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SUMMARY 

Federal regulations prompted as a result of bridge failures 
require the rating of bridge structures for which federal funds 
will be utilized for rehabilitation and replacement. The large 
number of'bridges in Virginia subject to being rated makes such 
a task time consuming and difficult to fulfill if manual 
procedures are to be used. Consequently, a study was initiated 
to investigate the possibility of developing an automated capability 
for the rating of continuous girder bridges. 

A review of existing computer programs capable of rating 
bridges was conducted. The best candidate program, BRASS, which 
is a widely used general purpose rating and analysis program, 
was modified for convenient use by bridge engineers. Because 
the cost of running this program was found to be very high, a 
second program, BRRAT, was investigated. BRRAT was found to 
cost much less than BRASS, but not to be as versatile. 
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PROBLEM STATEMENT 

Under the Highway Safety Act of 1968, highway officials 
throughout the United StaZes are mequired to inspecZ and mate 
the bmidges in their j urisdicZions. This interes• in bmidge 
safety resulted from the collapse of the Silver Bmidge across 
the Ohio River at Point Pleasant, WesZ Virginia, in Decembem 1967. 
Subsequently, on April 2?, 1971, the National Bridge Inspection 
Standards were presented to all states. These standards require 
a bridge mating Zo determine the safe load-carrying capacity fore 
each bridge on the federal-aid system. In addition, it is 
necessary to determine a structural mating fore each bridge that, 
in many cases, mequires a detailed analysis of the bmidge 
structure. While these regulations mequire periodic matings and 
analyses fom only those structures on the fedemal-aid system, 
recent legislation, has extended that requirement to all off- 
system bmidges as well, if states are to quali.•y for federal 
money to be applied to the rehabilitation and meplacement of 
off-system bmid.ges. 

With approximately 35,000 bridges in Virginia, this rating 
and analysis requirement places a tremendous demand on the 
manpower resources of the Bridge Division of the Virginia Depart- 
me.nt of Highways and Transportation. The analysis of data and 
establishment of bridge ratings by traditional manual procedures 
are time consuming and inefficient. Further, because bridge 
ratings are so important in terms of safety and maintenance 
requirements, extreme care and accuracy are demanded in their 
determination. Consequently,. this study was undertaken to 
develop an efficient and reliable, computer-based procedure 
capable of handling the immense volume of work now required in 
the analysis of data to establish the rating of bridges. 



RESEARCH APPROACH 

Three alternatives for developing an automated bmidge 
rating procedure were aviilable. The first was to develop an entirely new computer program comprising a number of modular 
elements .each designed to. achieve a particular objective of the 
bridge rating and analysis. Because the development of a totally 
new computer package that did not utilize previously developed 
software would be very time consuming, extremely inefficient, 
and certainly not cost-effective, this alternative was given 
little consideration. 

A second alternative was to use one of the large-scale 
programs that had been developed by another state agency or a private firm. This approach necessarily imposes certain consZraints 
on the user in terms of the amount of input required and the 
volume of output provided. This alternative was, in fact, the 
one adopted initially by the Department. After careful review, 
the DeparZment had chosen the BRASS program developed by the 
state of Wyoming. However, the input required to obtain the 
rating of a simple continuous girder bridge was found to be 
excessive and complicated and, accordingly, use of the program 
was limited., 

A third alternative was to adopt an existing large-scale 
compuZer code having t.he capability for analysis and rating of 
various types of bridge configurations and modify it to meeZ the 
needs for the 6ating of a particular bridge within the Virginia 
system. This approach, was adopted in this study. 

OBJECTIVE AND SCOPE 

The broad objective of the study was to develop an automated 
capabiliZy for the rating of continuous girder bridges of the 
type typically found in Virginia. 

To achieve the study objective, it was decided it would be 
necessary to 

I. meview existing computer programs,, such as 
BRASS, that have the capability of pemfomming 
a variety of bridge mating and analyses; 

2. select the best candidate program and 
identify the modifications necessary to 
render it useful to engineers within the 
Bridge Division; 



3. develop the modifications of this program 
and the software necessary to make the 
modified program usable; 

4. demonstrate and document the use of the 
modified program on a typical example 
problem; 

5. review its performance with engineers in the 
Bridge Division to ascertain possible improve- 
ments in subsequent similar work. 

CONDUCT OF STUDY 

The five activities pursued in achieving the study 
objective are described under the succeeding subheadings. 

Re view 0 f, Ex.i.s,,tin g_ ,.Pro grams 
A number of reviews of existing programs have been compiled 

and publiahed(1, 2), and only brief descriptions of the program• 
considered for use in Virginia will be given here. 

One of the earliest and most widely used computer programs 
for bridge rating is the BRASS program previously referred to. (3) 
This program has the capability for the design, review, or load 
rating of a variety of bridge types, including the deck and 
various portions of the superstructures. It will handle steel 
girders, concrete girders, concrete slabs, timber beams, and 
composite concrete steel girders. However, even though the system 
is capable of performing a variety of functions, the input 
necessary to define the particular features of a specific 
problem is excessive and complicated. In addition, because 
various components of this program were developed in the early 
1960's, a number of the procedures used in the analysis modules 
are obsolete. 

The Control Data Corporation developed a program called BARS 
for the rating of bridges. According to the corporation, the 
system can establish the inventory and operating rating required 
by the AASHTO specifications and the posting, rating, and special 
permit analysis required, by various states using working stress 
methods. 



Another program, BRRAT, was developed by the Pennsylvania 
Department of Transportation specifically Zo compute load ratings 
and determine load limits on bridges. Its capabilities and the 
melatively simple input mequired for this program made it an 
attractive candidaZe, along with BRASS, for use in the pmesent 
study. B'RRAT will determine the inventory-and operating, and 
safe load capacity ratings for the following types of bridges- 
(I) single-span, reinforced slab; (2) single-span, meinfomced 
concrete T-beam; (8) simple and continuous span multi-girdem 
steel girder; (•) simple and continuous span with a girder- 
floor beam-stmingem system; and (5) simple and continuous span 
t•uss. 

Four other bridge rating programs namely OVLOAD, developed 
by the New Mexico State Highway Department; MARYLAND, developed' 
by the Maryland State Highway Department; VERMONT, developed by 
•he Vermont State Highway Department; and OKLAHOMA, developed by 
the Oklahoma State Highway Department- have been developed for 
bridge rating and some are seeing limited use. However, Zhese 
four programs have more restrictions than the three initially 
discussed and, after preliminary review, were no• given further 
consideration. 

Program Selection and ldentifi.cation of Needed Modifications 

Program Selection 

After a review of programs having the desired capabilities, 
it was determined that the BRASS program would be the most 
logical candidate for modification. At the same time, the 
review had indicated that the BRRAT program developed by the 
Pennsylvania Department of Transportation might also be worthy 
of further consideration, since it was inherently a simpler 
program than BRASS in terms of input preparation. Accordingly, 
at this particular stage of the investigation, a dual approach 
was decided upon- (I) BRASS would be investigated with the idea 
of either modifying it internally or modifying just the input 
and output to provide the necessary automated capability for 
rating; and (2) a limited amount of study would be given to the 
BRRAT program in the event that some backup program might be 
necessary. 

BRASS was selected as the primary candidate because of its 
ready availability, its long period of use (approximately ten 
years), and its widespread use. Accordingly, it was felt that 
the BRASS ouZput was reliable and well checked for analysis and 
the rating of continuous girder bridges. Many of the other 



programs, such as BRKAT, had been used by relatively few states 
and thus their reliability and validity were considered low 
relative to those of the BRASS program. 

Needed Mo'difications 

In the initial stages of the project, it was planned to 
affect the modification to BRASS by reviewing the internal 
modular components of the total program, removing those components 
that pertained directly to a continuous girder bridge, and 
reassembling the program with appropriate modifications of the 
software. The modified program would thus be simpler, more 
streamlined than the original, and would not only have simplified 
input requirements and limited output but would also be more efficient in terms of operation. Accordingly, a significant 
amount of time was allocated to gaining familiarity with the 
internal workings of the BRASS program and identifying those 
parts necessary for the analysis and rating of continuous girder 
bridges. 

The input for the BRASS program was not only unnecessarily 
extensive, it was confusing and at times difficult to interpret. 
For the analysis and rating of typical highway bridges, this 
program can be thought of as consisting of four major components" 
the structural analysis component, the structural loading 
component, the girder section design and review component, and 
the deck design and review component. Each of these components 
has separate distinct input which must be generated and developed 
separately. 

The deck design component calculates actual stresses, 
allowable stresses, and load facto.rs for concrete and timber decks. 
If this type of information is desired, the input requires all 
details associated with the slab itself and includes such items 
as thickness of the slab, percentage of tensile and compressive 
steel, location of the reinforcing steel, strength of the concrete 
and steel, and geometric details on such appurtenances as curbs 
and parapets. In addition, it requires a number of input items 
relating to the loading and the allowable stresses within the 
steel and concrete. The bridge-engineers responsible for. the rating of continuous girder bridges indicated that the deck rating was of little concern and, accordingly, this feature was 
deleted from the capability of the. modified program. This was accomplished within the preprocessor that will be described 
subsequently. 

The structural analysis component of the program performs 
all of the analysis computations required to analyze and determine 
stresses throughout the bridge configuration. The input for 
this component includes information concerning the geometry of 
the structure and detailed descriptions of the girder configuration• 



the locaZions at which specific analyses are to be conducted, 
specific structural properties for each of the girders, and, 
finally, the specific type and format of output desired. 

The structural loading component generates the actual 
loading to be used for the final rating and uses as input 
influence lines generated by the structural analysis component. 
The loading component generates both dead load and live load 
magnitudes, depending on the geometry of the structure and on 
the specific vehicle loading prescribed by the user. Input for 
this component includes the wheel loadings of the trucks to be 
used, any superimposed dead loads not included by the bridge 
definition prescribed earlier, and other special information or 
unusual loading configurations. 

The girder section design review and rating component simply performs the. design and rating of steel, concrete, timber, 
and composite sections. 

If the BRASS program were to be used without modification, 
it is obv±ous that extensive input would be required to provide 
the information necessary for the operation of each of the 
above components. Howeve.r• for continuous gi•.der bridges• in 
which the primary concerns are with the capacity of the girders, 
it is obvious the desired results could be achieved with signifi- 
cantly le-ss input data. It is precisely this objective that is the 
purpose of the preprocessor described in the following section. 

Development O_f_ _Prepro ce s,s o,,r 

Subsequent to the review of the modular components of the 
BRASS program, two factors served to significantly change the 
direction of the research effort. One was that it became apparent 
that the task of disassembling and reassembling the component 
parts of the program into an efficient smaller program would be 
extremely difficult in view of the time and budgetary constraints 
on the. project. More importantly, however, personnel in the 
Automatic Data Processing (ADP) Division of the Department, 
who are responsible for the upkeep and maintenance of large 
systems programs, did not wish the BRASS program to be modified 
in any way.. They suggested that a preferable alternate direction 
would be to simply develop a preprocessor for BRASS which would 
accept input that would be simple and easily developed by bridge 
engineers but which would then generate the large amount of 
input data required by the BRASS program. This would permit BRASS 
to be operated in an unmodified state while at the same time 
providing for simplified input from the user's point of view. 



The only drawback to this approach was that while the input and 
output could be simplified, the operation of the program would 
remain unmodified and inefficient and hence the program would 
still likely be rather expensive to use. 

Aftsr extensive discussions with personnel in the ADP 
Division, it was decided to reorient the objective of the project 
to the development of a preprocessor for BRASS that would enable 
the bridge engineer to input only those data necessary for the 
analysis and rating of continuous girder bridges and that would 
generate the remaining information required by the input portion 
of the BRASS program. Such a development would still meet the 
overall objective of the study; namely, the development of a relatively simple automated capability for the rating of 
continuous girder bridges. 

Input Re qu.ir.e..men.t.s 
As noted earlier, the input requirements for the BRASS 

program are exceedingly lengthy and even confusing in terms of 
what is required for a particular problem. For example, the input data sheets that must be completed for a problem analysis 
by BRASS are shown in Appendix A. It may be seen that the input 
is separated into four groups, each group being identified by a particular data code control, card. All input cards associated 
with data code 001 pertain to the structural analysis component. 
The input data required under data code 002 are those items of 
information needed to completely define the structural loading. 
Data code 005 refers to that input information used in the girder 
section design and review component; and, finally, data code 006 
is input information associated with the deck design and. review 
components. 

In all, these input components require a total of over 700 
individual pieces of input information. However, for a particular 
type of bridge and for a particular function, such as an analysis 
or rating, all of thi• information is not required.. Nevertheless, 
it is extremely cumbersome and time consuming for a bridge 
engineer to identify preciaely the minimum information necessary 
to adequately define, a problem. 

In this study the concern was limited to the rating of 
continuous girder bridges.. Although a rating of this particular 
type of bridge using the BRASS program requires input under each 
of the four input components, the numSer of input items is 
considerably reduced. In fact, the most complete description 
of any type of continuous girder bridge, for which only a rating 
is required requires approximately 300 items of input. Much of 
this information is necessary to define the type of bridge being 
considered and to provide information that, for the most part, 
is constant for steel girder bridges. 



In this phase of the investigation, the major effomt was 
devoted to identifying the minimum input considered essential by 
bridge engineers for defining the characteristics of a continuous 
girder bridge for rating under the BRASS program. The relative 
simplicity of the new input preparaZion developed under this 
project •an be better understood by comparing the new input with 
the input required for rating a continuous girder bridge under 
the unmodified BRASS system. This latter input is provided in 
Appendix B, in which over • 1/2 pages of input, numbering over 
800 individual items, are required. 

After reviewing and evaluating the input defined by the 
BRASS program, and after discussions with bridge engineers in 
Richmond, it was determined that an automated rating of a typical 
continuous girder bridge that would provide the minimum information 
needed by the bridge engineer could be accomplished by defining 
only 81 pieces of input data. A form for the preparation of 
these data and the identification of the individual items is 
given in Appendix C. 

The development of the preprocessor was based on the simple 
logic following The input data flow as indicated in the BRASS 
User's Manual and in the sample problem for a plate girder shown 
in Appendix B. Each sequential operation in the preprocessor was 
then defined to either read the data that would .form a part of 
the preprocessor input, or simply define the daia that would 
automatically be prescribed to.. the BRASS program. A listing of 
the preprocessor subroutine is shown in Appendix D. A brief 
description of the logic in the preprocessor will be provided by 
following through the first two or three data cards which are typical of all those that follow. 

Input. Definition 
The input to the preprocessor consists of data contained on 

II data cards as illustrated by the table in Appendix C. The 
first input card, which contains the integers i00 in columns i-8, 
is a title card in which any alphanumeric information contained 
in columns •-80 is simply reproduced by the preprocessor program. 
The remaining 10 cards contain data required by the BRASS input 
routine and input as eight: pieces of data per card, each contained 
in a 10-column block. The last data card contains only one block 
of information. Thus a total of 7S items of input data are to 
be provided by the engineer. 

Referring to the listing of the preprocessor in Appendix D• 
all the input is read in by one READ statement and is identified 
in the program as a vector V dimensioned as V(80). This informa- 
tion is then redefined in the preprocessor as a variable 
vector OP dimensioned as OP(8). The elements of the output 



vector OP consist of either the input variables V or constants. 
When each of The eight elements of OP have been defined in the 
preprocessor, they are output on a file tha• forms the input 
file for BRASS. Thus the preprocessor essentially consists of 
the following operations- (i) •ead and output title card; 
(2) mead .all input data as a vector V; and (8) from the input 
data and design parameters, which are constants, generate a 
semies of 8-element vecZoms 0P which are, in turn, output to 
a file that forums the input to BRASS. 

The BRASS input requires data cards containing 8 pieces of 
information. As may be noted by referring to the typical BRASS 
input format in Appendix B, the first 2 of these define a data 
code and work code and the remaining 6 blocks define actual 
parameters for the program. For example, on the sample input 
for the plate girder bridge shown in Appendix B, the first card 
has a work code DC, a data code 006, which defines the information 
that follows to be associated with that deck design component, 
and then 6 numerical entries. The first entry in columns 6 and 
7 are the integers i i, which defines the desired output to be 
a rating. The second entry in column 16 is the integer 8, which 
defines the problem as a continuous slab over steel girders. 
Entry 3, the integer 2, defines the steel girders, and entry 4 
is the integer 20, which specifies that cantilever spans are 
not involved. Entry 5 is used only if the deck is timber; and, 
finally, e.ntry 6 is an impact factor that is usually taken to be 
0.3. Since the entries in the first card will. be the same for 
the rating of all continuous girder bridges, these were directly 
defined in the preprocessor to be fixed values. 

The second card, which has a data code of ii in columns 4 and 
5 for the BRASS input, is similar to the first in that most of 
the entries are also constants for the rating of a continuous 
girder bridge. The only exceptions are entry 2 and entry 6. In 
the sample program, entry 2 has a walue of 0.75 which is the area 
of the tensile steel in the positive moment region of the slab. 
In the preprocessor this entry is the variable 0P(4), which is 
set equal to the input parameter V(1). As may be seen from 
Appendix C, V(1) is defined as the required area of steel. Entry 
6 in the BRASS input sample problem has a value of 1.38. This 
is essentially the thickness of the concrete cover measured from 
the bottom of the deck. Since this value may vary, it is 
designated as a variabl.e V(2) in the preprocessor input. In the 
preprocessor program, the parameter OP(8) is thus set equal to V(2). 

The remainder of the preprocessor is developed in the same 
manner. Thus by simply reading in 73 pieces, of information it 
is possibie., to generate an output file that is used as input Zo 
the BRASS program and that contains approximately 300 pieces of 
information. This reduction in data preparation can be accomplished 
only because most of the data required by the BRASS program consist 
of constant values for a particular type of bridge. 



It is appropriate, now, to review the restrictions in the 
scope of this modified BRASS program and preprocessor to define 
the type of bridge and the characteristics of the bridge that 
can be handled under this rating program. 

Sc, oPe ,of ,P,•,ePr °ces s.gr 

As noted earlier, the primary objective of this study was 
to ascertain whether or not an automated capability based on an existing program for bridge rating could be conveniently and 
efficiently provided for the Bridge Division. The scope was 
limited to consideration of continuous girder bridges of the type 
commonly found on a large number of on-system bridges in Virginia. 
Accordingly, in the development of the preprocessor• which would 
ultimately assemble data for the BRASS program• it was convenient 
to incorporate certain !imitaZions on the number and type of 
parameters that would be accepted by this program. Later• any 
of these limitations noZ desired by the Bridge Division could be 
easily removed and as much generality as desired could be included 
in the preprocessor. 

As suggested by engineers within the Bridge Division, the 
primary concern for rating continuous girder bridges was the 
analysis and capacity rating of the girders themselves rather 
than the slab. Accordingly• the rating of the slab was not included 
.in the program. 0nly that slab data necessary to enable the 
BRASS program to operate was included in the preprocess0m. 

On Input Card No. • of the preprocessor input (Appendix C), 
the number of typical cross section.s refers to the cross-sectional 
configurations within a given span. Based on discussions with 
bridge engineers and a review of a number of bridge types in use, 
it was decided to arbitrarily limit this number to three. This 
would account for the existence of cover plates within a span 
and should be adequate to handle most of the bridges to be studied. 
Also on Input Card No. 8, the number of each. span is specified. 
It was decided to limit the number of spans to five. If desired 
in the future, the number of spans can easily be extended. 

Input Card No. 8 contains, in columns 21 through 50, a description of three cross-section types. These refer to the 
total number of distinct cross-sectional configurations throughout 
all of the spans. In this study, it was decided to limit the 
number of cross-section types to three. Again, this limitation 
can easily be removed with a minimum of program modification. 
Finally, referring to the last two input data cards, the loading 
permitted under this modified program is somewhat more limited 
than that in the original BRASS program. This preprocessor 
program is limited to two types of loading. One is an HS-20 
truck loading specified in terms of total weight on Input Card No. I0 

i0 



and by axle spacing and wheel loads specified as constants within 
the preprocessor. The other, the only input item in Input Cared Ii, 
is the superimposed dead load, which •efers to a uniform load 
on all spans and may be used in addition to or in lieu of the 
HS-20 tmuck loading. These Two loadings were felt to be adequaZe 
to mepresent the majority of bmidge !oadings necessary fo• maZing 
continuous girdem bridges. This inpuZ mestriction also can easily 
be memoved and loadings can be modified to include up to three 
truck configumations with vamying wheel loads, axle spacings, and 
uniform loads on different spans. 

Demonstration and Documentation 

BRASS S.ampl.e... p•o.b.l.em_ 
Volume 2 of the BRASS Usem's Manual contains a number of 

example problems thaZ were run on the original BRASS system 
including full input. (•) One of the sample problems, identified 
as Sample Problem No. 2 in the Manual, used a five-span, welded 
plate gimder bridge similar in detail and configumation to the 
type of bridge desired to be rated using the program developed 
in this study. Details of the bridge, including dimensions and 
cross-sectional properties, may be found in Figure I. The input 
necessary for the rating and analysis of this bridge, as previously described, is provided in Appendix B. This same input 
information, with only a slight modification to account for a single load rather than three trucks in the sample problem, was 
punched following the format shown in the BRASS Manual. This 
problem was then runon the IBM computer in Richmond to obtain 
a rating for this bridge. 

The same bridge was rated using the modified BRASS program 
by preparing input for the preprocessor consistent with the 
table shown in Appendix C and the corresponding input data shown 
in Appendix D. This problem was then run using the modified 
BRASS program in which the simplified input generated an input 
file subsequently used as input to the regular BRASS program. 
The input to.the BRASS program should have been the same for 
both example runs. The purpose of this sample application was simply to verify that the preprocessor did, in fact, operate as 
it should by comparing results from the modified BRASS run with 
those from the original full-scale run. The outputs from the 
programs were identical and the information reproduced from the 
computer sheets are provided in Appendix E. 

Ii 
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Figure i Sample Problem- 
bridge. (4) 

five-span, welded plate girder 
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BRRAT ,S ,ampl e Problem 

The original objective of the project, namely the modifica- 
tion of the BRASS program to accept c,onsiderably simplified input 
preparation, was successfully completed and was found to yield 
results i.•entical to those obtained = 

• rom the full-scale input. 
As a point of comparison, and because of the high cost of BRASS 
noted during this study it was felt appropriate to extend the 
study to review at least one other program. The BRRAT program developed by the Pennsylvania Department of Transportation was 
selected. 

As described earlier, the BRRAT program is of relatively 
recent vintage and is not widely uaed. It appears to have been 
developed primarily as a research tool. Nevertheless, the 
apparant simplicity of the program makes it appealing. 

It should be noted that the purpose of this limited consider- 
ation of BRRAT was simply to provide a point of comparison with 
the modified BRASS program to see whether or not any further 
consideration of BRRAT would be warranted. The input required 
for this program is simpler than that required for BRASS and a comparison can best be made by comparing the inputs for the 
sample problem run previously. As noted earlier, the input for 
the full BRASS program is shown in Appendix B and the input for 
the modified BRASS program (input to the preprocessor) is shown 
in Appendix C. For comparison,• the input for the same sample 
problem for the BRRAT program is s.hown in Appendix F. Clearly 
the input is much simpler, partly because much of the information 
required for the BRASS program is either assumed or neglected in 
the BRRAT program. For example, only one modulus of elasticity 
corresponding to a single grade of steel is permitted in the 
BRRAT program, whereas composite girders may be handled in the 
BRASS program. 

Nevertheless, it is instructive to compare the outputs from 
the two programs. The output for the BRRAT program is shown in 
Appendix G. A comparison of this output with that from the BRASS 
program indicates clearly that the amount of output from the 
BRP•AT program is considerably less, although it would appear that 
the baaic informat±on is still available; namely, the location of 
the critical section and the specific values for the inventory 
rating, operating rating, and safe load capacity. 

In comparing the two, it is noted that the inventory rating 
from the BRASS program identified the critical point as the mid- 
point of span No. 3 when the inventory rating was 1.13. Correspon- dingly, from the BRRAT program it is observed that the location 
of the critical section was identified to be "137.0 feet from 
the left end of span 3". In the BRRAT rating output it may be 
seen that the values for the inventory rating, operating rating, 
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and safe load capacity are 1.27, 2.08, and 2.18, respectively. 
In the BRASS rating output, the inventory rating at mid-span 
was foun• to be 1.13, but at the right support the rating was 
1.26. The minimum value of the operating rating was 1.76, and 
no corresponding figure for safe load capacity was given, 
although ,.o 

in BRASS the inventory load rating is prescribed to 
be 40.?i tons. 

Although these runs were for the same problem, there are only minor differences in values for the minimum inventory and 
operating ratings, even though the critical sections were 
identified to be at different locations in the same span. These 
relatively small differences in rating values and locations can 
be ascribed to a number of factors. First, the BRASS rating was 
obtained for girders whose modulus for the web and flange were different, a capability which was not present in the BRRAT 
program. Differences also can be ascribed to the fact that the 
two programs used different techniques for defining the precise 
load on the girders and for analyzing the bridge. Nevertheless, 
the very close agreement between the values of the ratings 
obtained would seem to indicate that either program could be 
used reasonably effectively. The best check might be to rate 
a given bridge using both programs and a manual procedure. 

Evaluation 

The final evaluation of the modified BRASS program, must 
be made by users of the program in the Bridge Division. Never- 
theless, a comparison, of the ratings obtained with the original 
BRASS program, the modified program, and the BRRAT program, 
indicates that the modified program is successful. While the 
program developed can provide a BRASS rating with input sufficiently 
simple to be attractive to potential users, the cost, appears 
unreasonably high. The BRRAT program is a relatively new program 
that has seen little field application and its reliability has 
not been fully evaluated. In spite of this, it does provide 
easy input and although the output is limited, the key features 
of the output such as the identification of the critical section 
and the corresponding values of inventory and operating rating 
were found to be close .to those obtained from the BRASS program. 
A far more important consideration in judging which program to 
use, however, is cost. 

The costs of running BRASS and BRRAT for the same sample 
problem were compared and the cost differences were found to be 
dramatic. The average cost for a BRASS run was in excess of 
$450 for the rating of a 5-span, continuous girder bridge. The 
cost of a rating of the same bridge, admittedly in a more limited 
context, using the BRRAT program was less than $ii. Based only 
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on this information, it would seem worthwhile for bridge engineers 
to at least pursue additional comparisons of BRASS and BRRAT. 
Unless the BRASS program can be made more economical to run, even the provision for simplified input would not make it attractive 
for use compared to the less costly BRRAT program. In this 
regard, i.t has recently been learned that a new release of BRASS 
is now available and this may prove to be more economical than 
the old one. 

RECOMMENDATIONS 

It is recommended that the BRRAT program be given consideration 
as aZ least a candidate for checking bridge ratings as currently 
conducted by the Bridge Division. 

It is also recommended that a rating of a continuous girder bridge structure be determined manually and the results compared 
with the output obtained from the BRRAT and the modified BRASS 
pro grams. 

Consideration should also be given to obtaining bridge ratings 
with the BRASS program recently made available to determine their 
costs. 
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APPENDI• B 

Input Needed for a Continuous Girder Bridge Sample 
Problem Under the Unmodified BRASS System 
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APPENDIX C 

Input Needed •or the Sample Problem in Appendix B•Under 
Modified BRASS System 



,27• 

0 

0 

C-2 



APPENDIXD 

Listing of the Preprocessor Subroutine in the 
Modified BRASS System 
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APPENDIX E 

Output of the Sample Problem Shown in Figure l•-- 
Same Output was Obtained in Both the Unmodified a•d the 

Modified BRASS Systems 
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APPENDIX F 

Input Needed for BRRAT Program to Solve 
the Sample Problem of Figure I 





APPENDIX G 

Output of the Sample Problem Shown in Figure i 
Using BRRAT 
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