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ABSTRACT

This users manual contains the description of the application of
computer program BOVAS (Bridge Overload Analysis - Steel). The
program is designed to predict the elastic and inelastic behavior
of simple span or continuous steel multigirder bridge superstruc-

tures with reinforced concrete deck slab and steel girders.

Program BOVAS could be used in the determination 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; yielding and strain hardening of steel; buckling

of plate girder webs and compression flanges.

The report presents the assumptions and describes the input
required and output generated. Three example problems are also
included +to illustrate the various input and output options in

the application of the program.



FOREWORD

Computer Program BOVAS (Bridge OVerload Analysis - Steel) is the
result of an extremely sophisticated analytical investigation
carried out to predict the elastic and inelastic behavior of
simple span or continuous bridge superstructures with a rein-
forced concrete deck slab and steel girders.

In view of the complex nature of the analysis scheme, and con-
sequently the resulting computer program, it is essential that
the prospective users of the program study the contents of this
manual thoroughly prior to the use of the program. The author
recognizes that the manual does not contain all the information,
observations, and experiences that have been accumulated on the
inelastic behavior, serviceability limits of bridges, effects of
overloads, and many other tributary fields. Consequently, this
document should be considered in its intended mission, which 1is
the introduction to the use of computer program BOVAS. Based on
the researcher’s experience with computer program BOVA (Bridge
OVerload Analysis) (Ref. 13), Program BOVAC (Bridge OVerload
Analysis - Concrete) (Ref. 16), and other similar tools in the
rating of highway bridges and overload response of these bridges,
a number of chapters could have been added to this manual. These
chapters would have been highly technical and would have been
confusing for the average user of the program. Additional tech-
nical details that are not included in this manual can be found
in References 5, 6, 7, 11, 14, and 18. However, the manual as it
stands can be studied by the prospective users without the need
for the technical references. :

The reader of the manual and especially the prospective users of
program BOVAS are strongly encouraged to study the examples
provided in detail. Even though these examples may seem rather
routine, they are designed to transmit all the pertinent aspects
of program BOVAS to the users.

Computer program BOVAS was developed and extensively tested at
Lehigh University Computing Center’s (LUCC) Control Data Cor-
poration (CDC) computers. The initial development was carried
out using CDC 6400 computer. The program was later transported
to CDC CYBER 730 and CDC CYBER 850 computers. Various versions
of CDC FORTRAN IV, i.e. FORTRAN-66, compilers were successfully
employed. Throughout the development and testing cycles various
operating systems and various versions of these operating systems
were used: SCOPE, NOS/BE, and NOS. The program utilizes the
"overlaying" concept. It can be compiled and executed on com-
puter systems with non-virtual memory. Testing of this program
program on computers with virtual memory has not been successful
so far. The program is continually updated and maintained at
LUCC’s CYBER computer system with FORTRAN IV compiler.
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I. INTRODUCTION

This wusers’ manual 1is intended to assist users of computer
program BOVAS (Bridge OVerload Analysis - Steel) in the prepara-
tion of input data and in the interpretation of the output.
Program BOVAS is a sophisticated computer program for predicting
the elastic and inelastic response of simple span or continuous
steel multigirder bridge superstructures. The program is capable
of analyzing steel beams or girders of constant or varying cross
section. The bridge deck, however, must be a monolithic rein-
forced concrete slab.

Provisions for the nonlinearity of stress-strain relationships
are included in the computer program for the concrete and steel.
The program is also capable of predicting the type of damage
(cracking and crushing of concrete, yielding and strain hardening
of steel, buckling of beam compression flanges, and/or buckling
of plate girder webs and compression flanges), its location, and
its approximate severity.

Program BOVAS considers the dynamic loading of the bridge super-
structure by the application of an impact factor to the live
loads. The impact factor is computed for simple spans in accord-
ance with AASHTO (American Association of State Highway and
Transportation Officials’ Standard Specifications for Highway
Bridges) (Ref. 2). For continuous bridges an average span length
is used in the impact factor formula. The program can only
analyze one load pattern or positioning for each computer run or
analysis. If more than one loading condition is desired, a
separate analysis is required for each new loading condition.

1.1 Purpose of Program BOVAS
Program BOVAS was developed primarily for implementation in two
specific areas:

(a) rating of bridges, and more importantly,
(b) overloading permit activities.

The bridges to be analyzed may either be existing bridges or may
exist only in design drawings. The bridges may also contain some
imperfections and deterioration. Through the careful input of
the design dimensions and material parameters the structural be-
havior of the bridge can be simulated for each user defined
vehicular loading and positioning.

It is envisioned that program BOVAS should be used for rating or
overload permit operations when the loading of the bridge super-
structure poses a challenge to the bridge engineer or the permit
officer. The following examples illustrate cases where this
challenge may exist. The engineer or permit officer may not be
able to extrapolate from their past experiences with bridges to a
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bridge which is of unique geometry. If the bridge superstructure

exhibits certain deterioration, then the rating or permit opera-
tions may require more precise results prior to the rating or is-
suance of the overload permit. The major usage of the program

would correspond to the case where the vehicle under considera-
tion may not permit the bridge engineer or permit officer to re-
late that vehicle to the vehicles they might have previously en-
countered because of common axle loads and axle spacings. In
view of the continually increased gross vehicular weights and the
rearrangement of the axles, the vehicles +that are being con-
sidered for rating and overload permit operations have gradually
deviate from the "standard design vehicle."” (Ref. 2). Con-
sequently the bridge engineer’s visualization of the structural
behavior of the bridge subjected to a standard design vehicle and
the actual behavior of the bridge when subjected to an arbitrary
overload vehicle are losing commonalties. The use of program
BOVAS would allow the bridge engineer or permit officer to make
realistic estimates on the actual behavior of the bridge and pre-
dictions of damage, if any, to the superstructure for any given
vehicular loading.

1.2 Purpose and Scope of Users Manual for BOVAS

The purpose of this report is to acquaint the users with the in-
put and output options of program BOVAS. The input for BOVAS has
been divided into "units." Each unit represents either a set of
parameters needed by the program to define a particular phase of
the problem or a logical subdivision of physical data. A com-
plete and detailed description of the input is provided in
Chapter-1III. Examples of input to solve three sample problems
will be presented in Chapter-1V, while a discussion of the output
for these example problems is contained in Chapter-V. However, a
brief theoretical description of the analytical model provided by
program BOVAS will be presented in the next chapter before the
input and output information.

1.3 Disclaimer

The attainment of perfection in a computer program is an elusive
goal. The program has been tested in a number of studies and ap-
pears to be totally debugged and operational. However, there may
be problem areas which may not have surfaced, and thus are un-
noticed by the developers, which may be uncovered by the wusers.
It is strongly recommended that any unusual results obtained from
the use of program BOVAS be transmitted to the developers for
necessary actions.

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
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hand. Regardless of all warnings in the manual and the program,
the ultimate decisions rest with the user through profuse employ-
ment of common sense and engineering judgment.

THE DEVELOPERS OF THE COMPUTER PROGRAM AND THE SPONSORS OF THE
RESEARCH ACTIVITY WHICH LED TO THE DEVELOPMENT OF THE COMPUTER
PROGRAM DISCLAIM ANY SPECIAL, CONSEQUENTIAL OR INCIDENTAL DAMAGES
ARISING FROM THE USE OF THE PROGRAM. THE DEVELOPERS AND SPONSORS
FURTHER DISCLAIM ANY AND ALL LIABILITY ARISING FROM VALIDITY, AC-
CURACY, OR APPLICABILITY OF THE RESULTS OBTAINED FROM THE USE OF
THE PROGRAM. ' ' B

1.4 Predefined Control Variables , ) ‘

In an attempt to simplify the input to program BOVAS for the
user, there was a need to internally assign values to many con-
trol parameters. While the wuser can not alter any of these
predefined values, they can be modified easily by a computer
programmer. For example, at present the execution of the program
will terminate if the stress in any steel girder layer exceeds
75% of the yield stress of that steel material. This value of
75% was set 1in accordance with the 1978 AASHTO Manual for the
Maintenance Inspection of Bridges (Ref. 1); however, if. this
value changes in the future, programmer can easily update the
change with minimal maintenance. Many of these key control vari-
ables and their numerical values are defined in Appendix-4 of
this manual. If the programmer modifies these control variables,
the programmer must prepare revisions/updates to this users
manual and must disseminate the information to all users. T




II. ANALYTICAL MODEL - PROGRAM BOVAS

Program BOVAS employs the finite element displacement method and
incremental tangent stiffness formulation. A description of
these concepts and the detailed description of different phases
of the overall formulation are beyond the scope of this users
manual. The reader can easily use the program without mastering
the theoretical developments, however, a basic understanding of
the finite element method and modeling is helpful. Therefore,
the purpose of this chapter is to familiarize the reader with the
fundamental concepts and terminology 1involved. If a more
detailed explanation of the analytical formulation is desired,
the readers should refer to References 5, 6, and 7.

The wultimate goal of the user of program BOVAS is to correctly

simulate the bridge superstructure via a mathematical, or
analytical, model. Because of the complexity of this type of
formulation, the use of a computer based solution is essential.

However, there are a few issues regarding the computerized ap-
proach that the user must be aware of before using program BOVAS.
The issues include:

1. The accuracy of the computer results must ‘be verified.
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 program BOVAS has been tested by using field
and laboratory test results that have been conducted and
reported in the literature. All comparisons have indicated
that program BOVAS yields results that are fully acceptable.

2, If the user misinterprets the information contained in
the manual, then systematic errors could be introduced have
a magnitude as great as the errors referred to in the pre-
vious paragraph.

3. Accidental errors that can be committed by the user,
either in the input of the computer program or the inter-
pretation of the output, are comparable to any other en-

gineering computation.

4, Common sense and engineering judgment must be employed by

the user. Even though a number of controls have been incor-
porated into the program, no controls and checks can be
developed to <check the accuracy of a consistently careless
user.

5. The user should never consider the computer program prin-

tout as indisputable fact. The results provided by the
program must always be critically examined by the user. If
the results do not make any sense, this should not be at-

tributed to the complexity of the problem or to a new en-
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gineering finding. It usually corresponds to an error com-
mitted by the user.

6. If after a number of checks, the user is convinced that
no error on his/her part has been committed; and the results
can not be fully justified by the user, then the prudent ap-

proach would be to contact the program developer. Even
though the program has been tested to the fullest extent
employing the available results, there 1is still a pos-
"sibility that some error might have gone unnoticed. An in-

teraction between the user and the program developer will
provide an occasion to test the validity of the data and a
possible check of the program.

2.1 Bridge Superstructure
Program BOVAS is capable of analyzing steel bridges having the
following characteristics:

1. The bridge can be simple span or continuous construction.

2. While full composite interaction between the deck slab
and the girders is usually assumed, non-composite or partial
composite interaction can also be assumed. However, the
reliability of the results is not guaranteed if the user as-
sumes slip exists between the girders and the slab.

3. The bridge deck must be monolithic reinforced concrete
slab.

4, Steel beams and girders of varying constant cross section
may be used.

5. Girder spacing must be constant for a given bridge.

6. It is assumed that the diaphragm and cross-bracing do not
contribute to the structural stiffness of the superstruc-
ture.

7. It is assumed that the bridge girders may deform in shear
and major axis bending.

8. The stresses in the slab are due to the biaxial bending
of the slab and the axial forces that may develop in the
deck in the longitudinal and transverse directions.

9. Shear punching of the deck slab will not take place.

10. While the program has been developed for bridges with
90-degree or no-skew (i.e. right bridges), previous research
(Refs. 16 and 22) indicate that bridges with moderate skew
down to 60-degree can be analyzed with little loss of ac-
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curacy. This was observed in prestressed concrete bridges.
It could be assumed that it is also true for steel girder
bridges; however, at this time no substantiation of this ex-
trapolation is available. At present the wuser can not
analyze skewed bridges without modifications to the program
by a computer programmer.

11. The other assumptions of a more technical nature have
been listed in References 5, 6, and 7.

2.1.1 Deck Slab

Program BOVAS assumes a monolithic reinforced concrete slab is
placed at the top of the girders. The user can define the con-
crete slab by inputting the span length, width, and slab thick-
ness. The steel reinforcement pattern can be manually inputted
by the user or automatically generated by the program. If the
automatic option is selected, the top and bottom longitudinal and
transverse reinforcements are computed according to a table from
Pennsylvania Department of Transportation (PennDOT) Bridge Design
Standard-101A. This table is reproduced as Table-I in the users
manual from Reference 10 (the user should reference Fig. 1 for
Table-I). The amount of reinforcement is related to the clear
transverse direction between the girders. Since the girder spac-
ing is assumed to be constant and the user must input the bridge
width, and the number of girders, the program can compute the
girder spacing and the effective span between girders which
defines the reinforcement pattern if the automatic option was
selected. For continuous bridge the top two longitudinal layers
of reinforcement are assumed to be present for the entire span
length instead of stopping the second layer at three feet outside
the negative moment region. This simplification does not appear
to effect the results in limited testing since the extra rein-
forcement is in compression instead of tension.

2.1.2 Bridge Girders

The girders can be of constant or varying cross section. Each
and every girder may also differ from each other. These assump-
tions allow the girders to have coverplates, hybrid construction,
or haunches as well as exhibit varying degrees of deterioration.
For example, one bridge may have one girder with a hole in the
web near the support while the second girder might have a
severely deteriorated flange near midspan.

2.2 Loading
The program expects and accepts three types of loads on the
bridge superstructure. They are, in order of input,

(1) dead loads on the beams due to the weight of the super-
structure,



(2) dead loads on the composite superstructure due to curbs,
parapets, or additional wearing surface, and

(3) live loads applied to the bridge deck.

The wuser is cautioned against inputting zero as a load intensity
for any of the load types. The program will terminate execution
if it encounters a zero load for any of the three types of loads
during its calculation. However, a small "fictitious" load can
be applied to simulate a zero load intensity. For example, if
the user does not wish to enter a dead load on the composite su-
perstructure, a fictitiously small load over a small area far
from the point of interest should be entered. While the load is
not truly zero, the effects of the "fictitious" load on the final
result are minimal.

All loads applied to the bridge are defined as area loads
{rectangular in shape). The loads are assumed to be acting ver-
tically on the bridge deck. The loads are defined by the dis-
tance from the centroid of the area with respect to the origin of
the coordinate system (see Section 2.3.1). Length and width of
this area 1load as well as load intensity need also be defined.
All distances or lengths should be input in inches, and all loads
should be defined in units of force per unit area, or specifi-
cally kips per square inch (ksi). The reader should refer to the
example problems in Chapter-V for the illustration of loading.

The wuser should be cognizant that program BOVAS considers the
dynamic loading of the bridge superstructure by the internal ap-
plication of an impact factor to the live loads. The impact fac-
tor 1is computed for simple spans in accordance with Reference 2.
For continuous bridges an average span length is used in the im-
pact factor formula. If the user desires to remove the effect of
the impact factor in a controlled overload, the user should input
the load as the actual vehicular load divided by the computed im-
pact factor. The researchers stress that the "static" load
should only be applied in controlled overloads. A controlled
overload 1is a vehicle which +traverses the bridge at a crawl
speed, i.e. not exceeding 5 mph, and has an escort vehicle con-
trolling the loading.

2.2.1 Dead Load on the Girder

The loads for the dead load on the beam solution should be placed
as line loads over each girder in the model. Since all loads
must be input as area loads, an area load on each girder should
run for the full length of the finite element model and should be
0.01 inches wide.

The load intensity of the dead load on the beam solution on each
girder should include the weight of the effective width of the
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wet concrete of the deck slab, the steel girder, and any cover
plates. The weight of any coverplates should not be distributed
over the full length of the girder. The effective width of the
deck slab on any interior girder is equal to the spacing between
the girders, while the effective width of the deck slab on any
exterior girder is equal to the sum of the overhang width and
one-half of the spacing between girders. Therefore, for example,
in problem No.l1 in Chapter-IV the effective widths for the inte-
rior and exterior girders are 60 and 66 inches, respectively (see
Fig. 2). Because of the difference in effective widths, the load
on the exterior girders will be slightly heavier, for this ex-
ample, than the load on the interior girders, even though all
girders are identical.

The following method can be used to calculate the load intensity
for each girder. First, determine the line load (kips per inch)
of each part (i.e. girder, coverplate, deck) of the total load.
For rolled steel sections the weight is wusually given 1in
Reference 3 in pounds per foot. For example, a W36x170 section
weighs 170 pounds per foot. This value should be converted to
kips per inch. For built-up girders, coverplates, and the con-
crete deck the weight is usually unknown, In order to compute
the line load, calculate the cross-sectional area of each part
and multiply by unit weight of the material. Assume 0.0000868
kips per cubic inch (150 pounds per cubic foot) for the rein-
forced concrete deck and 0.0002836 kips per cubic inch (490
pounds per cubic foot) for the steel. After computing the 1line
load of each part, sum the parts together and divide by the width
of the area loaded (0.01 inches) to determine the load intensity
for the girder.

2.2.2 Dead Load on Composite Superstructure

The dead load on the composite superstructure solution should in-
clude any curbs, parapets, or future wearing surface load that
the wuser wishes to include in the analysis. The loads must be
input as area loads and should be placed on the structure as ac-
curately as possible. A procedure similar to the method
presented in Section 2.2.1 can be used to calculate the 1load
intensities; however, the width of the area load will probably be
greater than 0.01 inches.

2.2.3 Live Loads

The live loads will usually consist of truck or dolly and/or lane
loads. Lane loads should be accurately placed to simulate actual
travel lanes and should be computed in accordance with Reference
2. Truck or dolly loads should be placed in such a manner to
cause a worst case loading. For example, the drive axle of an
HS20-44 truck is placed typically at the point of maximum moment
on the superstructure. Both the negative and positive moment
regions should be considered in the analysis if the bridges are

9



continuous structure.

The load intensity of truck and dolly loading can be calculated
in many ways depending on the placement of the wheel or axle
loads. 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 1is a rectangle which envelopes all wheels. A typical 18
wheeler truck with front axle (2 wheels), drive axle group (2
axles, 4 wheels per axle}), and rear axle group (2 axles, 4 wheels
per axle) could be identified by six area loads. Two of these
will come from the front axle, and two each from the drive 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 loads per axle group each, one for the
right and one for the left side tandem group each. In all cases,
the total wheel or axle load in each area load should be dis-
tributed uniformly over the area load.

2.3 Analytical Modeling

The analytical modeling of the steel bridge superstructures as
employed in this reported research is extremely detailed. The
characteristic features of the model are based upon bridge en-
gineering, engineering mechanics, finite element theory, and many
other ancillary fields. Rather than confuse the reader with a
number of theoretical details, it is preferred to describe only
the most important aspects of the modeling scheme. If a deeper
understanding of the theory is desired, the reader should refer
to References 5, 6, and 7.

2.3.1 Coordinate System
The best way to visualize the coordinate system would be the

consideration of a rectangle (see Fig.3). Left and right sides
of the rectangle are the supports, and the top and bottom lines
are the free edges of the bridge deck. The origin of the coor-

dinate system lies at the lower left corner of the rectangle.
The x-axis emanates longitudinally from the origin toward the
right side of the bridge, while the y-axis extends from the
origin in the direction towards the top of the rectangle. These
axes correspond to the lower free edge of the bridge and the left
support line, respectively. The z-axis originates at the origin
and extends up towards the top of the bridge.

2.3.2 Finite Element Discretization

The bridge superstructure is composed of the deck slab and gir-
ders. In the finite element discretization the deck slab is
divided into a series of square or rectangular plate bending ele-
ments (see Fig. 4). The elements are interconnected to each
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other at the corner of the rectangles. These corners are called
node points. The other major component of the bridge superstruc-
ture is the girders. Girders require discretization into a
series of beam finite elements. The length of the beam finite
elements coincides with those of the plate bending elements. The
plate bending and beam elements are interconnected at nodal
points common to those elements.

Each nodal point, beam element, and plate bending element is
automatically numbered by the program. The nodal points are num-
bered starting at the origin and continuing along the left sup-
port line. 1If a beam node is located below the plate node, it is
numbered before the next plate node. After completion of node
numbering along the left support, the numbering continues at the
next section starting at the x-axis and moving in the positive y-
direction. This process continues until the right most support
line has been numbered. Similarly, the plate bending elements
are numbered beginning with the element bounded by x- and y-
coordinate axes and moving in the positive y-direction. The
process is repeated at each successive row of elements until the
plate elements bounded by the right most support line have been
numbered. Finally, the beam elements are numbered starting with
the girder closest to the x-axis (Girder-1) and numbering from
the 1left support to the right support. The process is repeated
for all beams. Refer to Figures 4 and 5 for an example of all
three numbering patterns for a full structure. If a symmetry op-
tion 1is selected to model only one-half or one quarter of the
bridge (see Section 2.3.3), the numbering stops at the axis of
symmetry instead of the free edge and/or the right most support
line. The mesh for example Bridge-1 of Chapter-II (see Figure 2)
illustrates the numbering pattern for a bridge with two axes of
symmetry - one at the midspan and one at the centerline.

Program BOVAS has a number of features to assist the user in the
discretization of a bridge. While the user may manually input or
automatically generate the finite element lengths in x-direction,
the program will always automatically define the element lengths
in the y-direction. If the bridge has an overhang, the program
will generate one string of elements between the facia girder and
the free edge of the deck slab. Between each girder two strings
of plate bending elements will be placed. An illustration of
this method can be seen in Fig. 4. The user should remember that
the program assumes a constant spacing between girders when cal-
culating the element lengths in the y-direction.

In order to develop the rectangular grid the bridge deck must be
divided into strings of elements in the lateral direction. The
user can either manually input the finite element lengths in the
x~-direction or internally generate the finite element lengths
with the program. Inexperienced users should preferably default
to the program’s discretization, while the experienced users may
wish to enter their own discretization.
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If the user defaults to the program, one of several meshes can be
generated depending upon the type of symmetry (see Section 2.3.3)
and the number of spans in the model. The program divides the
model into a minimum of s8ix strings of elements for any model or
six strings of elements per span in the model. For example, a
simple bridge with an axis of symmetry at the bridge midspan (see
Fig. ©6) will have six element divisions, while a simple span
bridge with no axis of symmetry (Fig. 7) will also have six ele-
ment divisions in the x-direction. Similarly, a three span con-
tinuous bridge with an axis of symmetry at the middle bridge
midspan (see Fig. 8) will have nine element divisions, - while the
three span continuous bridge with no axis of symmetry (Fig. 7)
will have 18 element divisions.

The finite element lengths generated by the program are given in
terms of percentage of the span lengths in Tables 2 through 5.
Figures 6 through 9 also present the lengths in the percentage of
span length for simple and three span bridges for any symmetry
option (see Section 2.3.3).

If the loading condition is not suitable for the use of automatic
discretization, then the user should input his/her own values for
the 1lengths of each element in the longitudinal direction. If
the user inputs the finite element lengths, the user should dis-
cretize the structure in a manner which will produce the most ex-
treme results. For example, wuse a cruder mesh (i.e. large ele-
ment lengths) in regions of little interest and a finer mesh
{i.e. small element lengths) where critical regions of interest
are located. The user should note that the summation of the in-
put element lengths should be equal to the center-to-center span
length of the model.

2.3.3 Modeling with Symmetry

In some problems the user may be able to model the bridge using
one or two axes of symmetry. Not only should the axes of sym-
metry be valid for the bridge components but also for the applied
loading. The user should also be cognizant that the symmetry may
exist for a new bridge, but will probably not exist on the same
bridge after severe non-uniform deterioration. The use of sym-
metry can either allow for a more economical solution or for a
more refined and thus more accurate discretization.

Program BOVAS permits four symmetry options. They are full,
half-longitudinal, half-traverse, and quarter symmetry (see Fig.
10). Full symmetry models the entire bridge superstructure.
Half-longitudinal symmetry assumes that the bridge centerline is
an axis of symmetry, while half-traverse symmetry assumes that
the bridge midspan is an axis of symmetry. Therefore, only half
of the bridge superstructure is modeled for either half symmetry
option. Finally, quarter symmetry assumes that an axis of sym-
metry exists at not only the bridge centerline but also the
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midspan.

2.3.4 Layering
In any given bridge superstructure and loading configuration, if

the 1load level is below a certain limit, then the bridge super-
structure will be in linear elastic state of stress. However, if
the load level exceeds that 1limit, then because of the non-
linearities existing in the stress-strain relationship of steel
and especially concrete, parts of the structure will exhibit
material nonlinearities. At this load level the structure will
not exhibit any damage in most cases. If the load level is in-
creased further some form of damage initiation takes place,
usually in the form of cracking of the concrete, yielding of
steel, or buckling of girder webs and compression flanges. If
the load level is increased even further, the damage begins to
propagate and new damage initiates. For example, when the con-
crete slab starts to crack, the cracking initiates at the outer-
most extremities of the slab. As the load level increases the
damage propagates deeper into the slab as well as initiates at
other locations. A similar progression of damage occurs in gir-
ders as the girder begins to yield in the flange or coverplate.
When the load level increases, more of the girder cross section
vyields until sometimes a plastic hinge forms at a critical loca-
tion. Program BOVAS is designed to predict the occurrence of
damage characteristics and the progression of failure as the load
level increases. In order to simulate penetration of the damage
through the members; program BOVAS employs the "layering" tech-
niques (Figs. 11 and 12).

Both the girders and the slab are divided into a finite number of
layers. Each layer is assumed to be in a state of plane stress.
In the case of girders each layer is assumed to be in a state of
uniaxial compression or tension, while the slab layers are each
assumed to be in a biaxial state of stress. The layering scheme
not only provides an accurate picture of the extent of the damage
in the slab of the girder but also a picture of the variation of
the stresses through the depth of the girder or the slab. This
accurate picture of stress and damage becomes very useful to the
user when trying to determine the resistance of the bridge super-
structure to overloads.

The layering of the bridge deck is automatically performed by the
program, and thus is not visible to the user. As shown in Figure
11 the concrete of the deck slab is divided into six layers. Two
layers of concrete layers are placed above the reinforcing bars,
and two equal layers are placed below the bottom reinforcing
bars. The concrete between the top and bottom reinforcement is
divided into two equal layers. The top concrete cover is assumed
to be 2.5 inches, while the bottom concrete is assumed to be one
inch. In addition to the six concrete layers, the slab has four
embedded layers of steel reinforcement. Two layers of reinforce-

13



ment exist in both the top and bottom of the slab. The numbering
of the layers of the slab begins with the concrete, with the top

most layer being layer-1, and the bottom most layer being layer-
6. The top transverse, top longitudinal, bottom longitudinal,
and bottom transverse steel reinforcement layers correspond to
slab layers seven through ten, respectively. The layering be-

comes important to the user only in the case of detailed or long
output option of program BOVAS (refer to Chapter-V). This option
prints the stresses at each layer of each element for each 1load
increment.

The girder 1is divided into a finite number of layers. For the
detailed version of program BOVAS the number of girder layers can
vary from bridge to bridge but must remain constant for all gir-

ders on a given bridge. Furthermore, each layer of the girder
must retain constant thickness for the remaining girders of a
given bridge. Therefore, if a girder has a cover-plated section

along its length, fictitious steel layer(s) are required in order
to accurately model the bridge where no actual steel layer(s) ex-
ist. The coverplate layer(s) remain constant thickness and only
the material properties of the coverplate layer change. The gir-
der layers are numbered consecutively beginning with the top most
layer and ending with the bottom most layers of the girder.

The author recommends the following guidelines to the user in
layering the girder for most bridges. Ten to twelve total layers
should be used to define the girder cross-section. A minimum of
one layer and maximum of two layers should be used to model each
coverplate or flange. If two layers are used, divide the com-
ponent into two layers of equal thickness. The remaining layers
should be divided into equal segments in order to model the
girder’'s web. The author recognizes that exceptions to these
guidelines exist in complex structures such as the welded three
span continuous bridge shown in the Federal Highway
Administration’s (FHWA) Standard Plans for Highway Bridges (Ref.
19). On this bridge the web depth remains constant, but the
flange thickness and flange width vary depending on the span
length and the location along the span length. In this case the
smallest flange thickness on the top of the flange should be con-
sidered at the top flange thickness along the full length of the
model. The flange width can vary, but thickness can not change.
Any additional thickness beyond the flange thickness should be
considered as coverplates. If three flange thicknesses exist on
a bridge, then two coverplates will exist for that flange sur-
face. A similar analysis can be done for the bottom flange. The
user 1is cautioned to use engineering judgment when encountering
complex bridges.

2.3.5 Plate Girder Web Panels
In the past one of the design criteria for plate girders was
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based wupon the assumption that the load carrying capacity of the
web plate was limited by buckling of the web. However, experi-
ments have demonstrated that transversely stiffened plate girder
web panels have considerable post buckling strength. In con-
tinuous girder slab superstructures, there exists a possibility
of web panel buckling due to overloads in the vicinity of the in-
terior supports. To account for the possibility BOVAS allows the
user to define the transversely stiffened plate girder web panels
at any location in order that the buckling and post buckling

phenomena <can be modeled accurately. The reliability of this
buckling prediction and the +theory behind the procedure are
presented in depth in References 6 and 7. The reader should be

cautioned that the buckling of the plate girder web panel changes
the overall structural response characteristics of the ©bridge
superstructure; but in many cases the actual change is not
clearly evident until well past the buckling load.

2.3.6 Flange Buckling

Like the web plate panel buckling phenomenon the compression
flange of the plate girders and beams can buckle in the negative
moment regions because of the possible lack of lateral and tor-

sional restraint. However, unlike the web panel behavior, little
post buckling strength exists after the compression flange
buckles. Program BOVAS automatically calculates the critical

torsional buckling stress for each compression flange; and prints
a warning message when such a critical buckling stress is at-

tained in the compression flange. The post buckling behavior of
the girder is also effectively modeled in program BOVAS. When
web plate panel sections are defined by the user, the critical
lateral buckling stress of the plate girder compression flange is
calculated automatically. If this critical stress value is
reached, a warning message is printed and the post buckling
strength 1is also modeled. A detailed description of these

phenomena and how they are included in the analysis scheme 1is
presented in References 6 and 7.

2.3.7 Fatigue

Program BOVAS allows the user to check if fatigue is critical on
any given detail of the bridge. The program has a built-in
library of the allowable 1live load stress ranges for non-
redundant load path structures for three cycle ranges (see Ref.
2). These cycle ranges correspond to 100,000 (LOW), 500,000
(MEDIUM), 2,000,000 (HIGH) load cycles. By inputting the detail
type, location of the detail, and the relative number of load
cycles, the program will compute a live load stress range for the
detail and compare the computed value to the appropriate allow-
able stress range of the detail. If the allowable stress range
is exceeded by the computed stress range, a warning message 1is
printed for the user. Table-6 lists the allowable stress ranges
for the three cycle ranges. Table 7 and 8 and Figure 13 have
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also been reproduced to aid the user in determining the detail
type and stress cycle range.

2.4 Material Properties

It has already been stated that program BOVAS incorporates the
linear and nonlinear portions of stress-strain curves for the
constituent materials of concrete and steel. The full descrip-
tion of these <curves 1is based wupon the compressive cylinder
strength for concrete and upon the uniaxial stress-strain curve
obtained from a typical tensile test for the steel. Previous re-
search has developed the necessary relationships to establish ac-
curate stress-strain curves for these materials (References 114,
24, and 21 for concrete, and References 5, 6, and 7 for steel).
The user need not be concerned about defining these curves but
need only to specify the appropriate material constants.

The user can define the concrete properties simply by inputting
the concrete’s compressive cylinder strength. Similarly, the
reinforcement steel is defined simply by inputting the yield
strength of the material. Finally, the girder steel properties
can be manually input by the user; or the user can define the
properties by inputting the construction completion date of the
bridge or the American Society for Testing and Materials (ASTM)
steel grade classification. Acceptable ASTM steel grade inputs
include A7, A8, A36, A94, A242, A440, A441, A514, AB17, A529,
A572, and A588.

2.5 Analysis Scheme

The analysis scheme does not employ any of the many distribution
factor approaches. Thus, any ambiguities pertaining to the ap-
proximate ~distribution factor method have been totally
eliminated. The results provided by program BOVAS, which util-
izes the finite element displacement method and incremental tan-
gent stiffness formulation, are far more accurate than the best
conceivable distribution factor approach. ‘ :

The description of the analysis of the bridge superstructure
using the finite element method is beyond: the scope of this
manual, especially if the superstructure exhibits material non-
linearities. If interested, the reader can refer to any of the
advanced textbooks on the finite element method or specific
reports (References 5, 12, 14, 20, and 21). However, the basic
mechanism of the analysis procedure could easily be summarized
within this report. This summary should then provide a better
understanding of program BOVAS.

The solution process consists of four main phases:

(1) Problem Definition
(2) Dead Load Solutions
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(3) Scaling Procedure
(4) Overload Solution.

A simplified flow-chart of the relationship between the above
phases is shown in Figure 14 with more detailed descriptions of
the phases being presented in the following sections.

2.5.1 Problem Definition

To define a problem, the wuser must provide a complete bridge
description and the bridge loading. In order to fully describe
the superstructure for the program, the user must provide the
following types of information for input:

{1) the bridge superstructure geometry

(2) beam layering

(3) web panel location and details, if any

(4) fatigue location and detail type, if any

{5) material properties for concrete and steel

(6) finite element discretization and symmetry information.
Chapter-III explains in detail the specific information the
program requires as input for the above listing. In addition to
the bridge description, the user must supply the program with
the bridge loadings. Refer to Section 2.2 of this manual as well
as Chapter-I1II for a description of the types of loadings and the
input information required to define the loads. After defining

the problem, the program can begin the solution process.

2.5.2 Dead Load Solution

Since the analytical technique employed considers material non-
linearities, which are stress dependent, an accurate assessment
of the stress state prior to the application of the overloads 1is
required. Because of the expected nonlinear behavior of the
structure, the principle of superposition can not be employed.
Therefore, the superstructure must be analyzed to obtain the fol-
lowing stresses prior to the application of the overload: the
stresses in the girders due to the deadweight of the slab and
girders; and the stresses 1in the girders and slab due to the
deadweight of the parapets, curbs, and future wearing surface.
The initial stress state and any material failures or non-
linearities due to the application of these dead loads will thus
be reflected prior to the application of the overloads.

2.5.3 Scaling Procedure

As long as the initial solution due to the overload produces
elastic or linear response, the load is increased proportionally
to the lowest level corresponding to one of the following element
stress limitations: 60% of the compressive strength of concrete,
90% of the +tensile strength of concrete, 97.5% of the yield
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strength of steel, or 100% of the buckling stress, whichever is

smallest. Because this technique scales up the initial load
level, only one elastic solution is obtained. Thus, the number
of elastic solutions are kept to a minimum. All subsequent solu-

tions will exhibit nonlinear response,.

However, if the initial solution causes any material or stability
failure or a nonlinear response, the initial live load is scaled
down in order that a linear solution be obtained. Then the
scaled down load is incremented until nonlinear response occurs.
Once nonlinear response begins, the overload solution is
employed.

2.5.4 QOverload Sclution

The overload problem can be solved using a tangent stiffness ap-
proach or piecewise linearization of the nonlinear phenomena. In
such an approach the system of equations is assumed to be 1linear
in a given 1load 1increment. By computing the tangent to the
stress-strain curve for each layer based upon the current stress
state, the layer stiffness, element stiffness, and ultimately the
global stiffness matrix can be calculated. After calculating the
nodal point displacements and element layer strains for the load
increment, the corresponding element layer stresses are obtained
by the program for the 1load increment employing the material
stress-strain relationship. These incremental stress values are
added to the total stress state which existed prior to the ap-
plication of the load increment, thus arriving at a new current
stress state. The process is repeated or iterated with the new
current stress state until the solution for the increment con-
verges. If a layer fails during the application of the load
increment, the load increment is scaled down so that the layer
stress causes "incipient failure.” Thus, in this method, which
is called the "incremental-iterative" method, the stiffness
matrices are continually wupdated within each load increment or
step. It should be noted that the initial solution of each load
cycle is based upon the zero stress and displacement increment
values; thus the first iteration of each step is based upon the
stiffness matrix of the previous load cycle. The overload
analysis process terminates when one of the specified termination
chegks is exceeded.

2.6 Termination Checks

For increasing live load levels the stresses and strains in the
deck slab and the girders will increase. At a certain load level
for a given bridge and loading configuration, damage to the su-
perstructure will occur. For increased load levels the damage
will penetrate or propagate through the depth of the members as
well as spread throughout the superstructure. From a service-
ability viewpoint certain limits can be imposed on the response
of the bridge superstructure such that load 1levels higher than
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these 1limits will not be permitted. If the load levels exceed
any of these limits, the serviceability criteria will be vio-
lated. The termination checks have been set in terms of maximum
deflections, maximum live loads, maximum strains, maximum
stresses, number of failed layers, or maximum crack width. Thus,
en efficient solution procedure is developed to meet the require-
ments of an analyst.

2.6.1 Deck Slab Termination Checks
Deck slab is composed of concrete and steel reinforcement. The
termination checks for the concrete are:

‘(1) The maximum allowable strain for concrete is 0.0025
inches per inch.

(2) The maximum allowable tensile stress for concrete is 80%
of the compressive cylinder strength.

(3) The maximum allowable compressive strength for concrete
is 80% of the compressive strength.

(4) The maximum number of cracked concrete layers is 3.
{(5) The maximum number of crushed concrete layer is 1.
The termination checks for the steel reinforcement are:

(1) The maximum allowable strain for reinforcing bars is
100% of the yield strain. '

({2) The maximum allowable tensile stress for the reinforcing
bars is 100% of the yield stress of the bars.

(3) The maximum allowable compressive stress for the rein-
forcing bars is 100% of the yield stress of the bars.

(4) The maximum number of yielded steel layers in the deck

is 1.

2.6.2 Girder Termination Checks
The termination checks for the steel girders are:

(1) The maximum allowable strain for the girder steel is 75%
of the yield strain.

(2) The maximum allowable tensile stress for the girder
steel is 75% of the yield stress of the steel.

(3) The maximum allowable compressive stress for the girder
steel is 75% of the yield stress of the steel.
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(4) The maximum number of yielded steel layers in the gir-
ders is zero, i.e. no yielding permitted.

(5) The maximum number of strain-hardened steel layers in
the girders is zero.

2.6.3 Other Termination Checks

termination checks have been set in order to avoid exces-

sive damages. They include:

(1) The maximum applied load for the overload vehicle is
100% of the computed dynamic load.

(2) The maximum displacement for the monitored node point is
10% of the span length of the longest span of the bridge.
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III. INPUT TO PROGRAM BOVAS

This chapter describes the input for program BOVAS. The input is
divided into four "units" for ease of presentation and comprehen-
sion. Each unit is further subdivided into "sections"” with each
section representing one line of terminal entry or a series of
lines of terminal entries. The exact number of lines of entries
depends on the particular problem. Various input options may be
selected through the use of certain variable assignments. For
example, if one variable is defined to be zero, another option
which refers to that variable will be skipped. Similarly, some
sections of input can be manually inputted by the user or inter-
nally defined by the program depending on a value inputted ear-
lier in the data stream. These options are described where ap-
plicable. The user can refer to the example problems in Chapter-
IV for 1illustrations of input as well as the flow-chart in
Appendix-2, if further assistance is needed. ’

The variable name, the format, a description of each variable,
and any pertinent comments and assumptions are presented in this
chapter. The author has also listed recommended input values for
certain variables. A detailed treatment of FORMAT specifications
can be found in Reference 4 and in Appendix-3. Similarly, a sum-
mary of all units and sections is provided for the wuser’s quick
reference in Appendix-1.

3.1 Input Information

UNIT-1: INITIAL INPUT PARAMETERS

A. TITLE
1, Identification title for the particular problem.

The title should be unique in order to distinguish easily between
different outputs. A maximum of 80 characters can be used in
defining the title.

Variable Name: ITITLE
FORMAT: 8A10

Number of Lines: 1 (one)
Note: Proceed to Section-B.

B. NUMBER OF SPANS, NUMBER OF GIRDERS, AND TYPE OF SYMMETRY

1. Number of spans in the bridge superstructure.

At present there is a maximum of four spans permitted.  If the
half-transverse or quarter symmetry option 1is selected, the

program will model a maximum of two spans. The user should input
the total number of spans for the full structure. The program
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will modify the input values for symmetry, if necessary.
2. Numbervof girders on the bridge superstructure.

At present there is a maximum of 20 girders permitted. If the
half-transverse or quarter symmetry option 1is selected, the
program will model a maximum of ten girders. The user should in-
put the total number of girders on the full structure. The
program will modify the input value for symmetry, if necessary.

3. Type of symmetry for the model.

There are four allowable entries for this input. They are FULL,
LONG, TRAN, and QUAR which correspond to full, half-longitudinal,
half-transverse, and quarter symmetries. Refer to Figure 10 for
an illustration of each symmetry type. The user is reminded that
the bridge and loading must both be symmetric about a given axis
of symmetry in order to use the LONG, TRAN, and QUAR symmetry op-
tions. See Section 2.3.3 for a more detailed explanation of sym-
metry options.

Variable names: NSPANS, NOMB, TSYM(I)
FORMAT: 215,6X,4A1

Number of lines of entry: 1 (one)
Note: Proceed to Section-C.

'C. SUPERSTRUCTURE WIDTH, BRIDGE OVERHANG, and SPAN LENGTH(S)
1. Total width of the structure in inches.

This distance is measured between the two free edges of the su-
perstructure and is assumed constant for a given bridge. Refer
to Fig. 14 for an illustration of this dimension. '

2. Total width of the bridge overhang in inches.

This distance is measured from the free edge to the centerline of
the facia, or first, girder. This distance should also be con-
stant for a given bridge. Refer to Figure 14 for an illustration
of this dimension.

3. Span length(s) in inches.

The user should enter NSPANS (see Section-B above) values of the
'span length. The span length(s) for the full structure should be

entered beginning with the left most span and moving right. The
distance(s) should be measured as centerline-to-centerline of
bearing. Refer to Figure 14 for an illustration of this dimen-
sion.
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Variable Names: WIDTH, OVHANG, SPANL(I)
FORMAT: 8F10.0

Number of lines of entry: 1 (one)

Note: Proceed to Section-D.

D. OUTPUT OPTION

1. Type of output desired.
There are two allowable entries for this input. They are S and L
which correspond to SHORT and LONG output options. The long out-
put option will print everything the short output does as well as
all displacements, forces, and stresses for each dead load solu-
tion and live load cycle. Refer to Chapter-V for a more detailed
explanation of the output and an example of each type of output.
The author recommends the short output option for most analyses
unless there is a definite need to know the displacements, forces
and/or stresses for a particular bridsge.

VARIABLE NAME: IPRINT

FORMAT: 4X,Al

Number of lines of entry: 1 (one)
Note: Proceed to Section-E.

E. NUMBER OF ELEMENT DIVISIONS IN THE LONGITUDINAL or X-DIRECTION

1, Number of slab (girder) element divisions in the longitudinal
or x-direction.

There are two options for this input. The user may choose to
manually input the discretization or have the computer automati-
cally generate the discretization based on the input values for
the number of spans and the type of symmetry (see Section-B

above). If the user wishes to have the computer generate the
discretization, input a "zero" for this input. This option is
recommended for inexperienced user. However, if manual dis-

cretization is preferred by the user, input the number of element
divisions in_ the longitudinal direction. This value should be
greater than zero and less than 50. See Section 2.3.2 for a more
detailed explanation of the finite element discretization.

Variable Name: NELX

FORMAT: 15

Number of lines of entry: 1 (one)
Note: Proceed to Section-F.

23



F. NUMBER OF GIRDER LAYERS, GIRDER SECTIONS AND FATIGUE CHECKS
1. Number of girder layers in the girder.

Recommendations for layering of the girder are presented in Sec-
tion 2.3.4. Examples of girder layering are given in Chapter-1V
for three bridges.

2. Number of changes in girder cross-sections along the girder.

Changes in girder cross-sections should only be defined at 1loca-
tions where the material properties change, where any coverplate
starts or ends or where major deterioration exists. In general
vertical and horizontal stiffeners do not warrant a new section
in the model. The structural response of these stiffeners is
usually considered to be neglected. This input value should
remain constant for all girders on a given bridge and should al-
ways be less than the number of element divisions in the lon-
gitudinal direction (see Section-E above). If the user selects
the automatic discretization option, this input value should be
less than six times the number of spans in the model.

3. Total number of locations at which the live load stress ranges
will be checked for fatigue.

If the user wishes to check the 1live load stress ranges for
fatigue, input the total number of details to be checked. If no
fatigue checks are to be performed, input "zero."  See Section
2.3.7 for more detailed explanation of the fatigue checks.

Variable Names: NULAYB, NBS, NFATG
FORMAT: 315

Number of lines of entry: 1 (one)
Note: Proceed to Section-G.

G. NUMBER OF PLATE GIRDER WEB PANEL CHECKS

1. The total number of plate girder web panels to be investigated
for buckling of the web and/or flange.

If no panels are to be analyzed for buckling or if the girders
are rolled or wide flange sections, the user should input "zero."
Otherwise input the number of panels to be checked for buckling.
Refer to Sections 2.3.5 and 2.3.6 for more details on the buc-
kling phenomena.

Variable Name: NPNL

FORMAT: 15

Number of lines of entry: 1 (one)
Note: Proceed to Section-H.
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H. ELEMENT LENGTHS IN THE LONGITUDINAL OR X-DIRECTION

NOTE: If the automatic discretization option was selected in
Section-E (i.e. NELX=0), the user should skip Section-H and
Proceed to Section-1I.

1. The longitudinal or x-direction lengths of the slab (girder)
elements in inches.

This section will be read only if the manual discretization op-
tion was selected in Section-E (NELX > 0). The user should input
NELX values of element lengths. The sum of the input element
lengths should total the complete span length for the finite ele-
ment model. Refer to Section 2.3.2 for more details on finite
element discretization.

Variable Name: SIGX(I)

FORMAT: 8F10.0

Number of lines of entry: 0 (zero) if the automatic dis-
cretization option was selected in Section-E (NELX=0) or
(NELX)/8 rounded up to the next highest integer when a
decimal quantity in the manual discretization option was
selected (NELX > 0). .

Note: Proceed to Section-I.

I. SLAB THICKNESS

1. The thickness of the reinforced concrete deck slab in inches.
Constant slab thickness should include an assumed one-half 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 one-half inch less than the
thickness inputted by the user.

Variable Name: DT

- FORMAT: F10.0
Number of lines of entry: 1 (one)
Note: Proceed to Section-J.

J. GIRDER DEPTH, TOP COVER PLATE THICKNESS, AND BOTTOM COVERPLATE
THICKNESS

1. The total girder depth in inches excluding any coverplates.
If the girder is a rolled section, the depth is usually given in
Reference 3. If the girder is a built-up section and the flange
thickness is not constant for the length of the girder, the smal-
lest flange thickness should be entered as part of the girder
depth. The remaining flange thickness should be considered as a
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coverplate.
2. The top coverplate thickness in inches.

If no coverplate exists, input the value as 0.0. The user is
reminded that a portion of the top flange may be considered as a
coverplate if a built-up girder has different flange thickness
along its length.

- 3. The bottom coverplate thickness in inches.

If no bottom coverplate exists, input the value of 0.0. The user
is reminded that a portion of the bottom flange may be considered
as a coverplate if a built-up girder has different flange thick-
ness along its length.

Variable Names: BDEPTH, TCP, BCP
FORMAT: 3 F10.0

Number of lines of entry: 1 (one)
Note: Proceed to Section-K

K. FLANGE WIDTH AND THICKNESS AND WEB THICKNESS
1. Flange width of the girder in inches.

If the girder is a rolled section, the flange width is wusually
given in Reference 3. If the flange width is not constant for
the length of the girder, input the smallest non-deteriorated or
design flange width.

2. Flange thickness of the girder in inches.

If the girder 1s a rolled section, the flange thickness is
usually given in Reference 3. If the flange thickness is not
constant for +the length of the girder, the smallest top non-
deteriorated or design flange thickness should be entered.

3. Web thickness of the girder in inches.

If the girder is a rolled section, the web thickness is usually
given 1in Reference 3. If the web thickness is not constant for
the length of the girder, the smallest non-deteriorated or design
web thickness should be inputted.

Variable Names: BF, TF, TW
FORMAT: 3F10.0

Number of lines of entry: 1 (one)
Note: Proceed to Section-L.
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L. GEOMETRY OF PLATE GIRDER WEB PANEL CHECKS

NOTE: If the user input zero for the number of web panel checks
in Section-G, proceed to Section-A in Unit-2.

1. The number of the girder which contains the web panel to be
checked for buckling.

The numbering of the girders is explained in Section 2.3.3 and
illustrated in Figure 4.

2. The 1longitudinal or x-direction distance to the web panel
location from the left most support of the bridge in inches.

3. The expected direction of the "diagonal truss action” of the
web panel in degrees.

If counterclockwise shear deformations are expected for the panel
(the tension field of the web rises from the bottom left to the
top right of the web panel before the intermediate supports), the
user should input 0.0. If clockwise shear deformations are ex-
pected for the panel (the tension field of the web panel drops
from the top left to the bottom right of the web panel after the
intermediate support), the wuser should input 180.0. This
phenomenon is illustrated in Figure 16 to further explain this
input.

4. The 1length of the unsupported compression flange for the web
panel in inches.

Typically this length is the distance between points of lateral
support or cross frame spacing of the span.  Values usually range
between 240. and 300. inches.

Variable Names: NBM(I), SDIS(I), PHICO(I), USLEN(I)

FORMAT: I5, 3F10.0

Number of lines of entry: NPNL (see Section-G)

Note: Section-L will be read NPNL (see Section-G) times
before proceeding to Section-M.

M. WEB PANEL SUPPORT CONDITIONS

1. Web panel support conditions.

If the flanges are assumed to be acting as simple supports, the
user should input "zero." If the flanges are assumed to be ac-
ting as fixed ended beams, the user should input "one."
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Variable Name: IBODRY

FORMAT: 1I5
Number of lines of entry: 1 (one)
Note: The input for Unit-1 is now completed. Proceed to

Section-A of Unit-2.

UNIT 2 - SLAB PROPERTIES AND MATERIALS

A. CONCRETE COMPRESSIVE CYLINDER STRENGTH

l, The 28 day uniaxial compressive strength of the concrete in
kips per square inch (ksi).

Variable Name: FC

FORMAT: F10.0

Number of lines of entry: 1 (one)
Note: Proceed to Section-B.

B. STEEL REINFORCEMENT YIELD STRENGTH

1. The yield strength of the steel reinforcement for the slab in

ksi.

Older bridges generally used Grade 40 or 40. ksi steel, while the
newer bridges sometimes use Grade 60 or 60. ksi steel.

Variable Name: SIGMAP

FORMAT: F10.0

Number of lines of entry: 1 (one)
Note: Proceed to Section-C.

C. STEEL REINFORCEMENT MATERIAL NUMBER

1. The steel reinforcement material number for the slab.

Two entries are permitted for this input option. If the user
wishes to input his/her own reinforcement pattern and geometry
instead of defaulting to the program, input "one." However, if
the user desires to have the reinforcement pattern and geometry
automatically generated by the program in accordance with
Reference 10, input "zero." Refer to Section 2.1.1 for a more

detailed explanation.

Variable name: NSRM

FORMAT: I5

Number of lines of entry: 1 (one)
Note: Proceed to Section-D.
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D. STEEL REINFORCEMENT PATTERN GEOMETRY

NOTE: If the user input zero for the steel reinforcement material
number (see Section-C), skip Section-D and proceed to Section-A
in Unit-3.

1. Steel reinforcement bar size for the layer.
See Table-9 for a listing of the acceptable bar sizes.

2. Spacing of reinforcing bars for the layer in inches.
The spacing is the horizontal distance between bars on centers in
the same layer of reinforcement.

3. Centroidal location of the steel layer in inches.

The vertically measured distance for the given layer from the
mid-plane of the concrete slab to the centroid of the reinforcing
bars should be input here. If the centroid lies above the mid-
plane of the slab, than a negative value should be specified,
otherwise it will be a positive quantity.

4. Orientation of reinforcing bars in the layer in degrees.
The wuser should input 0.0 for longitudinal or x-direction rein-
forcement and -90.0 for transverse or y-direction reinforcement.

Variable Names: ISIZE(I), SPACE(I), SZC(I), SPHI(I)
FORMAT: 15, 3F10.0 :
Number of lines of entry: None, if the automatic reinforce-
ment pattern generation option was selected in Section-C
" (NSEM=0) or 4 lines if the manual input option was selected

(NSRN=1).

Note: If the wuser input one for the steel reinforcement
material number (see Section-C), this section should be read
four times before proceeding to Section-A of Unit-3. The
four lines of entry correspond to the top transverse and
longitudinal reinforcing bar layers and the bottom

transverse and longitudinal reinforcing bar layers in the
concrete slab.

UNIT 3 - GIRDER PROPERTIES AND MATERIALS

A. NUMBER OF STEEL MATERIALS

1. Number of different steel materials used in the girder includ-

ing coverplates.

At present there is a maximum of five allowable steel materials
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permitted in the input. An additional steel type is automati-
cally generated by the program in order to simulate a fictitious
steel layer when required.

Variable Name: NSM

FORMAT: IS5

Number of lines of entry: 1 (one)
Note: Proceed to Section-B.

B. STEEL TYPE

1. The type of steel material wused in the girder or any
coverplate.

The user can input one of the three options for this input. The
steel +type can be defined by the user, the date of the bridge
construction, or the American Society of Testing and Materials
(ASTM) steel grade. The last two options will automatically gen-
erate the material properties listed in the next section
(Section-C) in accordance with Reference 1. If the user defined
option is selected, the user must input the material properties
in Section-C. Allowable ASTM steel grade entries are A7, A8,
A36, A94, A242, A440, A441, A514, A517, A529, A572, and A588.
Pertinent properties for these steel grades are listed in Table
10. If the steel grade is unknown, but the year of construction
is known, the user could input YXXXX where XXXX corresponds to
the year of bridge construction. Examples of this input could be
Y1888, Y1938, or Y1971. Finally, the user may choose to input
his/her own material properties in Section-C by simply inputting
a "U" for user defined in this section.

Variable Name: CLASS(I)

FORMAT: 5X, Al, 411

Number of lines of entry: NSM (see Section-A)

Note: Section-B will be read NSM times (see Section-A).

If the user selected only non-user defined options, read the next
input of Section-B. However, if the user input a "U" in Section-
B, proceed to Section-C before reading next input of Section-B.

C. STEEL MATERIAL PROPERTIES

Note: This section 1is read after each user defined entry in
Section-B. If no user defined option was selected for any of the

steel types above, this section is skipped.

Note: Refer to References 15 and 17 for a technical description
of the parameters in this section.

1. Yield stress of the girder steel in ksi.
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2. Initial modulus of elasticity for the girder steel in ksi.
AASHTO recommends a value of 29,000 ksi (see Ref. 2).

3. Ramberg-Osgood m-parameter for steel girder. The author

recommends a value of 0.67.

4. Ramberg-0Osgood n-parameter for girder steel. The author
recommends a value within the range of 300-400.

Q; Initial strain hardening modulus of girder steel. An average
value for commonly used structural steels is about 900 ksi.

6. Strain at the initiation of strain hardening. The values ob-
tained from various test results as reported 1in the literature
are 0.014 for A36 and 0.0215 for A441 steels. The user should

input one of these values if the true value can not be estimated
or approximated by other means.

7. Ultimate strength of the girder steel in ksi.

8. Strain at ultimate stress for the girder steel in inches per
inch. The author recommends a value of 0.12 if the true value is
unknown.

Variable Names: SBY(I), EB(I), ROM(I), RON(I), ESHB(I),
STRAN(I), SBU(I), STBU(I)

FORMAT: 8F10.0

Number of lines of entry: Number of user defined steel type
entries from Section-B. There may be as few as zero and as
many as NSM {(see Section-B) lines of entries,. Any line of
entry from this section should follow the line of entry from
Section-B denoting the user defined option.

Note: If additional steel materials are still to be defined,
return to Section-B. Otherwise proceed to Section-D.

D. IDENTICAL OR DIFFERENT GIRDERS

1. Is the girder to be defined identical to the girder just pre-
viously defined?

There are two allowable entries for this input. They are "0"
(zero) and "1" (one). When defining the first girder on the
bridge, the input will always be zero. If the answer to the

above question is YES, the user should input "1".

Variable Name: ISAME

FORMAT: 1I5

Number of lines of entry: NOBM (see Unit-1, Section-B)

Note: Section-D will be read once for each girder in the

model. If the wuser input a zero, a series of lines of
entries from Sections-E through -G defining the girder will
follow before reading the next value from Section-D. If the
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user input a one for Section-D, skip Sections-E through -G
and reread Section-D. If the input for the last girder in
the model is "1", proceed to Section-H.

E. DISTANCE TO NEW GIRDER CROSS-SECTIONS

Note: This section is skipped if ISAME (Section-D) was defined to
be "1".

1. The 1longitudinal or x-direction distance(s) in inches from
left most support to the location(s) where new girder cross-
sections are to be defined.

Each time Section-E 1is read the user should always input NBS
(Unit-1, Section-F) values of distance. The first value will al-
ways be 0.0, The distances should remain the same for all gir-
ders of 'a given bridge even though the cross-section may not
change at each distance. For example, a bridge with non-uniform
deterioration will probably have new sections where the cross-
section does not change.

Variable Name: DNBS(I)

FORMAT: 8F10.0 '

Number of lines of entry: (NBS)/8 rounded up to ‘the next
highest integer when there is a decimal quantity for each
girder where ISAME (Section-D) is defined to be zero. This
section will be read only once if all girders on a given
.bridge are identical.

Note: The user is cautioned that the program will internally
adjust any input value of this section to match the nearest
element length in the discretization. If the adjustment to
the input is substantial, the user may want to input his/her
own discretization in such a way that the manually inputted
finite element lengths (Unit-1, Section-H) will correspond
with the input of this section.

Note: Proceed to Section-F.

F. IDENTICAL OR DIFFERENT GIRDER CROSS-SECTIONS

NOTE: This section is skipped if ISAME (Section-D) was defined to
be "1".

1. Is the girder cross section to be defined identical - to any
girder cross-section previously defined on the girder?

There are two permissible entries for this input. '~ They are "0"
(zero) or the number of the girder cross-section previously
defined which matches the new cross-section. If the answer to
the above question is NO, the user should input a "0" (zero).
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When defining the first section on each girder of the bridge, the
input will always be zero. If the answer to the above question
is YES, the user should input the number of girder cross-section
previously defined which matches the new cross-section. For ex-
ample, if the fourth cross-section of girder two is identical to
the second cross-section of girder two, the user would input a
two for this section. However, if the second cross-section of
girder two only matches the second cross-section of girder one,
the user would input a "0" (zero) for this input section since
the new section does not match any previously defined cross-
section on girder two.

Variable Name: IX

FORMAT: IS
Number of lines of entries: NBS (Unit-1, Section-F) for each
girder where ISAME (Section-D) is defined to be zero. This

section will be read only NBS times if all girders on a
given bridge are identical.

Note: If "IX" is defined to be zero, proceed to Section-G
before repeating Section-F. If "IX" is defined greater than
zero, skip Section-G and repeat Section-F. If more cross-
sections remain to be defined on the girder, return to
Section-D. If no more girders remain to be defined, proceed
to Section-H.

G. DEFINITION OF GIRDER CROSS-SECTION BY LAYERS

NOTE: This section is skipped if ISAME (Section-D) was defined to
be "1" or if "IX" (Section-F) was defined to be greater than
zero.

Note: Input for this section should start at the top most layer
of the girder (top coverplate or top flange if no coverplate) and
proceed through the depth of the girder. Refer to Section 2.3.4
for a more detailed explanation and recommendations on girder
layering.

1., Vertical thickness of layer-I at location-J in inches.

2. Horizontal width of layer-I at location-J in inches.

These values are typically the coverplate width, the flange
width, and the web thickness; but a deteriorated structure may
have different values.

3. The initial stress of layer-1I at location-J in ksi.

The wuser may know the residual stress pattern for the section.
If so, input the residual stress here. If no initial stress or
residual stress values are known, input 0.0,
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4. The girder material type number of layer-1I at location-J.

This number corresponds to the order in which the steel type
(CLASS{I), Unit-3, Section-B) was entered. For example, input
2.0 for layers made of second steel material inputted. On
coverplated girders there may be sections of the girder without
any coverplate. 1If so, input the value equal to (NSM+1) (Unit-3,
Section-A) to simulate a fictitious steel layer where no steel
layer physically exists.

Variable Names: T(I,J), B(I,J),SIR(I,J), TY(I,J)

FORMAT: 4F10.0

Number of lines of entry: NULAYB (Unit-1, .Section-F) for
each value of "IX" (Section-F) which was defined to be zero.
There will be a minimum of NULAYB lines of entries for a
bridge if all girders are identical and only one girder
cross section is defined.

Note: NULAYB(Unit-1, Section-F) lines of entries should be
read before proceeding to the next section. Return to
Section-F if additional sections remain to be defined on the
girder. If no additional sections remain on the girder,
return to Section-D. If all girders have been defined,
proceed to Section-H.

H. FATIGUE CYCLES

Note: If NFATG (Unit-1, Section-F) was defined to be zero skip
this section and proceed to Section-J.

1. The relative number of fatigue cycles a detail might see on
the structure under consideration.

The program permits three entries for this input. They are HIG,
MED, and LOW. HIG corresponds to a high (2 million) number of
fatigue cycles, while MED and LOW correspond to a medium
(500,000) and a low (100,00) number of fatigue cycles. Table 8
has been reproduced from Reference 2 in order to aid the user in
selecting the appropriate input for this section if it 1is
unknown.

Variable Name: IFATCYC(I)

FORMAT: 2X,3A1l

Number of lines of entry: none if NFATG (Unit-1, Section-F)
was defined to be zero or one if NFATG was defined to be
greater than zero.

Note: Proceed to Section-1I
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G. GEOMETRY AND TYPE OF FATIGUE DETAIL

Note: Refer to Reference 2 and Section 2.3.7 for.a more detailed
explanation of fatigue.

1., The number of girders which contain the detail to be checked
for fatigue.

The numbering of girders is explained in Section 2.3.3 and il-
lustrated in Figure 4.

2. The longitudinal or x-direction distance in inches to the
fatigue detail location from the left most support of the bridge.

3. The vertical or z-direction distance in inches to the fatigue
detail location from the mid-plane of the concrete deck slab.

All distances should be positive for this entry.

4. The type of fatigue detail to be checked.
Allowable entries for this input are A, B, C, D, E, and F. Three
tables and one figure have been reproduced from Reference 2 to
aid  the wuser 1in determining the type . of detail. They are
reprinted as Tables 6, 7, and 8 and Figure 13.

Variable Names: NBEAM(I), LDIST(I), VDIST(I), TDETAIL(I)
FORMAT: 15, 2F10.0, 4X, Al

Number of lines of entry: NFATG (Unit-1, Section-F)
Note: Proceed to Section-J.

J. TYPE OF COMPOSITE ACTION

1. The type of composite action assumed by the model between the
steel girders and the concrete slab.

Three entries are permitted. They are FULL for full composite,
PART for partial composite, and NONC for non-composite interac-
tion. The program has been thoroughly tested for full composite
action option; however, the reliability of the results for the
remaining two options 1is not guaranteed. Therefore the user
should use technical judgment in reviewing the results from par-
tial or non-composite structure. The author highly recommends
the use of FULL whenever possible.

Variable Name: ICOMP(I)

FORMAT: 6X, 4Al

Number of lines of entry: 1 (one)

Note: The input for Unit-3 is now completed. Proceed to
Section-A of Unit-4.



UNIT 4 - STRUCTURAL LOADING

This wunit will be read for a total of three times following the
completion of the input to Units-1, 2, and 3. The program ex-
pects to read the dead load on the beam loads, then the dead load
on the composite superstructure loads, and finally the live
loads. All loads should be entered as area loads and in units of
KSI. The user can not enter zeros for any of the loads and ex-
pect a completed computer run. If the user does not wish to en-
ter a dead load on the composite superstructure a fictitious
small load over a small area far from the point of interest
should be entered. For a more detailed explanation of the load-
ing refer to Section 2.2.

A. NUMBER OF AREA LOADS

1. The number of 1lines of entries for area load to fdllow in
. Section-B.

For the dead load on the beam solution, this value should be
equal to the number of girders in the model. For example, a
bridge with seven girders and a longitudinal axis of symmetry for
the bridge and the loading should have four girders in the model.
Therefore, enter a value of four here and follow it immediately
with four lines of entries for area loads below.

The number of area loads for the remaining two solutions vary
depending upon the bridge. Typically two safety parapets are.en-
tered as dead loads on the composite superstructure and the over-
load vehicle as the live load.

Variable Name: NC

FORMAT: 1I5

Number of lines of entry: 1 (one) for each of the three
solutions in the analysis. ) _

Note: The user should proceed to Section-B before reading
the next input from Section-A.

B. AREA LOADS
Note: This section will be read NC +times before returning to
Section-A and redefining NC.

1. The intensity of the area load in KSI.

[yv]

2. The 1longitudinal or x-direction distance measured from the
left most support to the center of the area load in inches.

3. The transverse or y-direction distance measured from the lower

free edge or x-axis (see Fig. 3) to the center of the sarea load
in INCHES.
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4. The length of the area load in the longitudinal or x-direction
in INCHES.

5. The width of the area load in the transverse or y-direction in
inches.

Variable Names: Q, X, Y, XLL, YLL

FORMAT:5F10.0

Number of lines of entry: NC1+NC2+NC3, where NC1, NC2, and
NC3 are the values for the three solutions as input in
Section-A above. A line of entry with the correct NC value
should precede each of the three solution data sets.

END OF INPUT

3.2 Units of Input

A consistent set of units must be used for data input. Automatic
assignment of certain variables may take place within the program
if desired by the user. Since these variables are in units of
inches and kilopounds (kips), the user must also choose these
same basic units for data input. Thus due to the automatic as-
signment features and due to specific output formats employed, it
is suggested that units of inches and kips be used for data in-
put. Any deviation from these recommended values would yield
results that have no resemblance to those of the actual problem.
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IV. EXAMPLE PROBLEMS

This chapter contains a brief presentation of three example
problems solved by program BOVAS. 1In order to make the presenta-
tion as comprehensive as possible, the researchers have attempted
to show as many input options as the problems permitted. For
each example, a discussion of the geometry, 1loadings, and the
material properties for the bridge superstructure will be
presented first. An explanation of the data values for each in-
put illustrates the origin of the input for the example.

4.1 Example Problem - 1

4,1.1 Description of the Problem

The first case study is the AASHO (now known as AASHTO) Bridge 3B
which was constructed as part of the AASHO Road Test conducted in
the early 1960’s (Refs. 8 and 9). Bridge 3B was designed as a
simply supported composite reinforced concrete slab and steel
girder bridge with a span length of 50 feet centerline-to-
centerline of bearing. The concrete deck slab for the bridge had
an average measured depth of 6.45 inches and was 15 feet wide.
Three W 18 x 60 steel beams were placed 5 feet apart with bottom
coverplates (7/16" x 6") extending over 18’ - 6" of the middle
span. Figures 17 and 18 show the elevational and cross-sectional
views of Bridge 3B.

The loads were applied to the superstructure during the test by
moving overload vehicles. For testing of Bridge 3B three dif-
ferent overload vehicles were used (vehicles 97, 98, and 99 as
shown in Fig. 19). The loading procedure consisted of placing
weights on the overload vehicle which would then travel across
the bridge usually thirty times. During the loading process the
midspan deflections of each beam were monitored and recorded.
The load was then increased and another set of runs made. This
procedure continued until the bridge collapsed onto the safety
crib below the bridge superstructure.

Since the overload vehicle moved over the bridge, an infinite
number of static load configurations were applied to the super-
structure. The overload vehicle primarily induced longitudinal
bending in the superstructure of Bridge 3B. In the general case
the slab may be subjected to both longitudinal and transverse
bending while the girders are primarily subjected to longitudinal
bending. Construction of the static load configuration to simu-
late the moment envelope and thus to obtain the maximum possible
state of stress at every point in both the slab and the girders
is very difficult, 1if not impossible to achieve. Therefore, two
different approaches can be analyzed (Ref. 14)
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The first option is to simulate the overload vehicle as a line
load over each girder in the finite element model. Since this
idealized load configuration approximates the moment envelope for
the longitudinal direction only, the loading will produce
primarily longitudinal bending moments in both the deck slab and
the girders, This moment envelope is produced as the vehicle
traverses the superstructure and contains the maximum moment
values.

The second option is to simulate the overload vehicle as a rec-
tangular area load. The area load should be selected such that
the analysis is equivalent to the maximum static moment diagram
produced by the moving overload vehicle. 1In this .idealized load-
ing configuration the slab is subjected to both longitudinal and
some transverse bending while the girders are primarily subjected
to longitudinal bending.

A comparison of the two methods in limited testing shows that the
results. of both approaches are nearly identical. While the first
method may be slightly more accurate, the computational effort is
definitely more intensive. Therefore the second option can be
used to simulate the overload vehicle. For this example, the
load has been entered as one rectangular area load at the midspan
of the structure. This is equivalent to the "dolly" type of
loading discussed in Section 2.2. The user could also have input
the load as a "truck" type of loading which was discussed with
the dolly type of loading.

Meanwhile, the dead loads for the dead load on the beam solution
should be input as an extremely narrow area load over each girder

running the full length of the finite element model. The load
intensity for the dead load on the beam solution should include
the weight of the steel and the wet concrete. Finally, the dead

load on the superstructure only consists of a wooden curb on each
free edge.

The structure is definitely symmetric about two axes in its load-
ing and can be assumed symmetric about two axes in its geometry.
Therefore only one quarter of the structure need be analyzed. In
order to make the geometry symmetric about a longitudinal axis of
symmetry, both overhangs were considered to be three feet in
width. This increases the bridge width from fifteen to sixteen
feet for the full structure.

Figure 2 shows the superstructure discretized into a series of
finite elements. It should be noted that because a line of sym-
metry lies along the axis of the interior girder, only one half
of the interior girder cross section is included in the finite
element model.

The layered slab and girder models are shown in Fig. 20. A total
of six layers of concrete and four layers of steel reinforcement
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were used in the slab finite element. The direction of action of
the reinforcement is indicated by the cross-hatched area and is
given along with the thickness, bar size, and spacing in Table
11. The beam finite element consists of a total of twelve layers
as indicated in Fig. 20. The two cross-hatched layers, which
represents the bottom coverplate, have two sets of material
properties. In the region where no coverplate exists in the ac-
tual structure (near supports), the material stiffness properties
are set to artificially low values to simulate the absence of the
coverplate. In the area where there 1is a coverplate (near
midspan), the properties of the steel were used. Table 12 lists
the material properties of the girder steel, steel reinforcement,
and concrete used in Bridge 3B and the corresponding material
properties used in the finite element simulation of the first ex-
ample.

This example will illustrate the use of the manual discretiza-
tion, manual reinforcement, user defined steel girder types, and
long printout options instead of defaulting to program libraries.
The second example repeats the same bridge but illustrates the
short printout and the internally defined options. In some cases
the values for both examples may be identical.

4.1.2 Data Input Units

This section gives the read statement and associated values for
that read statement. Input units correspond to those presented
in Chapter-I1I. The wuser 1is reminded that input formats are
given in Chapter-III and all units of input should be in kips and
inches. The commas in the input data of this section are used to
distinguish the separate numerical values. The input units with

the actual data cards used for example one are given in Section
4.1.3.

UNIT - 1 INITIAL INPUT PARAMETERS

A. Read Title, (ITITLE)

Line No. 1: DETAILED VERSION - BOVAS EXAMPLE BRIDGE 1-AASHO
BRIDGE 3B
(1) This line contains an arbitrary but unique title used for

identification purposes.

B. Read Number of Spans, Number of Girders, and the Type of Sym-
metry, (NSPANS, NOMB, TSYM(I))
Line No. 2: 1, 3, QUAR

(1) AASHO 3B is a simple span bridge, therefore the number of
spans equals one (Ref. 9).
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(2) There are three girders on the full structure of AASHO 3B
({Ref. 9 and Fig. 18).

(3) The loading and bridge geometry are assumed to be symmetric
with respect to a longitudinal and transverse axes of symmetry,
therefore input quarter symmetry (see Section 4.1.1).

C. Read Superstructure Width, Bridge Overhang, and Span Length,
(WIDTH, OVHANG, SPANL(I)).
Line No. 3: 192., 36., 600.

(1) While the actual bridge is only fifteen feet (180. inches)

wide, the model assumes the structure is sixteen feet (192.
inches) wide 1in order to use a model with quarter symmetry (see
Section 4.1.1 and Fig. 18).

(2) Both overhangs must be of the same width. Since they were
not equal, an extra foot of width was added to make both over-
hangs three feet (36. inches) wide (see Section 4.1.1 and Fig.
2).

(3) AASHO 3B is a simple span bridge with a span length of 50.
feet (600. inches) centerline-to-centerline of bearing. Input

only one span length (see Ref. 9 and Fig. 17).

D. Read Output Option, (IPRINT)

Line No. 4: L

(1) The long output option is desired for this example, there-
fore input "L."

E. Read Number of Element Divisions in the Longitudinal or
X~-Direction, (NELX)

Line No. 5: 6

(1) Six elements in the longitudinal direction should provide an
accurate and economical solution. This value agrees with the

value the program would generate if the automatic discretization
option had been selected (see Section 2.3.2 and Fig. 2).

F. Read Number of Girder Layers, Girder Sections, and Fatigue
Checks, (NULAYB, NBS, NFATG).

Line No. 6: 12, 2, O

(1) This example follows the recommendations presented  in Sec-
tion 2.3.4 (two 1layers per flange or coverplate and six layers

per web). Since there are two flanges and one coverplate, a to-
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tal of twelve girder layers was input (see Fig. 20).

(2) The girder is W 18 x 60 section for the entire length. No
girder deterioration is considered in this example. A coverplate
exists only on the middle portion of the girder. Therefore,

three sections exist on the full structure, but only two sections
exist on the finite element model because of the transverse axis
of symmetry (see Fig. 21).

(3) No fatigue checks are considered in this example. See
Example-3 for an illustration of this input.

G. - Read Number of Plate Girder Web Panel Checks, (NPNL)
Line No. 7: O
(1) No plate girder web panel check should be considered here

since the girders are rolled sections and because the bridge is a
simple span. See Example-3 for an illustration of this input.

"~ H. Read Element Lengths in the Longitudinal or X-Direction,

(SIGX(I))

Note: Since a non-zero value was input in Section-E above, input
is expected from this statement. Six element divisions were
defined in Section-E, therefore, six lengths should be entered
here. The lengths should sum to half the total span length (0.5
x 600 = 300) since the transverse axis of symmetry is used in the
model. ‘

"Line No. 8: 63., 63., 63., 51., 30., 30.

(1) In this example, the coverplate exists between 189. inches
and the midspan centerline (300. inches). Therefore, the element
lengths were defined such that the sum of the first three element
lengths totaled 189. inches. Furthermore, the critical girder
sections for the structure and the loading are near the midspan
{See Fig. 2).

I. Read Slab Thickness, (DT)

Line No. 9: 6.45

(1) A thickness of 6.45 inches will be assigned to all plate
elements (See Ref. 9 and Fig. 20). . : :

J. Read Girder Depth, Top Coverplate Thickness and Bottom
Coverplate Thickness, (BDEPTH, TCP, BCP)

Line No. 10: 18.25, 0., 0.4375
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(1) The depth of the girder is taken from Ref. 3 for a W18x60
section (See Fig. 20).

(2) No coverplate exists, therefore input 0. (See Figures 20
and 21).
(3) The bottom coverplate thickness is listed as 7/16 inches in

Reference 9 (See Fig. 20).

K. Read Flange Width and Thickness and Web Thickness, (BF, TF,
TW)

Line No. 11: 7.558, 0.695, 0.416

(1,2,3) All dimensions are taken from Reference 3 for a W18x60
section.

L. Read Geometry of Plate Girder Web Panel Checks, (NBM(I),

SDIST(I), PHICO(I), USLEN(I))

Note: This section 1is skipped since no web panel checks were
specified in Section-G above.

UNIT 2 - SLAB PROPERTIES AND MATERIALS

A. Read Concrete Compressive Cylindér Strength, (FC)

Line No. 12: 5.74

(1) The concrete compressive cylinder strength as taken from
Reference 8. This corresponds to 28 day test value.

B. Read Steel Reinforcement Yield Strength (SIGMAP)

Line No. 13: 61.2

(1) Reference 8 reports that the yield strength of the rein-
forcement steel was 61.2 ksi.

C. Read Steel Reinforcement Material Number, (NSRM)

Line No. 14: 1

(1) Since the researchers wish to illustrate the manual rein-

forcement option with this example, a one should be entered. The
automatic generation option is illustrated in Example-2.

43



D. Read Steel Reinforcement Pattern Geometry, (ISIZE(I),
SPACE(I), SZC(I), SPHI(I))

Note: The below data values are identical to the automatic rein-
forcement option values. Since the actual reinforcement pattern
is unknown, these values were used to illustrate the manual input

‘option. They were generated in accordance with Table 1

reproduced from Reference 10.

Four lines should be read from this section corresponding to the

top transverse, top longitudinal, bottom longitudinal, and bottom
‘transverse reinforcing layers of the concrete slab. The values

are listed in Table 11.

Line No. 15: 5
Line No. 16: 4
Line No. 17: -5
Line No. 18: 5

, 6., -0.4125, -90.

, t2., 0.1500, 0.0

, 8.7403, 1.2875, 0.0
, 6., 1.9125, -90.

{1) The bar size for each layer.

{(2) The spacing of bars for each layer.

(3) The centroidal location for each layer. Negative values are
above the slab mid-plane.

{4) The orientation of the bars for each layer. An input of
-90. 1indicates a transverse layer, while an input of 0.0 indi-

cates a longitudinal layer.

UNIT - 3 _GIRDER PROPERTIES AND MATERIALS

A. Read Number of Steel Materials, (NSM)
Line No. 19: 3

(1) Coupons from the flange, web, and coverplate were all tested
in order to obtain properties for each region even though the
girders are rolled sections. Since the test results are
presented in References 8 and 9, they are used here to illustrate

‘the user defined option for the steel girders. The user should

be reminded that a fourth steel material (NSM+1l) is automatically
generated by the program to simulate a fictitious steel layer.

B. Read Steel Type, (CLASS(I))

Note: This section will be read a total of three times (the in-
put value of line 19 above). If the user defined steel type op-
tion is selected, Section-C should be read before reading the
next value from this section.

Line No. 20: U
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(1) The user defined steel type option has been selected.
Therefore read the steel material properties for the flange steel
from Section-C below before reading the next steel type in
Section-B.

C. Read Steel Type Material Properties, (SYB(I), EB(I), ROM(I),
RON(I), ESHB(I), STRAN(I), SBU(I), STBU(I))

Note: All properties listed on the next line correspond to steel
test results of the girder flange (Steel Material Type - 1)

Line No. 21: 35.1, 30000., 0.67, 400., 900., 0.014, 64.9, 0.12

Yield stress of the flange steel (Ref. 8).
Initial modulus of elasticity for flange steel.
Ramberg-0Osgood m-parameter.

Ramberg-Osgood n-parameter.

Initial strain hardening modulus.

Strain at the initiation of strain hardening.
Ultimate strength of flange steel (Ref. 8)
Strain at ultimate stress.

o~~~ o~~~ o~
O~ N WK =
et et st v

Note: Return to Section-B and read the steel type for the second
steel type to be inputted.

B. Read Steel Type, (CLASS(I))
Line No. 22: U

(1) The wuser defined steel type option has been selected.
Therefore, read the steel material properties for the web steel
from Section-C below before reading the third and last steel type
in Section-B. '

C. Read Steel Type Material Properties, (SBY(I), EB(I), ROM(I),
RON(I), ESHB(I), STRAN(I), SBU(I), STBU(I))

Note: All properties listed on this 1line correspond to steel
test results of the girder web (steel material type-2). Refer to
line 21 above or Chapter-I11 for a definition of each input value
on this line.

Line No. 23: 39.9, 30000., 0.67, 400., 900., 0.014, 66.6, 0.12

Note: Return to Section-B and read the steel type for the third
and last steel type to be inputted.
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B. Read Steel Type, (CLASS(I))

Line No. 24: U

(1) The user defined steel +type option has been selected.
Therefore, read the steel material properties for the coverplate
from Section-C below. Since no other steel materials remain to

be defined, the user should proceed to Section-D after completing
Section-C.

C. Read Steel Type Material Properties, (SBY(I), EB(I), ROM(I),
RON(I), ESBH(I), STRAN(I), SBU(I), STBU(I))

Note: All properties listed on this 1line correspond to steel
test results of the coverplate (steel material type-3). Refer to

line " 21 or Chapter-III for a definition of each input value on
this line. '

Line No. 25: 38.4, 30000., 0.67, 400., 900., 0.014, 60.2, 0.12
Note: All steel types have been defined including the internal

definition of a material type-4 corresponding to a fictitious
steel material. Therefore proceed to Section-D.

D. Read Identical or Different Girders, (ISAME)
Line No. 26: O

{1) Since this is the first girder to be defined, the input must

"be zero.

Note: Since a zero is inputted for this section, proceed to
Section-E.

E. Read Distances to New Girder Cross-Sections, (DNBS(I))

Note: Since the number of girder sections (NBS) was defined to
be two in Unit-1, Section-F, Entry-2, two values should be en-
tered on the line for this input (see Fig. 21). »

Line No. 27: 0., 189.

(1) Whenever Section-E is read, the first entry should always be
0 (zero). This defines the end of the girder at the left support
line.

(2) The second entry corresponds to the beginning of the
coverplate on the girder. No other new cross-sections exist " on
the model.
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F. Read Identical or Different Cross-Sections, (IX)
Line No. 28: 0

(1)' Since this is the first girder cross-section to be defined,
the input must be zero.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section, (T(1,J), B(I,J),
SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) was defined in
Unit-1, Section-F, Entry-1 to be twelve, twelve lines should be

entered for this section. These twelve lines should define the
first girder cross-section which begins at 0.0 inches (the left
support) and ends at start of the coverplate (189. inches). The

layers should be input consecutively starting with the top most
layer (in this case the top flange) and ending with the bottom
most layer (in this case the fictitious bottom coverplate). For
this example, the first two lines correspond to the top flange,
the next six 1lines define the web, the ninth and tenth lines
define the bottom flange, and the last two lines correspond to a
fictitious bottom coverplate. The coverplate does not physically
exist at this girder section.

Line No. 29: 0.3475, 7.558, 0.0, 1.
Line No. 30: 0.3475, 7.558, 0.0, 1.
Line No. 31: 2.81, 0.416, 0.0, 2.
Line No. 32: 2.81, 0.416, 0.0, 2.

0

Line No. 33: 2.81, 0.416, 0.0, 2.

Line No. 34: 2.81, 0.416, 0.0, 2.

Line No. 35: 2.81, 0.416, 0.0, 2.

Line No. 36: 2.81, 0.416, 0.0, 2.

Line No. 37: 0.3475, 7.558, 0.0, 1.

Line No. 38: 0.3475, 7.588, 0.0, 1.

Line No. 39: 0.21875, 6., 0.0, 4.

Line No. 40: 0.21875, 6., 0.0, 4.

(1) Vertical thickness of layer. In this example, each flange

and coverplate is divided into two layers of equal thickness,
while the web is divided into six layers of equal thickness (see
Fig. 20).

(2) Horizontal width of layer. In this example, the flange
width, web thickness, and coverplate width are inputted for the
appropriate layer (see Fig. 20).

(3) 1Initial stress of layer. No initial or residual stresses
were assumed for this example. :

(4) Girder steel material type of layer. The numbers 1. and 2.

correspond to the values inputted in Section-C for the flange and
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Line No. 43:

web steel material properties. The number 4. corresponds to fic-
titious steel material properties which were defined by the
program.

Note: Since another cross-section remains to be defined on this
girder (the coverplated section), proceed to Section-F.

F. Read Identical or Different Cross-Sections, (IX)

Note: 1Is this new cross-section to be defined at the second
location’ (189.0 inches) identical to any previously defined
cross-section on this girder? NO.

Line No. 41: 0

(1) While the first ten layers are identical to the previously
defined section, the 1last two layers (the bottom coverplate)
physically exist at this cross-section location. Therefore, the
sections are different and a zero should be inputted.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, (T(I,J),
B(I,J), SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) is defined in
Unit-1, Section-F, Entry-1 to be twelve, twelve lines should be
entered for this section. These twelve lines should define the
second girder cross-section which begins at 189.0 inches (the
start of the coverplate) and ends at the transverse centerline
(300.0 inches). The layers should be input consecutively start-
ing with the top most layer (in this case the top flange) and en-
ding with the bottom most layer (in this case the bottom
coverplate). For this example, the first two lines correspond to
the top flange, the next six lines define the web, the ninth and
the tenth lines correspond to the bottom flange, and the last two

lines define the bottom coverplate of the girder. The only dif-
ference from the first section, defined in the material type of
the bottom coverplate (last entry on last two lines), 1is the

change from fictitious to actual steel properties for "the
coverplate layers.

.3475, 7.558, 0.0, 1,
.3475, 7.558, 0.0, 1.
.81, 0.416, 0.0, 2.

Line No. 42:

Line No. 44:

NN O O

Line No. 45: .81, 0.416, 0.0, 2.
Line No. 46: .81, 0.416, 0.0, 2.
Line No. 47: .81, 0.416, 0.0, 2.
Line No. 48: .81, 0.416, 0.0, 2.



Line No. 49: 2.81, 0.416, 0.0, 2.

Line No. 50: 0.3475, 7.558, 0.0, 1.

Line No. 51: 0.3475, 7.558, 0.0, 1.

Line No. 52: 0.21875, 6., 0.0, 3.

Line No. 53: 0.21875, 6., 0.0, 3.

(1) Vertical thickness of layer. In this example, each flange

and coverplate is divided into two layers of equal thickness,
while the web is divided into six layers of equal thickness (see
Fig. 20).

(2) Horizontal width of layer. In this example, the flange
width, web thickness, and coverplate width are inputted for the
appropriate layer (see Fig. 20).

(3) Initial stress of layer. No initial or residual stresses

were assumed for this example.

{4) Girder steel type of layer. The numbers 1., 2., and 3. cor-
respond to the values inputted in Section-C for the flange, web
and coverplate steel material properties. No fictitious 1layers
exist in this cross-section.

Note: Since the first girder has been completely defined for the
finite element model (no new cross-section exists on this
girder), proceed to Section-D since second girder remains to be
defined.

D. Read Identical or Different Girders, (ISAME)

Note: Is the second and last girder of the finite element model
identical to the first girder defined? YES

Line No. 54: 1

(1) All girders are assumed to be identical in cross-section,
therefore input "one" to indicate the second girder is identical
to the first girder. The user is reminded that only one-half of
this girder 1is 1included in the model because it lies along the
longitudinal axis of symmetry. The program internally determines
if the girder is a full or half section and adjusts the layer

dimensions when necessary.

Note: Since the girders are identical (a one is input), Section-
D should be read for the third girder. However, there is no
third girder in the finite element model (see Fig. 2). Therefore

the user should proceed to Section-H.

H . Read Fatigue Cycles, (IFATCYC(I))

Note: This section is skipped since no fatigue checks (NFATG)
were specified in Unit-1, Section-F, Entry-3.
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I, Read Geometry and Type of Fatigue Detail, (NBEAM(I),
LDIST(I), VDIST(I), TDETAIL(I))

Note: This section is skipped since no fatigue checks (NFATG)
were specified in Unit-1, Section-F, Entry-3.

J. Read Type of Composite Action, (ICOMP(I))

Line No. 55: FULL

(1) Reference 9 reports that the bridge was designed to act as a
fully composite structure. :

UNIT 4 - STRUCTURAL LOADING

Note: Sections-A and -B below will be read first for the dead
" load on the beam solution. - This procedure 'is then repeated two
more times for the dead load on the superstructure and live load
- solutions.

A. Read Number of Area Loads, (NC)

Line No. 56: 2

(1) The dead load on the beam solution expects the equivalent
steel and wet concrete load carried by each girder to be input.

Therefore, since two girders exist in the model, two area loads
should be input. :

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. Therefore, for
this example, two 1lines should be entered for the dead load on
the beam solution. The first line defines the steel and wet con-
crete load carried by the first or exterior girder and the
positioning of that 1load for this solution. Similarly, the
second line defines the load on the second or interior girder and
the positioning of that load. All dead load on the beam loads
" should 'be -input as extremely narrow area loads running the full
length of the finite element model in order to simulate a line
load on the glrders. See Section 2.2 for a further explanation
of the loading.

Line No. 57: 4.44080, 150., 36., 300., 0.01
Line No. 58: 4.08512, 150., 96., 300., 0.01

(1) The intensity of the area load. The value is higher for the
first line since the effective width of the concrete on the ex-
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terior girder is larger in this example (See Section 2.2 in order
to determine the load intensities).

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution, input one-half the girder
length of the finite element model (see Fig. 2).

(3) The centroidal location of the area load in the transversal
or y-direction. For this solution, input the y-coordinate defin-
ing the location of the girder (see Fig. 2).

(4) The 1length of the area 1load in the longitudinal or x-
direction. For this solution, input the length of the finite
element model (see Fig. 2).

(5) The width of the area load in the transversal or y-
direction. For this solution, input 0.01 inches to simulate a
line load.

Note: The loading for the dead load on the beam solution is now
completely defined. Repeat the above process for the dead 1load
on the superstructure solution.

A. Read Number of Area Loads, (NC)
Line No. 59: 1

(1) As explained in Section 4.1.1 of this Chapter, there is only
one dead load on the superstructure. Only the dead load due to
the wooden curb at the free edge is considered for this example.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. For this ex-
ample, one line should be entered for the dead load on the super-
structure solution. See Section 2.2 for a further explanation of
the loading.

Line No. 60: 0.000277, 150., 6., 300., 12.

(1) The intensity of the area load. Reference 8 reported that
the wooden curb had a unit weight of 40.0 pounds per lineal foot.
That value has been converted to an equivalent area load for in-
put.

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution and example, the loading runs
along the entire length of the structure. Therefore input one-
half the girder length of the finite element model (See Fig. 2).
(3) The centroidal location of the area load in the +transversal
or y-direction. For this example, Reference 8 reported the curb
was one foot wide. Therefore input one-half of the curb width.
(4) The length of the area load in the 1longitudinal or x-
direction. For this example, input the length of the finite ele-
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ment model (See Fig. 2).

(5) The width of the area load in the transversal or y-
direction. For this example, Reference 8 reported the curb width
was 12.0 inches.

Note: The loading for the dead load on the superstructure solu-
tion is now completely defined. Repeat the above process for the
live load solution.

A. Read Number of Area Loads, (NC)

Line No. 61: 1

(1) As explained in Section 4.1.1, +the live load can be simu-
lated by a rectangular area load at the midspan of the super-
structure. Therefore, only one area load should be input.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. For this ex-
ample, one line should be entered for the live load solution.

Refer to Section 4.1.1 and Section 2.2 for further explanation of
loading.

Line No. 62: 0.00193, 210., 60., 180., 72.

(1) The intensity of the area load. The input intensity is
based on calculations made from Reference 7. )

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this example, input the x-coordinate value
for the centroid of the area load on the finite element model.
{3) The centroidal location of the area load in the transversal
or y-direction. For this example, input the y-coordinate value
of the centroid of the area load on the finite element model.

(4) The length of the area 1load in the 1longitudinal or x-
direction.

(5) The width of the area 1load in the transversal or y-
direction.

Note: This completes the input necessary to run the detailed
version of program BOVAS for Example Problem-1.

4.1.3 Sample Input
See the following listing. Lines 111111111122222222223333333333

etc., are added to indicate the column locations. They are not
needed as a part of the input.
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4.2 Example Problem - 2

4.2.1 Desgscription of the Problem

This example 1is the same bridge that was employed in the first
example (See Section 4.1.1). Loading configuration is also the
same. The major differences between the two examples are that
this example illustrates the use of (1) all internally defined
options instead of the user defined options, and (2) the use of
the short output instead of the long output. The internally
defined options wused in this example are for the finite element
mesh, the refined geometry, and the girder steel material
properties. Because of the changes in the definition of the dis-
cretization, element 1lengths in the longitudinal or x-direction
are divided differently. The new discretization 1is shown in
Figure 22. The remainder of the input lines are essentially the
same.:

4.2.2 Data Input Units
This section gives the read statement and the associated values

for that read statement. Input wunits correspond to those
presented in Chapter-III. The user is reminded that input for-
mats are given in Chapter-III and all units of input should be in
KIPS and INCHES. The commas in the input data of this section
are used to delineate the separate data fields. The input units
with the actual data lines for Example - 2 are given in Section
4.2.3.

UNIT 1 - INITIAL INPUT PARAMETERS

A. Read Title Line, (ITITLE)

Line No. .1: DETAILED VERSION - BOVAS EXAMPLE BRIDGE 2 - AASHO
BRIDGE 3B
(1) This line contains an arbitrary but unique title used for

identification purposes.

B. Read Number of Spans, Number of Girders, and Type of Sym-
metry, (NSPANS, NOMB, TSYM(I)) ’

Line No. 2: 1, 3, QUAR

(1) =~ AASHO 3B is a simple span bridge, therefore the number of
spans equals one (Ref. 9).

(2) There are three girders on the full structure of AASHO 3B
(Ref. 9 and Fig. 18).

{3) The loading and bridge geometry are assumed to be symmetric
with respect to a longitudinal and transverse axes of symmetry,
therefore input quarter symmetry (See Section 4.1.1).
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C. Read Superstructure Width, Bridge Overhang, and Span
Length(s), (WIDTH, OVHANG, SPANL(I))

Line No. 3: 182., 36., 600.

(1) While the actual bridge is only fifteen feet (180.0 inches)
wide, the model assumes the structure is 16.0 feet (192. inches)

wide in order to use a model with quarter symmetry (See Section
4,1.1 and Fig. 18).

(2) Both overhangs must be of the same width. Since they were
not equal, an extra foot of width was added to make both over-
hangs three feet (36. inches) wide (See Section 4.1.1 and Figure
22). :

(3) AASHO 3B is a simple span bridge with a span length of 50.0
feet (600. inches) centerline-to-centerline of bearing. Input

only one span length (See Ref. 9 and Figure 17),.

D. Read Output Option, (IPRINT)
Line No. 4: S

(1) The short output option is desired for this example, there-
fore input "S."

E. Read Number of Element Divisions in the Longitudinal or x-
Direction, (NELX)

Line No. 5: 0

(1) The use of the internal finite element discretization option
is desired for this example. Therefore the user should input a
zero in this section. Since the bridge is a simple span, the
program will automatically define NELX equal to six (See Section
2.3.2 and Figure 22).

F. Read Number of Girder Layers, Girder Sections, and Fatigue
Checks, (NULAYB, NKBS, NKFATG)

Line No. 6: 12, 2, 0

(1) This example follows the recommendations presented 1in Sec-
tion 2.3.4 (Two layers per flange or coverplate and six layers
per web). Since there are two flanges and one coverplate, a to-
tal of twelve girder layers was input (See Figure 20).

(2) The girder is a W 18 x 60 section for the entire length. No
girder deterioration is considered in the example. A coverplate
exists only on the middle portion of the girder. Therefore,
three sections exist on the full structure, but only two sections
exist on the finite element model because of the transverse axis
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of symmetry (See Figure 21).
(3) No fatigue checks are considered 1in this example. See
Example-3 for an illustration of this input.

G. Read Number of Plate Girder Web Panel Checks, (NPNL)
Line No. T7: 0

(1) No plate girder web panel checks should be considered here
since the girders are rolled sections and because the bridge is a
simple span. See Example-3 for an illustration of this input.

H. Read Element Lengths in the Longitudinal or:' X-Direction,
(SIGX(I))

Note: Since a zero value was input for NELX in Section-E, this
Section is not read. The program will automatically generate the
SIGX(I) values based on the number of spans and type of symmetry
~input.’” Refer to Fig. 22 for the values generated by the program
for this example. -

I. Read Slab Thickness, (DT)

Line No. 8: 6.45

(1) A thickness of 6.45 inches will be assigned to all plate
elements (See Ref. 9 and Figure 20).

J. Read Girder Depth, Top Coverplate Thickness, and Bottom
Coverplate Thickness, (BDEPTH, TCP, BCP)

Line No. 9: 18.25, 0.0, 0.4375

(1) The depth of the girder is taken from Ref. 1 for a W 18 x 60
section (See Fig. 20).

(2) No coverplate exists, therefore input zero (See Figs. 20 and
21).

(3) The bottom coverplate thickness is listed as 7/16 inches in
Reference 9 (See Fig. 20).

K. Read Flange Width and Thickness and Web Thickness, (BF, TF,
TW)
Line No. 10: 7.558, 0.695, 0.416

(1,2,3) All three dimensions are taken from Ref. 3 for a W18x60
section.
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L. Read Geometry of Plate Girder Web Panel Checks, (NBM(I),
SDIST(I), PHICO(I), USLEN(I))

Note: This section is skipped since no web panel checks were
specified in Section-G above.

M. Read Web Panel Support Conditions, (IBODRY)

Note: This section 1is skipped since no web panel checks were
specified in Section-G above.

UNIT 2 - SLAB PROPERTIES AND MATERIAL

A. Read Concrete Compressive Cylinder Strength, (FC)

Line No. 11: 5.74

(1) The concrete compressive cylinder strength as taken from
reference 8. This corresponds to a 28 day test value.

B. Read Steel Reinforcement Yield Strength, (SIGMAP)

Line No. 12: 61.2

(1) Reference 8 reports that the yield strength of the rein-
forcement steel was 61.2 ksi.

C. Read Steel Reinforcement Material Number, (NSRM)

Line No. 13: O

(1) Since the researchers wish to illustrate the automatic rein-

forcement generation option with this example, a zero should be
entered. The manual user defined option 1is illustrated in
Example-1.

D. Read Steel Reinforcement Pattern Geometry, (ISIZE(I),

SPACE(I), SZC(I), SPHI(I))

Note: Since a zero value was input for NSRM in Section-C, this
section is not read. The program will automatically generate the
values of this input in accordance with Table-1 reproduced from
Reference 10. The generated values for this input are listed in
Table 11 of this manual.
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UNIT 3 - GIRDER PROPERTIES AND MATERIALS

A. Read Number of Steel Materials, (NSM)
Line No. 14: 2

(1) Coupons from the flange, web, and coverplate were all tested
in order to obtain properties for each region even though ‘the
girders are all rolled sections. Since the yield stress results
of the web and coverplate are nearly identical, they are con-
sidered to be the same material for this example (See Refs. 8 and
9). The wuser should be reminded that a third steel material
(NSM+1) is automatically generated by the program to simulate a
fictitious steel layer.

B. Read Steel Type, (CLASS(I1))

Note: This section will be read a total of two times (the input
value of line 14 above). If the user defined steel type option
is selected, Section-C should be read before reading the next

values from this section.
Line No. 15: A36

(1) Reference 8 reported that the flange steel had a yield
strength of 35.1 ksi. Since the researchers wanted to illustrate
a non-user defined option with this example, A36 steel was
selected because its yield strength (36 KSI) nearly matches the
test result value.

C. Read Steel Type Material Properties, (SBY(I), EB(I), ROM(I;,
RON(I), ESHB(I), STRAN(I), SBU(I), STBU(I))

Note: Since the user defined option was not selected in Section-
B above, this section will not be read. The program will
automatically generate the material properties based on the input
value in Section-B. The generated material properties for this
example are listed in Table-12.

Note: Return to Section-B and read the steel type for the second
and the last steel type to be inputted.

B. Read Steel Type, (CLASS(I))

Line No. 16: A529

(1) This steel type will define the material properties of both

the web and coverplate since the reported yield stress of 39.9
and 38.4 ksi, respectively, are nearly identical. Since the re-
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searchers wanted to illustrate a non-user defined option with
this example, A529 was selected because its yield strength (42

ksi) "nearly” matches the test result values.

C. Read Steel Type Material Properties, (SBY(I), EB(I), ROM(I)}),
RON(I), ESHB(I), STRAN(I), SBU{(I), STBU(I)) '

Note: Since the user defined option was not selected in Section-
B above, this section will not be read. The program will
automatically generate the material properties based on the input
value of Section-B. The generated material properties for this

example are listed in Table-12.

Note: All steel types have been defined including the internal
definition of a material type-3 corresponding to a fictitious
steel material. Therefore proceed to Section-D.

D. Read Identical or Different Girders, (ISAME)

Line No. 17: 0

(1) Since this is the first girder to be defined, the input must
be zero.

Note: Since a zero is inputted for this section, proceed to
Section-E.

E. Read Distances to New Girder Cross-Sections, (DNBS(I))

Note: Since the number of girder sections (NBS) was defined to
be two in Unit-1, Section-F, Entry-2 two values should be entered
on the line for this input (See Fig. 21).

Line No. 18: 0.0, 189.

(1) Whenever Section-E is read, the first entry should always be

zero. This defines the end of the girder at the left support
line.
(2) The second entry corresponds to the beginning of the

coverplate on the girder. The user is cautioned that the program
will adjust this input value from 189. to 195. inches in order to
match the generated finite element lengths (See Fig. 22). No
other new cross-sections exist on the model.

F. Read Identical or Different Cross-Sections, (IX)

Line No. 19: 0
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{1) Since this is the first cross-section to be defined, the in-
put must be zero.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Sections, (T(1,J), B(I,J),
SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) was defined in
Unit-1, Section-F, Entry-1 to be twelve, twelve lines should be
entered for this section. These twelve lines should define the
first girder cross-section which begins at 0.0 inches (the left
support) and ends at the start of the coverplate (189.0 inches).
The layers should be input consecutively starting with the top
most layer (in this case the top flange) and ending with the bot-
tom most layer (in this case the "fictitious" bottom coverplate.
For this.example, the first two 1lines correspond to the top
flange, the next 8ix lines define the web, the ninth and the
tenth lines define the bottom flange, and the last two lines cor-
respond to a fictitious bottom coverplate. The coverplate does
not physically exist at this girder section.

Line No. 20: 0.3475, 7.558, 0.0, 1.
Line No. 21: .3475, 7.558, 0.0, 1.

Line No. 27: .81, 0.416, 0.0, 2.
Line No. 28: .3475, 7.558, 0.0, 1.
Line No. 29: 0.3475, 7.558, 0.0, 1.
Line No. 30: 0.21875, 6., 0.0, 3.
Line No. 31: 0.21875, 6., 0.0, 3.

0
Line No. 22: 2.81, 0.416, 0.0, 2.
Line No. 23: 2.81, 0.416, 0.0, 2.
Line No. 24: 2.81, 0.416, 0.0, 2.
Line No. 25: 2.81, 0.416, 0.0, 2.
Line No. 26: 2.81, 0.416, 0.0, 2.
2 2
0

(1) Vertical thickness of layer. In this example, each flange
and coverplate is divided into two equal layers of equal thick-
ness, while the web is divided into six layers of equal thickness
.(See Fig. 20).

(2) Horizontal width of layer. In this example, the flange
width, web thickness, and coverplate width are inputted for the
appropriate layer (See Fig. 20).

(3) Initial stress of layer. No initial or residual stresses
-were assumed for this example.

(4) Girder steel material type of layer. The numbers 1. and 2.
correspond to the values inputted in Section-B for the flange and
web steel material properties. The number 3. corresponds to fic-
titious steel material properties which are defined by the
program,
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Note: Since another cross-section remains to be defined on this

girder (the coverplated section), proceed to Section-F.

F. Read Identical or Different Cross-Sections, (IX)

Note: Is this new cross-section to be defined at the second
location (189. inches) identical to any previously defined sec-

tion on this girder? NO
Line No. 32: 0

(1) While the first ten layers are identical to the previously
defined section, the last two layers (the bottom coverplate)
physically exist at this cross-section location. Therefore, the
sections are different and a zero should be inputted.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, (T(1,J),
B(I1,J), SIR(I,J), TY(I,J)) '

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, (T(1,J),
B(1,J), SIR(I,J), TY(I,bJ))

Note: Since number of girder layers (NULAYB) is defined in Unit-
1, Section-F, Entry-2 to be twelve, twelve lines should be en-
tered for this section. These twelve lines should define the
second girder cross-section which begins at 189.0 inches (the
start of the coverplate) and ends at the transverse centerline
(300.0 inches). The layers should be input consecutively start-
ing with the top most layer (in this case the bottom coverplate).
For this example, the first two 1lines correspond to the top
flange, the next six lines define the web, the ninth and the
tenth lines correspond to the bottom flange, and the last two
lines define the bottom coverplate of the girder. The only dif-
ference from the first section defined is the material type of
the bottom coverplate (last entry on last two lines) changes from
fictitious to actual steel properties for the coverplate layers.

Line No. 33: 0.3475, 7.558, 0.0, 1.
Line No. 34: 0.3475, 7.558, 0.0, 1.
Line No. 35: 2.81, 0.416, 0.0, 2.
Line No. 36: 2.81, 0.416, 0.0, 2.
Line No. 37: 2.81, 0.416, 0.0, 2.
Line No. 38: 2.81, 0.416, 0.0, 2.
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Line No. 39:

2.81, 0.416, 0.0, 2.
Line No. 40: 2.81, 0.416, 0.0, 2.
Line No. 41: 0.3475, 7.558, 0.0, 1.
Line No. 42: 0.3475, 7.558, 0.0, 1.
Line No. 43: 0.21875, 6., 0.0, 2.
Line No. 44: 0.21875, 6., 0.0, 2.
(1) Vertical thickness of layer. In this example, each flange

.and coverplate is divided into two layers of equal thickness,
while the web is divided into six layers of equal thickness (See
Fig. 20). ' .

(2) Horizontal width of layer. In this example, the flange
width, web thickness and coverplate width are inputted for the
appropriate layer (See Fig. 20). : _

(3) ~ Initial stress of layer. No initial or residual stresses
were assumed for this example.

(4) Girder steel material type of layer. The numbers 1. and 2.
correspond to the values inputted in Section-B for the flange and
the web and coverplate steel material properties. No fictitious
layers exist in this cross-section.

Note: Since the first girder has been completely defined for the
finite element model (no new cross-sections exist on this
girder), proceed to Section-D since a second girder remains to be
defined.

D. Read Identical or Different Girders, (ISAME)

Note: Is the second ahd last girder of the finite element model
identical to the first girder defined? YES

Line No. 45: 1

(1) All girders are assumed to be identical in cross-section,
therefore input one to indicate the second girder is identical to

the first girder. The user is reminded that only one-half of
this girder is included in the model because it lies along the
‘longitudinal axis of symmetry. The program internally determines

if the girder 1is a full or half section and adjusts the layer
Adimensions when necessary.

Note: Since the girders are identical (a one is input for this
section}), Section-D should be read for the third girder.
However, there is no third girder in the finite element model
(See Fig. 22). Therefore, the user should proceed to Section-H.

H. Read Fatigue Cycles, (IFATCYC(I))

Note: This section is skipped since no fatigue checks (NFATG)
were specified in Unit-1, Section-F, Entry-3.
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I. Read Geometry and Type of Fatigue Detail, (NBEAM(1I1),
LDIST(I), VDIST(I), TDETAIL(I))

Note: This section is skipped since no fatigue checks (NFATG)
were specified in Unit-1, Section-F, Entry-3.

J. Read Type of Composite Action, (ICOMP(I))

Line No. 46: FULL

{1) Reference 9 reports that the bridge was designed to act as a
fully composite structure.

UNIT - 4 STRUCTURAL LOADING

Note: Sections-A and -B below will be read first for the dead
load on the beam solution. This procedure is then repeated two
more times for the dead load on the superstructure and live load
solutions.

A. Read Number of Area Loads, (NC)

Line No. 47: 2

(1) The dead load on the beam solution expects the equivalent
steel and wet concrete load carried by each girder to be input.
Therefore, since two girders exist in the model, two area loads

should be input.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. Therefore, for
this example, two lines should be entered for the dead 1load on
the beam solution. The first line defines the steel and wet con-
crete load carried by the first or exterior girder and the
positioning of that load for this solution. Similarly, the
second line defines the load on the second or interior girder and
the positioning of that load. All dead loads should be input as
extremely narrow area loads running the full length of the finite
element model in order to simulate a line load on the girders.
See Section 2.2 for a further explanation of the loading.

Line No. 48: 4.44080, 150., 36., 300., 0.01
Line No. 49: 4.08512, 150., 96., 300., 0.01

(1) The intensity of the area load. The value is higher for
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entry at line No. 48 since the effective width of the concrete on
the exterior girder is larger in this example (See Section 2.2 in
order to determine load intensities).

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution, input one-half the girder
length of the finite element model (see Fig. 22).

(3) The centroidal location of the area load in the transversal
or y-direction. For this solution, input the y-coordinate defin-
ing the location of the girder (See Fig. 22).

(4) The length of the area load in the longitudinal or x-

direction. For this solution, input the length of the finite
element model (See Fig. 22).

{5) The width of the area load in the transversal or y-
direction. For this solution, input 0.01 inches to simulate a

line load.

Note: The loading for the dead load on the beam solution is now
completely defined. Repeat the above process for the dead load
on the superstructure solution.

A. Read Number.of Area Loads, (NC)
Line No. 50: 1

(1) As explained in Sectjon 4.1.1, there is only one dead load
on the superstructure. Only the dead load due to the wooden curb
at the free edge is considered for this example.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. For this ex-
ample, one line should be entered for the dead load on the super-
structure solution. See Section 2.2 for a further explanation of
loading.

Line No. 51: 0.000277, 150., 6., 300., 12.
(1) The intensity of the area load. Reference 8 reported that

the wooden curb had a unit weight of 40.0 pounds per lineal foot.
That value has been converted to an equivalent area load for in-

put.

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution and example, the loading runs
along the entire length of the structure. Therefore, input one-
half the girder length of the finite element model (See Fig. 22).
(3) The centroidal location of the area load in the transversal
or y-direction. For this example, Reference 8 reports that the
curb was one foot wide. Therefore, input one-half the curb
width.
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(4) The length of the area 1load in the 1longitudinal or x-
direction. For this example, input the length of the finite ele-
ment model (See Fig. 22).

(5) The width of the area 1load 1in the transversal or y-
direction. For this example, Reference 8 reported the curb width
was 12. inches.

Note: The loading for the dead load on the superstructure solu-
tion is now completely defined. Repeat the above process for the
live load solution.

A. Read Number of Area Loads, (NC)

Line No. 52: 1

(1) As explained in Section 4.1.1, the live load can be simu-
lated by a rectangular area load at the midspan of the super-
structure. Therefore, only one area load should be input.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should

be equal to the value input in Section-A above. For this ex-
ample, one 1line should be entered for the live load solution.

Refer to Section 4.1.1 and Section 2.2 for a further explanation
of the loading.

Line No. 53: 0.00193, 210., 60., 180., 72.

(1) The intensity of the area load. The input intensity is
based on calculations made from Reference 5.

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this example, input the x-coordinate value
for the centroid of the area load on the finite element model.
(3) The centroidal location of the area load in the transversal
or y-direction. For this example, input the y-coordinate value
for the centroid of the area load on the finite element model.
(4) The length of the area 1load in the longitudinal or x-
direction.

{(5) The width of the area 1load 1in the transversal or" y-
direction.

Note: This completes the input necessary to run the detailed
version of Program BOVAS for Example Problem-2.
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4.3 Example Problem 3

4.3.1 Description of the Problem

The third example problem is a four span welded girder bridge
from the Federal Highway Administration’s (FHWA) plans on Typical
Continuous Bridges by Load Factor Design (Ref. 19). This bridge
superstructure has spans of 100 feet, 140 feet, 140 feet, and 100
feet centerline-to-centerline on bearing with a 44 foot road way
width (See Figs. 23 and 24). The reinforced concrete deck
averages 9.0 inches thick and the five welded plate girders have
web plates 66 inches x 3/8 inches. The variation in the girder
flange plates is shown in Fig. 25, The girders are braced
laterally at the supports by channel sections and at ap-
proximately every 25 feet with steel cross-bracing. The material
properties of the concrete, reinforcing steel, and girder steel
used in the analysis are outlined in Table 13. The girder web is
composed of A36 steel while the girder flanges are composed of
either A36 or A441 steel as noted in Fig. 25.

Based upon previous results (Ref. 6), which indicate that the
maximum moment envelope of a bridge superstructure can be ob-
tained by a uniformly distributed load pattern, a uniformly dis-
tributed -‘load pattern will also be applied in this case using a
rectangular area load. While such a loading condition will not
necessarily give the worst possible 1loading condition, the
results should effectively exhibit buckling, post-buckling, and
any other nonlinear behavior, if any, of conventional bridges.

The 1live load will be applied as an area load over the entire
slab surface between girders one and three (See Fig. 24) for the
entire length of the superstructure. Meanwhile, the dead loads
for the dead load on the beam solution should be input as an ex-
tremely narrow area load over each girder running the full length
of the finite element model. The load intensity for the dead
load on the beam solution should include the weight of the steel
and the wet concrete. Finally, the dead load on the superstruc-
ture loads will illustrate the case when no load 1is desired on
the structure. 1In this case, a minimal load will be placed along
the two free edges of the superstructure.

The structure 1is definitely symmetric about two axes in its
geometry, but the bridge is only symmetric about a transverse
axis of symmetry in its loading. Therefore, only one-half of the
structure need be analyzed. The bridge will be modeled using
only the first two spans.

Figure 26 shows the superstructure discretized into a series of
finite elements. The node points, element numbering, and element
divisions are indicated in the figure. A total of 336 nodes, 200
slab or plate elements, and 100 beam elements were used.

The layered slab and girder elements are shown in figures 27 and
28. A total of six layers of concrete and four layers of steel
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reinforcement were used in the slab finite element. However, the
second steel layer (top longitudinal reinforcement) has two
layers contained in it to resist cracking in the negative moment
regions. The direction of action of the reinforcement is indi-
cated by the cross-hatched area and is given along with the
thickness, bar size, and spacing in Table 14. The beam finite
element consists of a total of 15 layers as indicated in Fig. 28.
Because of the variation in flange thickness along the length of
the girder (See Fig. 25), multiple coverplates exist on both the
top and bottom flanges. Therefore, there will be cross-sections
with layers where steel does not physically exist. These layers
are modeled by specifying a fictitious material with effectively
no stiffness.

Finally, this example checks for both buckling and fatigue. A
total of six transversely stiffened web plate panels per girder
are specified in the analysis. The first four are located over
the first interior support, pier-2, while the last two web plate
panels are at the center support, pier-3. Based upon the lateral
bracing, the unbraced lengths of the web plate panel compression
flanges are assumed to be equal to 300., 300., 280., 280., 280.,
and 280. inches, respectively. As stated earlier, fatigue will
also be investigated in this example. A total of 74 1locations
will be checked against the allowable stress range values. These
locations correspond to essentially two types of critical
details: (1) the groove weld connecting flanges of differing
size when reinforcement is not removed (Stress Category-C) and
(2) transverse stiffener to web or flange welds {(Stress Category
C¥, but conservatively modeled as Category C) (See Ref. 2 and
Section 2.3.7).

4,3.2 Data Input Units
This section gives the read statement and associated values for

that read statement. Input units correspond to those preserited
in Chapter III. The user is reminded that input formats are
given in Chapter III and all units of input should be in kips and
inches. The commas in the input data stream are used to identify
separate data entries. The input units with the actual data
lines for Example - 3 are given in Section 4.3.3.

UNIT 1 - INITIAL INPUT PARAMETERS

A. Read Title Line, (ITITLE)

Line No. 1: DETAILED VERSION - BOVAS EXAMPLE BRIDGE 3 - FHWA
FOUR SPAN
(1) This 1line contains an arbitrary but unique title used for

identification purposes.
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B. Read Number of Spans, Number of Girders, and Type of Sym-
metry, (NSPANS, NOMB, TSYM(I))

Line No. 2: 4, 5, TRAN

(1) This is a four span bridge, therefore the number of spans
equals four (Ref. 19 and Section 4.3.1).

{2) There are five girders on the full structure of this bridge
(See Fig. 24) '

(3) The loading and bridge geometry are assumed to be symmetric
with respect to a transverse axis of symmetry, therefore input

half-traverse symmetry (See Section 4.3.1).

- C. Read Superstructure Width, Bridge Overhang, and Span

Length(s), (WIDTH, OVHANG, SPANL(I))
Line No. 3: 558., 47., 1200., 1680., 1680., 1200.
(1) The FHWA plans (Ref. 19 or Fig. 24) show the total bridge

superstructure width to be 46’ - 6" or 558. inches.
(2). The distance between the free edge and the centerline of the

~exterior girder 'is shown to be 47. inches in Figure 26.

(3, 4, 5, 6) Since this example is a four span bridge, four span
lengths_should be entered (See Section 4.3.1 and Fig. 23). ‘

D. Read Output Option, (IPRINT)

Line No. 4: S

. (1) The short output optlon is desired for this example, there-
fore input "S.

E. Read Number of Element D1v1s1ons in the Longltudlnal or X-
Direction, (NELX) '

Line No. 5: 20

(1) The use of automatic mesh generation option would have
defined NELX to be 12. However, because of girder cross-section
changes at several locations and because a fine mesh is desired
at the negative moment regions, the researchers chose to input
their own mesh for this example. (See Section 2.3.2 and Fig. 26).

E. Read Number of Girder Layers, Girder Sections, and Fatigue
Checks, (NULAYB, NBS, NFATG)

(1) This example provides an illustration of girder layering for
a more complex girder. For this bridge, the flange thickness
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varies along the length of the girder. The smallest flange
thickness on each flange should be considered as the flange
thicknesses for the entire girder. Any remaining portion of the
flange thickness should be considered as a coverplate layer. In
this example, there are two top coverplates and one top flange
which correspond to layers one through three. Similarly, there
are three bottom coverplates and one bottom flange which cor-
respond to the last four layers. Layers four through eleven are
of equal thickness and define the web of the girder. Eight web
layers were chosen because the girder 1is relatively deep (See
Fig. 28).

(2) Assuming there is no deterioration on the girders, there are
four sections of new cross-section on the girder (See Fig. 25)
for the half-transverse symmetry option.

(3) A total of 74 locations will be checked for fatigue (See
Section 4.3.1).

G. Read Number of Plate Girder Web Panel Checks, (NPNL)
Line No. 7: 30
(1) As stated in Section 4.3.1, six checks will be made on each

girder in the finite element model. Therefore, a total of thirty
web panel locations will be investigated for buckling.

H. Read Element Lengths in the Longitudinal or X-Direction,
(SIGX(I))

Note: Since a non-zero value was input in Section-E above, input
is expected from this statement. Twenty element divisions were
defined in Section-E, therefore 20 1lengths should be entered
here. The lengths should total to the sum of the first two span
lengths (2880. inches) since a transverse axis of symmetry is

used in the model.

Line No. 8: 200., 200., 200., 204., 204., 92., 50., 50.
Line No. 9: 46.667, 46.667, 98.667, 216., 216., 216., 200., 200.
Line No. 10: 200., 146.667, 46.667, 46.667

(1) In this example the coverplate starts or ends at 1008.,
1392., and 2640. inches. Therefore element divisions should oc-
cur at those locations. Also, since the program is going to
check for buckling, a finer mesh is desirable near the interior
supports. Finally, an experienced user would know that the
aspect ratio of the elements (length to width ratio) should not
exceed four or five to one. The input for this section was based

on the above reasoning (See Fig. 26).
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I. 'Read Slab Thickness, (DT)

Line No. 11: 9.

(1) A thickness of 9.0 inches will be assigned to all plate ele-
ments (See Ref. 19 and Fig. 27).

J. Read Girder Depth, Top Coverplate Thickness, and Bottom
Coverplate Thickness, (EDEPTH, TCP, BCP)

Line No. 12: 67.5, 0.75, 0.625

(1) On a built-up section the depth of the girder 1is equal to
the sum of the top flange thickness (0.625 inches), web depth
(66. inches), and bottom flange thickness (0.875 inches) (See
Fig. 28).

(2) For this example, +the difference between the largest and
smallest top flange thickness is considered as the top coverplate
thickness (See Ref. 19 and Fig. 25).

(3) For this example, the difference between the largest and
smallest bottom flange thickness 1is considered as the bottom
coverplate thickness (Ref. 19 and Fig. 25).

K. Read Flange Width and Thickness and Web Thickness, (BF, TF,
TW)

Line No. 13: 16., 0.625, 0.375

(1) Input the largest top flange width on the girder (See Ref. 9
and Fig. 25).

(2) Input the smallest top flange thickness on the girder (See
Ref. 9 and Fig. 25).

{3) Input the web thickness of the girder (See Ref. 9 and Fig.
25).

L. l Read Geometry of Plate Girder Web Panel Checks, (NBM(I),
SDIST(I), PHICO(I), USLEN(I))

Note: Since a non-zero value was input in Section-G above, input
is expected from this statement.

Thirty panel checks were spécified in Section-G, therefore 30
lines should be entered here.

Line No. 14:
Line No. 15:
Line No. 16:
Line No. 17:
Line No. 18:

1125., 0.0, 300.
1175., 0.0, 300.
1225., 180., 280.
1275., 180., 280.
2810., 0.0, 280.

pad ek ek ek b
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Line No. 19: 1, 2850., 0.0, 280.
Line No. 20: 2, 1125., 0.0, 300.
Line No. 21: 2, 1175., 0.0, 300.
Line No. 22: 2, 1225.,, 180., 280.
Line No. 23: 2, 1275., 180., 280.
Line No. 24: 2, 2810., 0.0, 280.
Line No. 25: 2, 2850., 0.0, 280.
Line No. 26: 3, 1125., 0.0, 300.
Line No. 27: 3, 1175., 0.0, 300.
Line No. 28: 3, 1225., 180., 280.
Line No. 29: 3, 1275., 0.0, 280.
Line No. 30: 3, 2810., 0.0, 280.
Line No. 31: 3, 2850., 0.0, 280.
Line No. 32: 4, 1125., 0.0, 300,
Line No. 33: 4, 1175., 0.0, 300,
Line No. 34: 4, 1225., 180., 280.
Line No. 35: 4, 1275., 180., 280.
Line No. 36: 4, 2810., 0.0, 280.
Line No. 37: 4, 2850., 0.0, 280.
Line No., 38: 5, 1125., 0.0, 300.
Line No. 39: 5, 1175., 0.0, 300.
Line No. 40: 5, 1225., 180., 280,
Line No. 41: 5, 1275., 180., 280.
Line No. 42: 5, 2810., 0.0, 280.
(1) As stated in Section 4.3.1, s8ix panel checks should be made
on each of the five girders. Therefore input each girder number

six times.

(2) Panel checks should be made on two elements preceding the
first interior support as well as the first two elements and last
two elements on the second span. The researchers recommend in-
putting the distance to the approximate center of these elements.
(3) Counterclockwise shear deformations are expected on the four
elements which precede the first two interior supports, therefore
enter 0.0 for those panel checks. Meanwhile, clockwise shear
deformations are expected on the first two elements on the second
span, therefore enter 180.0 for those panel checks (See Fig. 16).
(4) The second cross frame spacing of the first span is shown to
be 25 feet (300. inches) in Ref. 19. Similarly, the cross frame
spacing of the second span is shown to be 23’ - 4" (280. inches).
Input the correct values for each of the two spans.

M. Web Panel Support Conditions, (IBODRY)
Line No. 44: 1

(1) For this example, the flanges are assumed to be as fixed
ended beams. Therefore, a one was input for this section.
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UNIT 2 - SLAB PROPERTIES AND MATERIALS

A. Read Concrete Compressive Cylinder Strength, (FC)

Line No. 45: 5.5

(1) This is the assumed 28 day test value for the concrete com-
pressive cylinder strength (See Table 13).

B. Read Steel Reinforcement Yield Strength, (SIGMAP)

Line No. 45: 40

(1) Grade 40 or 40 ksi reinforcing steel is the lowest grade

used on the superstructure (See Ref. 19). By inputting the

lowest yield strength, results may be slightly conservative.

C. Read Steel Reinforcement Material Number, (NSRM)

Line No. 47: O

(1) Since the researchers wish to illustrate the automatic rein-

forcement generation option for a continuous span, a zero is en-
tered. The manual user defined option is illustrated in Example-
1. .

D. Read Steel Reinforcement Pattern Geometry, (ISIZE(I),
SPACE(I), SZC(I), SPHI(I)) . ’

Note: Since a zero value was input for NSRM in Section-C, this
section is not read. The program will automatically generate the
values of this input in accordance with Table 1 reproduced from
Reference 10, The generated values for this input are listed in
Table 14 of this manual.

UNIT 3 - GIRDER PROPERTIES AND MATERIALS

A. Read Number of Steel Materials, (NSM)
Line No. 48: 2

(1) Reference 19 and Figure 25 show that the girder is composed
of two steel materials (A36 and A441). Therefore the user should
input a two in this Section. The user is also reminded that a
third steel material (NSM+1) is automatically generated by the
program to simulate a fictitious steel layer.
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B. Read Steel Type, (CLASS(I))

Note: This section will be read a total of two times (the 1input
value of Line No. 48 above). If the user defined steel type op-
tion is selected, Section-C should be read before reading the

next value from this section.
Line No. 49: A36

(1) A36 steel is used on all flange and coverplate layers except
those over the intermediate supports. It is also used for all
web layers (See Fig. 25).

C. Read Steel Type Material Properties, (SBY(I), EB(I), ROM(I),
RON(I), ESHB(I), STRAN(I), SSBU(I), STBU(I))

Note: Since the user defined options were not selected in
Section-B above, this section will not be read. The program will
automatically generate the material properties based on the input
value in Section-B. The generated material properties for this
example are listed in Table 13.

Note: Return to Section-B and read the steel type for the second
and last steel type to be inputted.

B. Read Steel Type, (CLASS(I))

Line No. 50: A441

(1) A441 steel is used only on the flange and coverplate layers
over the intermediate supports (See Fig. 25).

C. Read Steel Type and Material Properties, (SBY(I), EB(I),
ROM(I), RON(I), ESHB(I), STRAN(I), SBU(I), STBU(I))

Note: Since the user defined option was not selected in Section-
B above, this section will not be read. The program will
automatically generate the material properties based on the input
value of Section-B, The generated material properties for this
example are listed in Table 13.

Note: All steel types have been defined including the internal
definition of a material type three gorresponding to a fictitious
steel material. Therefore proceed td Section-D

D. Read Identical or Different Girders, (ISAME)

Line No. 51: 0
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(1) Since this is the first girder to be defined, the input must
be zero.

Note: Since a zero is inputted for this section, proceed to
Section-E.

E. Read Distances to New Girder Cross-Sections, (DNBS(I))

Note: Since the number of girder sections (NBS) was defined to
be four in Unit-1, Section-F, Entry-2, four values should be en-
tered on the line for this input (See Fig. 25).

Line No. 52: 0.0, 1008., 1392., 2640.

(1) Whenever Section-E is read, the first entry should always be

zero. This defines the end of the girder at the left support
line.

(2) The second entry corresponds to the beginning of the change
in flange thickness and material type on the girder on the first
span (See Fig. 25).

(3) The third entry corresponds to the end of section two above
on the second span of the superstructure (See Fig. 25).

(4) The fourth and last entry corresponds to the beginning of
the change in flange thickness and material type on the girder on
the second span (See Fig. 25). No other new cross-sections exist
on the model.

F. Read Identical or Different Cross-Sections, (IX)

Line No. 53: 0

(1) Since this is the first girder cross-section to be defined,
the input must be zero. :

Note: Since a zero is inputted for this section, proceed to
Section-G. -

G. Read Definition of Girder Cross-Section, (T(1,J3), B(I,J),
SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) was defined in
Unit-1, Section-F, Entry-1 to be 15, 15 lines should be entered
for this section. These 15 lines should define the first girder
cross~-section which begins at 0.0 inches (the left support) and
ends at the start of the second section (108. inches). The

layers should be input consecutively starting with the top most
layer (in this case the top most "fictitious" coverplate) and en-
ding with the bottom most layer (in this case the bottom most
"fictitious" coverplate). For this example, the first two lines
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define the two top fictitious coverplates, the third line cor-
responds to the flange, the next eight lines define the web, the
twelfth line corresponds to the bottom flange, and the last three
lines define the three bottom fictitious coverplates. None of
the five coverplate layers physically exist at this girder cross-
section.

Line No. 54: 0.125, 12., 0.0, 3.
Line No. 55: 0.625, 12., 0.0, 3.
Line No. 56: 0.625, 12., 0.0, 1.
Line No. 57: 8.25, 0.375, 0.0, 1.
Line No. 58: 8.25, 0.375, 0.0, 1.
Line No. 59: 8.25, 0.375, 0.0, 1.
Line No. 60: 8.25, 0.375, 0.0, 1.
Line No. 61: 8.25, 0.375, 0.0, 1.
Line No. 62: 8.25, 0.375, 0.0, 1.
Line No. 63: 9.25, 0.375, 0.0, 1.
Line No. 64: 8.25, 0.375, 0.0, 1.
Line No. 65: 0.875, 16., 0.0, 1.

Line No. 66: 0.25, 16., 0.0, 3.
Line No. 67: 0.125, 16., 0.0, 3.
Line No. 68: 0.25, 16., 0.0, 3.

(1) Vertical thickness of layer. In this example, each flange
and coverplate is considered one layer, while the web is divided
into eight layers of equal thickness (See Fig. 28).

(2) Horizontal width of layer. In this example, the flange

width, web thickness, and coverplate width are inputted for the
appropriate layer (See Fig. 28).

(3) Initial stress of layer. No initial or "residual stresses
were assumed for this example.

(4) Girder steel material type of layer. The number 1. cor-
responds to the first steel material type inputted in Section-B.
In this case, material type-1. is A36 steel. The number 3. cor-
responds to fictitious steel material properties which were
defined by the program.

Note: Since another cross-section remains to be defined on this
girder, proceed to Section-F.

F. Read Identical or Different Cross-Sections, (IX)
Note: Is this new cross-section to be defined at the second
location (1008. inches) identical to any previously defined sec-

tion on this girder? NO.
Line No. 69: O

(1) While the layer thickness and initial stress are the same
for all layers on both sections, the width of the top three
layers increases and the material type changes for both flanges
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and three of the five coverplate layers. Therefore, the sections
are different and a zero should be inputted.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, (T(I,J),
B(I,J), SIRR(I,J), TY(I,J)) :

Note: Since the number of layers (NULAYB) is defined in Unit-1,
Section-F, Entry-2 to be 15, 15 lines should be entered for this
section. These 15 lines should define the second cross-section
of the first girder which begins at 1008. inches (the start of a
real coverplates section) and ends at the start of the third
cross-section (1392. inches). The layers should be input con-
"secutively starting with the top most layer (in this case the top
-"fictitious" —coverplate) and ending with the bottom most layer
(in this case the bottom "fictitious" coverplate). For this ex-
ample, the first two lines define the two top coverplates, :the
third line corresponds to the top flange, the next eight lines
define the web, and the twelfth line corresponds to the bottom
" flange, and the last three lines define the .three bottom
coverplates. The top most and bottom most coverplate layers do
not physically exist at this girder cross-section. The only dif-
ference from the first cross-section defined is that the material
type of layers 2, 3, 12, 13, and 14 changes to A441 steel and the
top three layers increase to 16. inches in width.

Line No. 70: 0.125, 16., 0.0, 3.
Line No. 71: 0.625, 16., 0.0, 2.
Line No. 72: 0.625, 16., 0.0, 2.
Line No. 73: 8.25, 0.375, 0.0, 1.
Line No. 74: 8.25, 0.375, 0.0, 1.
Line No. 75: 8.25, 0.375, 0.0, 1.
Line No. 76: 8.25, 0.375, 0.0, 1.
Line No. 77: 8.25, 0.375, 0.0, 1.
Line No. 78: 8.25, 0.375, 0.0, 1.
L'ine No. 79: 8.25, 0.375, 0.0, 1.
Line No. 80: 8.25, 0.375, 0.0, 1.

Line No. 81: 0.875, 16., 0.0,
Line No. 82: 0.25, 16., 0.0,
Line No. 83: 0.125, 16., 0.0, 2.
Line No. 84: 0.25, 16., 0.0, 3.

0
BN

(1) Vertical thickness of layer. In this example, each flange
and coverplate 1is considered as one layer, while the web is
divided into 8 layers of equal thickness (See Fig. 28).

(2) Horizontal width of layer. In +this example, the flange

width, web thickness, and coverplate width are inputted for the
appropriate layer (See Fig. 28).

(3) Initial stress of layer. No initial or residual stresses
were assumed for this example.

76



{4) Girder steel material type of layer. The numbers 1. and 2.
correspond to the steel material types inputted in Section-B. 1In
this example, they correspond to A36 and A441 steels, respec-
tively. The number 3. corresponds to fictitious steel material
properties which were defined by the program.

Note: Since another cross-section remains to be defined on this
girder, proceed to Section-F.

F. Read Identical or Different Cross-Sections, (IX)
Note: 1Is this new cross-section to be defined at the third loca-
tion (1392. 1inches) identical to any previously defined section

on this girder? NO
Line No. 85: O

(1) The third section is nearly identical to the first cross-
section. If layer thirteen was a fictitious layer instead of a
real steel layer in this section, cross-section three would be
identical to the first cross-section and the user could have in-
put a one, skipped Section-G, and read Section-F for the fourth
and last cross-section. However, there is a difference in the
two sections, therefore the user should input zero.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, T(I,J),
B(1,J), SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) is defined in
Unit-1, Section-F, Entry-2 to be 15, 15 lines should be entered
for this section. These 15 lines should define the third cross-
section of the first girder which begins at 1392. inches (the end
of the first coverplated section) and ends at the start of the
fourth cross-section (2640. inches). The layers should be input
consecutively starting with the top most layer (in this case the
top most "fictitious" coverplate) and ending with the bottom most

layer (in this case the bottom most "fictitious" coverplate).
For this example, the first two lines define the top two
"fictitious" coverplates, the third line corresponds to the top

flange, the next eight lines define the web, the twelfth line
corresponds to the bottom flange, the last three lines define the
three bottom coverplates. The two top and two bottom coverplate
layers do not physically exist at this girder cross-section.

Line No. 86: 0.125, 12., 0.0, 3.
Line No. 87: 0.625, 12., 0.0, 3.
Line No. 88: 0.625, 12., 0.0, 1.
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Line No. 89: 8.25, 0.375, 0.0, 1.
Line No. 90: 8.25, 0.375, 0.0, 1.
Line No. 91: 8.25, 0.375, 0.0, 1.
Line No. 92: 8.25, 0.375, 0.0, 1.
Line No. 93: 8.25, 0.375, 0.0, 1.
Line No. 94: 8.25, 0.375, 0.0, 1.
Line No. 95: 8.25, 0.375, 0.0, 1.
Line No. 96: 8.25, 0.375, 0.0, 1.
Line No. 97: 0.875, 16., 0.0, 1.
Line No. 98: 0.25, 16., 0.0, 1.
Line No. 99: 0.125, 16., 0.0, 3.
Line No. 100: 0.25, 16., 0.0, 3.
(1) Vertical thickness of layer. In this example, each flange

and coverplate is considered as one layer, while the web is
divided into eight layers of equal thickness (See Fig. 28).

(2) Horizontal width of layer. In this example, the flange
width, web thickness, and coverplate width are inputted for the
appropriate layer (See Fig. 28).

(3) Initial stress of layer. No initial or residual stress were
assumed for this example.

(4) Girder steel material type of layer. The number 1. cor-
responds to the first steel material type inputted in Section-B.
In this example, material type-1 is A36 steel. The number 3.
corresponds to fictitious steel material ©properties which were
defined by the program.

Note: Since another cross-section remains to be defined on this
girder, proceed to Section-F.

F. Read Identical or Different Cross-Section, (IX)

Note: Is this new cross-section to be defined at the fourth
location (2640. inches) identical to any previously defined
cross-section on this girder? NO.

Line No. 101: O

{1) Since the cross-section has no fictitious steel coverplate
layers, it 1is not identical to any of the previously defined
cross-sections. Therefore, the user should input zero.

Note: Since a zero is inputted for this section, proceed to
Section-G.

G. Read Definition of Girder Cross-Section by Layers, (T(1,J),
B(I,J), SIR(I,J), TY(I,J))

Note: Since the number of girder layers (NULAYB) is defined in
Unit-1, Section-F, Entry-1 to be 15, 15 lines should be entered
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for this section. These fifteen lines should define the fourth
cross-section of the first girder which begins at 2640. inches
and ends at the transverse axis of symmetry (2880. inches). The
layers should be input consecutively starting with the top most
layer (in this case the top most coverplate) and ending with the
bottom most layer (in this case the bottom most coverplate). For
this example, the first two lines define the top two coverplates,
the third 1line corresponds to the top flange, the next eight
lines define the web, and the twelfth line corresponds to the
bottom flange, and the last three lines define the three bottom
coverplates. There are no fictitious steel layers at third gir-
der cross-section.

Line No. 102: 0.125, 16i., 0.0, 2
Line No. 103: 0.625, 16., 0.0, 2.
Line No. 104: 0.625, 16., 0.0, 2.
Line No. 105: 8.25, 0.375, 0.0, 1.
Line No. 106: 8.25, 0.375, 0.0, 1.
Line No. 107: 8.25, 0.375, 0.0, 1.
Line No. 108: 8.25, 0.375, 0.0, 1.
Line No. 109: 8.25, 0.375, 0.0, 1.
Line No. 110: 8.25, 0.375, 0.0, 1.
Line No. 111: 8.25, 0.375, 0.0, 1.
Line No. 112: 8.25, 0.375, 0.0, 1.

Line No, 113: 0.875, 18., 0.0, 2.
Line No. 114: 0.25, 18., 0.0, 2.
Line No. 115: 0.125, 18., 0.0, 2.
Line No. 116: 0.25, 18., 0.0, 2.

(1) Vertical thickness of layer. In this example, each flange
and coverplate is considered as one layer, while <the web is
divided into eight layers of equal thickness (See Fig. 28).

(2) Horizontal width of layer. In this example, the flange
width, web thickness, and coverplate width are inputted for the
appropriate layer (See Fig. 28).

(3) Initial stress of layer. No initial or residual stress was

assumed for this example.

(4) Girder steel material type of layer. The numbers 1. and 2.
correspond to the values inputted in Section-B. In this example,
they correspond to A36 and A441 steels, respectively. No fic-
titious layers exist in this cross-section.

Note: Since the first girder has been completely defined for the
finite element model (no new cross-section exist on this girder),
proceed to Section-D since four girders remain to be defined.

D. Read Identical or Different Girders, (ISAME)

Note: 1Is the second girder of the finite element model identical
to the first girder defined? YES
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Line No. 117: 1

(1) All girders are assumed to be identical in cross-section,
therefore input one to indicate the second girder is identical to
the first girder.

Note: Since the girders are identical (a one is input for this
section), Section-D should be read for the third girder. There-
fore, skip Sections-E, -F, and -G and return to Section-D.

D. Read Identical or Different Girders, (ISAME)

Note: Is the third girder of the finite element model identical
to the second girder defined? YES

Line No. 118: 1
{1) All girders are assumed to be identical 1in cross-section,

therefore input one to indicate the third girder is identical to
the second girder.

Note: Since the girders are identical (a one is input for this
section), Section-D should be read for the fourth girder. There-
fore, skip Sections-E, -F, and -G and return to Section-D.

D. Read Identical or Different Girders, (ISAME)

Note: Is the fourth girder of the finite element model identical
to the third girder defined? YES.

Line No. 119: 1

(1) All girders are assumed to be identical in cross-section,
therefore input one to indicate the fourth girder is identical to
the third girder.

Note: Since the girders are identical (a one is input for this
section), Section-D should be read for the fifth and last girder.
Therefore, skip Sections-E, -F, and -G and return to Section-D.

D. Read Identical or Different Girders, (ISAME)

Note: Is the fifth girder of the finite element model identical
to the fourth girder defined? YES

Line No. 120: 1

(1) All girders are assumed to be identical 1in cross-section,
therefore input one to indicate the fifth girder is identical to
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the fourth girder.

Note: Since the girders are identical (a one is input for this
section), Section-D should be read for the sixth girder.
However, there is no sixth girder in the superstructure (See Fig.
24). Therefore the user should proceed to Section-H.

H. Read Fatigue Cycles, (IFATCYC(I))

Note: Since a non-zero value was read 1in Unit-1, Section-F,
Entry-3 for the number of fatigue checks (NFATG), input is ex-
pected from this section.

Line No. 121: HIG

(1) Since this bridge could be constructed as part of a major
thoroughfare, a relatively high number of fatigue load cycles
could be expected. By inputting HIG for "high," a conservative
analysis will probably result (See Table 8).

I. Read Geometry and Type of Fatigue Detaii, (NBEAM(I),
LDIST(I), VDIST(I), TDETAIL(I)) '

Note: Since the number of fatigue checks (NFATG) is defined to
be 74 in Unit-1, Section-F, Entry-3, 74 lines of input are ex-
pected from this section. The fatigue checks can be entered by
the user in any order (See Section 4.3.1).

Line No. 122: 2, 900., 5.5, C
Line No. 123: 2, 800., 72.5, C

Line No. 124: 2, 1008., 5.0, C
Line No. 125: 2, 1008., 5.5, C
Line No. 126: 2, 1008., 72.5, C
Line No. 127: 2, 1008., 72.875, C
Line No. 128: 2, 1008., 73.1, C
Line No. 129: 2, 1125., 5.5, C
Line No. 130: 2, 1125., 72.5, C
Line No. 131: 2, 1175., 5.5, C
Line No. 132: 2, 1175., 72.5, C
Line No. 133: 2, 1225., 5.5, C
Line No. 134: 2, 1225., 72.5, C
Line No. 135: 2, 1275., 5.5, C
Line No. 136: 2, 1275., 72.5, C
Line No. 137: 2, 1392., 5.0, C
Line No. 138: 2, 1392., 5.5, C
Line No. 139: 2, 1392., 72.5, C
Line No. 140: 2, 1392., 72.875, C
Line No. 141: 2, 1392., 73.1, C
Line No. 142: 2, 1480., 5.5, C
Line No. 143: 2, 1480., 72.5, C
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Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

144:
145
146:
147:
148:
149:
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177:
178:
179:
180:
181:
-182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
195:

w W W WM w W w W w W W e W M W M w W e W W %W w % e e w =

R R R R R R R SRR R RN NDNDNDNDNDNDNDNDND NN DN

4,

1480., 72.875, C
2600., 5.5, C
2600., 72.5, C
2600., 72.875, C
2640., 4.6, C
2640., 5.0, C
2640., 5.5, C
2640., 72.5, C
2640., 72.875, C
2640., 73.1, C
2640., 73.2, C
2810., 5.5, C
2810., 72.5, C
2880., 5.5, C
2880., 72.5, C
900., 5.5, C
900., 72.5, C
1008., 5.0, C
1008., 5.5, C
1008., 72.5, C
1008., 72.875, C
1008., 73.1 C
1125., 5.5, C
1125., 72.5, C
1175., 5.5, C
1175., 72.5, C
1225., 5.5, C
1225., 72.5, C
1275., 5.5, C
1275., 72.5, C
392., 5.0, C
1392., 5.5, C
13%2., 72.5, C
1392., 72.875, C
1392., 73.1, C
1480., 5.5, C
1480., 72.5, C
1480., 72.875, C
2600., 5.5, C
2600., 72.5, C
2600., 72.875, C
2640., 4.6, C
2640., 5.0, C
2640., 5.5, C

4,2640., 72.5, C

4,
4,
4,

2640., 72.875, C
2640., 73.1, C
2640., 73.2, C

4,2810., 5.5, C

4,
4,
4,

2810., 72.5, C
2880., 5.5, C
2880., 72.5, C
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(1) For this example, fatigue checks will be made only on gir-
ders two and four. This will check one girder under the overload
"vehicle" and one girder without any live load.

(2) The longitudinal distance from the left most support to the
fatigue check.

(3) The vertical distance from the mid-plane of the slab to the
fatigue check. All distances should be positive.

{4) The type of fatigue detail. The detail type is determined
after examining Table 7 and Figure 13 which were reproduced from
Reference 2. Refer to Section 4.3.1 for an explanation of the
details in this example.

J. Read Type of Composite Action, (ICOMP(I))
Line No. 196: FULL

(1) This structure 1is assumed to act as a fully composite
bridge.

UNIT 4 - STRUCTURAL LOADING

Note: Sections-A and -B below will be read first for the dead
load on the beam solution. This procedure is then repeated two
more times for the dead load on the superstructure and live 1load
solutions.

A. Read Number of Area Loads, (NC)

Line No. 197: 5

(1) The dead 1load on the beam solution expects the equivalent
steel and wet concrete load carried by each girder to be input.

Therefore, since five girders exist in the model, five area loads
should be input.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. Therefore, for
this example, five lines should be entered for the dead load on

the beam solution. The first line defines the steel and wet con-
crete load carried by the first girder (See Fig. 24) and the
positioning of that load for this solution. The next four lines
similarly define the loads for girders two through five. All
dead loads should be input as extremely narrow area loads running
the full length of the finite element model in order to simulate
a line load on the girders. See Section 2.2 for a further ex-
planation of the loading.
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Line No. 198: 9.51422, 1440., 47., 2880., 0.01

Line No. 199: 10.37374, 1440., 163., 2880., 0.01
Line No. 200: 10.37374, 1440., 279., 2880., 0.01
Line No. 201: 10.37374, 1440., 395., 2880., 0.01
Line No. 202: 9.51422, 1440., 511., 2880., 0.01

{1) The intensity of the area load. The values for the interior
three girders are higher because the effective width of the con-
crete on these girders is larger in this example. See Section
2.2 in order to determine the load intensities.

{2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution, input one-half the girder
length of the finite element model (See Fig. 26).

(3) The centroidal location of the area load in the transversal
or y-direction. For this solution, input the y-coordinate defin-
ing the location of the girder (See Fig. 26).

(4) The 1length of the area 1load in the longitudinal or x-
direction. For this solution, input the length of the finite
element model (See Fig. 26).

(5) The width of +the area load 1in the transversal or y-
direction. For this solution, input 0.01 inches to simulate a
line load.

Note: The loading for the dead load on the beam solution is now
completely defined. Repeat the above process for the dead load
on the superstructure solution.

A. Read Number of Area Loads, (NC)
Line No. 203: 2

(1) As explained in Section 4.3.1, a "fictitious" dead load is
to be placed along each of the two free edges of the structure.
Therefore input a two for this section.

B. Read Area Load Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. For this ex-
ample, two 1lines should be entered for the dead load on the su-
perstructure solution. See Section 2.2 for further explanation
of the loading.

Line No. 204: 0.0000001, 1440., 12., 2880., 24.
Line No. 205: 0.0000001, 1440., 546., 2880., 24.

(1) The intensity of the area load. A "fictitious" load has
been entered to simulate the case when the user may not wish to
enter any dead load for this solution. This is just one of many

ways to accomplish the same goal.

84



(2) The centroidal location of the area load in the longitudinal
or x-direction. For this solution and example, the loading 1is
assumed to run along the entire length of the structure. There-
fore input one-half the girder length of the finite element model
(See Fig. 26).

{3) The centroidal location of the area load in the transversal
or y-direction. For this example, a two foot width is assumed
for the loading. Therefore, input y-coordinates which are 12.
inches from each free edge (See Fig. 26).

(4) The 1length of the area 1load in the longitudinal or x-
direction. For this example, input the length of the finite ele-
ment model (See Fig. 26). ,

(5) The width of the area load in the transversal or y-

direction. For this example, a two foot (24. inches) width is
assumed.
Note: The loading for the dead load on the superstructure solu-

tion is now completely defined. Repeat the above process for the
live load solution.

A. Read Number of Area Loads, (NC)

Line No. 206: 1

(1) As explained in Section 4.3.1, the live load is assumed to
be "distributed" load between the first and third girders of the
structure. Therefore only one area load is needed to define the

live load.

B. Read Area lLoad Lines, (Q, X, Y, XLL, YLL)

Note: The number of lines to be entered for this section should
be equal to the value input in Section-A above. For this ex-
ample, one 1line should be entered for the live load solution.

Refer to Section 4.3.1 and Section 2.2 for further explanation of
the loading.

Line No. 207: 0.00001, 1440., 163., 2880., 232.

(1) The intensity of the area load. The input is based on cal-
culations made from Reference 5.

(2) The centroidal location of the area load in the longitudinal
or x-direction. For this example, the loading is applied to the
full length of the structure. Therefore, input one-half the gir-
der length of the finite element model (See Fig. 26).

(3) The centroidal location of the area load in the transversal
or y-direction. For this example, input the y-coordinate value
for the centroid of the area load on the finite element model.
(4) The length of the area load in the 1longitudinal or x-
direction. For this example, input the length of the finite ele-
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ment model (See Fig. 26).

(5) The width of the area load 1in the transversal or y-
direction. For this example, the distance between the girders
one and three should be entered.

Note: This completes the input necessary to run the Detailed
Version of program BOVAS for Example Problem-3.
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V. BOVAS OUTPUT

Output of BOVAS can vary from a few pages (10-12 pages) up to
hundreds of pages, depending upon the structure and the options
requested by the user in the input of the program. For example,
if the short printout option is requested by the user, the prin-
tout would be rather limited. However, in solving the same
bridge for the same loading condition, the printout for the
detailed or long output option could be hundreds of pages long.
The difference Dbetween the two options stems from the fact that

in the detailed output all of the stresses, deformations, and
forces are printed out at each load level; whereas only key con-
trol values are printed for the short printout. If the 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 practical purposes the short printout con-
tains all the information that is needed in the rating of the
bridge or the overload permit study of the bridge.

THE USE OF THE LONG PRINTOUT OPTION
MUST BE JUSTIFIED BY THE USER.

6.1 Comments on Long Printout

No explanation 1is sufficient if all the users of program BOVAS
expect all the explanation to all the questions on hand and fu-
ture questions in this user’s manual. Through a careful explana-
tion of 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 a self-study on the interpretation of the
long printout, the rest of this section contains some general
comments.,

The long printout consists of:

1. A printout of input data.

2. A printout of some key automatically generated data.
3. A printout of displacement and stress solutions to the
problem.

Solutions to the problem consist of:

1. Nodal point displacements and associated nodal point

forces.

2. A printout of some key automatically generated data.

3. A printout of displacement and stress solutions to the
problem.

Solutions to the problem consist of:

1. Nodal point displacements and associated nodal point

87



forces.

2. Internal moments, and normal and shear forces taken
about the reference plane (mid-plane of the slab) for both
slab and beam finite elements.

3. Slab stresses, principal stresses and principal angles
(for principal stresses).

4. Beam layer stresses, flexural shear stresses, principal
stresses, and principal angles (for principal stresses).

5. A summary of cracked, crushed, and yielded layers in the
slab which indicates the principal angle and directions of
the layer failure.

6. A summary of yielded or strain hardened layers in the
girder.

7. A warning message if buckling occurs, if web panel
checks were requested.

8. A warning message if the allowable live load stress
range is exceeded on any '"fatigue detail,” if fatigue checks
were requested.

9. Printer plots of the slab showing stress levels.

10, 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.

11. A histogram at the end of the job indicating termination
checks.

12. A detailed message indicating the important assumptions
and limitations that have been made in the analysis scheme
and BOVAS. This message is the same in the detailed or the
short printout.

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 1live 1loads plus the
dead load, the dead load solutions must be added to that for the

overload solution. The stress fields printed during the overload
solution procedure include the contribution from the dead 1load
solutions. Also, the internal forces computed from these stress

fields will reflect not only the live load solution but also the
dead load solutions.

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 the second (2) principal
directions. The principal angles for the slab and girders,
designated by THETAl in the output, are measured clockwise from
the x-axis of the element and indicate the direction of stress
"Sl."

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

1. Numbers indicate compressive stresses. The number "1"
indicates 10% of the "yield stress,"” "2" indicates 20% of
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the yield stress, and so on.

‘2. Letters indicate tensile stresses. The letter "A" indi-
cates 10% of the "yield stress,"” "B" indicates 20% of the
yield stress, and so on.

3. Asterisks in a horizontal row indicate the boundary of
elements.

4, Asterisks in a vertical row indicate layers.

5. The stress is measured at the centroid of the layer and
is always overstated or at best correct as shown. A 7% com-
pressive stress is indicated by a "1," whereas an 11% com-
pressive stress is indicated by "2." Similarly, a 7% ten-
sile stress i1s indicated by a "A," whereas an 11% tensile

stress is indicated by "B."

6.2 Comments on Short Printout

For the user who has mastered the long printout, the interpreta-
tion of the short printout is rather simple. The short printout
contains:

1. Echo print of the critical dimensions and values.

2. A printout of some key automatically generated data.

3. The total 1load on the structure and the cumulative
damages to the bridge slab and girders for each load incre-
ment.

4. Printer plots of girders and slab indicating incremental
stress intensities for various load levels.

5. A histogram at the end of the job indicating termination
checks.

6. A detailed message indicating the important assumptions
and limitations that have been made in the analysis scheme
and BOVAS. This message is the same in the detailed or the
short output.

6.3 Example Printouts

6.3.1 Example Problem-1
The first example bridge from Chapter-IV illustrates the 1long

printout option. Because the problem is not that large and be-
cause the program terminates at 75% of the yield stress 1in the
girders, the long output is not really that long for the problem.
The whole output is 46 pages long.

6.3.2 Example Problem-2

This example problem 1is nearly identical to the first example.
The same bridge and applied loading were analyzed with some
slightly different material properties and a different element
spacing in the longitudinal direction. Also, the short output
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was selected. The results of this example compare favorably with
the results of the first example.

6.3.3 Example Problem-3

Due to the extensive and repetitious nature of the printout,
which would have substantially increased the size of this manual
without corresponding benefits, the output is not listed herein.
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L outer Tension Field

Typical Transversely Stiffened Plate
Girder Web Plate Under Combined
Moment and Shear

(NOTE: Counterclockwise Shear will
be noted as PHICO(I)=0.0)
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TABLE 1
BRIDGE DECK REINFORCEMENT

(from PennDOT BD 101A)

t BARS S3
————— BARS S1 & S2 ~~-----mmemme e - : S6 )
LSDC LMC N MAX.SPC.
8 1/4" 7 172" #5 @ 8" = 0.47 4 12" #5 3'-7"
8 1/4" 7 1/2" #5 @ 7 1/2" = 0.53 5 10" #5 3'-10"
8 1/4" 7 172" #5 & 6" = 0.62 6 9" #5 4’-1"
8 1/4" 7 172" #5 @ 5 1/2" = 0.68 7 8" #5 4’-3"
8 1/4" 7 1/2" #5 @ 5" = 0.74 7 7.5" #5 4’'-5"
8 3/4" 8" #5 @ 7 1/2" = 0.5 5 11" #5 4’-6"
8 3/4" 8" #5 @ 7" = 0.53 6 10" #5 4’-8"
8 3/4" 8" #5 @ 6" = 0.62 7 9" #5 5'-0"
8 3/4" 8" #5 @ 5 1/2 = 0.68 8 8" #5 5'-3"
8 374" 8" #5 @ 5" = 0.74 9 7.5" #5 5'-5"
9 1/4" 8 1/2" #5 @ 7 1/2" = 0.5 6 11" #5 5’-5"
9 174" 8 1/2" #5 @ 6 1/2" = 0.57 17 9.5" #5 5'-9"
9 1/4" 8 1/2" #5 @ 6" = 0.62 8 9" 45 5'-11"
9 1/4" 8 172" #5 @ 5 1/2" = 0.68 9 8" #5 6’'-2"
g 1/4" 8 1/2" #5 @ 5" = 0.74 10 7.5" #5 6’-4"
9 3/4" 9" #5 @ 7" = 0.53 8 10" #6 6’-5"
9 3/4" 9" #5 & 6 1/2" = 0.57 9 9.5" #6 6'-8"
9 3/4" 9" #5 @ 6" = 0.62 10 9" #6 6'-10"
g9 374" 9" #5 @ 5 1/2" = 0.68 11 8" #6 7'-1"
9 3/4" 9" #5 @ 5" = 0.74 12 7.5" #6 7’-4"
10 1/4" 9 1/2" #5 @ 6 1/2" = 0.57 10 9.5" #6 7'-5"
10 1/4" 9 172" #5 @ 6" = 0.62 11 9" #6 7'-9"
10 174" 9 1/2" #5 @ 5 1/2" = 0.68 12 8" #6 8’'-0"
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SIGX(I)

TABLE 2

- AUTOMATIC MESH GENERATION FOR SINGLE SPAN BRIDGES

X QUAR TRAN LONG FULL

1 0.25 L 0.25 L 0.25 L 0.25 L
2 0.25 L 0.25 L 0.15 L 0.15 L
3 0.15 L 0.15 L 0.10 L 0.10 L
4 0.15 L 0.15'L 0.10 L 0.10 L
5 0.10 L 0.10 L 0.15 L 0.15 L
6 0.10 L 0.10 L 0.25 L 0.25 L

- S S W AR VR R W A S P Y e WP e W We W e G e e An M An e e
M R T T E R R T

Note: "L" is the length of the finite element
model. For QUAR and TRAN L is one-half the
L of LONG and FULL.
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TABLE 3

SIG(X) - AUTOMATIC MESH GENERATION, TWO SPAN BRIDGES

X QUAR TRAN LONG FULL Notes:

1 0.30 L 0.30 L 0.30 L 0.30 L L = SPANL(1)
2 0.14 L 0.14 L 0.14 L 0.14 L

3 0.14 L 0.14 L 0.14 L 0.14 L

4 0.14 L 0.14 L 0.14 L 0.14 L

5 0.14 L 0.14 L 0.14 L 0.14 L

6 0.14 L 0.14 L 0.14 L 0.14 L

7 -- -- 0.14 L 0.14 L L = SPANL (2)
8 -- -- 0.14 L 0.14 L

9 -- -— 0.14 L 0.14 L

10 -- -- 0.14 L 0.14 L

11 -- -- 0.14 L 0.14 L

12 -- - 0.30 L 0.30 L

212



Table 4
SIG(X) - AUTOMATIC MESH GENERATION, THREE SPAN BRIDGES

X QUAR TRAN LONG FULL Notes:

1 0.30 L 0.30 L 0.30 L 0.30 L L = SPANL(1)
2 0.14 L 0.14 L 0.14 L 0.14 L

3 0.14 L 0.14 L 0.14 L 0.14 L

4 0.14 L 0.14 L 0.14 L 0.14 L

5 0.14 L 0.14 L 0.14 L 0.14 L

6 0.14 L 0.14 L 0.14 L 0.14 L

7 0.167 L 0.167 L 0.167 L 0.167 L L = SPANL(2)
8 0.167 L 0.167 L 0.167 L 0.167 L

9 0.167 L 0.167 L 0.167 L 0.167 L

10 - -- 0.167 L 0.167 L

11 -- -- 0.167 L 0.167 L

12 - -— 0.167 L 0.167 L
13 - -- 0.14 L 0.14 L L = SPANL(3)
14 - - 0.14 L 0.14 L
15 - - 0.14 L 0.14 L
16 -- -- 0.14 L 0.14 L
17 - -- 0.14 L 0.14 L
18 -- -- 0.30 L 0.30 L
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Table 5
SIGX(I) - AUTOMATIC MESH GENERATION, FOUR SPAN BRIDGES

X QUAR TRAN LONG FULL Notes:

1 0.30 L 0.30 L 0.30 L 0.30 L L = SPANL(1)
2 0.14 L 0.14 L 0.14 L 0.14 L

3 0.14 L 0.14 L 0.14 L 0.14 L

4 0.14 L 0.14 L 0.14 L 0.14 L

5 0.14 L 0.14 L 0.14 L 0.14 L

6 0.14 L 0.14 L 0.14 L 0.14 L

7 0.167 L 0.167 L 0.167 L 0.167 L L = SPANL(2)
8 0.167 L 0.167 L 0.167 L 0.167 L

9 0.167 L 0.167 L 0.167 L 0.167 L

10 0.167 L 0.167 L 0.167 L 0.167 L

11 0.167 L 0.167 L 0.167 L 0.167 L

12 0.167 L 0.167 L 0.167 L 0.167 L
13 - -- 0.167 L 0.167 L L = SPANL(3)
14 -- -- 0.167 L 0.167 L

15 - -- 0.167 L 0.167 L

16 -- -- 0.167 L 0.167 L

17 -- -- 0.167 L 0.167 L

18 -- -- 0.167 L 0.167 L

19 -- -- 0.14 L 0.14 L L = SPANL(4)
20 -- - 0.14 L 0.14 L
21 -- -- 0.14 L 0.14 L
22 -— -- 0.14 L 0.14 L
23 -— -- 0.14 L 0.14 L
24 -- - 0.30 L 0.30 L

- e - . - . T - - S D MR e M S G A W SR W 4 e S R e e D A SRy SR NS G an En S R D e D G D A Mb DGR AL Gm G Wn SR A A
o nee o g gt e L R T T
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TABLE

6

ALLOWABLE RANGES OF STRESS

(Copied from "AASHTO Standard Specifications

for Highway Bridges, 1978)

NON REDUNDANT LOAD PATH STRUCTURES 3}

Allowsble Range of Stress P, (kaf) (MPs)

Catagory For For Fos For over
100,000 800,000 2,000,000 2.000,000

Cycles Cyciles Cydes Cycles
A 36 (248.21) | 24 (165.47) | 24(188.47) | 24 (165.47)
B 27.5(189.60) | 18(124.10) | 16(11031) | 18 (110.31)

c 19 (181.00) | 13 (89.63) | 10,(68.98) 9, (62.08)
12°(82.74) | 11°(78.8¢)

D 186 (110.31) | 10 (68.98) 7 (4828) § (34.47)
E 12.8 (88.18) 8 (58.18) § (3447) 2.8 (17.24)
r 12 (82.74) 9 (682.08) $ (3838)) 7 (48.20)

*For transverse stiffener welds op girder webs or Mlanges.

(1) Swucture typas with muliioad paths where & siagle fractire (2 & member connot
asd 15 the colapm. For cxampie, 2 amply mpporied daghe Haa Multi-benms bridge ot &

oultbelament ¢ye bar rues ember has redundaat

onowlement Wus membars, hanger plates,
redundant load paths.

215.
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TABLE 7

CLASSIFICATION OF STRESS CATEGORIES

(Copied from "AASHTO Standard Specifications

for Highway Bridges, 1978)

General

Condition

Mustrative,

tress
Kind of Category Example

Situation . Strem

Plain
Mataerial

Builtup
Members

Base metal with rolled or
cleaned surfaces. Flame cut

edges with ASA smoothness of
1000 or less .

T or Rev.

Base metal and weld metal in
members without attachments,
bullt-up of plates, or shapes
connected by continuous full or
partial penetration groove welds
or by continuous fillet welds
paraliel to the direction of -
applied strems

Calculated flexural stress at
tos of transverse stiffener

T ot Rev.

T oz Rev.

welds on girder webs or flanges ™ ' 7.
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General
Coadition

TABLE 7 (Continued)

Situation

Stress Illustrative

Kind of Category Example

Stres

Groove
Welds

Base metal at end of partial
length welded cover plates
having square or tapered ‘eada,
with or without welds acrom
the ends

Base metal and weld metal at
full penetration groove welded
splices of rolled and welded
sections having similar profiles
when welds are ground flush and
weld soundness established by
nondestructive inspection.

Base metal and weld metal in or
adjacent to full penetration
groove welded splices at than-
sitions in width or thickness,

. with weids ground to provide

slopes no steeper than ) to

2 1/2, with grinding in the
direction of applied stress,

and weld soundness established
by nondestructive inspection .

Base metal and weld metal in o7
adjacent to full penetration
groove weided splices, with or
without transitions having
slopes no greater than 1 to

2 1/2 when reinforcement is not
removed and weld soundness is
established by nondestructive
inspection

Base metal at details attached
by groove welds subject t0 loa
gitudinal lcading when the de
tail length, L, parallel to the
line of stress is between 2 in.
(50.8 mm) and 12 tmes the
plate thicknesses, but less than
4in. (101.6 mm)
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T or Rev.

T or Rev.

T or Rev.

T or Rev.

B 8,10,14

B 11,12
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TABLE 7 (Continued)

General
Condition

Situation

Strem

Stress Illustrative
Kind of Category Example

Base metal at details attached
by groove welds subject to lon-
gitudinal loading when the de-
tail length, L, is greater than
12 times the plate thickness or
greater than 4 in. (1016 mm)
long

Base metal at details attached
by groove welds subjected to
tansverse and/or longitudinal
loading regardless of detall
length when weld soundness
transverse to the direction of
strass is established by non-
destructive inspection
(a) When provided with tran-
sition radius equal to
or greater than 24 in.
(.610 m) and weld end
ground smooth

(b) When provided with tran-
sition radius less than
24 in. (.610 m) but not
lass than 6 in. (.152 m)
and weld end ground amooth

(¢) When provided with tran-
sition radius less than
6 in (.152 m) but not
* less than 2 in. (.051 m)
and weld end ground smooth

(d) When provided with tran-
sition radius between 0
in. and 2in. (0 and
.081 m)

218

T or Rev.

TorR

TorR

TorR

TorR

13

14

14

14
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TABLE 7 (Continued)

General
Condition Situation

Stress [llustrative

Kind of Catagory Example

Strems

Fillet Base metal at intarmittent

Weilded {illet welds

Connee

tions Base metal adjacent to fillet
welded attachments with length,
L, in direction of strem less
than 2 in. (50.8 mm) and stud-
type shear connectors

Base metal at details attached
by fillet welds with detall
length, L, in direction of
stress betweesn 2 in. (50.8 mm)
and 12 times the plate thick-
ness but less than 4 in.

(101.6 mm)

Base meta] at attachment—de
tails with detail length, L,

in direction of strem (length

of fillet weld) greatar than

12 times the plate thickness

or greater than 4 ia. (101.6 mm)

Base metal at details attached
by fillet welds regardiess of
length in direction of strem
(shear stress on the throat of
filet welds governed by strass
category F)

(a) When provided with tran-
sition radius equal to
of greater than 24 in.
{.610 m) and weid end
ground smooth

{®) When provided with tran-
siton redius less thaa
24 in. (.610 m) but not
less than 6 in. (.2182 m)
and weld end ground smooth
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T or Rev.

T or Rev.

T or Rew.

T or Rev.

TorR

TorR

c 13,15,16,17

D 13,15,16

E 7.9,13,16

B 4

c 14



TABLE 7 (Continued)

General
Condition

Situation

Stress Illustrative

Kind of Category Example

Strem

Mechanr

Fastaned
Connec
tions

Fillet
Welds

(¢) When provided with tran-

sition radinis less than

6 in (.152 m) but not
less thap 2 in: (.081 m)
and weld end ground smooth

(d) When provided with tran-

sition radius between
Oin and 2in (0 and

.051 m)

Base metal at gross section of
high-strength bolted slip re-
sistant connections, except
azially loaded joints which
induce out-of-plane banding in

connectad matarial

Bass metal at net section of

high-strength boited bearing

type connections

Base metal at net section of

riveted connections

Shesr strem on throat of

fillet welds

TorR

TorR

T or Rev.

T or Rev.

T or Rev.

Shear
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TABLE 8
STRESS CYCLES

(Copied from "AASHTO Standard Specifications
for Highway Bridges, 1978)

Main (Longitudinal) Losd Carrying Members
Type of Road Case ADTTe Truek Loading Lane Leading?

Freeways. Bx» 1 2500 oz mere 2.000.000=° $00.000
pressways, Majer

Highwmaysapd I les thaa 2300 500,000 100,000
Streets

Othar Highweyr» 10 100,000 100,000
and Streets DOt

taehided in Cass

lorll

Transverse Members and Details Subjected to Wheel Loads

Type of Rosd Cass . ADTT® Truek Lesding
Freeways, Express- 1 2500 or more over 2,000,000
-ways, Major High-

ways wad Streets n Jem than 2300 2,000,000
Other Higbways m oo 500,000

aad STeets

* Aversge Dally Truek Trftfic (ene direstion).
1wwm-o-mnmmumut-mm

se)iembers shall alse e investigated for “over 2 milliea”™ swem ¢yties produeed by plasing
s singe tyuck on the bridge Mm‘uﬁ-mﬂ.mu‘hMlalﬂ)l.
one watfie lane leading.
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(LBS/FT)

Table 9
ASTM REINFORCING BARS

DIAMETER

IN.
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Table 10
ASTM STEEL TYPE MATERIAL PROPERTIES

ASTM YIELD ULTIMATE
STEEL GRADE STRENGTH (KSI) STRENGTH (KSI)

A7 33 60

A8 55 90

A36 36 58

A94 50 75

A242 50 70

A440 50 70

Ad41 50 - 70

A514 100 115

AS517 100 115

A529 42 60

AST2(x) 65 or 45 80 or 60

A588 50 70

- - - - - R =S N G W M e m G e . m e o mm e S Tm R e M mh Mm Y S b M D ME e e e e e =
- e e e n s e o e s h e am h m  h e e h En o e R A T AE T e o e m e o P T T T MR m M Gm e T TE e e e R M e o e e e = e

(*) Refer to Reference 1.
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Table 11
SLAB REINFORCEMENT AND ORIENTATION

EXAMPLE PROBLEMS 1 AND 2 (AASHO 3B)

BAR SIZE THICKNESS CENTROID ANGLE

LAYER AND SPACING (IN) {IN) (DEG)
1 #5 @ 6" 0.05167 -0.4125 -90

2 #4 @ 12" 0.01667 0.1500 0

3 #5 @ 8.74" 0.0547 1.2875 0

4 #5 @ 6" 0.05167 : 1.9125 ~-90
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Table 12
MATERIAL PROPERTIES
EXAMPLE PROBLEMS 1 AND 2 (AASHO 3B)

R R e Y T T T T

SLAB FC(x%) 5.74 5.74 5.74
CONCRETE FT(%x%x) - 0.459 0.459
EC(#) 5200 4365 4365.
REINF. FT(##%) 61.2 61.2 61.2
STEEL Ei(+) 28800. 29000. 29000.
GIRDER FY(##) 35.1 35.1 35.1
(flange)
STEEL FY(##%) 39.9 39.9 42,
(web)
(++) FY(##) 38.14 38.4 42.
(coverplate)
Ei(+) 30000. 30000. 29000.

(*¥*) Concrete compressive cylinder strength.

(*¥%x) Concrete tensile strength.

(#) 1Initial modulus of elasticity of concrete.

(##) Yield stress of the steel.

(+) Initial modulus of elasticity of the steel.

(++) No other girder properties, e.g. modulus of elasticity
at strain hardening, are reported herein, since they
were not employed in this analysis. The 75% Fy
termination criterion will not permit the steel to
strain-harden, or attain values that are beyond the
yield stress point.
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Table 13
MATERIAL PROPERTIES
EXAMPLE PROBLEM - 3 (FHWA FOUR SPAN BRIDGE)

MATERIAL PROPERTY (Stresses and Elas. Moduli in KSI,
Strains in IN/IN.)

SLAB FC(x) 5.5

CONCRETE FT(%xx) 0.44
EC(+) 42173

REINFORCING FY(++) 40.

STEEL EI(#) 29000.

GIRDER A36 Ad41 FICTITIOUS (%)

STEEL FY(++) 36 50 36
EI(#) 29000 29000 3
EST(##) 900 700 0.08
EPSST(@) 0.014 0.0215 140
FU(@@) 58 70 58.5
EPSU(%%) 0.12 0.12 1200

e e o - o AR L . A e T e en mp S D B G e e S S M e e S D D M e e D D D S G e D W G D e e T M D G G e - -
P a-fp e pmpmeimciie Sl e R R R R e e E E E R E T T T T T

(*) Concrete compressive cylinder strength.

(¥%x) Concrete tensile strength.

(+) Initial modulus of elasticity of concrete.

(++) Yield stress of the steel.

(#) Initial modulus of elasticity of the steel.

(##) Modulus of elasticity of the steel at strain hardening
range.

(@) Strain at steel at the inception of the strain
hardening

(@@) Stress at the ultimate strength point of the stress
strain curve of the steel

(%) In the layered finite element model, the number of
layers must remain constant; however, since the
width and thickness of the flanges change from
section to section, certain layers (Table 15) are
given fictitious material properties to model
the "non-existence" of material for this section.

(%¥%) Strain at steel at ultimate strength stress point.
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Table 14
SLAB REINFORCEMENT AND ORIENTATION
EXAMPLE PROBLEM - 3 (FHWA FOUR SPAN BRIDGE)

BAR SIZE AND THICKNESS CENTROID ANGLE

LAYER SPACING (IN.) (IN.) (DEG.)
1 #5 @ 5.5" 0.05636 -1.6875 -90

2 #5 @ 12.89" 0.02405 -1.0625 0

2 #6 @ 12.5" 0.03520 -1.0625 0

3 #5 @ 8" 0.03875 2.5625 0

4 #5 @ 5.5" 0.05636 3.1875 -90
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Table 15
TOP AND BOTTOM FLANGE CROSS-SECTIONS
EXAMPLE PROBLEM - 3 (FHWA FOUR_SPAN BRIDGE)

TOP FLANGE CROSS-SECTIONS
SECTION LAYER WIDTH (IN) MATERIAL

1 1 12 Fictitious
1 2 12 Fictitious
1 3 12 A36

2 1 16 Fictitious
2 2 16 Ad441

2 3 16 Ad41

3 1 12 Fictitious
3 2 12 Fictitious
3 3 12 A36

4 1 16 Ad441

4 2 16 Ad41

4 3 16 Ad41

BOTTOM FLANGE CROSS-SECTIONS
SECTION LAYER WIDTH(IN) MATERIAL

1 12 16 A36

1 13 16 Fictitious
1 14 16 Fictitious
1 15 16 Fictitious
2 12 16 Ad441

2 13 16 Ad41l

2 14 16 Ad41

2 15 16 Fictitious
3 12 16 A36

3 13 16 A36

3 14 16 Fictitious
3 15 16 Fictitious
4 12 18 Ad41

4 13 18 Ad41

4 14 18 Ad441

4 15 18 Ad41
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APPENDIX - 1
INPUT UNIT SUMMARY
This summary indicates what and where the specific variables are
located in the input stream. Chapter III gives a detailed ex-
planation of each variable.
UNIT 1 - INITIAL INPUT PARAMETERS
A. Title Card, (ITITLE)

B. Number of Spans, Number of Girders, and Type of Symmetry,
(NSPANS, NOMB, TSYM(I))

C. Superstructure Width, Bridge Overhang, and Span Length(s),
(WIDTH, OVHANG, SPANL(I))

D. Output Option, (IPRINT)

E. Number of Element Divisions in the Longitudinal or X-
Direction, (NELX) :

F. Number of Girder Layers, Girder Sections, and Fatigue Checks,
(NULAYB, NBS, NFATG)

G. Number of Plate Girder Web Panel Checks, (NPNL)
H. Element Lengths in the Longitudinal or X-Direction, (SIGX(I))

NOTE: Section-H is read only if the input value in Section
-E is greater than zero.

I. Slab Thickness, (DT)

J. Girder Depth, Top Coverplate Thickness, and Bottom Coverplate
Thickness, (BDEPTH, TCP, BCP)

K. Flange Width and Thickness, and Web Thickness, (BF, TF, TW)

L. Geometry of Plate Girder Web Panel Checks, (NBM{(I), SDIST(I),
PHICO(I), USLEN(I))

NOTE: Section-L is read only if the input value of Section-
G is greater than zero.

M. Web Panel Support Conditions, (IBODRY)

NOTE: Section-M is read only if the input value of Section-
G is greater than zero.
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UNIT 2 - SLAB PROPERTIES AND MATERIALS

A. Concrete Compressive Cylinder Strength, (FC)
B. Steel Reinforcement Yield Strength (SIGMAP)
C. Steel Reinforcement Material Number, (NSRM)

D. Steel Reinforcement Pattern Geometry, (ISIZE(I), SPACE(I),
SZC(1), SPHI(I))

NOTE: Section-D is read only if the input value of Section-
C is defined to be one.

UNIT 3 - GIRDER PROPERTIES AND MATERIALS

A. Number of Steel Materials, (NSM)

B. Steel Type, (CLASS(I))

C. Steel Material Properties, (SYB(I), EB(I), ROM(I), RON(I),
ESHB(I), STRAN(I), SBU(I), STBU(I))

NOTE: Section-C is read only after a user defined option is
specified in Section-B.

D. Identical or Different Girders, (ISAME)
E. Distances to New Girder Cross-Sections, (DNBS(I))

NOTE: Section-E 1is read only after Section-D is defined to
be zero.

F. Identical or Different Girder Cross-Sections, (IX)

NOTE: Section-F is read only after Section-D is defined to
be zero.

G. Definition of Girder Cross-Section by Layers, (I,J), B(I,J),
SIR(I,J), TY(I,J))

NOTE: Section-G is read only after Section-F is defined to
be zero.

H. Fatigue Cycles, (IFATCYC(I))

NOTE: Section-H is read only if the input value for Unit-1,
Section-F, Entry 3 is greater than zero.

I. Geometry and Type of Fatigue Detail, (NBEAM(I), LDIST(I),
VDIST(I), TDETAIL(I))
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NOTE: Section-I is read only if the input value for Unit-1,
Section-F, Entry-3 is greater than zero.

J. Type of Composite Action, (ICOMP(1))

UNIT 4 - STRUCTURAL LOADINGS

A. Number of Area Loads - Dead Load Beam Solution, (NC)

B. Area Load Cards, (Q, X, Y, XLL, YLL)

A. Number of Area Loads - Dead Load Structure Solution, (NC)
B. Area Load Cards, (Q, X, Y, XLL, YLL)

A. Number of Area Loads - Live Load Solution, (NC)

B. Area Load Cards, (Q, X, Y, XLL< YLL)

END OF INPUT
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APPENDIX 2

FLOW CHART FOR THE DATA INPUT
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APPENDIX-3
COMMENTS ON FORMAT FIELD SPECIFICATIONS
I. COMMENTS ON FIXED-FIELD INPUT IN FORTRAN IV

This appendix is designed to familiarize the wuser of program
BOVAS with the ©basic field specifications used in the input of
data. A detailed treatment of the subject matter can be found in
any FORTRAN reference manual of the computer system that the user
will employ or in any textbook on introductory computer program-
ming. .

The four format specifications, i.e. the form in which certain
alphabetical or numerical information needs to be entered,
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 1is the type used to input the numerical
values with decimal fractions. For example, if format |is
({F10.0), and the value to be entered is 3.1416, then the value
should be entered as (in the first ten columns, remainder being
blank)

COLUMN NUMBERS:
1111111111222222222233333333334444444444
12345678901234567890123456789012345678901234567890 ETC.

3.1416
OR
3.1416
OR
3.1416

If the number to be entered is 31416. and if the format is still
(F10.0) the number should be entered as (in the first ten
columns, remainder being blank)

COLUMN NUMBERS;
1111111111222222222233333333334444444444
12345678901234567890123456789012345678901234567890 ETC.
31416.
OR
31416.
OR
31416.
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Two salient points that the user can observe: 1In F-format the
decimal point must be entered, as far as the scope of this manual
is concerned, and the number to be punched can occupy any space
within the specified number of columns. In the above example
F10.0 indicates that the number is allocated 10 columns. (The
number immediately following the letter F indicates the number of
columns allocated.)

2. I-Format: I-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 entered in
the particular line of entry. The first value will employ the
first through fifth column, and the second value will employ
sixth through tenth columns. It should be remembered that in in-
putting integer values no decimal points are to be entered and
the number to be entered must be placed at the outermost right
side of the allocated number of columns. If the number to be en-
tered is 12 and if the format is (I5) then the number could be
entered only in the following manner:

COLUMN NUMBERS;
1111111111222222222233333333334444444444
12345678901234567890123456789012345678901234567890 ETC.
12 ‘

In the above example if the numbers would have been entered in
columns 8 and 9, instead of columns 9 and 10, the computer would
have assumed the value of 120 for this input. Such a mis-keying
can either be rejected by the program, resulting in "abortion" of
the job, or much worse, it could proceed with the analysis using
this incorrect data. If a solution is obtained with this incor-
rect data, it will have no resemblance whatsoever to the solution
of the problem attempted.

As can be noted in the above discussion, both F-format and I-
format can be repeated using an appropriate integer before letter
designation. For example, FORMAT(I5,I5) is the same as
FORMAT(2I5). Similarly, FORMAT(I5, 15, F10.0, F10.0, 1I5) serves
the same purpose as FORMAT(2I5, 2F10.0,' I5). In the latter ex-
ample the first through fifth columns are allocated for the first
integer number, sixth through tenth are allocated for the second
integer number, 11th through 20th are allocated for the first
real number, 21st through 30th are allocated for the second real
number, and the 31st through 35th columns are allocated for the
third integer number.

3. A-Field Specification: A-field specification is used to
transmit alphanumeric values, wusually names and acronyns. The
variable name can be composed of alphabetic and numeric charac-
ters. The cards must be entered, 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
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the format is (A5) and the "value" is HIG, then the value should
be keyed in as (for the first five columns, remainder blank):

COLUMN NUMBERS:

111111111122222222223
123456789012345678901234567890 etc.
HIG

4, X-Field Specifications: X-field specification is used to
skip a certain number of columns. Any value punched in these
columns corresponding to this field length (number of columns
representing the said field length) will be ignored. For ex-
ample, if the format is (A5,I13,2X,F10.0) and if the values to be
keyed in are LOW, 2, and 3.1416 then the entry should be (for the
first 20 columns, remainder being blank):

COLUMN NUMBERS;

11111111112
12345678901234567890 ETC.
Low 2 3.14186

II. COMMENTS ON FORTRAN 77 VIA CRT TERMINALS

Both FORTRAN IV and fixed field formatting are becoming obsolete.
It is prudent to expect that by late 1980’s the changes from
FORTRAN IV to FORTRAN 77 will take place and will essentially
make the contents of this Appendix partially obsolete.

Any changes that will be made to "run" program BOVAS to migrate
from FORTRAN IV to FORTRAN 77 environment should be transparent
to the user. This migration will be accomplished by the system
programming support personnel of the computer where BOVAS is
being maintained.

The rigid formatting in FORTRAN IV will be far more lenient under
FORTRAN 77 environment. Following is one of many examples that
can be given:

The format specification used is (A3, F10.0, I10) and the values
to be inputted via this format specification are MED, 3.14, and
74. In the case of FORTRAN IV the data entry should look like:

COLUMN NUMBERS;

11111111112222222222333333333344444444445
12345678901234567890123456789012345678901234567890 ETC.
MED 3.14 74

whereas the input in FORTRAN 77 should be:

MED,3.14,74
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In some other systems the following is also acceptable:

MED 3.14 74

In view of substantial differences between FORTRAN IV and FORTRAN
77, as far as the input operations are concerned, it is impera-
tive that the users should consult with the computer support per-
sonnel for the options available to them. If working versions of
BOVAS, both in FORTRAN IV and FORTRAN 77 are available, the
preference must be given to the latter.
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APPENDIX-4

PREDEFINED CONTROL PARAMETERS

Several control parameters, which were at one time part of the
input data, have been assigned values internally by the computer
program. Also in some cases the user can opt to input their own
value rather than defaulting to the "preset"” internally defined
values. An asterisk is used to indicate those parameters which
can be manually inputted or internally defined. The internally
defined parameters, which can only be changed by reprogramming,

are listed below:

UNIT 1 - INITIAL INPUT PARAMETERS

1. Number of concrete layers in the deck slab.

NULAY = 6
The program assumes two equal layers above the top reinforcement
bars, two equal layers below the bottom reinforcement bars, and
two equal layers between reinforcing bars (See Fig. 11). The

program also assumes a concrete cover of 2.5 inches on the top
and 1.0 inch on the bottom in accordance with Reference 10.

2. Number of reinforcing bar layers in the deck slab.
NSLAYR = 4

Both the " top and bottom reinforcement are composed of two bar
layers each - one transverse and one longitudinal. Although the
continuous spans are shown to have five layers, the two top lon-
gitudinal layers are consolidated into one steel layer.

3. Number of sections in the longitudinal direction at which
different slab reinforcement patterns are specified.

NDRS = 1
The program assumes a constant reinforcement pattern is used
throughout the deck slab.
4., Scaling of the solution.

ISCALE = YES

The first solution will be scaled within a certain percentage of
the first failure of any form.
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5. Dead load solution on the composite structure.
IDEAD = YES
A dead load solution on the composite superstructure will be per-
formed. Therefore, loads must be input for this solution.
6. Type of analysis for the solution.

MODES = YES

An incremental-iterative solution scheme will be employed. The
other option, which user can not activate, but the program main-
tenance personnel can by reprogramming, is NO; in which case, an

incremental solution could have been performed (See Ref. 12).

7. Is this a restart run?

ICARDS = NO

The restart capability has been eliminated. If ICARD would have
been YES, this would have been a restart run and data from the
previous run would have been read from Tape-28. If ICARD = NO,

as it is set in the current version of the program, the program
assumes that this is an "initial run."
8. Should end data file be written?

ECARDS = NO
The restart capability has been eliminated. If ECARDS would have
been YES, the data would have been saved at the end of the run on
Tape-23 and would have been "cataloged" for future runs. By set-
ting ECARDS to NO, no end file will be cataloged; therefore, re-
start runs will not be possible.
9. Allowable central processing unit time in seconds.

ETIME = 50,000.

By presetting this value to a very high number, this control

parameter has essentially been eliminated. After substantial
testing, the programming personnel in-charge of the maintenance
of this program may wish to reset this parameter to another
value. This resetting can be accomplished by changing the

numerical value in one of the statements of the progranm.
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10. Node point number at which the vertical force 1is to be
monitored.

NSIGF = Internally computed.

NSIGF is internally computed as the first non-zero nodal point in
the force vector. NSIGF and the corresponding force at this
specific node are used to monitor the force increments during the
overload solution.

11. Node point number at which the vertical displacement is to
be monitored.

NSIGD = Internally computed.
NSIGD is internally computed as the center nodal point of the
bridge deck on the left most span. This nodal point usually cor-

responds to the point of maximum displacement in most simple span
bridges and some continuous bridges.

12. Maximum vertical displacement allowed for nodal point NSIGD
in inches. )

DSPMAX = Internally computed.
DSPMAX 1is internally computed as ten percent of the maximum span
length. For example, a two span continuous bridge with span
lengths of 480. inches and 960 inches would have a DSPMAX equal
to 96. inches.
13. Maximum weight to overload vehicle to weight ratio.

OLOAD = 1.0
No "factor of safety" has been included in the analysis.
14. Maximum value of the total vehicular load in kips applied
before the termination of the execution of the program.

PMAX = 1.0 E+20
By presetting PMAX to this high value, the maximum load check has
been eliminated.
15. Force increment multiplier.

QAPA = 0.4
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The practical range of this parameter is between 0.2 and 0.8.
This factor is applied to the scaled force vector if ISCALE = YES
(it does for the reported version of the program, see No. 4
above) or to the inputted force vector if ISCALE = NO.

16. Print mode control parameter for displacements.
RDPR = Internally defined.

The program defined RDPR = 0.0 for the long printout option and
RDPR = 0.03 for the short printout option. If the change in dis-
placement of node NSIGD (see No. 11 above) is greater than RDPR
multiplied by the first solution displacement of node NSIGD, then
the detailed print option is automatically selected for the next
load step. If not, then only a short output mode is selected
with only reference point information being printed.

17. Print mode control parameter for forces.
RFPR = Internally defined.

The program defined RFPR = 0.0 for the long printout and RFPR =
0.03 for the short printout option. If the change in force of
node NSIGF (see No. 10 above) is greater than RFPR multiplied by
the first solution force of node NSIGF, then the detailed print
option is automatically selected for the next load step. If not,
then only a short output mode is selected with only reference
point information being printed.

18. Maximum allowable number of load increments.

LCYCLE = 300
As long as the 75% yield criterion is imposed on the steel gir-
ders, the program will probably never reach this value. There-
fore the effect of this control parameter on the program is
eliminated.
19, Dead load on the beam solutioh.

IDEADB = YES
If YES, a dead load on the beam solution will be performed. The

loads should include the weight of the steel girders and the
"wet" concrete. .
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20. Definition of the mathematical model to compute the stresses
at the bridge deck slab finite elements.

ISRT = NODE
If ISRT is set to NODE, stresses will be computed conservatively

via node - dominant formulation. See Reference 13 for other al-
lowable options of this parameter.

¥ 21, Finite element lengths in the longitudinal or x-direction.
SIGX(I) = Internally computed or manually inputted.

If the automatic mesh generation option was selected (NELX = 0),

values for SIGX(I) will be computed internally based on the num-

ber of spans and the type of symmetry. If the manual mesh dis-

cretization is selected (NELX > 0), the user should input NELX

values for SIGX(I). See Section 2.3.2 and Chapter III for more

details on this parameter.

22, Finite element lengths in the transverse or y-directin in
inches.

SIGY(I) = Internally computed.
.This option is always internally computed. Two equal strings of

plate bending elements will be placed between the girders and one
string of plate bending elements will be used to model any bridge
overhang. See Section 2.3.2 for more details on this parameter.

23. Distance from the midheight of the slab to the reference
plane for girder in inches.

ZBAR = Internally computed.
ZBAR 1is computed to be the distance between the neutral axis of

the slab and the neutral axis of the girder.

24, Distance from the midheight of the slab to the top of the

. top most layer of the girder in inches.

ZBARTF = Internally computed.
ZBARTF is assumed to be one-half the slab thickness. The program

does not allow for embedment of the steel girder or coverplate in
the slab.
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25. Starting nodal point numbers for the girders.
NPBST{(I) = Internally computed.

There are NOMB values of NPBST(I).

26. Number of ’'beam elements” used to model the "web panel.”
NEPNL(I) = 1
One beam element will be used to model each of the NPNL values of
web panel checks.
27. Beam element number which defines the first element of the
"web panel."”
NEPNLS(I) = Internally computed.
NEPNLS is computed based on the inputted values of NBM(I) and
SDIST(I).
28. Direction of the degree of freedom which is to be con-
strained. ’
DIR = Internally computed.
All constraints are internally set by the program.
29. Node number which is to be constrained or the starting num-
ber of a string of nodes that will have the same type of con-
straints.

NODE = Internally computed.

All constraints are internally set by the program.

30. Node number increment.
K = Internally computed.
All constraints are internally set by the program. This option

is only used when constraints are generated via strings.

31. Last node number of the string when generating via the
automatic approach.
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IE = Internally computed.

All constraints are internally set by the program.

UNIT 2 - SLAB PROPERTIES AND MATERIALS
1. Concrete tensile strength in ksi.
FT = Internally computed.

FT is internally computed as a function of the input of concrete

compressive cylinder strength in accordance with the ACI 318 - 77
provisions.
2. Initial modulus of elasticity for concrete in ksi.

EC = Internally computed.

EC is internally computed as a function of the input concrete

compressive cylinder strength in accordance with the ACI 318 - 77
provisions.,
3. Unloading modulus for concrete in compression in ksi.

EDOWNC = 1000.
This is the internationally accepted Kostem-Kulicki unloading
curve,
4. Unloading modulus for concrete in tension in ksi.
EDOWNT = 800,
This is the internationally accepted Kostem-Kulicki unloading

curve.

5. Number of different steel reinforcement materials in the deck
slab.

NSMAT = 1

Only one type of steel reinforcement will be permitted in the
deck slab.

6. Modulus of elasticity of the reinforcement steel in ksi.
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SEMOD(I) = 29,000.

SEMOD(I) is defined 1in accordance with AASHTO provisions and
PennDOT’s recommendations.

7. Ramberg-Osgood m-parameter for the reinforcement steel
SPROM(I) = 0.7

8. Ramberg-Osgood n-parameter for the reinforcement steel
SPRON(I) = 300.

9. Starting slab element number for reinforcement pattern-I.
NES(I) =1

Since a constant reinforcement pattern is assumed in the deck
slab (NDRS=1, see Unit-1, No. 3), NES(I) will always be one.

10. Ending slab element number for reinforcement pattern-I.
NEE(I) = Internally computed.

Since a constant reinforcement pattern is assumed in the deck
slab (NDRS=1, Unit-1, No. 3), NEE(I) will always be computed to
equal the numbers of plate elements in the model.

¥ 11. Steel reinforcement bar size.
ISIZE(I) = Internally computed or manually inputted.

If the automatic reinforcement generation option was selected
(NSRM = 0}, values for ISIZE(I) will be computed internally 1in
accordance with Reference 10. If the manual reinforcement gener-
ation option was selected (NSRM = 1), the user should input the
necessary reinforcement data (See Chapter III).

¥ 12. Spacing of reinforcing bars in inches.

i SPACE(I) = Internally computed or manually inputted.
If the automatic reinforcement generation option was selected
(NSRM=0), values for SPACE(I) will be computed internally in ac-
cordance with Reference 10. If the manual reinforcement option
was selected (NSRM = 1), the user should input the necessary
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reinforcement data (See Chapter III).

x 13. Distance for the given layer between the centroid of the
reinforcing bars and the mid-plane of the slab in inches.

SZC(I) = Internally computed or manually inputted.

If the automatic reinforcement generation option was selected

(NSRM = 0), wvalues for SZC(I) will be computed internally in ac-
cordance with Reference 10. If the manual reinforcement gener-
ation option was selected (NSRM = 1), the user should input the

necessary reinforcement data (See Chapter III).

X 14, Orientation of the reinforcing bars in the slab.

SPHI(I) = Internally computed or manually inputted.
If the automatic reinforcement generation option was selected:
(NSRM = 0), values for SPHI(I) will be computed internally in ac-
cordance with Reference 10. If the manual reinforcement option
was selected (NSRM = 1), the user should input the necessary
reinforcement data (See Chapter III).
15. Number of slab termination checks.

NC = 2
NC has been internally defined to be two - the total number of
slab materials (one for concrete and one for steel reinforcement
material).
16. Maximum allowable strain in percent for slab material (I+1)

STRAMS(I+1) = Internally defined.

For the concrete, STRAMS(1)=0.0025 and for steel reinforcement,

STRAMS(2) = SIGMAP / (SPRON(No. 8 above) x SEMOD(NO. 6 above)).
17. Maximum allowable tensile stress for slab material (I+1) in
ski.

STTEMS(I+1) = Internally defined.

For concrete, STTEMS(1) is defined as a function of FC. and for
steel reinforcement, STTEMS(2) = SIGMAP.
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18. Maximum allowable compressive stress for slab material (I+1)
is ksi.

STCEMS(I+1) = Internally defined.
For the concrete, STCEMS(1) = 0.8 x FC, and for steel reinforce-
ment, STCEMS(2) = SIGMAP.
19. Maximum number of cracked or yielded layers for slab

material (I+1).

NKS(I+1) = Internally defined.

For the concrete, NKS(1) = 3 and for the steel reinforcement,
NKS(2) = 1.
20. Maximum number of crushed layers for slab material (I+1).

NHS(I+1) = Internally defined.
For concrete, NHS(1) = 1 and for the steel reinforcement, NHS(2)
= 0.
21, Spacing of the bars closest to the appropriate surface in
inches.

ACR(I) = Internally defined.

ACR for the top surface has been set to the spacing of the top
transverse layer (SPACE(1)), while ACR for the bottom surface has

been set to the spacing of the bottom transverse layer
(SPACE(4)).

22, Minimum concrete cover for the appropriate surface in
inches.

CMIN(I) = Internally defined.
CMIN for the top surface has been set to 2.5 inches, while CMIN

for the bottom surface has been set to 1.0 inch. Both values are
in accordance with Reference 10.

23. Maximum allowable crack width for the appropriate surface in
inches.

VCMAX(I) = 0.004
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The same value is used for both the top and bottom surfaces.

UNIT 3 = GIRDER PROPERTIES AND MATERIALS

¥ 1. Yield stress of the girder steel in ksi.
SBY(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the user

should input the yield stress of the girder layer. Otherwise the
program will internally define the value based on the input for
CLASS(I) (See Chapter III).

¥ 2. Initial modulus of elasticity for the girder in ksi.

EB(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the user
should input the modulus of elasticity. Otherwise the program
internally defines EB = 29000. in accordance with the AASHTO
Specifications and PennDOT’s recommendations.
¥ 3. Ramberg-Osgood m-parameter for girder steel.

ROM(I) = Internally defined or manually defined.
If the user defined option was selected for CLASS(I), the wuser
should input Ramberg-Osgood m-parameter. Otherwise the program
internally defines ROM=0.67
x* 4. Ramberg-0Osgood n-parameter for the girder steel.

RON(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the |wuser

should input the Ramberg-Osgood n-parameter. Otherwise the
program internally defines RON=400.

x 5. Initial strain hardening modulus for the girder steel in

ESHB(I) = Internally defined or manually inputted.

If the user defined option was selected for CLASS(I), the user
should input the value for ESHB. Otherwise the program will in-
ternally define the value based on the input for CLASS(I) (See
Chapter III).
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x 6. Strain at the initiation of strain hardening for the girder
steel.

STRAN(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the user
should input the value for STRAN. Otherwise the program will in-

ternally define the value based on the input for CLASS(I) (See
Chapter III).

¥ 7. Ultimate strength of the girder steel in ksi.

SBU(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the |user
should input the ultimate strength of the girder steel. Other-
wise the program will internally define the value based on the
input for CLASS(I) (See Chapter III).
¥ 8. Strain at ultimate stress for girder steel.

STBU(I) = Internally defined or manually inputted.
If the user defined option was selected for CLASS(I), the user
should input the value for STRAN. Otherwise the program will in-
ternally define the value based on the input for CLASS(I).
9. Distance between girders in inches.

YDIST = Internally computed.
YDIST is internally computed based on the number of girders,
bridge width, and overhang width. The spacing between girders is
assumed constant for bridge.
10. Shear connector stiffness.

KSC(I) = Internally computed.
YDIST is internally computed at present, but the option exists to

input values at a later date when more "reliable" curves or for-
mulae are available.

11. Girder element number which contains the layer to be checked
for fatigue.
NELFAT(I,1) = Internally computed.
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NELFAT(I,1) is computed based on the inputted girder number and
the longitudinal distance from the left support to the detail
location.

12, Girder element layer which contains the detail to be checked
for fatigue.

NELFAT(I,2) = Internally computed.
NELFAT(I,2) is computed based on the inputted vertical distance
from the mid-plane of the slab to the detail location (positive
downward) .
13. Allowable fatigue stress range in ksi.

FTGSTR(I,2) = Internally defined.
FTGSTR is internally defined from a program library based on the
inputted detail type and the relative number of load cycles in
accordance with the AASHTO Specifications (See Chapter III).
14. Number of girder termination checks.

NC = Internally defined.

NC is defined to equal the inputted value of NSM+l1.

15. Maximum allowable strain in percent for the girder steel.
STRAMX(I) = Internally computed.

STRAMX is computed to be the strain at 75% of the yield stress
level in accordance with the AASHTO provisions. Fictitious steel
layers are set to a very high value.

16. Maximum allowable tensile stress for the girder steel in
ksi.

STTEMX(I) = Internally computed.

STTEMX is computed to be the stress at 75% of the yield stress
level in accordance with the AASHTO provisions. Fictitious steel
layers are reset to a very high value.

17. Maximum allowable compressive stress for the girder steel in
ksi.

254



STCEMX(I) = Internally computed.

STCEMX is computed to be the stress at 75% of the yield stress
level in accordance with the AASHTO provisions. Fictitious steel
layers are set to a very high value.

18. Maximum number of yielded layers in the girder steel.

NK(I) = Internally defined.
NK is defined to be zero for the girder steel in accordance with
the AASHTO provisions. Fictitious steel layers are set to a very
high value.
19. Maximum number of layers to reach strain hardening levels in

the girder steel.
NH(I) = Internally defined.

NH 1is defined to be zero for the girder steel in accordance with
the AASHTO provisions. Fictitious steel layers are set to a very
high value.

20. Effective shear width of layer-I at location-J.
ASH(I,J) = Internally defined.

ASH is defined to be 0.001 inches for all flange and coverplate
layers, while ASH is defined to be equal to the web thickness for
all web layers.

21. Half Section properties.
Y = Internally computed.

Y is defined to be 1.0 if the full girder is included in the
finite element model. Y is defined to be 2.0 if only one-half
the girder is included in the finite element model (a centerline
exists along the length of the girder).

UNIT 4 - STRUCTURAL LOADINGS
The following types of input loads have been "looped ¢ver" the
present version of the program. They can easily be included in
the analysis by simple reprogramming.
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Nodal point loads.

Uniform line loads.
Uniformly distributed loads.
Concentrated vertical loads.
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