing steel, and are located 22 and 28 inches
below the top of the beam. Since the program accepts only one
group of.strands, averaging is used, thus resulting in 30, % inch
strands being located 25 inches b;low the top of the béamr(Fig. 14).
Initial prestress was 175 ksi, and the bridge is assumed to be

40 years old. Slab reinforcement is shown in Fig. 18.

3.3.2 BOVAC Data Collection Form

The completed form is included in the report.

3.3.3 BOVAC Input Form

The completed BOVAC Input Form is also included in

the report.
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6. BOVAC OUTPUT

Output of BOVAC can vary from a few pages, e.g. 10~-12 pages,
up to hundreds of pages, depending upon the options requested by the
user in the input of the program. As can be noted, if the short print-
out. option is requested, the printout would‘bé rather limited. How-
ever, in solving the same bridge for the same loading condition, the
printout for the Aetailed output would be hundreds of pages long. The
difference stems from the fact that in detailed output for all load
levels all stresses, strains, and deformations are printed; whereas,
for the short printout, only the key control values that correspond to
the last load level are printed. If é%e user is interested in the
complete load versus stress and deformation characteristics of the
bridge, the detailed output is needed. If this information is not
essential, then the long printout should not be used. For all practi-
cal purposes the short printout contains all the informatiom that is .
needed in the rating of the bridge or the overload permit study of the

bridge.

THE USE OF THE DETAILED OUTPUT OPTION MUST

BE JUSTIFIED BY THE USER.

For a given bridge and vehicle placement, even if the user

selects the short printout option, but if the user employs two different
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discretization, length of the printouts for these two computer runs

will differ. The difference between these numbers can best bé illustrated
by citing the number of pages of output that are generated by example
problems~1l, -2 and -3 that are described in Chapter 5. Examples-2 and -3
use the same bridge and same loading conditions, and both employ short
printout. However, the'examples_use different discretizations. Example-2
gives the results in 34 pages, whereas example-3 requires 12 pages.
Example~l, which is a loné printout-requireﬁent,.provides the results in
237 pages of compﬁter printout. This comparison once again illustrates
that the short printout should be used for all "reéular" cases; and

that the use of detailed, i;e. long printout, must be justified by the

user.

6.1 Comments on Long Printout

No explanétion is sufficient enough if all the users of
program BOVAC expect all the explanations to all of the questions on
hand and future questions in this user's manual. Through a careful
explanation pf the output provided by the program, as included in this
manual, the reader/user can find answers to many questions in this manual.
To initiate the self-study on the interpretation of the long printout,

the rest of this section contains some general comments.

The output consists of:
1. A printout of input data
2. A printout of automatically generated data

3. A printout of displacement and stress solutions to the problem
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Even though any consistent set of units may be used, the words "inches"

and "kips" are printed for convenience in the output.

Solutions to the problem consist of:
Nodal point displacements and associated nodal point forces.
Internal moments and normal forces taken about the reference
plane (mid-plane of the slab) for both slab and beam finite
elements.

Slab layer stresses, principal stresses, and principal angles.

‘Beam layer stresses, flexural shear stresses, principal

stresses, and principal angles.

A summary of cracked, crushed, and yielded layers in.the slab

. which indicates the principal angle and the directions of layer

L 4
failure.

Printer plots of the beams sﬁowing stress levels and areas
of cracking or crushing.

Printer plots of the slab showing element and node point
numbering, beam locations, and the number of cracked,
crushed and yielded layers in each slab element.

A histogram at the end of the job indicating termination

checks.

Displacement and force fields for only the live load are

printed during the overload solution procedure. In order to obtain

the total displacements and forces due to the live load plus the dead

load, the prestress and dead load solutions must be added to that for

the overload solution. The stress fields printed during the overload
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solution procedure include the contributions from the prestress and

dead load solutions. Also, the internal forces computed from.these

stress fields will reflect not only the live load solution but also

the prestress and dead load solutionms.

Letters after the symbol "S" in the titles to the stress

field portion of the printout indicate the direction of the stress.

The numbers indicate the first (1) or second (2) principal directions.

The principal angles for the slab, designated by THETAl in the output,

are measured clockwise from the X-axis of the elepent and indicate the

direction of stress '"S1." Principal angles for the beam, designated by

THETAl, are also measured clockwise from the X-axis of the beam and.

again indicate the direction of stress "S1."

used in

1.

v

Beam and slab printer plots are generated.. The stress codes
the beam printer plots are interpreted as follows:

Numbers indicate compressive stresses. The number "1"
indicates 10% of the yield or ultimate stress, depending

on the material. "2" indicates 20%, and so on.

Letters indicate tensile stresses. The letter "A" indicates
10% of the yield or cracking stress. "B" indicates 207,

and so on.

Blanks indicate a layer has reached the cracking criteria.
Slashes indicate a layer has reached the crushing criteria.
Asterisks in a horizontal row indicate the boundary of elements.

Asterisks in a vertical row indicate layers.
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7. The stress is measured at the centroid‘of a layer and is
always overstated or at best correct as shown. A 7% com-~
pressive stress is indicated by a "1," whereas an 11% stress

is indicated by "2."

Automatically generated data, which are not part of the
solution but are used by the program, may need further explanation in

addition to those already printed in the output.
1. Memory Requirements

‘The program computes the memory requirements needed for each
"overlay." Two numbers which are in octal are reported:

a. The first one is the central memory requirement ﬁo
load the specified oyerlay. This number will change
only if the program is changed internally and/or
a different compiler/system is used.

b.. The second number is the central memory reqﬁirement
including the storage space needed for the various
data arrays used in the specified overlay. This
number will change according to the particular
problem being solved. If the central memory
required by the job is greater than the available
memory, then the number of segments can be increased

so as to help reduce the storage space needed.

2. Slab Element Topology Array

The slab element topology array is automatically generated
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by the program and need not be punched by the user. This
array contains a listing of which elements, i.e. NEQl, NEQ2,.
NEQ3 and NEQ4, surround a particular node point. Absence of
an element is indicated by an élement number equal to NUMEL+1.,
This topology is represented by the numbering used in the slab

plot.

3. Element Array

The element array contains a listing of the slab elements with
the associated I, J, K, and L node points (corner node points).

This numbering can be seen in the slab plot.

4. Beam Element Array

L 4
The beam element array lists the beam elements along with their

associated I and K node points (end-points). This numbering can

be seen in the slab plot.

5. Beam Element Topology

This array indicates which beam element is to the right (NXR)
and which beam element is to the left (NXL) of the specified
node point. Absence of a beam element is indicated by an

element number equal to NBEAMX+1.

6.2 Short Printout

For the user who has mastered the long-printout, the inter-

pretation of the short printout is rather simple. The printout contains:
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1. Echo print of thg critical dimensions and values.

2. Printer plots of the beams and the slab indicating incremental
stress intensities for various load levels.

3. A message as to whether the bridée is adequate or not adequate
enough for the vehicular load plus 107 of the vehicular load.

4. Summary of the.checks as to whether the thre;hold values that
control the serviceability limits of the bridge have been
attained or not.

5. A detailéd message indicating the important assumptions and
limitations that have been made in the an;lysis scheme and
BOVAC. - This message is the same in the detailed or the short

output.

6.3 Example-1 Printout

The inclusion of the full printout of example-l . would have
required 237 pages. Since the pattern of information that is printed
out. at different load levels is similar, only a limited portion of this

printout.is included in the manual.

6.4 Example-2 Printout

The computer printout of this problem is somewhat more
manageable. It requires only 34 pages, most of which are occupied by
the printer plots. It is strongly recommended that the user develop
sufficient familiarify with the inferpretation of these plots.  The first

critical message that appears is the number of cracked concrete layers.
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For example, in the case of 2 cracked layers, it appears as T=2. Any
further discussion of the printout is somehow redundant, since the
characteristics of this printout are already included in the long

printout.

6.4 Example-3 Printout.

The length of this printout is even shorter than that of
example-2. This is due to the fact that the bridge is adequate enough
for the given load plus 107 of the given 1oad? and. the solution scheme
did not require any detailed internal calculations by program BOVAC.

The past experience have indicated that, for a given bridge and loading,
if the structure is adequate, and especially more than adequate, than the
computer time is not substantial and also the number of computer print-
out pages is quite limited. Howevef; if the bridge is not adequate

enough, especially if the inadequacy is on the borderline for the applied

load plus 107%, than the printout tends to be extensive. If the detailed -

printout is required, than the number of pages tends to be quite

voluminous.

Because of the similarity of the printout of example-3 with

that of example-2, additional comments on the printout are not included.
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cevcmcvenammcsssane=XANPLE BRIDGE 1

NUMEER OF SLAB ELEMENTS ALONG THE X-AXIS

NUMBER CF SLA3 ELEMENTS ALONG THE Y-AXIS

NUMBER CF CONGRETE LAYERS IN SLAB, NULAY

© NUMPER OF STEEL LAYERS IN SLAB, NSLAYR

BEAM TYPE

NUMBER CF BEAMS

TOTAL MUMBER OF BEAM SLEMENTS, NBEAMX

TYPE OF DISCRETIZATION

SPAN OF ENTIRE BRIDGE (FT)

BRIVGE OVERHANG (FT)

BRIDGE WIDTH (FT)

NUMRER OF ACTUAL LAYERS FOR BEAM

NUMBER OF PRESTKESS STRANDS

OVEFLAY 1 CM MEEDED TC LOAD OVERLAY
CM WITH DATA ARRAY STORAGE

OVERLAY 2 CM NEEDED TO LOAD OVEPLAY
CH WITH DATA ARRAY STORAGE

OVEFLAY 3 CM NEEDED TO LOAD OVERLAY
CM WITH DATA ARRAY STORAGE

OVERLAY & CM NEEDED TO LOAD OVERLAY
CH WITH DATA ARRAY STORAGF

OVERLAY § GM NEEDED TO LOAN OVERLAY

(13} Hn

PD24/48

20
HALF
70.00

3.50

31.00

10
00032732
00035040

a0041234
00050137

0002€343
00035266

20034262
000 3€7 21

23061250

D b L b DR S
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CM WITH DATA ARRAY STORAGE = 00071754

OVERLAY 6 CM NEEDSD TO LOAD OVERLAY = 00024766
CM WITH DATA ARRAY STORAGE = 00027305
OVERLAY 7 CM NEEDED TO LOAD OVEFLAY = (0024573
CH WITH DATA ARRAY STORAGE = 00025143
OVERLAY 8 .CM NEFDED TO LOAD OVERLAY = 00032661
CM WITH DATA ARRAY STORAGE = 00035760
OVERLAY 9 CM NEEOED TC LOAD OVERLAY = 93002t110
' CH HWITH DATA ARRAY STORAGE = 0002¢110
OVERLAY 10 CM NEEDED TC LOAD OVERLAY = 00030373
CH WITH DATA ARRAY STORAGE = 00032124
NUMBER OF SLA3 ELEMENTS, HUMEL = 40
NUMBER (F NCDAL POINTS, NUMNP = Sk
HALF AJANDHIOTH, LHWIDTH = 49
IS THZRE A DETAILED OUTPUT = YES
SKEW ANGLE (DCGREES) = 90.000
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ELEMENT LENGTHS IN THE X DIRECTION ARE (IN)
126.0000 85,0000 84.0000 84,0000 42.0000

ELEMENT LENGTHS IN THE Y DIFECTION ARE (IN)

42.0000 4B. 0000 48.0000 L%.300C 48.0000 4R. 0000 48,0003
SLAB THICKNESS (IN) = 8.000
NUNAZR OF PATCH LOAD CARDS = 1

LOAD CARD Loap (ks X OF CENTER(IN) Y OF C ENTER(IN); LENGTHLINY? WINDTH(IN)
1 20108 399.00 18€.00 f 42.00 96.00
N Al

NODAL POINT FORCES WITH SPECIFIED UNIFORM AND CONCENTRATED LOADS

CONGENTRATED NODAL FOINT FORCES (KIPS AND IN-KIPS)

'

NODAL POINT U-LCAD v-LOoAD W-LOAD MX-LOAD
1 +00009 «00000 ! «00000 00009
2 ~0000n «00000 «00000 - 00000
3 «00000 970000 «00000 ° ' « 00000
4 «00000 «0000¢0 «00000 +00000
S .00000 «20000 «00000 - 00000
6 «00000 «20000 +«00009 « 00000
7 «00000 30000 -00000 « 30000
8 «00000 « 000400 +00000 : « 00009
9 - 00000 «00000 <0000 . 00000

10 .« 00600 -00000 - 00000 «00300
11 « 00000 «00000 «00000 00000
12 +00000 20000 00009 «00000
13 «00029 «00009 00000 +00000
14 + 00490 «00000 .00009 « 00000
15 - 00000 00000 «00000 «003080
16 « 00000 «00009 «00000 « 00000
17 « 00030 » 00000 . 00000 «00000
18 « 00003 .0goon +00000 «00100
19 « 00000 .00000 000072 00200
29 «00008 « 03000 +00000 +00000
21 - 00000 00000 «00000 00000
22 +« 20000 «10009 .00009 « 00000

23 « 00009 «00000 5.04000" -40.22300 -3

L2.0000

MY-LOAD

" «00070

«00000
«00000
«00000
+00000
« 00000
«00000
«N0000
.00000
«90000
«00000
«020000
00000
«00000
«70000
«C0000
+20000
+«00000
00000
«00000
«00600
-00002
5.23000
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
u1
42
43
by
45
46
47
48
49
S0
51
52
53
54

NOIAL POINT

WO NOUE WN -

+« 60020
+00000
«00009
« 00000
« 00000
-00000
«00000
00000
» 00000
.00000
«. 00000
«00000
+C0000
«00000
«00000
00000
«00000
+00000
+00000
« 10000
« 000080
« 00000
«00000
«00000
+ 00000
+ 00000
. L0000
«00000
+« 00000
«00000
«00000

-00000
000400
«00309
«00000
«00000
00009
00000
30000
«00009
+ 20000
« 00003
«00000
«N0000
«00000
«00009
-a0000
00000
«00000
. 30009
«00000
00000
00001
00000
00000
+00000
«00000
-00000
« 00000
«00000
«00000
00000

SUM OF NOUOAL POINT K-LOADS

ELEMENT TOPOLOGY

MEQL -

NEQ?

&

-
O BN N2 N

NENS

41
L3}
41
41
L}
61

=
-

)
DN N NN e

5.04000
.00000
.00000

' .00000
.00000

12.06000

10.08000
.00000
.08000

400021
.00000

5,04000

5.04000
.00009
.00000
.00000
.00000
.00000
.00009
.00000
.00000
.00000
.00000
. 00009
.00000
«00000
.00000
.00000
+00000
.00000
.00000

40.3200

NE Q4

F ol
-

&
-

&
OO N TSN =

-45,. 32900
« 00000
.00000
+ 00009
+00009
+00000
<0999
«00000
«00000
+00000
«00000

- 40.32000
40.32000
.00900
»00009
00000

« 00000
«00000

+ 00000

« 00000
.Q0000
03000

+ 00000

« 00000
+«00000
+00000

« 00000
«00000
«00000
«00000

« 00006

35.28000
«00000
+00000
«30000
+00000

-70,56000

70.56000

«N0000

.« 00000
.gaoge
«00C00
-35.28000
¥%.28000
00000
. 00000
- 10000
«70000
« 30000
«30C00
+ 10000
«20000
00000
.10000
«00000
«00000
.00000
«00000
«10000
«00000
«00000
«00000
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
34
39
%0
L33
42
43
44
L5
46

48
&9
50
51
52
53
54

ELEMENT ARRAY

ELEMCNT NUMBER
1 1
2 2
3 3
4 4
5 5
6 7
7 8
8 9
9 10
10 11
11 13

W1
1€
17
18
19

41
21
22
23
24
25
41
26
27
28
29
30
b1
31
32
33
34
35
41
36
37
38
39
40
41
41
41
41
L
L3}
41

14

15
41
16
17
18
19
20
41
21
22
23
24
25
41
26
27
28
29
30
41
31
32
33
34
35
41
36
37
38
39
4o
41
41
41
41
4y
41

10
11
13
14
15
16
17
19

10
41
11
12
13
14
15
41
16
17
18
19
21

L3 S

21
22
23
24
25
b1
26
27
28
29
39
41
31
32
33
34
35
4
36
37
38
33
40

10

4l
11
12
13
14
15
41

16.

17
18
19
20
41
21
22
23

25
41
2€
27
28
29
30
41
31
32
33
34
35
L3
36
37
38

40

W

19
11
12
14
15
16
17
18
20




—66_

12
13
14
15
16
17
18
19

21
22
23
24
25
26
27
28
23
31
31
32
33
34
35
36
37
33
33
4)

ELEMINT

N

@

10

1hb
15
16
17
19
20
21
22

25
26
27
28
29
31
32
33
34
15
37
38
39
L0
41
43
4
45
46
47

20
21
22
23
2%
26
27
28
29

32
33
3y
35
37
38
39
40
41
43
ug
45
46
47
49
50
51

53

SLA3- ELEMENT GEOMETRY

LENGTH A
63,0000
42,0000
42,0000
42.3000
21.0000
63.0000
42,0003
42,0000
42,0000
21.0000

LENGTH B
21.0000
21.0000
21.200¢C
21.0000
21.0000
24,0000
24,0000
24,0000
24,0000
24,0000

T
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5060
7.5020

15
16
17
i8
20
21
22
23
24
26
27
28
29
30
32
33
34

3€
38
39
Lo
41
u2
Y
45
48
L7
L8

21
22
23

24 .

26
27
28
293

32
33
34

35 -

36

33
40
41
42
P
45
46
47
49
50
51
52
53
54

(DIMENSIONS ARE IN INCHES)




onos°*2
gcos*2
00082
000s°2
[T KA
geos2
ocos L
60052
0005°2
0005°2
800s°L
000s°2
00052
gons*2
emnw.h
0005°2
gros°2
000s°2
0005°2
608s°L
000s°2
000s5°L
000s5°2
00052
g00s° 2L
00052
00052

000S°2

000s°L

6000°12
gcoo°y2
6p0g°v2
popo*12
0000°ne
oooo°*ne
0000°%e
0000°%2
0000°%w2
6000°4h2
0000°h2
0000°%e
gooo°*we
0000°%2
ooogene
oggo*ne
gpeo*He
0000°he
ooco*we
0000°he
0000°%2
gogewe
0000°h2
0000°n2
0o000°He
0000°%we
0000°%2

qooe*He

00002

0000 °2%
600024
0C0C 2y
0000 °£9
060032
0oeo*2y
000c 2y
0000°29
0000°£9
000072
0000 °2%
0000°2%
000029
0000 *s9
0000°72
0000°2%
0000°2%
0000°2"%
0000 *£9
0000°7¥2
0000°2h
000029
0000 °2%
0000°£9
000072
0060 *24
000042y
0000 *24
0000 59

gy
PAY
9¢
119
Yy
L
2f
139
age
62
82
12
92
62
"2
£2
22
12
02
6F
97
2
97
ST
ht
£T
21

3
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590 21.0000 21,0000 7.5000
SLAB~ LAYER GEOMETRY
LAVER THICKNE SS/DT CENTROIU/DT
1 «166667 -~ 41€667
2 +1666€7 -.250000
3 +1666€7 ~-.083333
4 «166E€7 +«083333
5 +166667 « 250000
6 +«16EEET7 «41€667
, TOP COVER OF SLA3 (IN) = 2. 00
BO0TTOM COVER OF SLAB (IN) = 1.00

SLAB- CONCRETE MATERIAL PROPZRTIES

UNIAXIL CONCRETE COMPRESSIVE STRENGTH, FC =

DIRECT TENSILE STRENGTH, FT

INTTIAL MONDULUS, EC

UNLOADING MOOULUS IN COMPRESSION

UNLOADING MODULUS IM TENSICN

[}

(KST)

3.5000

« 3150

. 3408.79

1000. 0%

800.00

SLAP - STEEL LAYER MATERIAL PROPSRTIES

YOURGS MODULUS

29500.00 KSI

YIZLD STRENGTH
40.00 XSI

FANRERG
70

. SLAB = STEEL LAYER GEOMETRY

LAYER

BAR HNO.

P

SPACING (IN)

6.0000
18.0000

THICKNZ=SS

« 05167
01111

-M RAMBERG-N
:100.0
(IN) CENTROID (IN)
-1.94
~1.3A8

ANGLE (NEGREES)

-90,000
«030
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S
[P R

TERMINATION CHECKS FOR THE SLAR LAYERS

9.0
6.0

(STPESS IN KSI,

uuy
goo

B
Qn

Suuu
5167

STRAIN IN PCRCENT)

MATERIAL MAX STRAIN MAX TERSILE

CONCRETE «250
STEEL o148

STRESS

«355
30,000

BOUNDARY GONCITIONS

U CONSTRAIN-Q NODES ARE

V CONSTRAINED NODES ARE

W CONSTRAIMNELO NONSS ARE

MX CONSTRAINED HNODES APE

MY CONSTRAIHED NODES ARE

ne

12

12

HAX COMF
STRESS

2.800
33.009

18

13

13

18

24

19

19

24

1.81
2"‘“

NUMBER OF CFRACKED
OR VIELNEN LAYERS CRUSHED LAYERS

30

25

2%

38

36

31

31

36

42

37

37

42

43

43

43

48

2000
~-90.,000

NUMBER OF

54

49
49

S4




-£01-

REAM ELEMENT ARFAY // X-AXIS

ELEHENT NUMBER I L4 LENGTH C(IN)
1 7 "8 126,00
2 8 9 84,00
3 9 10 84,00
4 10 11 84400
5 11 12 42.00
5 19 20 126.00
7 20 21 84,00
8 21 22 84.00

. 3 22 23 84,00

10 23 24 42,00
11 3 32 126.00
12 32 33 84,00
13 33 ) 34 B4.00
14 34 35 84,00
15 35 36 L2.00
16 43 44 126,00
17 I 45 84,00
18 45 . 46 84,00
19 46 47 84.00
20 ur 48 42,00
L]

BEAM ELEMENT TOPOLOGY //X=-AXIS

MODAL POINT NEARX NXL NXR
1 ] 21 21
2 ) 21 21
3 0 21 21
4 0 21 21
5 0 21 21
6 0 21 21
7 1 21 1
8 1 1 2
9 1 2 2

10 1 3 4
11 1 4 5
12 1 £ 21
13 0 21 21




=701~

14
15
1€
17
13
19
23
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
319
40
L3
L2
43
4%
43
[
7
48
49
S0
51
52
53
54

HATERIAL

CONCRETE

STEEL

MATERIAL

Ry N o R RN R R e R el el R L I Bt

BEAM- MATERIAL FROPERTIES

SIGY (KSI)

5.500C
270.0000

FT (KSI)

270.0000

MODULUS (KSI)

4273. 16

27030.00

BEAM- CONCRETE TENSILE FROPERTIES

RCHMT

RONIT

ENOWNT (KSI)H

ROM

« 6436
6700

RON EDONN (KXST)

9,000 2853.82

25,000 _ .00

STRAN (PERCFNT)

22000

130,00000
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CONCR=TE

1.0000 9.000 300. a0

TERNINATION CHECKS FOR THE BEA

(STRESS IN KSI, STRAIN IN PSRC

MATERIAL MAX STRAIN MAX TENSILE MAX COMP

M LAYERS
ENT)

NUMBER OF CRACKED

OR YIELOED LAYERS CRUSHED LAYERS

STRESS STRESS
GONCRETE . 200 Ah5 h.400 1
STEEL 1.119 202.5C0 270.000 1 ’
MAX ALLOHABLE FLEXURAL SHEAR FOR THE BEAM (KSI) = 126 .

SECTION PROPIRTIES (SECTIONS ARE HORIZONTAL,

ACTUAL LAYERS
SECTION- WIDT

18. 0000
18,0000
13.0000

8.0000

6(3000
12.0000
20.9000
24,0000
2he. 0000

24,0000
8FAH SECTION

2.0000

6. 0000

H (IN) OF LAYERS

= THICKHESS (INM) OF LAYEPS

LAYERS ARE VERTICAL)

NUMBER OF

o




00060 °T
egog Yy
gooo°t
0000°1
00007
0000 °Y

0000°7

S¥IAYT ¥04d JdAl WIYALVH =-NDTJI3S

S¥3AV 0

aooo*
gooo*
0000 °
oocpo*
o000 °
oceco*
0000
00co”*
ogoo°
opoo*

(ISX) SS3¥LIS IWILINI -NOILI3S

00002
0006 °¢
0005 °¢
0000 °s
gpoe*s
0005 °8
000s %
0000 *y
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1.0000
1. 3000

1.0000

AREA OF PRESTRESS STRAND GROUP
STEEL GRADE
INITIAL STRESS

"n nn

PROPERTIES FOR BEAM CROSS-SECTVION

AREA
INERTIA

STRAND £ CCENTRICITY FROM G.Go
DEAD LOAD MOMENT ON SECTION
MODULAR RATIC OF STEEL/CONC.

AGZ OF BRIDGE IN YEARS

LOSS OUZ TO RELAXATIGH OF STEEL

PERESTRESS AFTER LOSSES (EXGEPT ELASTIG LOSS)

ESTIHATED ELASTIC LOSS

Houhoaa

(1)

6.2100 sSQ
270 KS
189, 00030 KS

708.00 Sa
172712.08 IN

« IN.
1
I

. IN
1

10.7200 IN

5420,62 IN
6.0053

« 00

«030 KS

-KIPS

I

144,755 KSI
10.511 KSI

]

DEAM ELEMENT /LAYER PROPERTIES (LAYERS VERTTICAL, ELEMENTS HORIZONTAL)

ELEMENTS~ INITIAL STRESS (KSI) IN LAYERS

<0000
<0008
«0000
«0000
« 0000
« 8900
.0000

.0000
. 0009
« 2000
<0009
.0000
.0000
<0000

-0CCO

+0009

'.0000

<0000
.5000
+0000
0000

«0000
0300
«0000D
«.2090
«00GD
0099
<0030

« G000
«G000
<0000
+0000
+0000
.00C0
.0000



=801~

0000
+0000
«0000
144, 7553

ELEHENTS- NATERIAL TYPE FOR

1 = CONGRETE »

t 1 1
1 1 1
1 1 1
1 1 1
’ 1 1 i
1 1 1
1 i 1
1 1 1
1 1 1
1 1 1
2 2 2

<0300
«0000
<0000
144.7553

2 = STEEL
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
2 2

«0000
0000
.0000

164,7553

LAYERS

ELCHENTS~ AREAS (SC.IN) OF LAYERS

36.0000
198. 0000
52,0000
68. 0000
58. 0000
50.2000
100. 0040
84,0000

B4. 0030

3€.9000
108.0009
52.0003
€8.0000
68.0000
60.3000
109.C000
84, 300D

&n.q0c0

36.0000
108.0000
52.0090
68.0000
68.0000
60.0000
130.00060
84,0000

eu,0cno

0038
-0000
.0000

144,7553

36.0000
1g%.0000
52.0000
6R. 00080
68,0000
60.0090
100.0000
84,0000

84,3000

«0000
+0000
«0000

144,7553

36.0000

10%.0000

' 52.0000

 68.0000
63.0000
60.0000
100.0000
34,0000

84.0000
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48,0000 48,0009 48.0C00 48,0080 ua.nEna

6. 21400 6.2100 6.2100 6.2100 6.2100

ELEMENTS- MOMENT OF INERTIA OF LAYERS

12.0000 12. 0000 12.0000 12.0000 12,0000
324, 0000 324.0000 324.0000 324.0000 324.0000
69,3333 69,3323 £9.3333 69.3333 ‘59.33§3
409.4167 409.41€7 hUQ.LlGT 409.4167 409.4167
L09.4167 409.4167 499.4167 409.4167 409.4167
125, 0000 125. 0000 125.00C0 ' 125.0000 125.0060

208.3333 200.3323 208.3333 208.3333 208.3333

85.7500 85.7500 85,7520 85,7500 85,7500
B5. 7500 85,7500 85.7500 85.7500 85,7500
16.0000 1€.0000 16.0000 16.0000 16,0000

+« 0000 . 0000 .0000 .0000 <0040

ELEMZNTS~- CENTROIDAL DISTANCE (IN) OF LAYERS FROM REFERENCE PLANE

4,7500 4,7500 4.7500 4.,7500 4,7500
8.7500 B.7500 8.7500 8.7590 A.€500
13,7508 12.7500 13.7500 13.7500 13.7500
20. 3000 20.0000 20.0000 20,0000 29,0000
28. 5000 2%.5000 28.5000 2%9.5003 " 28,5000
35,2500 15.2500 35.2500 35.2%00 35,2800
40, 2500 ud.zsun 40,2500 40,2500 40,7500
44,5000 44,5300 44,5000 44.5000 44,5000
48.0000 43,0000 48,0000 48,0020 48,0000
59,7500 50.7500 50.7500 S0.7500 5G.7500

41,0800 41,0800 41,0800 41.0800 hi.0810
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DEAD LOAD AND/OF PRESTRESS SOLUTICN FOR INDIVINDUAL BEAMS

SOLUTION NUM3ER = 1

NUMSER OF DUPLICATE SOLUTIONS IN THIS GROUP = 1

STARTING BEAM = 1 END BEAM =

80UNDARY GCONOITIONS

HODAL POINT u-nise W-DISP

OV N
rooooo
o000 o

UNIFORM LOAD ON REAM =

-111~-

SNl FORCES ON BEAM DUE TO PRESTRESS

MY-DISF

—_O0000

+1240 KIPS/IN

HOOZ-  AXIAL LOAD(KIPS) VERTICAL LOAD (KIPS}
1 898,93 . 0000
6 -898,93 «C00Y

NODAL POINT FOKCES INCLUDING SPECIFIED. UNIFORM AND CONCENTRATIO LOANS (KIPS AND IN-KIPS)

HOLAL POINT U-L0AD
1 838.3302
2 «0J000
3 <9000
4 3000
S «0000
6 -89R.3302

H-L0AD

7.8094
13.0150
10,4125
10. 4125

7.8C94

2.60 %4

MOMENT .(IN~'(IPS)
36928.053

-36928.053

MY-LOAD

36764.0562
91.1094
0000

0000
54,6656
-36909.8 1312
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"
-

ITERATION FOR REAM SOLUTION

]
N

ITERATION FOR BEAM SOLUTION =

HODAL POINT NISPLACEMENTS FOR THE BEAM

- - 4 W Y W T - T D S G W T A W W D e s W A G T e - - -

U-DISP (IN) H-DISP (IN) HY-DISP (RACIANS)
. 38605 .000G0 R «001¢C% !
+ 08269 -+ (6339 .000¢C0
- 06651 -.05343 -. 00024
- 04298 - 03277 -. 00024
«01483 -«01834 : -. 00010
+ 00000 ~+ {1630 «00000
STRESSES (KSI) - ELEMENTS HORIZONTAL, LAYERS VERTICAL
-«23156 ~eB8772 =1.2020 <-1.3968 -1.4617
~e 4227 -e9271 =~-1.2021 -1.3671 -1.4221
~+5989 ~.9894 ~-1.2023 -1,2301 -1.3727
~¢8193 -1.0673 -1.202€ -1.2838 ~-1.3108
-1.1189 -1.1732 ~«1.2029 -~1.2208 ~-1.2267
-1.3568 =1.2573 -1.,2032 -1.1707 -1.1599
-1.,£329 ~1.3196 -1.2034 ~-1.1337 -1.1105
-1.6823 =-1.3725 -1.2035 -1.1022 -~1.0684 .
~1.8051 -1.4161 ~1.,2037 ~1.0762 -1.0337
-1.3014 =-1.4503 ~-1.2038 -1.0558 ~1.0065
134, 8832 136.3518 137.1513 137.6308 137.7907
L ]
SOLUFION NUMRER = 2 ‘
NUMBSR OF DUPLICATE SOLUTIONS IN THIS GROUP = 2
STARTING BEAM = ? END BEAM = 3

BOUNDARY COMDITIONS

NHODAL POINT U-nisep H-NISP HY-DISP

£ N
coooa
XN
o000
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UNIFORM LOAD ON 3EAM = «1281 KIPS/IN

INC FORCZS ON BEAM DUE TO PRESTRESS
NOGE AXIAL LOACU(KIPS) VERTICAL LOAD (KIPS) MOMENT (IN-KIPS)
1 898.93 + 0000 36928.053

6 -898.93 . 0000 ~36928.053

.

NODAL POINT FORCES INGLUDING SPECIFIED UNIFCRM ANN CONGCENTRATED LOACS (KIPS AN IN-KIPS)

NOCAL POINT U-LOAL W-LO0AD ' MY-LOAD
1 898.9302 8,0719 36758.5437
, 2 «0000 13. 4531 94.4719
3 «3000 10.7625 «0000
4 +0000 10.7625 «0000 ’
5 20000 8.0719 56.5031
6 -898.9302 2. 6916 -36909.2187
ITZRATION FOR BEAM SOLUTION = 1
IT-RATION FOR BEAM SOLUTION = 2
ITERATION FOR BEAM SOLUTION = 3 .

NODAL POINT DISPLACEMEMTS FO® THE BEANM

U-nIsSP (IH) W~-DISP (INY MY-DISP (RADIANS)
«09028 « 00000 0001
« 08640 -« 04763 -.09012
« 06951 ~.02815 -.0003&
«04483 ~« 00103 -+000130
« 01546 « 01877 . -.00012
~00000 « 01925 «00000

STRZSSES (KSI) - ELEMENTS HORPIZONTAL, LAYERS VERTICAL




911~

~+2964 =¢9120 -~-1.2476 -1.4490 ~1.5161
-+ L3512 ~+¢9565 -1.2L08 -1.4113 <~1,4682
-«6086 =-1.,0122 <-1.2323 -1.3643 -~1.408%4
-.8254 -1.,0817 -1.2216 -1.3055 ~1.3335
-1.1202 -1.,1764 -1.,2071 -1.2256 ~-1.2317
-1.3543 ~1.2515 -1.1956 -1.1621 -1,1509
-1.5276 -1.3271 -1.1870 -1.1180 ~-1.0910 \
-1.6746 =1,3544 -1.1798 -1.0750 ~-1.0401
=1.7955 <~1.3933 -1.173¢ ~1.0421 ~. 9982 '
-1.8902 ~-1.4239 -1.1591 -1,01€2 =+9652
13%.9197 13€.4374 137.2637 137.7593 137.92u45

SOLUTION NUMBER = 3
NUHMBER OF [UPLICATE SOLUTIONS IN THIS GROUP = 1
STARTING BEAM = 4 END BEAM = 4

BOUNDARY CONUITIONSA

'HOTAL POINT u-oIsP H-DISP MY-DISP

[RUI - PN
rooooo
OOO OO
-Tooocoo

UNIFORM LOAD ON BESM = «1240 KIPS/IN-

<MD FORCZS OM BEAM DUE YO PRESTRESS

HOPE  AXIAL LOAD(KIPS)  VERTICAL LOAD (KIPS)  MOMENT (IN-KIPS)
1 898,93 . 0200 36328,05%
6 -898,93 . 0000 -36928.053

NONAL POINT FCCES INCLUDING SPSCIFIED UINIFORM AND CONCENTRATED LOAPS (KIPS AMD INM-KIPS)

NGOTAL POINT U-LOAC W-LOAD Hy-L0AD

838.9302 7.8094 36764.0562
«00C0 13.0156 71.1094

n -
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1 Q040 1044128 0000
4 «00a0 10,4123 »Q000
5 +0000 7.8094% . SL.6656
[ -838.93302 2.6011 . =36909.8312
ITERATION FOR BEAM SCLLTION = 1
ITERATION FOR HEAM SOLUTION = 2

NODAL POIﬂT DISFLACEMENTS FOR THE BEAM - ‘

- - " > B " - - " - T W - T W W A O YD P WD B W - . - e TS -

U-0ISP (IN) H-DISF (IN) HY-DISP (RADIANS)

.08605 +00300 «+001CH '

«08269 -.06389 . 000470 :
+ 36661 -.053:43 -. 00024 "
«N4298 -. 03277 . -. 00024

«01483 -+ 01834 ~. 00010

.Co000 -« 01630 . 00000

STRESSES (KSI) = ELENMENTS HORIZONTAL, LAYERS VERTICAL

-22816 ~.8772 -1.2020 -1.3968 -1.4617
~s 14227 ~e93271 -~j.2021 -1,.3871 -1.4221
~+5989 ~-.9894 -1.2023 -1.330% ~-1.,3727
-+8193 -4,0673 ~-1.2026 ~3.2838 <-1,3108
-1.1189 =-1.1732 -1.2029 -41.2208 <=1,2267
~1.3568 ~-1.2573 -1,2032 -~-1.1707 -1,1599
-1.5329 -1.3196 -1.2034 <-1.1337 -1.1105 ¢
-1.6823 =-1.3725 -1.2035 -1,1022 -1.0684
-1,8051 -1.4161 ~1.2037 -1.0762 -1.03%7
~1.9014 =1.4503 -1.203% -1.0558 -1.0065
134.8832 136.3518 137.1513 137.6338 137.7907

INTERNAL MOHENTS (IN-KIPS} AND NORMAL FORCES (KIPS) IN 3EAM ELEMENTS

48 M3 : NB
1 3013.4552 - 0000
2 - 6382.5019 + 0000
3 q147.4510 0000
4 104456, 419 «0C00
S 10879.4089 . 0000
6 3111.6949 . 0000
7 7214L.1572 « 0600
L} 9451,878¢C -. 0000
9 10794,5091 -+ 0G09
19 11242.3520 -.0u00
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sSLAB NODE FOINT AT WHICH ELEMENT
ELEMENT STRESSES ARE COMFUTED
( 0 = CENTER OF €LEMENT)

1 7
2 8
3 10
4 10
5 i2
[ 8
7 15
8 15
9 16
190 18
11 20
12 21
13 . 22
14 22
15 24 -
16 20
17 - . 21
18 22
19 29
20 30
21 32
22 33
23 3
24 . 29
25 30
26 32
27 33
28 3y
29 34
30 36
31 44
32 ) 39
33 39
34 4o
35 42
36 43
37 Ly
38 46
39 . 13

(%) 48
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SGALING PROGEOURE

NUMBZR OF TRLALS

NUMBER OF ITERATIOMNS

]
-

ALLOWABLE STRESS CHANGE OF «279751125€E+00

DEGRSASE FORCE VECTOR BY 9 PER GENT ANN SCALE

SGCALING PROCEDURE

NUMBER OF TRIALS = 0
NUMBIR OF ITERATIOMN = 2
SCALING PROCEDURE
NUMSZR OF TRIALS = 0
NUMBER OF ITERATIONS = 3
SCALING PROCEDURE
NUKBZR OF TRIALS = 0
NUMBSR OF ITERATICNS = 4
SCALING PROCEDURE
NUMBER OF TRIALS = 0
NUNBTR OF ITERATIOMNS = 5
ALLOWABLE STRESS CHANGE OF +283500000E+00

DECPIASE FORCE VECTOR BY 50 PER CENT AND SCALE

.

HAS BESN EXCEEDED IN ELEMENT
TO THE ELASTIGC LIMITS.

HAS EEEN EXCEENED IN ELEMENT

TO THE ELASTIC LIMITS.

19 LayeEPR

20 LAYER

s -

5
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SCALING PROCEDURE

NUMBER OF TRIALS = 1]
NUMBER OF ITERATIONS = i
SCALING PROCZDURE
NUMBER OF TRIALS = 0
NUH3ZR OF ITERATIONS = 2
SCALING PROCEDURE
NUMBZR OF TRIALS = [}
NUHBER OF ITEFATIOM = 3
SCALING PROCEDURE
HUMBZR OF TRIALS = ]
HUKBER OF ITERATICAS = 73
INITLAL SCALING RATIC = «4029E+00
SCALING PROCEDURE
NUMBZR OF TRIALS = 1
HUM3ER OF ITZRATIONS = 1
SCALING PROCEDURE
HUMB=R OF TRIALS = 1
NUMBLR OF ITERATIONS = 2
- FIND THE FORCE INCREMENT

REFERENCE DISPLACEMENT = +88322€E~03 NODE= 30 WODISP
RFFERENCE FORCE = +40S27E+01 NODE= 38 WFORCE

SLAB - NEWLY CRACKZN, CRUSHED OR YIZLDZD LAYEFS




=021~

ELZM=HT LAYER ANGLE
20 6  5.1953

25 6 -5.1953

BcAM - NEWLY CRACKED, GRUSHEU OR YIELDED LAYERS

ZLEMINT  LAYER

APPLIEN NODAL POINT FORCES IN KIPS AND IN-KIPS

NOTAL POINTS U-L0AD V-LOAD H-LOAD MX-LOAD MY=-LOAD
1 00000 . + 00000 .00000 « 00000 : «00C00
2 «020000 00000 +00003 «000400 «00000
3 ' +00000 « 00000 «003000 00000 «00000
L 00030 . 000080 «00009 «1000% -00000
5 . 00000 00000 «00000 «00000 <0000
[ « 00020 .00000 «00000 .00000 «00000
7 +00000 «00C00 «00000 «00900 . «» 00000
5 . 00000 00000 » 00009 «00000 «00000
9 «00009 « 60009 «00000C «000080 00000
10 «00000 «00000 -»00000 00000 00000
11 30000 : «00000 «90000 . 00000 «00000
12 «00030 .00000 «00000 «0o0Go00 « 00000
13 « 00000 «00000 00000 » 00000 +00000
14 00000 « 00000 «00000 00000 «00000
15 .00000 +00000 «0C0000 -03000 «00000
1€ - 60000 . 00008 .00000 . 00000 «00000
17 .00000 «000080 .00009 .Q0000C .00000
18 . 00000 «00000 «00000 « 00000 «00000
19 .00000 «00000 «00000 «00080 -N0000
20 « 13 00D . 00000 . 00000 00000 .20000
21 .00000 +ugun «00000 « 00090 +00008
22 .00d0¢0 «00000 .00000 «00000 «00000
23 «00000 «30000 2.03051 ~164245%10 -16,21359
ch - +00000 .0aoon 2.03051 -16.24410 14, 21359
25 .00000 « 00049 .00000 +«00000 » 20000

£ « 00300 » 00000 -0008¢0 «00700 «00000
27 ’ +«00000 +«0007 00000 + 00300 00000
28 00000 .00000 «00009 «C0000 13000
29 .00000 00009 &.0€102 .00000 -28. 42717
3n «00G0N «00007? 4.06102 00300 28. 42717
3t . 00000 «30000 .0J0090 09900 «70000
32 » 30000 «30G00 -00809 « 00032 «00000
33 . 00000 « 00901 «00009 «30009 . 00000
34 . 004030 « 00007 «00009 «00003 00000
35 «90Gu0 « 00000 2.03051 16.24410 -14, 21359
36 00000 .000090 - 2.03051 1€, 24410 14.2135%9

37 «00000 .00000 «00000 «90000 »10000
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38 + L0000 «00000 00000 -+ 00000 30000

39 .00000 .00000 .00000 . 000090 00000
40 «00000 «009G0 «00000 « 000092 © « 00000
b1 . 00000 +00069 +00000 - 00309 . 00040
42 «10000 «0000GC -« 00000 - 00300 «N0000
43 « 00000 «00000 .00000 «08009 .00000
Il . «Q0Qg00 .0000n «00090 «C0000 « 00000
45 « 30090 «00000 00000 . 00000 «00000
45 « 00000 -00000 « 00009 «00099 «30000
47 « 00000 .00000 00000 00009 ’ «093000
48 .00009 00000 00000 « 00000 - 70000
43 « 920007 .03000 «00007 « 00000 «00000
53 «930030 00000 «30009 » 00000 «0000C
51 .00000 +00000 00000 «00000 «00000
52 . 00000 .agoo0ce 00000 .00000 « 000400
© 53 «00000 -00000 «00009 .00000 . 00000
54 «00009 <gooop <00000 ) «Q0000 «10000

NODAL POINT DISPLACEMENTS IN INCHES AMD RADIANS

NOLAL POINTS U-DISP vV-nisp HW-0ISP MX-DISP MY-DISP
1 « 30257 -.00080 -.00000 ~+00000 -. 00093
2 «00229 -o.00032 «00308 -.00322 -.00003
3 <0184 -.00212 «00506 -.00034 -.00003
4 «00116 «00003 « 00695 ~e000%1 -. 00002
5 «09038 | -00016 .C0881 ~.07043 -+ 00001
6 .00000 «00018 «00907 - 000%Y -. 00000
7 «002%0 ~+00079 «00000 -+00000 -. 00010
8 « 00251 -+00033 «01241 -+« 00022 -+00009
9 . «002082 ~.00018 " e01340 -+00035 -.00007

10 «00129 -« 00004 02446 -« 00043 -. 00005
i1 «00043 00008 202707 -« 00004 -. 00002
12 «00030 «23011 «02740 -~ 00043 -+ 00000°
13 «002313 -.00073 «00000 «00300 -+ 90019
14 «00283 -.00035 «02271 -.00719 -« 00016
15 <0021 -.00025 +03¢568 -+ 00031 -.0001¢4
1% « (0154 -.00014 «04504 -+ 00041 -« 00007
17 « 00054 -,i0003 .04808 -+ 00084 -+00002
18 . 10000 - 00001 «06819 -~ L00LZ « 00000
19 « 00260 -.00059 00009 +00000 -+ 00025
2] : «00331 ~+00038 «03029 ~.00011 -+ 90023
21 - <0279 -.00032 « 04795 ~-.00018 ~«10019
22 30198 -.00027 «06163 -.00024 -+»09013
23 .70079 -.29020 «06345 -+ 00045 -. 70005
24 ~. 00000 -.00321 «07053 -+00955 -. 00000
25 « 00350 ~+00060 00000 «00300 -.00027
25 « 10324 ~+00040 «N3300 00000 ~.0002%
27 « 00259 ~o 00040 «05224 « 20200 -+90020
28 .00184 -+00040 .06722 .00000 -« 00018
293 «0006L =«00040 «08325 « 00200 -+ 00022
33 «C0000 ~ 10042 «78850 -.00300 -.00000

31 001369 -.00022 .00000 -.00009 ~.N0025
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;sz.n.m

33
34
35
36
37
33
33
49
L3}
['Y4
43
Ly
45
UL
47
49
43
S0
51

53
54

INTERNAL MOMENTS (IN-KIPS/IN) AND NORMAL FORGES (KIPS/IN) IN THE SLAS

DN W

NN o s pd pd e pd b b e e
S ODINOVIST WD

L00331

00278
» 00198
« 00079
-« 00 GO
« 00313
«00283
<0021
00154
+ 00054
. 00000
» 00280
. 00251
«00292
.00129
-00043
« 00040
00257
«00223
« 00184
«J0116
00038
+« 00000

-.00043
-.00048
-,00054
-.30060
~.00059
-.00007
~.G004%
-.00055
-.G0067
-.00077
-+.00380
~+.00901
-.00047
-.00063
-.00977
-.00089
-.006091

« 00300
-+00049
-.00068
~.00084
~.00096
-+0009»

DISPLACEMENT/REFERENCE DISPLACEMENT =

FORCE/REFERENCE FORCE

SUM OF NODAL POINT W-LOADS

MY

e 001
-.026
-o QU4
-.027
«035

-.0c7
« 127

«112

. 229

-« 079
« 0R9

« 169

«253

« 292

-e 12
<094

<171

« 252

» 293"

1. 4469
« 094

HX
-. 004
-. 020
-.092
=+ 091

«029
-« 021
» 254
« 245
« 234
~+ 009
. 322
«530
«811
«813
-.781
+«316
«SL0
« 784
2.29%
3,377
« 316

MXY
«140
130
. 052
. 039

-+ 06
«126
«120
«11
« 076

-. 007
« 092
. 081
« 092
o 20k
«176
074
« 0F0
- 124
. 146

-+ 200

~. 070

+03029
« 04795
06163
« 069345
07053
« 00009
.02271
+ 025638

« 06506

«04808
«04813
«60000
«01241
+ 019460
« 02446
«02707
02740
«00000
+00308
00506
«00635
09881
« 00907

1.00206

1.002086
16.2441

LS

NX
-.050
'11"5
~e 21t
-.2€2
-.275
=~ 057
-+ 149
-.219
‘=e302
-, 348
-« 052
~-.152
-.239
=. 345
~o 033
-+ 0E5
-.151
~.228

- 364

i’} 37"
-« 0E5

T.00011

.00018
«0002%
« 00345
« 00055
00000
« 00019
.00031
+000%1
« 00044
«000%3
«GC000
00022
00935
«000%3
« 0004
» 00043
+ 00000
.00922
« 30934
« 00041
« 00063
«000%%

NY
-.012
-«013

«00%
-.003
-.003

«005

«012
-.002
-.001

<001
+009

N1k

+033

007

022

007

021

029

-0E1L

«NEH

<017

-.00023

-.00019
-+ 00013
-«00005
-.00000
-.00019
-.00016
-. 00014
-. 00007
-.00002

«00000
~. 00010
-.00009
-« 00007
-.00005
-.00002
-.00000
-«00003
~.00003
-.30003
-.00002
-.00001
-.70000

NXY
-.018
~+026
-.010
-e 014

<006
~.026
~s 051
-.05¢
~o 0l

«006
-.081
-.003
-.087
-.089

005
« 01
«025
<034
« 031
«000
~e 031
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22 «171 <S40 -+ DED -«151 «021 -.025%

23 . 282 784 e -.228 039 -e03%
24 . 293 2.294 -« 146 ~e 34l +C61 -.031
25 Lo 440 3,377 « 200 - 374 .086 -.000
26 « 089 « 322 -+ 092 -«0F2 +0N9 : «0R1
27 « 169 « 530 -« 081 -e152 «01% «093
28 + 253 <811 -. 092 -s230 «033 « 087
29 » 292 +813 - 244 - 365 <007 NLE
30 -e 142 -«781 -e176 ~e L33 «022 ~.005
31 -. 007 -. 021 -+ 126 T = 047 «005 - <026
32 Ct 137 * 254 -+120 ~+1849 .012 « 051
33 112 245 -.131 -.219 -.002 .051
34 . 229 «234 -.076 -+302 -.001 s 0Nk
35 -+ 079 -.0C9 « 007 -e 304 «001 -. 006
36 -.0C1 ~. 004 ~e 140 -+ 050 -.012 018
37 -+ 026 -+ 020 -+130 - 115 -.013 026
38 -« D44 : -. 0932 -. 082 ~e 21k « 004 «010
39 -0 027 -0 091 -+ 039 -+ 2862 -.003 « 014
40 « 035 « 029 - 006 -e 275 -.003 * =eNG6

INTERNAL MOMENTS (IN-KIPS) AND NORMAL FORCES (KIPS) IN PEAM ELEMENTS

EL - M8 MNB
1 3120.5437 1.3582
2 7252.1263 ‘3. 3429
3 9506.1079 3. 8285
4 10840.27680 3. 8526
5 11275.9874 3.9105
6 3569.2482 8.9149
. 7 8288.2E72 24.0189
8 11109.8901 © 37.15862
9 13094,0212 50.8378
10 13986.6359 59.6020
11 3509.2482 8.9149
12 8288.2572 24,0189
13 11109.8901 37.1562
14 13094.0312 50. €878
15 13986.6359 59, 6020
16 3120.5437 1.3582
17 7252.1263 3, 3429
18 9506.1079 3.8285
19 10840.2760 3. 8526
20 11275.9874 . 3.9105

TOTAL ACCUMWLATED STRESSES IN SLAB LAYERS
(STRESS IS IN KSI, ANGLES ARE IN DEGREES
¢ = TENSION, - = COMPRESSION)

EL LAYER SXX SYY SXy S1 s2 THETAL

1 1 -.00508 - 00012 - 01499 ~«017¢0 «01259 40.31335
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-«00563
-.00844
-.00817
~.00556
-. 30465
-.03000
-.06955
-.06398
-.00000

-.01569
-« 01547
-+ 02084
-.02032
-.01918
~. 01841

«00000
-«18110
-.16151

. 00000

-.02297
-. 02244
-+03041
-+02943
-.32866
~.02787

«00000
-. 27217
-« 24103
-.00000

-.02695
-.03615
-. 03538
-.034718
=« 03345
-.03250

.00000
-+ 31562
~.28101
-.00000

~.0393¢
- 03758
-.03582
-.03405

-.C3231 -

~. (3060
.Go0ad0

' -.00097

-000275
-« 00269
-+ 00160
-.00060
-+ 00910
. 00000

«00000
-+ 00318

. 00230
-. 00078
~. 00242
-.00268
-+ 00294
-+ 00321

» 01906

. 00000

. 00000

« 00608

. 00750
» 00436
« 00149
-.00156
‘.00“59
- 00762
« 09414
"+ 00000
«C0GOO
-. 00252

» 00626
«00347
« 00045
-.00256
-.00955
-+ G0ASY
«09%14
.00000
. 00080
-.002%2

-.00350
-.0025%
~.00161
-+ 00066
00629
«00127
- 04285

-+ 00960
-.00581
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05000
-« 07174
-.06096
200000

-~ 03174
~.02739
-.02395
~e 01307

-«06335
~.02702
-. 01060
01602
+ 04229
+06884
-. 25L73
«00uU00
. 03000
49669

~«G6F93
-. 043540
~.01399
.01236
.03288
« 06569
-e25L73
«00000
. 00000
. 43669

08559
« 03985
«01411
-.01686
-s 0329
-+ 06172
«47057
. 00000
.00coo0
-+ 30572

«00289
. 00175
. 00059

~-.00C63

-. 00104

-. 00012
+01£68
. 00200
.00000
.00150

-+ 01991
~+01160
~-. 00329

- 00504

.02015
01694
« 01369
.00861
« 00659
. 00386
+Q0000
. 00000
« 00000
-.00000

«O3L47
02549
+ 01646
« 00582
-.0013%
-« 00972
.00000
«00000
«000C0
-+ 00000

« 01524
.ange7
«00289
-+ 00322
~e 01021
-« 01718
-« 00000
«00000
« 00000
+ 00000

» 01511
.01013
« 00559
+ 00156
e 00'103
-+ 01766
-+ 00000
-00000
. 00000
-. 00000

« 01796
«01355
<0091 4
«00368

-+ 03740
~.0%818
-« 046207
-.021€7
~e 01437
-. 00772
- 25473
-+31181
~+23983

+ 43669

-+10352
-207897
-+ 05904
-+03252
-.02528
~+019%6
-e25473
-+ 45569
-+ 37233

+ 43669

-+ 04793
-+ 04631
-e 0614
-« 06364
-+ 06665
-.07953
« 47057
~e6044LS
~.%8836
-+ 30572«

~+«016€3
-.01268
-.00886
-.00736
-« 00921
-.01020

.016¢€8
-+07184
-+ 06096

«00150

~s 04 4TY
-+03517
e 02663
-+, 01418

-.07900
-+ 02346
~+00U6Y
«01799
«0L306
«06903
00000

" «00000

«03000
00000

1

« 03446
«02362
«00798
«01312
« 03891
«06630
000400
023009
«00000
-~00000

+

«06763
«04076
201425
«01067
03286
« 04516
+00000
«00000
00000
+00000

«01458
« 00915
« 00390
+00030
«0009%
«03570
«00000
«00000
-00000
.00000

00691
.00382
«00029
« 09575

I7.32684
~38.67347
-23.51767
-12.86824

~6.53836

-2.88670
-90.00000

.99000
«00000
~90.00000

~43,29%95
~33.52047
-20.06491
~7.38397
1.20702
6.50673
-90.00000
«00000
00000
«90.03000

-7.64668
-5.81%815
-2.,74321
3.49393
18.58792
43,97175
-90.00000
«00000
.aooco
-90,00000

~37. 73547
~-35.60162
-30.62519
-11.97179
26.26371
37.22601
-930.00000
«00000
00000
-90.00000

~35.88953
~29.88604
-21.381€8
-10.86719



-1€1-

32 5 -.01038 «031322 «00926 -.010133 . 01322 ~e52195
32 & ~. 00714 .02163 - 00374 ~+0N7€2 «02210 7.289L7
32 7 -.00000 ~. 08632 « 30000 -.05632 .00300 =-90,.20000
32 8 -.238029 .00C00 . 000C0 -.20809 +03000 00000
32 9 ~. 14871 . 00000 .03300 -+ 14871 «00000 «01900
32 16 «GJ000 « 16946 -+ 43000 « 16945 .00000 -930.00000
3y 1 -.0380¢ -.02118 - 01905 -. 05048 -.00830 -33.03821
33 2 ~+ 03504 -, 01321 e 0141 % ~. 04231 - 00634 -2%.91905
3y 3 -,03276 -, 00724 «00923 -+ 03557 -:00243 -16.91980
33 & -. 02147 . 00453 « 00342 -+ 02191 « 02437 -7.37310
31 S -.01987 « 01046 -+ 00046 -.01938 . 01047 «375A5
33 © -.01748 «01857 -« 0045617 -.01845 01915 7.08577
33 7 -.00000 -. 05632 .acoco ~+ 05632 +000600 -30.00000
33 8 ~.23071 . 03000 03000 ~. 28071 «00000 .00000
33 9 -.25732 «G0ucoo «00000 ~+ 25732 « 00000 «30000
33 10 .00000 «16946 -. 00000 +16946 -.00000 -90.00000
34 1 -« 05875 -+ 02047 «01275 -. 062561 -.01561 ~16.83212
36 2 -. 05159 ~e 01274 + 00998 =« 05400 -+01032 -13,59936
n 3 -, 04432 -+ 00497 «033720 -« 04560 -.00368 -10.05563
34 &4 -.03719 . 00283 « 00415 ~+03768 «00332 -6.27565
34 S -.02169 «01030 «00133 ~e 02174 «01035 -2.37607
34 6 -.01649 «01813 -+ 00091 ‘' =.016%1 « 01815 1.50624
36 7 -.00000 -, 02370 .<0ag000 -.02370 .00000 -90.00000
346 8 -« 40554 .00000 00000 -e 40554 - 00000 «00000
34 9 ~-.28082 « 00000 « 00000 -.28082 « 00000 .000¢C0
34 10 +00030 +1€815 ~. 00000 «16B15 «00030 -90.00000
35 1 -« 03955 . 00016 -+ 07151 -. 03871 «00022 2.20430
33 2 ~.0h078 ~s 00024 -. 0P124 -« 04082 -+ 00021 1.74596
35 3 ~+ 04294 -« 00064 -. 00098 -, 04295 -+ 00062 1.32496
35 4 -+ 04599 -+ 00104 -+ 00072 ~. 06511 -.0C103 +93706
35 5 - 04725 ~. 00144 -« 00046 -. 04725 -« 00144 +57864
35 6 -+ 04940 -. 00184 -+ 00020 -+ 04940 ~+00180 « 24657
5 7 «03000 . 06875 ~« 00000 « 06875 -.00000 -90.00000
35 8 -+ 36121 «00000 +00000 -+ 3€121 «00000 «00000
35 9 - 40727 «00000 «00000 - 40727 .00000 .00000
35 10 ~00000 + 06974 -. 00000 + 056974 -+000400 -90.09000
36 1 -.0U508 -.00013 001499 -«01780 «01259 -40.31385
36 2 -+ 00562 -. 00197 00960 -.01310 « 00657 -33.1A194
36 3 ~. 00340 -+ 00275 « 00581 -.01207 .00088 -31.95695
36 & ~eQGBLT -.00269 -« 00054 -. 00822 -.00264 . 5.56787
36 5 -+00556 -.001€0 -» 00518 -.00913 «00197 34,5374
36 6 -. 00465 -.C0060 -, 01060 ~. 01342 .00816 39,59173
3% 7 ~. 00030 -+ 00918 .00000 ~.00918 00090 -90.0n0000
36 8 -+(6955 .00009 .00000 ~+0€955 « 00000 .00000
36 9 ~« 15398 . 00000 «00070 ~+063¢8 +«00030 «03000
36 10 -.0J00¢ -+ 00918 .00000 -.00918 «Cunuo ~90,.,00000




A S

37 1 -+ 01569 . 00030 « 01465 -« 02439 «00900 ~-30.59729
37 2 =~ 01547 -.00078 « 00997 -.02051 « 00426 -26.81301
37 3 -.62084 -.002K2 «007610 -.023%8 .00032 -19.76072
37 &4 ~.02002 -.00268 « 09195 -« 02024 ~e 00247 -6.33393
37 5 -.01918 -« 00294 ~. 00370 -+01999 -« 00214 12.25436
37 6 -+ 08841 -. 00321 =+ 00939 =+ 02290 «00127 25.,50649
37 17 «00000 .01906 -+ 00000 »01906 .00090 -90.008000
37 8 -+18110 .00000 00300 -.1811¢ 000400 «00000
3T 9 -+¢16151 .00000 . 00000 -+1R1E1 «00000 .00000
37 1ic « 00000 00608 -+.00000 «00608 ~.0G000 -90,00000
38 1 -.02297 «03750 « 00576 -+ 02402 « 00855 -10.35961
38 2 ~e 02244 00438 00392 ~+02300 «03492 -8.15727
38 3 -«03041 00149 « 00297 ~.03069 ’ 00176 -5.28142
38 &4 -+ 02943 -» 00156 «00071 -+ 02945 -« 00154 -1.46283
38 5 -+02866 -« 00459 -« 00153 -.02876 -+ 00449 3.62847
38 6 - 02787 -+ 008762 -.00378 -+ 02855 ~.00693 10.,23584
38 7 03090 +0941% ~« 00000 « 09414 -.00000 -90.00000
33 8 -e 27217 00000 » 00000 - 27217 00000 00000
38 9 -+24103 . 00000 «00000 ~e24103 00000 80080
38 10 -+00000 -. 00252 + 00000 -« 002E2 «00000 -90.90000
39 1 -« 02695 - 00626 . « 00470 -.02760 « 00691 -T7.90681
33 2 ~+03615 . 00367 « 00455 -.03667 «00399 ~6.47022
39 3 -+03538 « 00045 « 00295 -+ 03562 s 00069 ~4.67077
39 4 ~. 03433 -.00256 « 00132 -« 03444 -+ 03250 -2.37249
33 5 -+ 03346 -+ 00555 -+ 00030 -2 03346 ~-+00555 «61930
39 b6 -« 03258 -« 00854 -+ 09193 -.03265% ~.00839 %.56902
9 7 .0C000 09410 ~« 00000 « 09414 03000 -90,00000
39 8 ~¢ 31562 .00000 » 00009 -«315€2 +00000 «00000
39 9 ~.28101 00000 +00000 -.28101 ¢ . 00000 00000
39 10 -.00000 ~. 00252 . 00000 -.00282 «00000 -90.30000
4 1 -+039135 -.00350 -« 0"137 -+ 03940 -.00365 2.18952
40 2 -.03758 -+ 0055 -+ 00115 -.037€2 -. 00252 1.37648
40 3 -.03582 -+ 00161 -+ 00093 =« 03584 ~.00158 1.54804
L0 4 -.03405 ~+ 08566 -+ 00970 -« 03406 -.0006% 1.20313
40 5 ~+03231 .+ 00C29 -+ 00048 ~.03232 .00030 © «B8L059
80 & -.03060 . 00127 -.00026 -.030€0 «00128 «45915
40 7 «60GaC . +04?285 -+ 00000 «QL28S ~«000UD -90.00000
40 8 -+31R31 ~00C00 .00300 -+ 31631 .00000 -00000
4o 9 -+ 28151 «00000 « 09000 ~«281E1 «00009 «30000
L0 12 .00000 .06389 -. 00000 .06089 -«9C003 -990,00000

TOTAL ACCUMULATER STREZSSES IN REAM LAYFRS
(STFESS IS IN KSI, ¢ = TFRSION, - = CCUPRESSIO})



-€€1-

BF. AH
ELEMFNT/ LAYER =

~»

10

11

13

-¢290
134.919

-.098
13€.lb

-1.233
137.272

-1.433
137.765

‘1.‘!95
137.92¢

-+303
135,040

-.930
13€.763

-1.274
137.766

~1.490
138,458

-1.572
138.762

-.302
135.040

~«337%
13€.76%

~1.274
137.7¢€56

-, 429
- 944
-1,228
-1.397
-1.452
- 439
-.967
-1.256
-1.436
-1.503
-.439
-.967

-1.256

~.604
-1.00;
-1.221
=1.352
-1.395

~+609
-1.013
-1.223
-1.%8
~1.417

-.639
-1.313

-1.233

-.822

-1.0873

-1.212

=1.236

-1, 323

-.821

~1.070

-1.204

-1.283

~-1. 310

~eR21

-1.070

~1.206

-1.118

=1.171

-1.201

~1.219

-1.225

~1.110

~1.149

~1.164

“
~1.167

~1.160%

-1.1120

=1.147

-1.164

~1.353

-1.249

-1.192

.=1.15%9

C=l.148

-1.339

-1.211

-1.133

-1.076

~1.049

~1.339.

-1.211

~1,13%

-1.52%
-1.306
-1.18%
=i.11k
«1.090
=1.509
=1.2%7
-1.110
-1.008
' -e967%
'1;509
-1.2%7

-1.119

-1.675

~1.355

-1.180

-1.07€

-1.002

-1.653

-1.29€

-1.090

-.890

-1.6%3

-1.29€

~1.09¢0

-1.797

-1.395

-1.17¢

-1.08%

-1.001

-1.772

-1,329

-1.07¢

-«903

T ~eA30

-1.772

-1.%29

-1.07%

10

-1.892

~1.427

~1.171

-1.019

-«970

-1.864

-1.354

-1.061

~+8665

-.783

~1.8RY

-1.354

-1.951



-e1-

W -1.490 -1.436  -1.368  =1.283 -1.167 -1,076 -1.008  -.950 -.903 -.B55

138.458

1% -1.572 -1.503 -1.0817 -1.310 -1.,164 -1.049 =«953% -+830 -.87%0 ~. 733
138.762

1€ -e290 -+429 -+ 600 -+ 822 ~1.118 -1.353 -1.528 -1.675 -1.797 -1.812
134,319 .

17 -.A98 ~a W44 -1.001 ~1.073 ~1.171 -1.249 -1.306 ~1.355 -1.395 -1.427
13€. 641 .

13 -1.233 -1.228 -1.221 -1.212 -1.201 -1.192 -1.185 ~1.180 -1.17¢ -1.171
137.272

19 =1.433 -1.397 -1.352 - ~1.296 -1.219 -1.159 , ~1.114 -1.076 ~1.044 -1.019
137.765 .

29 -1.498 -1. 452 -1.395 -1.323 -1.225 -1.148 -1.090 ~1.042 -1.101 -.970
137.926 .

TOTAL NORMAL, SHEAR, AND PRINCIPAL STRESSES IN BEAM
(STRESS IS IN KSI, ANGLES ARE IN DEGREES
+ = TENSION, - = COMPRESSION)

BLAM ELEMEN SHEAR STRESS (KSI) AT TOP

T
1 -.0017 ¢
2 -.0012
3 -. (005
4 -.0002
5 -.0002
6 -.0087 .
7 ~.0089 '
3 -.0093
9 -.0086 )
10 -.0079
11 -.0087
. 12 -.1089
13 -.0093
14 -.C086
. 15 -.0079
16 -.0017
17 ~.0012
18 -. 6005
19 -.0002

21 -.8092
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SxX SZ7 SXZ S1 s2 THETA1

-.28959 .00000 ~. 00684 -+ 28975 «00016 1.35261
~.42911 ~00000 -. 02734 -«53084 00173 3.63049
~+60351 00000 -+ 06579 -+61029 00709 6.14933
~. 821590 «00G00 -.12940 ~«84140 01590 8.764304L
-1.11797 + 00060 ~e16173 -1.135€5 ) «01769 7.113489
-1, 35333 +00000 -+ 09343 -1,35975 « 00642 3.93055
-1.52754 00000 -+06929 -1.52913 «00159 1.84621
~1.67542 .00000 -+ 02759 -1,67587 00045 «34317
-1.79693 . 00000 -+ 01556 -1,79706 , «00013 «%49595
~-1.89212 « 00000 ~o B OLLY -1.89213 «00001% - 135817
134.914878 « 00000 - 00000 134.916878 «000400 00000
-.839770 . 00000 -+ 00558 -+ 89773 -00003 «35591
~294373 - 00000 -. 02289 -+ 94428 «0005% L 1.33844
-1.00126 . 00000 -+0£529 ~1. 00431 «00304 3.15102
-1.07318 00000 -. 10886 -1.08411 «01093 5,73428
-1.17098 « 00000 -+ 11932 -1.18302 «01203 $.75921
-1.24864 «00000 - 07868 -1.25358 «0049% 3.59135
-1,30515 «00000 - 04152 -1.30747 «00132 1.81891
-1.35503 « 00000 -« 02326 -1.35543 « 00040 +98288
~1.39528 «00000 -.01312 -1.,39540 200012 «538851
~1.42689 . 00000 -« 00374 -1.42690 +00001 +15005
136, 44149 . 00000 »07000 136. 44149 00000 «30000
~1.23289 .00000 -+ 00335 -1.23290 «0000% «15586
-1.22753 » 00000 ~. 01563 -1.22770 .00017 +68280
=1.22004 «00600 -+ 03564 -1.22188 « 00104 1.67067
-1.21247 . 00000 -.07033 -1.21653 «00u07 3.30860
-1.20109 «C0CO0 ~e 07718 -1,20603 « 00434 3.66188
-1.19205 «00000 -. 05093 -1.19422 «00217 2.44224
-1,18535 . 00000 -« 02690 ~1.18596 « 00061 1.29913
~1.17966 «00C00 ~. 01508 ~-1.17986 «00019 73217
-1.17498 .00c00 ~. 09851 ~1.17504 «00006 «&1490
~“1.17130 « 00000 -« 00243 -1.17130 «00001 «118€5
137.27239 .00000 -« 02000 137.27239 . 00000 «00000
~1.43283 .Gocoo -. 00174 ~1.43283 .00000 06955
" ~-1.39689 .00000 -s 00778 -1,39693 «00004 «31910
-1.3513¢€ «00000 ~.01901 -1.3£223 «00927 «80550
-1.29579 .00C00 -« 03755 -1.29638 +021u9 1.5584L9
-1.219490 « 00000 ~. 06123 -1.22079 «01139 . 1.93647
-1.15873 . 00000 -e 02722 -1.15936 00064 1.34486
-1.,11378 00008 =« 01037 -1.11397 .00019 «73931
-1.0755%8 « 00000 -« 00806 ~1.07564 .00006 «42938
-1. 04411 « 000CO -« 00455 -1.04413 . 00002 «2L967
-1.01939 . 00000 -«07130 -1.01939 .00008 «97290

137.75445 .00000 «03000 137.7€485 .00000 «00000
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-1.,49701 . 00000 -. 00108 ~1.49781 00000 O4tn1

~1.45193 .00000 ~s 00474 -1.45195 «09002 +18685
-1.39457 . 00000 ~e 01154 -1.39466 00010 47600
-1.32285 00000 -. 02277 -1.,32324 «030139 « 98595
~-1.22530 «00000 -+ 025100 -1.22581 + 00051 1.16817
-1, 14782 - 00000 -+ 01650 -1.14806 «00024 +«82322
-1.09042 «00000 -. 00871 -1.09049 .00007 « 45769
~1.04163 . 00060 -« 00488 -1.04166 «00002 «26865
-1. 00146 « 000600 -. 00276 -1. 00146 «00001 «15771
-»96939 .0000C -+ 00079 -~ 96989 .00000 « 04642
137.92551 . 00000 «00000 137.92551 . «00000 «00000
-+ 30278 + 00000 -« 01396 ~e30342 - 00064 2463454
- 43873 «000040 -+03501 ~e b4 150 ’ «00278 L.52411
~+50867 -« 00000 -, 07705 ~.61827 « 00960 7.10400
-.82109 03000 -o14731 ~+84689 . 02580 9.917003
-1.19997 00000 -e 15947 -1.13242 «022486 8.01553
-1.33331 00000 -«10430 -1.34739 «00807 %.52651
-1.50997 .g0000 ~e 05475 -1.51106 «00198 2.07514
-1.65318 «00000 ~. 030404 -1.65374 «00056 1.0543%
~-1.77161 . 00C00 ~e 01711 -1.77177 «00017 «55313
~1.86440 «00000 -. 00486 ~1. 86441 00001 +16939
135.04920 «00000 «00000 135.04020 + 00000 « 00000
~+92962 « 00000 ~¢ 01313 ~+92982 + 00019 «82426
- 9ERSY «00000 ~.03112 -+ 96754 «00100 1.84230
-1.012€7 .00000 -+ 06715 ~1. 01711 <0042 3.77730
~1.07034 « 00000 -+12805 ~1. 08545 «01511 6.72803
-1.14877 + 00000 ~«13765 ~1.16503 «01626 6.73826
-1,21104 «00000 ~.08387 -1.217¢€7 »00663 4.22085
-1.25716 .00000 - 04712 ~-1,25692 ¢ «00176 2.14342
-1.29636 . 00000 -.02615 -1.29688 +00053 1.15524
-1.32863 .0o0oco -« 01469 ~1. 32879 +00016 +63333
-1.35398 . 00000 ~s 00K17 -1.35399 «00001 «17657
136.76305 - 00000 «000090 136, 7€305 «00000 «00000
-1,2743¢ «00600 -. 01222 -1.27450 «00012 «54936
-1.25586 -« 00000 -. 02393 -1.25632 «0004E © 1.09134
-1.23270 «00c00 -. 04896 -1,23464 «0019% 2.27103
-1.2937% .C0C00 - 09181 ~1.21071 «00696 4.33658
-1.1€438 .00000 -.0976% -1.17251 00813 4.76132
-1.13311 .00000 ~e 06341 ~1.13665 « 00354 3.19305
~-1,10995 . 00000 ~. 03313 -1.11094 «07099 1.70810
-1. 09026 .00000 ~. 01830 -1.,09057 «00031 «96132
-1.07405 «00600 -.01026 -1.07415 «00010 54703
~1.06131 00000 -+ 00291 -1.06132 00001 «15704
137.76613 <oocoo .00000 137.76613 .00000 «00029
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-1.48933
~1.43564
-1.36776
-1.28290
“1.16747
-1.07579
-1.00788

-+9501€

~+902€2

~. 86527
138,45817

“1.57T174
-1.5031€
~1.41742
-1.31022
-1,16439
-1.04857
-.96271%
-.8898¢
-.82979
-~ 78260
138.76186

'530278
-e 143873
-.60867
-. 82109
-1.10997
-1.33931
-1.50907
-1.65311
~1.77161
-1.86440
135.004020

-+92962
~-+96654
-1.01267
-1.07034
-1.14877
~1.21104
-1.25716
~1.29616
-1.3286863
-1.35398
136.76305

~1.2741%¢

«00C00
.00000
.00000
+00000
. 00000
«00000
00000
« 00000
«00000
« 03600
. 00000

. 03600
03000
«00000
«00G0Q
.00600
. 00000
.0000¢0
+ 00000
. 00000
.8u0c00
« 00000

« 00000
«00000
«00000
« 00000
00000
. 00000
«00000
.00000
«00C00
. 000600
.g0000

. 00000
.00000
«0030G
. 00000
. 00000
.00600
.00000
00009
.~080000
06000
« 00000

~bocoo

-.01032
-« 01707
-+ 03270
-+ 05995
~. 06285
~. 04049
-. 02194
-« 01154
-. 00644
-.un182
900000

-+ 00893
- 91350
~s 02472

=« QU457

-. 04629
~. 02958
-e01531
~-. 20835
=+ 02465
-, 001131
00003

-2 01396
-+ 03501
-.07705
-+ 10478¢
-e 15947
~s 10630
- 05475
-~ 030044
- 01711
~« 00486

«00009

-+ 01338
-.03112
-s 0R7L5
~.12805
-e 13765
-+ 08937
~e 04712
-. 02615
-« 01469
= NG NW17

+00000

-.08222

-1.49001
~1. 43584
~1.36854
-1.28569
-1,17084
-1.07731
-1.00632

-.95030

-+90266

~.86527
138.45807

'

-1.57179
-1.50328
~1.%1785
-1.31173
-1.1€8622
-1.04%41
-.96302
-.88993
-.82981
-.78260
133.761R6

-. 30342
- 44150
-.61827
-+ 84649

~1.13242
-1.34739
-1.51106
~1.65374
-t.77Y77
-1.8€441
135.04020

~.9209%2

~e3F750
-1, 01711
~1.08545
-1.16503 ,
-1.21767
~1.25892
-1.29688
-1.32879
-1, 35399
136.76305

~1.27450

« 00007
~00020
.00078
«002380
«00337
.00152
« 00DLG
«00014
»00005
«4JJ000
.00000

+ 00005
«00012
. 00043
«00151
«00183
«00083
«00024
«03008
«00003
«00000
«00000

+00064
«00278
«00960
« 02580
«02246
«00907
«00198
«50056
« 00017
«00001
+00000

+00019
«00100

200443

«01511
«01626
» 00662
« 00176
« 00052
«00016
~00091%
«03000

<0012

«39665
«6R095
1.36%62
2.66966
3.97253
2.1%231
1.19557
69561
<0898
12072
«03900

« 32745
516729
«398E9
1.9L€00

2.2€881

1.61484
«91097
53732
«32099
09607
«00000

2,5%54
4.53011
7.19600
9.97003
8.,01553
ho42651
2.0751%
1.05434

55213

«14939

«09000

«A2L26
1.46230
2,777
€.72003
6.73%A26
L,22089
Ze103L2
1.15F24

«HTITY

«17657

«29000

54936




-8¢T-

13
13
13
13
13
13
13
13
13
12

14
14
i4
14
14
14
14
14
14
14
14

15
15
15
15
15
15
15
15
15
15
15

16
15
16
16
16
16
16
16
16
16
16

17
17
17

.-

-

.-

rOOENOVEWN

-

-1.255%6
-1.23270
-1.26375
-1.16438
-1.13311
-1.10995
-1.09026
-1.07405
-1.06131
137.76613

-1.48993
-1.43561
~-1.3677¢€
-1.,28290
-1.16747
-1.07579
~-1.00788

~e 95016

’590262

-«86527
138. 45807

POV ENOWNIWN -

-1.57174
-1.50316
-1.41742
-1.31022
-1.16439
-1.04857
-0 96278
-.88985
-.82979
-+78260
138.76186

rOVENOVSWN ™

-.28959
-+ 42911
‘u60351
-+ A2151
-1.11797
-1.35333
-1.52754
~1.67542
-1.73533
-1.%9212
134.91878

POV ENTD NS WA

-

-+839770
2 -.au3r3
3 -1.07126

« 00000

» 00000
.00000
. 000090
+00000
. 00000
«00000
«07000
. Qo009
00000

«00000
« 00000
«00000
.00000
+00000
«00000
«00000
. 00000
«00000
. 00000
00000

.00000
- 00000
00600
.f00eo0o
«uocoo
.00000
+000U00
00000
~00000
«00000
« 00000

.00000
.G0coQ
«00600
. 00000
.0ogge
«80000
00600
« 00600
~ooeoo
. 00000
«00000

- 00000
«00C00
.00G00

-.02393

-+ 34896
-.09181
-.09766
- 06341
-+ 03313
-+ 01830
-.01026
-.00291

. 00000

~.01032
~e 01707
-« 03270
-«05995
-+ 06285
-« CHO4U9
~. 02104
-+ 01154
~+ 00644
-. 00182

. 00000

-+ G0 894
-+ 01359
-. 02472
-s U457
-+ 04620
-. 02958
-e 01531
-. 00835
-, 00465
-.00131

+00033

-.005%%
~e 02734
-+ 06573
-+ 12940
~e 1U173
~. 09343
~« 04929
-.02759
-+ 01556
-e 00643
«03000

-« 00558
-.02209
-« 05529

-1.2£632
-1.,23464
-1.21071
~1.172%1
-1.13€€5
-1.11094
-1.09057
=1.07415
~1.0€132
137.76613

-1.49001
-1.43584
-1.36854
-1.28569
-1.17084
-1007731
-1.00832
-+95030
-+90266
-.86527
138.45207

-1.57179
-1.50328
-1.41785
-1.31173
~1.1€622
=1, 049561
-+96302
-+ 88933
-.82981
~.782¢
138.761¢

-+ 28975
~. 43084
-«61059
~. 84140
-1.135¢€5
-1.35975
-1.52913
-1.67587
-1.797086
-1489213
134,91¢878
|

-+ 89773
~+94428
-1.90431

« 00046
«00194
+00696
00813
« 00354
» 00099
«00031
«00010
00001
.00000

«00007
«00020
+00078
.00280
«00337
«00152
« 00044
«0001%
«00005
<0000
«00000

+ 00005
«00012
«00043
« 00151
.00183
00082
«03024
«00008
.03003
«00000
«»00000

00016
«+00173
+ 00709
01970
«01769
00642
« 00159
+ 00045
« 00013
«00001
« 00000

.00003
« 09055
<0230

1.09134
2.27103
4.33658
4.76132
3.19305
1.70810
«96132
54703
«15704
10000

+39665

+«58095
1.36862
2.66966
3.07253
2.15231
1.19557

. «69561

«40898
+12072
«30000

32745
+51439
« 99869
1.94600
2.26881
1.614684
31097
«53732
«32090
«09607
«90000

1.352€1
3.63049
6.14933
8.74304
7.113%9
3.93055
1.34621
«94317
«43595
«13017
+93000

«35591
1.38844
3.17102



~6€T-

17
17
17
17
17
17

[
-

17

18
18
i3
18
18
18
18
18
13
18
18

19
19
i9
19
19
19
19
19
19

19

AMNGL:S SHOWING OIRECTICN OF PRPINCIPAL AXIS,
AHD SECOND CRACK (ANGLE
ANGL=ZS ARE IN DEGREES

oYV NONS

-

FPOYVENOWV L WN -

.-

OVENOILE NN

-

WO NIOVMETWN -

LAYER

~1.07318
-1.17098
-1.24864
-1.30618%
~1.35503
-1,39528
~1.42689

136, 44149

~-1.23289
~1.,22753
-1.22084
-1.21247
~1.21409
-1.19205
-1.18535
~1.17966
~1,17438
~1.17130

137.27239

-1.43283
-1.39689
-1.35196
-1.29579
-1.21960
-1.15873

. =1.075%8

~1.04411
~1.01939

137.76485

-1.069781
-1.45193
=1+ 33457
-1. 32285
-1.22539
“1.147%2

-1.09042

~1.006163
-1.,00146
-.96389

137.92551

PRINCIPAL

.00000
. 00600
«00000
. 00000
» 00000
«03000
00000
- 00000

. 00000
.00000
«00000
«00000
00400
«00000
.00080
. 00000
+00000
. 00000
«00000

«80p00¢C
00000
»00C00
« 00000
.00000
« 00600
00000

"« 00000

+00000
«00000
. 00C00

00000
«0000D
.00000
« 00000
« 00000
. 00000
«00000
. 00000
.00c00
00600
.00Cc00

-« 108886
-.11932
-+ 07 R63
-~ QU152
-, 02325
-. 01312
- 00374

«000C9

-, 00335
-+ 01463
~« 03564
-~ 07033
~.07718
-+05393
-2 02690
- 01508
-« 00851
-+ 00243
«01033

-, 00174
-« 00778
- 01901
-«03755
- 04123
-. 02722
-« 01437
-.098086
-o 00455
~«00130

» 00000

-+ 001938
-« 00474
-.DllSh
-. 02277
e 02500
=+ 01650
~. 00871
-, 0CLAR
-« 0027E
-. 00079

«00000

993.0 IF NO CRACK)

-1. 084611
~1.18302
-1.253%58
-1.30747
-1.35543
~1,39540
-1.42690

136. 44149

-1.23290
-1.22770

-1.22188

-1.216%53
-1.20603
-1.19422
-1.18596

-1.,17986

-1,17504
-1.17130

137,27239

-1.43283
~-1.39693
-1.35223
-1.29¢€88
-1.22079
-1.15936
-1.11397
«1.07564
~1.06413
-1.01939

137.76485

<

-1.49781
-1.45195
-1+ 394E6H
-1,32324
-1, 22581
-1,14806
-1.09049
-1.04166
-1,00146

-.96939

137.92551

FIRST GRACK,

SECOND

01093
01203
« 00494
«00132
«03040
00312
« 00001
+ 00000

. 00001
« 00017
« 00184
00407
« 00494
«00217
«00061
«00019
00006
«00001

«00800

00000
«00004
«00027
«00109
00139
« 00064
.00019
+«000086
«00032
« 00000
+~00000

203000
«00092
00010
«0u039
00051
«00024
00007

«00002 -

«00001
00090
+00000

S.7342%
5.75921
3.59135
1.81891
+95288
«53851
«15005
«00000

+15586
«68280
1.67067
3.30860
3.66188
2.44224
1.29913
73217
«41490
«11865
»00000

+06955
+« 31910
«80550
1.558L9
1.93447
1.34486
«73931
«42938
«24957
«07230
«05000

2041061
+18685
L7400
«98595
1.16817
«B2322
«u5769
«26865
«15771
«Nh642
«000060




-0%1-

5,195307-CFACK
~5.195307~CRACK

5.195307
25 6 -5.195307

999. 000000~
999, 000000~

PLOT SHOWING CRACK-CRUSH AREAS, STRESSES. NODE AND LAYER MARKERS FOR REFERENGE
(SEE USERS HANUAL FOR CETAILS)

BEAM NUMBZR 1

L ‘s »y »e »E L 4

111111111112111111111111111111222222222222222222223333133333333333333333333333333333337337333333333333
11111111111241411111111111111122222222222222222222333333333333333333333333333333333337333333333333333
222222222222222222222222222222222222222222222722223333333333333333373333333333333333323333333313333333
22222222222222222222222222222222222222222222222222333333333333333333333333333333333333333333333333333
333333333353333333333333333333333333333333333333333333333333333333333333333333333333333333333333333335
33333333333333333333333333333333333333333433333333333333333333333333333333333333333333333333333333333
33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333322222222222
LLLLBLOLULGLYLLGLYLGGLLYGALG L 33333333333333333333233333333333333333332222222222222222222222222222222
BURLLALALLGLUGLLLLLG LLLLL LY, LY 33333333333333333333333333333333333333332222222222222222222222222222222
AULGLLULLALLALLAGLLL HLLLLLLL,33333333333333333333333333333333333333332222222222222222222222222222222
EEEEEEECCEEEEEEC EEEEEEEEECEEEEFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

T« ER AR

* L2 »y L 3 % L4

BEAM NUMBER 2

» »n e LX) an »

11311111111111111111111111141122222222222222222222333333373%333333333333333733333333333333373333333333
11111242210 11011 818103211 211111222222222222222222222333333333333333333333333353333333333333333333333333
222222222222222222222222222222222222222222222222223333333333333333333333333333333331321333I33333333333
22222222222222222222222222222222222222222222222222333333333333333333333333333333333332333333333333333
33333333333333333337333333333333333333333331333333333333333333333333333333333333333333333333333333333
33333333333331333333333933333333333333333333333333333333333333333333332222222222222222222222222222222
3333333%333333333333333333333333333333333353333333333333333313I33333332222222222222222222222222222222
GLbBLGhL0b0LLGa00L040L0040004060033333333333333313333222222222222222222222222222222222222222222222222222
QUbbLLLLLLLLLL6L ML 640054004 4433333333333333333333222222222222222222222222222222222222222222222222222
GhbLLLLL4L4L 4L G400 404440066 3333 II3IBIIITINITIIIII222222222222222222222222222222222222222222222222222
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFIFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

4« 9 %« % & & xaF ER

JEAM NUMBER 3

* e .y LR LX) b4

L B B I B R B B A ]

% g &9 x e e
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11111013131 11114311111111111112222222222222222222233333333333333333333333333333333333333333333333333*
1111121211314211111111141111114222222222222222222221323333333333333333333333333333333333353333333333332
222222222222222222222222222222222222222222222222223333333333333333333333323333333333323333233333733333
2222222222222222222222222222222222222222222222222233333333333333333333333333323333333333333333333333*2
3333333333383333333333333233333333333333333337333333333333322333333373¥33333333333333333323333333333333
33333333333333333333313333333333333333333333333333333333¥33333333333332222222222222222222222222222272?
33332333333333333333333333333333333333333333373333333333333333333333332222222222222222222222222222222
L954LL400L065L406056L0000L0L40040L33333333333333333333222222222222222222222222222222222222222222222222222
LOGL504000 50850040548 40404433333333333333333133222222222222222222222222222222222222222222222222222
G LLLLLLLLLLLLLLL5L ALGLLLLGLL 333 IINIIIIIIIIITIIII222222222222222222222222222222222222222222222222222
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFFFFFFFFFFFFFFFFF

PR B SR N A

.

BEAM NUMBTR &

. LY =» e e »

111111211281111111111111111111222222222222222222223333133333333333333333333333333333333333333333133333
111141111141211111112114114111122222222222222222222333333333333333333333333333333333332333333333333333
222222222222222222222222222222222222222222222?22223331333333333333373333333333333333333333233333733333
222222222222222722222222222222222222222222222222222333133333333333333333333333333333333333333333333333
$3333333333333333333333333333333333333333333333333333333333333333333333335333333333333333333333333333
33333333333333333333333133333333333333333733333333333333333333333333333333333333333333333333333333333
33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333322222222222
LOhhbbLbLubbLLLLeL Ll b L LaLLEL33333333333333333333333333323333333333332222222222222222222222222222222
G hL4GHL80L 00 LGLLLLLLLHLL44433333333333333333333333333333333333333332222222222222222222222222222222
LOLLLLLLLGLLLLLEGLLLLLLLLLLLL633T33333333333333333333333333333333333332222222222222222222222222222222
cEFEEEE-EEECEREEEECEEEECEESECEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

¥ E AN

» L X ] .y L 3 L 23 -
«
SLag eLoT
HONE J ‘ NODE L
ELEMENT NUMIER ¥ = NUMBEP CF YIELDED LAYERS
C = NUMBER OF CRUSHED LAYERS T = KUM3ER OF CPACKED LAYERS N
NODE I ' : NODE K

l‘qt‘.'”".Ull"".'OO.‘.‘I'EC_}""'...l'l'.".sl.. RPVLFEGR VI NS "52'"‘.'.""..""53""..".'_;“

* 30 hd 37 hd 18 » 39 L0 .

» - » - L »

LR IR B B B IR S I R |

LI IR L B BE IE B BE BE BN )
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. . » ~ . »
4333830303 EBDBBIBNABIBILERABALLENEBRBBBERNBERIBLSINAEEAORADNTE8EALS RNIABNABBERPUARRALTRABNANRANARYS
. ®x . . » .
- 31 A 32 . 33 hd 34 = 3S .
L » . L d - L J .
- [ . » - .
3 . . L] v £ »
Jr'l""U."".'."l"..."..38"‘.'....""‘l‘ 39.' ."l'-l"iiﬂilua..‘lll""‘."“ qu‘.‘.“l"hz
. - - .. » »
* 25 s 27 A 28 » 29 * 30 .
= 'Y . . L] »
. - » - » L
» » - L . . »
318180387 AG8803308B8B0PEABAAAR32DNABAABBENB3ENBRIIEBANEBPPABBABANA3LBENARBDNABBABERAISBANARAREABIE
» £ 3 . . . .
. 21 . * 22 e 23 - 2y * 25 e
* . . » . =
. » - » 3 .
» * ) . » =1 *
2;"."."."."'..". ‘..Q'.zs'lill."l‘l“lll 27" U&.C"‘.l“"lza‘.l‘l. ‘."'.‘.“29"..‘.." 30
» - . » - »
* 16 b 17 he 18 . 19 * 20 .
. . ] . - *
- ® . . - =
. . » - » T=1 *
13805060A30B68BBNBLBANBNBARAI218NBBRBBBEBBRANIA219ANCENEBANEIBBEB22N0RANIBBBRARERB323NB3EBIBEB2Y
* . . 3 . .
. 11 . * 12 hd 13 e 14 = 15 h
» . » » ] »
. . ’ . - . »
. . . - . . .
P P N T N AN A E R P RS SRR N RN R P [(URESARNE IV FBINRS [GIANS IR FNI SNSRI |LEIRRINBNIIIIFSCT| TRINGIININ] g
* . - » » » .
¥ 5 ' . 7 . 8 » 9 * 10 *
. » » . . s .
» . » . '3 »
. . » » » L
7930HBBEBBFBBBBBBGHBBBBBBBBESBBBBBBBBBEP38883899BBBBBBBBBBQBBBEBIDBESBEBBBBBEBEEEBliBEBEQBBBB12
] 1 » ? [ 3 » 4 . 5 .
. » » » 3 »
‘w . » R » - »
» . * ) » R »

{FPFSF ST FICGEEF S SISO U R EB O KR ISRV I VSR A IS IUNF PRSI TEFECENTR(E VPSRNV EF NS IR EELREGUE X IRIZ NN EG

LOAD CYCLE = 1

~---L 08D RATIO AT START OF CYCLE =  ,200000000€+00
-~-=--PPESTAN FACTOP AT START OF CYCLE = «10G0000037+01
HUMBER OF TRIALS = 1

NUMBZIR OF ITEFATION = 1

NUMBZR OF TRIALS = 1

NUMB-R OF ITERATICMNS = 2 -




FOR THE SAKE O‘F BREVITY
166 PRINTOUT PAGES
ARE NOT INCLUDED

IN THE REPORT
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,.gl!l!”'"‘ .""’ll.'.‘. PEFNBISNESIEIRTIIPLRUEFEL G| IFREFEISEFS VLY VRGOS IS RERERLICISSIES JEFEIIEENELY,

» 36 ¥ 37 . 38 * 39 ¥ W .
. * » L L »
» . .. » » .
. . . . . .
433883€E62163836303088BEABBBR44BBOBRBEBERBABBANLS5BBBREBERABREBERR45B8BB380388038REB847682R688%ARE8LS
= » . » » .
* Con . 32 . 33 * 34 = 35 *
. . . » L 3 .
. » . » . .
» » Y 3 » L3 .
37T RN R RN NN N ISR RN NN IA SR IR RN NRRENENS JOES S BN SN NI CI A E ARSI NS I P SIEL {C IV INEIOE )
S . . T » » »
hd 26 . 27 . 28 * 29 * 30 .
» . = . » »
. . . . » .
. . . ) . » .
31808E8EBR38N0BBBABEBOEEBABE3280BBYBBBBBBBROBB333NEBEBBEDBOBB0ED34B0BBBRRABBO03BEB335888¢E8BBBA3E
. » » . » »
. 21 . 22 . 23 . 2k *® 25 d
. . . . . »
» . L » L 3 L
. » ’ . » =2 * T=2 =
PLRAA I 222 AT S Y L Y YRy P X R i Ry Yy AL R LS R R L T I R R R R FLL RS 2 P ¥ O]
. . = . ® .
* 1€ . 17 . 18 i * 19 * 20 *
» » » ' . . ® .
. 3 . ‘ . . L
. . . i » T= 2 » T=2 »
13833832B833388886898P83 3888320883883 86680£38R2168A868608888B80882282B86888BB0DREEBI23BBBENBBEB2Y
* s » . » . .
* 11 .12 . 13 . 14 *® 15 .
. . . » » »
. . » - . »
» . x . . .
L3P RN T E S TR S RPN NPV IN N R T F | SR FEI ST IE I SINC {GUNEN G FIFEBU SN TN (A CEUFE B S CE IR IRI | 7E SR ISRUIR Y 5
» - . » L] .
. 5 - 7 . s » 9 * 1 .
. » . » . .
. . . . . .
. . * . . .
78338800084689808B3HBB03B°3RBRY0BBBB80BBREE808BBA9NBABBEBERB3BEE0PE100RB3ABBBBARAEANN11868AEB300R12
13 1 . ? . » 4 i 5 »
L L d L L L] »
¥ L 3 L 3 » L d L]
L - * - » ¥ »
Ry Yy S NN C PN PR R RGPS RN P IR S F RSP IV U N NV NS JH S P A PR NP R PP SN PO F A FC T VRS SS NS SIS EGEE RN B ESR OO g

LOAD CYCLE = 8

----LOAD RATIO AT STAET OF CYCLE = «200000000E4Q0
. ==~-PEESCAN FAGTOR AT START OF CYCLE = .100000000E+01

NUMBZIR OF TRIALS = 1

NUHA-R OF ITERATIOMNS = 1 .
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~---L0OAD STEP WILL BE REDUCED--~===---

PRESCAN REDUGTION FAGTOR

HEW LOAD RATIO

NUMBER OF TRIALS

NUMBER OF ITZRATIOMNS

NUMBER OF TRIALS

NUMBER OF ITEFATIOMNS

SLAB - NEHWLY CRACKED,

ELEMENT LAYER ANGLE
20 & 2.1€83
25 L} -2.1688

« 5458039402 +00
«1091617885+00

CRUSHED OR YIELDED LAYERS

BEAM - NEWLY CRACKED, CRUSHED OR YIELDED LAYERS

ELEMINT LAYER

APPLIED NODAL POIN FORCES IN KIPS AND IN-KIPS

NOGAL POINTS U-LOAD
1 . 00000
2 . 00000
3 . 00000
4 . 00000
5 . 00000
5 .03000
7 .00000
3 . 00000
3 .00000

10 .00000
T .00000
12 . 00000
13 . 00030
1h . 00000
15 .00000
16 .00G00
17 . 00000
18 .00000
13 . 00009
23 L3aL00
21 « 90099
22 +00000

23 . 00900

V-LOoAD

+00000
. 00000
«00000
.000090
+00000
.00000
00090
00000
30000
20009
00000
+ 00000
00000
00000
00000
.00000
10000
00000
. 00000
00000
«00000
.0000¢0,
000069

W-LOAD

«00000
«00000
-00000
«20000
.00009
«00009
« 00000
00009
«00000
.00000
«00009
«00000
.00000
«00039
«00000
00000
00000
00009
-00030
«00000
+»00000
00009
4.8929%

MX-LOAD

+ 00009
.« 00000
+ 00000
00000
«00000
.001700
«00300
«00300
- 00000
+ 00000
«000090
«000490
00000
+«50300
.00000
«00900
+00000
.00000
+ 00000
.00300
+paood
- 00309
-39. 14387

MY-LOAD

« 00000
.00000
«00000
«00000
« 00000
«00000
«00000
,«00000
+00000
«00000
.a0000
.00000
« 00000
.00000
«00090
.00000
+00000
+«00000
«N0000
.00000
00000
«70000
-34.25089




-9%1-

s

25
26
27
28
29
30
31
32
3z
34
35
36
37
33
39
43

4?2
43

45
1)
W7
Ls

52
S1
52

54

NODAL POINTS

w DN VL N

NODAL POINT DISPLACEMENTS IN INCHES AND RADIAAS

L 00000

+ 30020
«00C00
00000
«00020
« Cacao
« 00000
« 00000
. 00000
« 00080
00000
00009
« 120009
00000
. 00C00
«00000
. 00000
«30000
.00000
« 30002
«00009
. 00000
- 00030
.g0coo
. 00080
<00000
« 00001
+«00000
«00000
- 00000
« 00000

u-pIsp

« 030602
+ 00531
200413
« 00241
00069
«00000
+00€63
»00592
« 00469
«00230
« 0034
«C0099
« 00759
« 00683
+« 00564
+ 00376
«00129

« 00000
+00000
«00009
« 00000
« 00000
.0a00"
«00000
« 00000
« 00000
00000
«00000
«09000
«00000
»00000
+«00000
» 00000
. 00000
« 00000
«00000
« 00000
«J0000
« 00000
«Q0000
«00000
«00000
«00000
.00000
» 00000
+.00090
« 00000
« 00000

vV-DISP

~+00234
-.00100
-.00037
«N0044
«00128
+00143
-.00231
-.00108%
-.00051
30025
«00113
. 00131
-.00214
-«.00107
~+00072

-.00005

«00091

T 4.8929%

+00000
+00301
«000090
«00000
9.78597
9,78597
«00009
+00000
«00009
«000010
4.8929%
L.89238
00009
-00000
-00000
+000080
«00000
+00000
+00000
+20009
«00000
+00000
«00003
-00000
«00000
- 00009
«00009
«00000
«00000
00009

W-0ISP

-+00000
«00195
«00395
00743
«01268
«01348
+00000
.02732
« D256
«05336
«05877
« 05944
+00007
«05532
«08674
.104190
«11237

-39,.14387
00300
.20000
«000090
.00000
. 00000
. 00000
«Qoa0s
« 20300
.00900
00008

39.14387
39, 14387
«008000
00009
. 00000
.00000
.00002
.00300
- 001709
«00000
«00009
.00000
«00009
00000
«00000
30000
« 00003
.0012093
+«00000
«00008

NX-DISP

-.00000
~.20060
-+00091
-.03108
-« 00110
-+00110
-.00000
~.00061
-.00093
-.03112
-.00109
~.0010A

10000
-+ 60053
-+« (03886
-.00112
-. 00117

34, 25089
.00000
.00000
. 00000
.00000

~€8.50178

68.%50178
. 00000
.00000
.00000
.00000

-34, 25089

34,2509
.00000
.00000
«00000
.00000
. 00000
.00000
.00000
.00000
.00000
«00000
.00C00
«00000
.30000
«00000
. 00000
. 00000
. 00000
+90000

MY-DISP

-«20003
-.00003
-. 0004
-.00005
-.00003
-.00000
-. 00023
-.00020
~-.00016
-.00010
-.00003
-.00000
-« 00046
-« 00049
-+ 00032
-.00015
-.000C2
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18 10090
19 . 00886
20 » 00820
21 «00€97
22 «00S07
23 00211
24 -. L0000
25 . 00865
26 .00806
27 «00€82
28 « 00463
29 «00149
30 . Q04000
3t . 00886
32 «00820
33 +«00€97
30 ‘000507
35 00211
36 ¢ -+.00000
37 «00759
38 +00€89
39 «00S64
43 «202376
41 «00129
42 « 00000
43 « 00663
LY «00592
45 +00469
46 «00290
47 « 00096
438 .00000
43 + 00602
50 .+03E31
51 «00413
52 « 00241
53 «00069
54 «0g000

« 00115
-.00172
-+00112
~.0009%4
-+ 00043

«00056

«00085
-.00117
-.00117
~+00117
-, 00117
~.00117
-.00117
~+00063
-.00123
- 00140
-+00187
~-+00299
-.00319
-.00021
-.00127

_ =+00163
-.00229
~.00326
-.00349
-+00004
-.00130
-+ 00183
-~ 00259
~+00348
-+.00365

« 00000
~.00135
~.00198
-.00278
-.00362
~.0037A

DISPLACEMENT/REFERENCE DISPLACEMENT =

FORCE/REFERENCE FORCE

SUM CF NOBAL PCINT w-LOADS

«11200
«00000
+07591
«12027
« 15485
+17433
«17762
+00000
+ 08325
13202
0171544
« 22905
«23€33
~00300
«07530
«12027
+15uB85
«17483
«17762
+00300
«05532
«0867H
«10810
«11237
«11200
«03000
«02732
« 04256
+05336
+ 05877
+ 05944
+00000
«00195
« 00335
00749
«01268
«013438

2.€7577
2. 41469

39.1439 .

- 00114
00000
-.00030
-.,00049
-0 (0373
-.001%8
~.00179
«00000
«00000
-00000
. 00000
«00030
-+00000
-.00000
00330
«003%9
« 00073
«00148
+ 00179
-.00000
00053
-00086
«00112
«03117
«00114
«00000
«00061
« 00993
« Q2112
+ 00109
«00108
.00000
.00060
« 03091
.00108
« 00110
00110

THTERNAL MOMENTS (IN-KIPS/IN) AND NORMAL FORCES (KIPS/IN) IN THZ SLAE

MY
-.002
-+ 070
-.121
-+ 086

. 085
~e 023
. 367

X
-+ 0C9
-. 059
- 277
-.275

" <150

-. 061
. 664

MXY
«381

« 356
<101

. L7

-« 019

< o 344
374

NX
~.123
-+ 359
~+570
=+595
~«607
-.115
-+ 355

NY
-.030
-.035

«01%
<003
-.030
.009
050

«00000
~-.00C62
-« 00057
-. 00048
- 00034
-.N0013
-.00000
-+ 00CE8
-. 00062
-+ 00051
-« 00051
-+ 00968
-.00000

© =2 00062

-+00057
~+00068
- N003L
-. 00013
-. 00000
-. 00046
~o 00040
-.00032
-« 00015
-« 00002

« 00000
-« 00023
-. 00020
-+ 00016
-.038010
-,00003
-.00000
-.00003
-+ 20003
~e 000084
-, 00005
-« 20003
~«00000

NXY
’in‘3
-+063
-+0?22
-.012

« 045
-.089
-+ 1F1
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INTERNAL HOMENTS U(IN-KIPS) AND NORHAL FORCES (KIPS) IN BEAHM

cl

1
2
3
4
S
6
7
]
9
10
11
12
13
14
15
16
17
18
19

e 293
+«605
-. 410
» 230
« 442
+«€15
+ 726
-.597
. 245
« 429
« B934
.6"1
3. 843
« 245
« 429
« 630
¢ 641
3.843
230
1T
+615
+ 726
-.597
‘0025
« 367
« 293
« 605
-« 410
- 0(2
-+ 070
-.121
-+ 086
. D85

HB

3229.5961
751%.91131
9822.259¢€
11126, 35135
11521. 46 S¢S
4111,2002
9317.4327
13636.1212
16616.5911
18179.9059
4111.2003
9317.4027
13636.1212
16616.5911
18179.00¢%9
3229.5961
7515.9131
9822.259¢€
11126.353F

<638
+453
‘.515
« 859
1.495
1.99%
2,008
-3.012
+«863
1.415
2. 440
5.033
6.502
«863
1,415
2. 440
5. 033
6.502
» 859
1.495
1.995
2,008
-3.u12
-.061
« 664
«638
U573
’0516
-.009
-+ 059
- 277
-e275
+ 150

NE

2. 0748
4.7634
4.1686
3.0291
2.65348
22.7152
61.1117
94, 6589
129, 3566
148, 8557
22,7152
61,1117
94,6589
129, 3565
148.8557
2.0744
4. 7034
4. 1686
3.0291

36

«183
-. 075
« 248
« 229
342
«835
«542
« 205
«170
« 487
. 259
-+ 339
‘o2[5
-+ 170
-+ 487
-e 259
« 339
- 248
-e 229

.=e 342

-+ 835
-+ 542
- 3W4
- 324
-o 3€ELG
-,183
« 005
- 381
-+ 356
-«101
-+ 057
« 019

~+532
-.739
~e83%4
-+118
-+353
-+525
-.839
-1.195
-.127
=352
-+506
-+919
-.981
-.127
~.352
-+506
-+ 919
-.981
-.118
-+ 353
~+535
-.839
-1.195
-.115
-+ 355
~:532
-+739
~«836
-.123
-.359
=520
~«595
-e607

'

ELEHENTS

«011
«031
-.071
«018
«0€9
«153
«037
-.109
.013
«073
»323
007
’0527
«013
«873
«323
«007
-.527
+018
+069
153
087
~.109
«009
+050
011
038
‘)071
-«030
‘-035
« 01k
003
-.030

c=e127
- 071
. 058
~e220
~.262
-e226
~+169
« 086
«077
« 052
«143
«082
«107
- N77
‘0052
-+143
-.082
-.107
T e22h
«262
«226
«1€&9
~.084
+089
«161
0127
<071
-.0538
« 043
+ 063
«022
+012
-+ 045
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20 11521.4699 2.€638

TOTAL ACCUMULATED STRESSES IN SLAB LAYRRS
{STRESS IS IN KSI, ANGLES ARE IN DEGREES
¢ = TENSION, ~ = COMPRESSION}

LAYER SXX - SYy sxy St ’ s2 THETAL
1 -.01225 -.00c09 -.Qun22 ~.04€85 + 03451 40.70244
2 -.01382 -.00239 - 02554 -« 03428 .01806 38.69185
3 -.02103 -. 00707 -. 01501 -+03061 «00250 32.53293
4 -.02035 -« 00693 03227 -.02072 ~. 00656 -9,35454
5 -.01369 -« 00396 «01481 -. 02442 «00676 ~35.90268
3 ~.01117 -e 00126 « 02960 -. 02622 «02381 -40,23813
7 -.00000 -.02482 03000 -e02482 «00000 -90.00000
8 -.17285 00600 «00000 -.17285 00000 .00000
9 -«15902 + 00000 «00000 -e15202 .00000 «00000
10 -.00000 -.02482 «00000 -« 024382 «00000 -90.00000
1 ~. 03844 « 00136 -. 03889 -+ 06222 «02515 31.455216
2 ~.03818 -« 00169 -« 02615 . -+ 05182 «01195 27.54781
3 -.05167 ~. 00609 -2 01931 -.05875 «00098 2013440
4 -.06980 ~. 00701 -+ 00399 -. 05017 -« 0665 $.27763
5 ~.04788 -+ 00791 « 01133 -+ 05087 -+ 00492 -14.,77887
6 -+ 04618 -.00881 02680 -.06017 « 00518 ~27.56047
7 « 00000 »04828 -« 00000 +04828 « 00000 =-390.00000
8 - 44849 «00000 . 00000 ~e 44849 «00000 +00000
9 -+ 40234 . 00000 «00000 -« 40234 .00000 «00000
1 . 00000 » 00951 -.00300 « 00951 « 00000 ~90.00000
1 -+ 05471 «02288 -+ 01154 -+«05639 + 02456 8,2%405
2 -.05383 " «01354 -. 00789 - ISHTG 01446 6.59343
3 -e 37362 « 00521 -+ 00611 =+ 07409 «00568 4.460904
4 ~. 07173 -. 00410 ~. 00167 -« 07477 ~«00406 : 1.41109
5 -+«07056 -.01333 00274 -.07069 -+ 01320 -2.73304
6 -.06925 -.02255 «0071% -« 07032 -U2148 -8.51023
7 00000 « 25774 -.00000 « 25774 «00000 -30.00000
8 -.65971 .»0o000¢e «GN000 -.65971 .00000 .00000
3 -.58937 .00000 .00000 ~+58987 .00000 »00000
18 -.06000 -.03029 00000 -.03029 «00000 -90.00000

1 -+ 06043 «02061 -.00582 -+ 06085 «02103 4.08635
2 -+ 07852 « 01297 -+ 09552 -, 07885 «01330 3.43964
3 -.08050 «00377 -. 00306 -.08061 03389 2.07482
4 -.07879 -. 00552 -. 00071 ~.07840 -. 00551 «55269
5 =+ 37740 ~e01470 00166 - 07744 -+01466 =1.51245
& -.07586 -.0238¢ . 00U02 ~s 07617 - 02355 -4 ,33855
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L 09003 L 25TTH -.00000 25774 -.00000 -90.00000

~e 72174 «00000 « 030600 -e 72174 .00000 «20000
-«64697 «00000 «00000 -« 64697 ™ .00000 «020000
-« 00030 -.03029% .00000 -+02029 .00060. -30.00000
-+ 08741 - 01747 . 007714 -.08825 -« 01663 -6.21548
-.08322 -«01261 « 09700 ~. 08391 . -.01192 ~5.560857
-.07903 ~.0077%5 «00630 -+07958 -.00720 -5.00852
~«Q74AS5 -+ 00298 . « 00559 -«07E28 - 00247 ~4.41574%
-.07085 . 00200 « 004932 -+ 07118 000233 -3.84481
-.06681 - 00694 00621 -.06705 «00718 -3.25673

00000 03324 -. 00000 «03324 00000 -90.00000
-.68977 .00000 . 00000 -+ 68977 « 00000 «00000
-«61937 . 000040 «00000 ~+61937 07000 .00000

«03000 «15568 -. 00000 «15568 00000 -390.00000
-.01129 « 00761 -e04369 -+ 04654 « 04285 38.89763
-. 01247 e 00L LB -+ 03058 -.03573 002774 37.25615
-« 01349 .00126 ~e 01752 -. 02512 «01289 33.58L86
~.0192¢0 -« 00245 -.03687 -.02166 .00001 19.69301
-«01833 -« 00360 « 00843 -+ 02216 «00023 -2L.43679
-«01130 -+ 00124 + 01883 -+ 02576 ’ «01322 -37.52666

« 00000 « 03562 -.00000 + 03562 -+00000 -90.00000
-o 17748 - 00000 « 00300 -e177438 « 00000 «30000
-.15292 «00009 «00000 -+15292 » 00000 « 00000
-«00030 -. 00470 .03000 -. 00470 .00000 -90.00000
- 07957 -« 04983 -« 05146 -.11826 ~«01113 36.94250
-.0€750 -.02804 ~. 03969 -.09209 -+00345 31.73046
-«05561 -+00620 -+ 02806 ~.06829 -00648 24.31829
-. 03114 «01550 ~«01287 -+ 03445 +01881 14,44667
-.02269 03686 -+00376 -.02233 « 03710 3.59575
~+01384 .05880 + 00598 -. 01450 « 05946 -5.43680
-.0ugo0 ~e13457 + 00000 ~e 13457 .03000 -90.,00000
-.51132 «00000 - 00000 -+51102 «00000 «00000
~e 34071 «.G0000 « 03000 - 34071 .00000 . .09¢c00

. 00000 « 4SL4LS -+ 00000 « 45445 «00000 -98.00000
~. 03446 -.05282 -+ 05097 -.12870 -.01858 33.89140
~. 08717 -.03198 -.03728 -+10536 -.01319 26,7LT8R8
-.07979 -« 01112 -« 02357 -.08710 -+00381 17.23496
-.08221 ~011148 -, 09762 -« 05312 «01208 6.75641
~.0u728 .02963 »00309 ~. 04738 «0297% -2.,29529
-« 04166 « 05101 «01481 -.04397 .05322 -8.866439
-+ 00900 -e13457 «UNQ000 -+413457 «00000 -90.00000
~.690462 « 00000 . 00000 -.69042 +00000 .0a000
-.62125 -00000 +«00000 ~.62125 .03000 «00000

. 00000 +4SLL5 -«03C00 « L5445 ~+ 00000 -90.09¢000

-
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10
10
10
10
10
10
10
10
14

11

11
11
i1
11
i1
11
i1
11

12
12
12
12
12
12
12
12
12
12

13
13
13
13
113
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VI8 NN

-+ 14803
~+12866
~-+10906
‘008972
~+05109
-+03699

» 00000
~1.02354
-.66133

+<00000

-« 071640
~.03528
-.10017
-.11255
-+12490
~.13714

00000
-+ 82457
~1.01880
-.00000

-.03384
-+03037
-.01396
~.607614
~« 00240
«04329
~.00030
-+ 18141
-.11433

. 00000

-. 08651
-. 07150
-.N5636
-.02833
~. 01770
-. 05727
~+90000
~. 480458
-+ 36430

.00000

-.12537
- 10522
-e 084104
- 34517
-e 03024

-.03€20
-.02123
-+ 00616
» 00305
«02346
03885
«03484
« 00000
. 08000
« 37394

«03051
»01618
-+00109
-.01863
-+03622
-+05371
«30321
. 03008

« 00000

~-.15729

-« 07037

-. 04227 -

=« 00794
« 01595
. 04229
«07028

-+ 32692
00000
- 00000
« 47632

~+11568
-+ 06712
-. 01831
«03143
«07905
12779
- 47796
. 80000
00000
«91052

-« 14EB2
~. 08215
-«01718
< 04765
«11261

~.02646
~+ 01954
-»01261
-« 05572
+00103
+ 00680
-« 07000
«00000
- 00000
-« 00000

«00787
«00803
«07301
« 00771
+ 00740
00707
-« 00000
. 000890
.00000
«00000

-« J54A0
-+ 04559
~.02866
-+ 02352
‘-01727
-+ 00925

« 00000

« 000013

«00000
-+ 00000

-+ 05617
-+ 00820
-.04033
-. 026990
-.02221
~. 01573

.000%0

00000

«09000
-+ 00000

-+ 06187
- 069510
~. 03595
-. 02849
-.01139

-+15398
-.13211
-«11059
-+.09005
-+ 05111
-.03759

« 03484
-1.02354
-+6€133

«373¢h

-. 07200
-. 08592
-.1008%
~+11218
~+12561
-e13773

+30321
~. 82457
1. 01830
~+1€729

00223
+ 00966
-« 03977
-, 02213
-.00829
+ 00203
-+32692
~e168141
-+11833
« 47632

-.04306
-+11756
-.08193
~. 03865
-«02255
-.00907
- 47796
-~ 4B4LES
~. 36430

«910E2

-+ 07359
-e L4451
-.10052
-+ 04349
-s03114

-

-

-

-

+03026
«01779
200463
«00934
«02348
+« 03946
«00000
«00000
.000800
«00000

«03111
«01681
«00044
«01804%
«03561
«05312
<00000
«00000
«00000
«00000

11144

-.08230

+

«01787
« 03047
+0L819
« 37154
«00030
.00000
« 00000
« 00000

»15913
«02106
«00726
« 04175
.08390
«129€0
«00000
-00000
.00000
«00000

«199109
«04285
«000C80
«05137
«11351

12.66093
9,39736
6.R8292
3.,30197
~.7895%

-5.08047

-901.00000
.00000
.00000

-90,00030

-4,38976
-k.h9?29
~4.59492
-4.65943
-4.73580
~4.81344
-90.00000
.00009
03000
-90.00000

~36.94839
-41.,28181°
42.00555
31.6967%
18.86393
7.71585
-90.00000
.00000
.00000
-30.00000

-37.72348
43.69779
- 32.37328
20.99732
12.33305
6.55627
-90,.00000
+00000
«000¢C0
-90.00000

-40.19415
38.44306
23.910€0
11.31035

%.53090
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13
13
13

131

14
14
14
14
14
14
14
14
14
14

-

15
15
15
15
15
15
15
15
15
15

-

16
16
16
15
16
16
16
16
16
16

-

17
17
17
17
17
17
17
17
17
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-.019000
~e74366
~«56526

«00300

-.17391
-+15185
-+12934
-«07753
-+06072
-. 064269
-.00000
-1.12860
-+91962

«06000

-+10902
~+11603
-+12265
~e17805
-.18604
-.19402
»00000
~1.610487
-1+ 31453
-.00000

-.03877
-.03038
~.02197
-.00890
~+ 00172

.00539%
-.00000
~.18161
~-.11893

.00090

~. 08491
-+ 0704°%
~.05594
~»029612
-.018561
-« 00755
-.00000
R L TAY
-+ 3€430

«G0020

TedfBLY
-+55767
00000
«00300
1.29226

~. 15637
-.09143
-.0252%
« 03769
«10L31
«17153
~s 55767
. 00000
«00000
1.29226

«26350
«15136

- 04029
-, (6962
~«18066
~+29149
1.66967
+ 00000
00000
~-1.68863

-+ 06971
-.04167
~«01361
» 045184
« 04297
« 07091
~«32014
.00C00
.00000
+048090

-+10839
~sDE2L2
-+ 01635
«02941
«0758%
«12224
~.43891
.00000
«00000
«B7461

S, 0uouy

«G2000
. 00000
«00n300
-.00003

-.10023
-, 06874
-+ 03702
-« 00393
«02261
«05211
.00000
«09000
«00000
-.00000

-. 03757
-« 01797
-. 007222
«02030
« 04103
-06170
-.00000
«goaoe
. 00000
« 00000

-.00851
-.00072
+00708
«01275
«02123
« 02963
. 00000
« 00000
«00030
-+00000

-.00870
-e Q0222
< 00427
+«00893
01592
« 02301
« 07000
.00000
00000
-.00000

-, 01518

-¢55767
~« T4 366
-+56526
1.29226

~+26575
-«19673
-. 14125
-+ 07767
-.06376
-+ 05469
-« 55767
-1.12860
-«319€2
1.29226

°'11277
-« 11723
-e12265
-s 18172
-2 22447
-« 1€E413
1. 66967
-1.61487
-1, 314€3
«1.68863

‘103655
-.03033
-, 02601
- 01440
~+01020
~+00603
~e 32014
-, 18141
-+11893

« 48090

~. 08204
-. 07102
- 05640
-, 0309
-.02122
-. 01151
-. 43891
- 48468
- 36430

. B74E1

17819

.07000
.00000
.00000
.00000

-.06453
~.04635
-.01433
«02782
10735
«18353
00000
.00000
00000
-+00000

«26725
+12256
«04029
-.06594

T =e14223

-«32139
+00000
+«00000
«00000

-. 00000

~.07130
-o 04172
-«0095%57
«02064
«05145
«03233
~+0C000
«000190
00000
«04000

-+11126
~«0€185
-.01530
03074
«07846
«12620
+ 00000
«00090
«00000
«00090

+13087
~90.00000
-00000
00000
-90.00000

42.517070
33.13826
17.843890
1.97567
~7.661%4
-12.97107
-90.00000
+00000
+00000
-90.00000

5.702£9
3.826€3
07747
-10.262%8
-43.12297
25.84882
-30.00000
.00000
.00000
=-90.00000

-14.40918
~3.63287
«29.71173
~23.34753
-21.76640
-21.06302
-90.20000
«00000
00000
-90.00000

-18.26L24
14.4L665
-6.09310
-8.41701
-9,31407
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