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ABSTRACT -

The utilization of microcomputers in bridge design activities in state
transportation departments was evaluated through contacts with 32 state
agencies. While the present utilization of microcomputers was found to be
limited, subsequent research showed the current generation of 16-bit
machines to offer significant advantages in complementing existing computing
facilities in a manner that fully utilizes the power of both mainframe and
microcomputer. V )

The ability of microcomputers to run large bridge design applications
in a stand-alone mode was demonstrated by successfully downloading and
converting 4 mainframe programs, Running design and analysis programs in a
stand-alone mode frees the mainframe CPU and increases access to software
which can be run repetitively without mainframe cost considerations. When
access to larger applications on the mainframe are required, the micro-
computer used as an intelligent terminal can process input data locally and
send it to the mainframe for processing. Output data, in return, can be
downloaded to the microcomputer and reviewed off-line or input into micro-
computer applications such as spreadsheets or graphics packages for further
processing.
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PROBLEM STATEMENT

Computer applications in engineering design have had a dramatic
effect on the analysis and design process in general. Automating
analysis and design procedures has relegated much of the computational
" burden to machines, thus allowing the engineer more time to evaluate
alternatives and assume a more creative role in design and decision
making. Although the role that computers play may vary from one
organization to another, their effect has been revolutionary.

The manner in which design computations are carried out in state
departments of transportation is not standardized and varies greatly.
Most software developed for design and analysis calculations within
bridge divisions has been designed for implementation on large mainframe
computers. Bridge designers, in large measure, have access to these
programs via terminals, and this has created little demand for other
computer configurations such as microcomputers. However, recent devel-
opments in microcomputer design have resulted in microcomputers that
have stand-alone capabilities rivaling those of minicomputers and
mainframes and that also possess versatile communications capability.

Still, there seems to be considerable difference of opinion regard-
ing the role of microcomputers in bridge design. Many bridge divisions
having their own large computers and access through terminals find their
present configuration satisfactory and see no reason to incur the
additional expense of microcomputers. Other bridge engineers, however,
are required to use centralized state computer facilities sometimes
shared by other state agencies. The inconvenience in gaining access,
the high cost of computing and other charges, and excessive turnaround
‘time may not be acceptable. These engineers see the new generation of



microcomputers as a cost-effective and preferred alternative for using
much of the bridge design software available. The many advantages of
microcomputers, such as powerful computing capability, stand-alone
capability, communications capability, and cost-effectiveness make them
a powerful element in engineering computation.

In Virginia, much of the bridge design activities has been decen-
tralized to offices in eight districts across the state. The present
generation of microcomputers would appear to meet most of the computa-
tional needs of these offices, These smaller computers could supplement
the mainframe, possibly using downloaded, smaller programs in a more
efficient mode of operatiom.

" OBJECTIVES

The primary objective of this project was to examine the current
and future role of microcomputers in bridge design applications within
state departments of transportation. The focus was on the use of
microcomputers as a complement to present computing configurations to
increase productivity and enhance cost-effectiveness. To achieve this
objective, the tasks described below were undertaken.

First, the current manner in which bridge engineers utilize comput-
ers for design and analysis was evaluated. This was accomplished by
contacting the Federal Highway Administration (FHWA), the American
Association of State Highway Officials, and the Highway Engineer Ex-
change Program to solicit available information. Subsequently, several
states were surveyed by phone to determine the computer configurations
they presently use for bridge design applications and their current and
projected uses of microcomputers.

Second, the capabilities of the present generation of 16-bit
microcomputers in bridge design applications were evaluated . This
evaluation consisted of compiling data on microcomputer capacities,
operating systems, costs, and available languages. Several models of
microcomputers currently available were used to run typical bridge
design software and their performances were compared.

Third, the feasibility of converting current bridge design software
from mainframes to microcomputers was evaluated through conversions of
existing software. This conversion looked at how to download programs
from a mainframe to a microcomputer, and the effect of downloading on
programs in terms of compile/executlon time, memory restrictions, and
portability of the language.



Finally, after examination and study of the information collected
and the tests performed, the potential for increased usage of microcom-
puters in bridge design activities was evaluated.

MICROCOMPUTER USE IN STATE BRIDGE DIVISIONS

To determine the trends in microcomputer use in the bridge di-
visions of various state departments of transportation, an informal
telephone survey was undertaken. Through such an informal discussion
format it was possible to gain a better insight into the subject than
would have been possible using a formal written questionnaire. A total
of 32 states were contacted (see Table 1). Initially states were con-
tacted based on a prior knowledge of their use of microcomputers and in
the process other states involved in microcomputer usage were iden-
tified. Additionally, information on states making early progress in
the use of microcomputers for bridge-design-related activities was
obtained during a visit to the FHWA.

TABLE 1

STATES CONTACTED

Alabama Massachusetts Pennsylvania
California © Michigan . South Caroline
Colorado Minnesota South Dakota
Connecticut - Mississippi Tennessee
Delaware Montana Texas

Florida Nebraska Vermont
Georgia New Jersey Virginia
Illinois New York Washington
Iowa North Carolina West Virginia
Kentucky Ohio Wisconsin
Louisiana Oklahoma

The survey consisted of contacting a person within a state bridge
division or computer division and asking questions from a prepared list
(see Table 2). The questions were designed to determine the current
mainframe computing environment, to assess the level of satisfaction
with this environment, to identify the current utilization of microcom-
puters in bridge design applications, and to determine the attitudes and
perceptions of engineers regarding the usefulness of microcomputers in
design. Finally, any plans for future implementation of microcomputers
were discussed. A summary of the responses to the survey is presented
in Table 3.
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TABLE 2
Phone Survey Questions

What kind of computer system is used for bridge design and
analysis? '

Do your engineers and designers have computer access through
a. Direct access via a terminal? or

b. Submitting data uéing data entry forms?
(Data actually entered and program run by others)

Do you use microcomputers in bridge design?

If not, do you plan to purchase microcomputers in the near
future for use in bridge design activities?

Do you use your microcomputers as
a. A stand-alone unit? or

b. As an intelligent terminal linked to a larger
computer?

What kind of bridge design prograﬁs are run on your microcomputer?
Can a list of these prograﬁs be made available?
Are your design programs
a. Written in-house? or
b. Purchased from vendors?
What programming languages are used for programs written in-house?

Have you converted any programs currently running on a larger
computer to run on your microcomputer?

If so, how was the program converted?
a. Method of downloadiqg used.
b. Type of compiler or interpreter used.
Is increased use of microcomputers planned for the future?

a. If so, what are your plans? (i.e. upgrade to more
powerful machines, micro CAD systems, etc.)
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Summary of Responses to Questions 1-4 of TABLE 2 o
(MF: mainframe; MN: minicomputer) T
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(1) Microcomputers are used for spreadsheets, word processing, data
base management, etc.

(2) Microcomputers are used for planning.

(3) Microcomputers are used in roadway design.

(4)  Plans not defined at present.

(5) Microcomputers would be used more for construction management,
overload permit and splice design type work; number crunching
will still be done on mainframe.

(6) Could possibly get involved with microcomputers if they demonstrate
the ability to run large-scale programs in an efficient manner.

(7) Microcomputers currently used for field data collection.
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From the information obtained in the survey, several conclusions
were drawn. First, it was found that, as would be expected, the large
majority of states use mainframe computers in their bridge design and
analysis work. Thirty of 32 states contacted, or 94%, use mainframes as
their primary computers. The two remaining states utilize minicomput-
ers. However, in almost all instances the bridge divisions using
mainframes share them with other state agencies on some type of
time-sharing arrangement.

Almost all bridge design groups (947%) have direct access to the
computer through terminals located within the group. Additionally, some
states with remote design locations, such as Pennsylvania, have terminal
access at the district office level. Through terminal access, the
engineers are able to run mainframe applications in either an interac-
tive or batch mode, review the results, modify input if desired, and
rerun the application. Some states, such as Michigan and Delaware, use
screen form packages which simplify data entry at the terminal by
creating the actual input form for a given program on the terminal
screen., Most states with computer configurations of this type expressed
satisfaction with them.  In fact, 11 out of the 30 states with terminal
access to a mainframe or minicomputer indicated that it served their
computing needs completely, and they thus expressed little or no
interest in utilizing microcomputers.

However, the majority of the respondents did see some need for
improving their computing environment. Reasons cited included slow
turnaround time on time-share systems, a desire for better access to
software, and insufficient access to terminals connected to the .
mainframe. Of the 21 states indicating a need for improvement in
computer access, 9 states, including Virginia, have begun using
microcomputers in some capacity for bridge design. Another 9 states
indicated intentions to become involved in using microcomputers in
bridge design activities, although, for the most part, no specific plans
were reported. (See Table 3.)

The manner in which microcomputers are used for bridge design
purposes varies widely from state to state. For example, in Montana,
microcomputers are used almost exclusively for bridge design and analy-
sis. Design and analysis programs previously run on IBM minicomputers
have been converted from their original FORTRAN coding to BASIC and
adapted to an IBM-PC. In South Dakota, and as part of this project in
Virginia, FORTRAN bridge design and analysis programs have been down-
loaded from a mainframe computer and adapted to run on IBM-PC (or
compatible) microcomputers using available microcomputer FORTRAN
compilers. Ohio uses an IBM-PC 3270 networked to a mainframe and is
developing some specialized bridge-design-related applications. New
Jersey, taking an approach similar to that of Ohio, has recently pur-
chased several IBM-PC's which will have communications capability with
their mainframe via modems. These microcomputers were purchased to
satisfy the need of remote design locations for access to the mainframe
along with stand-alone computing capability.



Other states are using microcomputers in bridge-related areas but
to a lesser extent. New York uses microcomputers for project management
functions and for field data collection and review. Future uses may
include overload permit and splice design applications. Massachusetts
uses an IBM-PC for field data collection and expressed intentions of
utilizing it for additional bridge design applications in the future,

In Vermont, an IBM-PC AT to be delivered in the near future will be the
prime computer used for bridge design applicatioms.

In addition to the states already using or beginning to use micro-
computers, 9 other states have indicated a desire to begin using them in
the near future. Common among the responses from these states is an
uncertainty as to exactly what the capabilities of microcomputers are
when used in bridge design and analysis applications. Some engineers
expressed doubts as to the ability of these machines to handle large
programs; doubts also were expressed about how the integrity of software
would be maintained with it being distributed among several users.

Clearly, there is a need to better define the role that microcom-
puters can play in bridge design at the state level. Several instances
have been cited in which private design firms have acquired microcomput-
ers as a complement to their computer configurations to increase produc-
tivity and decrease overall computing costs. Such should also be true
in bridge design applications.

- MICROCOMPUTER HARDWARE CAPABILITIES

The first generation of microcomputers were based on 8-bit central
processing units (CPU's) and initially became available in the .late
seventies. Their use in engineering applications, and for most other
applications for that matter, was limited due to speed and memory
restrictions. The internal memory was commonly 64 kilobytes (kb), which
rendered them unable to run complex programs. Engineering applications
written for these machines were essentially small design aids written in
BASIC, and the costs for some of the early 8-bit microcomputers were
relatively high. The next generation of microcomputers were those with
16-bit CPU's and are the focus of this study.

Capabilities of 16-Bit Microcomputers

The current generation of 16-bit microcomputers generally use one
of three types of central processor. They are the Intel 8086 and 8088
CPU's and the Motorola 68000.(1l) The 8086 is a true 16-bit processor in
that it moves data through a 16-bit data bus and processes 16 bits at a
time. The 8088 moves data through an 8-bit bus and processes 16 bits at
a time. Thus the 8088 is a less powerful processor than the 8086. The
Motorola 68000 CPU is the most powerful of the three., It handles data



through a 16-bit data bus but processes 32 bits at a time, Even though
the 680C0 is significantly more powerful than the 8086 and 8088, it is
the least commonly used, because the 86/88 processors were around first
and there is more software written supporting them. (1)

The single most important advantage the 16-bit microcomputers have
over the earlier 8-bit machines is their internal memory capacity. The
internal memory is classified into two types: read-only-memory (ROM) and
random access memory {(RAM). The ROM is factory installed and is read
when the computer is turned on and also when various functions it
contains are required by the operating system, It is permanent and
cannot be altered by the computer operator. The ROM usually varies
between machines made by different manufacturers, even though the same
central processor is used. This may be a source of software incom-
patibility between machines.

The (RAM) is a temporary memory and is accessible to the user. It
gives computers their real power since it determines the size of appli-
cations that can be run on them. The IBM-PC (8088 CPU), for example,
has a memory capacity of one megabyte (1024 kb) with the first 256kb
reserved for ROM and the remaining 768 kb used for RAM functioms. A
system configured with this much RAM permits moderately sophisticated
computing, and in fact, represents a more powerful computing capability
than do many minicomputers.(l) Four different models of 16-bit micro-
computers were available for use during this project and are listed in
Table 4.

In addition to the internal memory capabilities of the 16-bit
microcomputers, a mass storage memory capability gives them access to
vast amounts of data outside the CPU of the machine. This memory is
considered long-term memory, since unlike RAM, it remains intact when
the machine is turned off. Mass storage memory usually refers to floppy
diskettes or hard disks, but can also be in the form of bubble storage
devices, tape, and disk emulation. Floppy disk storage is by far the
most common form of mass storage, although hard disk drives are rapidly
gaining ground. Floppy disks commonly come in 3 1/2-, 5 1/4- and 8-inch
sizes. The 5 1l/4~-inch drives are the most common and were employed on
all the microcomputers used in this project. The storage capacity on
the 5 1/4-inch diskettes can range from 320 kb to over one megabyte.

The machines used in this project all had a mass storage capacity of 360
kb using double-sided, double-density disk drives.

Another important consideration of the floppy disks is that they
are formatted by a special program that comes with the microcomputer's
operating system. Disk formats vary between different operating systems
capable of running on the same machine, the MS-DOS and CP/M, for exam-
ple. Disk formats can also vary between different versions of the same
operating system, the MS-DOS Ver. 1.1 and MS-DOS Ver. 2.1, for example.
In general, different formats are nearly all mutually incompatible. (1)



The problem of incompatibility has been lessened somewhat by the
availability of conversion software, but this software does not totally
solve the problem.

Althcough floppy disks are convenient, they are much slower and have
much less capacity than hard disk drives. Instead of the thin, flexible
disks of the floppys, hard disks are machined aluminum platters. These
platters are covered with a magnetic medium and are usually sealed
within a dust free enviromment, although removable hard disks are
available. The heads of the hard disk sweep near the surface of the

TABLE 4
MICROCOMPUTERS USED IN THIS PROJECT

ZENITH Z-151 (Marketed by NBI)

Word Length: 16-bit

Processor: Intel 8088

Operating System: MS-DOS

Installed RAM: 384 kb

Mass Storage: 2-360 kb DS/DD disk drives

IBM PERSONAL COMPUTER

Word Length: l6-bit

Processor: Intel 8088

Operating System: PC-DOS; CP/M; UCSD P-System
Installed RAM: 596 kb

Mass Storage: 2-360 kb DS/DD disk drives

COMPAQ PORTABLE COMPUTER

Word Length: 16-bit

Processor: Intel 8088

Operating System: MS-DOS; CP/M86; UCSD P-System
Installed RAM: 256 kb

Mass Storage: 2-360 kb DS/DD disk drives

AT&T PERSONAL COMPUTER 6300

Word Length: l6-bit

Processor: Intel 8086

Operating System: MS-DOS

Installed RAM: 512 kb

Mass Storage: 2-360 kb DS/DD disk drives
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disk without touching it. The storage capacity of the hard disks is
very high relative to that of floppy disks. This capacity can range
from 5 megabytes to 20 megabytes or more. Also, since the disks are
generally not removable, the compatibility problems associated with the
floppy disks are not encountered. With the price of hard disk drives
continuing to decrease, along with superior performance and a trend
toward removable disks, they could eventually replace the floppy drives.

Another type of mass storage worth mentioning is commonly known as
disk emulation or RAM disk. This method of storage is superior to that
of both the floppy disks and hard disks in terms of speed, but lacks the
permanence of the two. A RAM disk can be as much as 50 times faster
than a hard disk drive , as no mechanical parts are involved. A RAM
disk is created by software that, in effect, partitions the unused RAM
into what the computer thinks is an additional disk drive. RAM disks
are very useful when running a program which requires reading data
frequently from a disk. The mechanical reading and writing of data from
a floppy or hard disk can slow the execution time of the program, but
this will not be the case if a RAM disk is used. The only major
disadvantage of RAM disks is that their contents are lost at power-off,
Transferring the desired data to a permanent media before turning the
power off will alleviate this problem.

A large number of peripherals, including printers, plotters,
expansion cards, and storage devices, are available for use with the
16=-bit microcomputers. The peripherals usually interface with the
microcomputer in either a serial or parallel mode. Connection of a
serial device to the microcomputer will require installation of an
RS-232 interface card in one of the microcomputer's expansion slots.
Most of the numerous serial expansion cards available combine several
system enhancements, such as additional RAM chips, on a single card.
Similarly, connection of a parallel device will necessitate installation
of a parallel expansion card if one is not already present.

For a comprehensive source of available peripherals, publications
such as Computerworld's Microcomputer Hardware Buyer's Guide (2) and PC
World's Annual Hardware Review (3) are recommended. Additionally,
professional magazines such as Civil Engineering and Engineering News
Record periodically include announcements of new equipment, which makes
them good sources for current and new hardware items.

A complete discussion of microcomputer applications in bridge
design, or any other engineering field, should include the so-called
supermicrocomputers, which began to appear around 1980 and in recent
years have become increasingly common. . There is some disagreement as to
what criteria qualifies a machine as a supermicro. Several supermicros
employ both 16~ and 32-bit architecture, but what really sets these
machines apart from those already mentioned is performance.

10
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Supermicros compete in performance directly with mid-ranged mini-
computers. Some even have enough power to compete with higher level
minicomputers. For example, a supermicro based on a Motorola 68000 CPU
can address as much as 16 megabytes (mb) of internal memory, as opposed
to 1 mb for the 8088 CPU's discussed earlier. They also can possess a
storage memory capacity of over 100 mb. Perhaps most important, some of
these machines have virtual memory capacity, which allows the execution
of programs too large to fit into internal memory by allowing the
functioning part of the program to remain in the main memory at all
times. Virtual memory automatically loads the active part of a program
into the main memory in time to respond to revelant instructionms. (4)
Another way in which supermicros outperform earlier machines is in their
ability to support multiple users and multiple application tasks. Both
hardware design and operating system software play a role in achieving
such performance.(4) About one hundred companies manufacture
supermicros at present. Machines.used more specifically for scientific
and engineering applications come from Sun Microsystems, Apollo, and
Cadmus. (4) These supermicros can also be used in computer-aided-design
and computer-aided-eng1neer1ng functions,

Although hardware and software capabilities weigh heavily in
decisions concerning the use of microcomputers in bridge divisions, the
bottom line will probably be the costs associated with the equipment.
Hardware costs include the CPU, monitor, printer, and other peripherals.
Table 5 gives typical ranges for these costs. 'The estimated hardware
costs for supermicro systems range from $5,000 to $100,000 and up.
Included in this range are the new microcomputer based computer-aided-
design systems.(4) The cost of equipment will vary greatly depending on
the manufacturer, the vendor, and the status of the hlghly competitive
- and volatile microcomputer market.

TABLE 5
Typical Hardware Costs (Dollars)

CPU unit 2,000 to 5,000

1.

2. Floppy disks 300 to 1,000
3. Hard disks . 2,000 to 6,000
4, Printers 350 to 5,000
5. Communications hardware 100 and up

6. Memory expansion chips 200 and up

7. Memory expansion boards 200 and up

11
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Technology is changing so rapidly that there may be a feeling that
a system may become obsolete before it can be installed. However,
waiting to purchase the latest technology may result in no purchase at
all. Research of the available equipment versus current and anticipated
needs is highly important.

SOFTWARE CAPABILITIES

General Considerations

In terms of design applications, it is far more important to
consider software than hardware capabilities. In this section, software
capabilities of the 16~bit generation of microcomputers are reviewed.
Fundamental software is the operating system which ties the main proces-
sor and memory to the display, keyboard, and disks.

Some of the operating systems available for the 16-bit microcomput-
ers are the MS-DOS, CP/M-86 and the UCSD p-System, which are used for
single~tasking operations on stand-alone machines. Other operating
systems, used primarily for multi-tasking operations, are the Unix from
Bell Labs, MP/M (an advanced version of CP/M), Pick, and Oasis. The
leader among these multi-tasking operating systems is the Unix, of which
there are several versions for a wide variety of microcomputers.

The MS-DOS Version 2.11 is the operating system on the four micro-
computers used in this project and listed in Table &4, The operating
system used on the IBM-PC is called the PC-DOS, which is essentially the
same as the MS-DOS. The DOS operating systems are a collection of -
utilities which manage the operations and data within the computer.
There are more than 40 commands which control various computer
functions, some of which are essential for running the bridge applica-
tion programs of this project. All applicatioms run under the DOS,
which provides the flexibility of input and output of data and file
manipulation capabilities. Therefore, the capability of these microcom-
puters to perform large-scale design and analysis applicaticns lies not
only in the hardware and applications software, but also in the operat-
ing system. For more detailed information on the DOS refer to reference

).

Two capabilities of the MS-DOS which served well when running the
large FORTRAN bridge design programs encountered in this project were
(1) output files could be spooled to the printer while program execution
continued, and (2) batch capabilities allowed several program runs
without an operator present. Since the execution time of some programs
on microcomputers is slow relative to that on larger machines, the batch
capability is a distinct benefit.

12



The ability of the 16-bit microcomputers to handle a wide variety
of programming languages is a further indication of their computing
power and versatility. Most of these machines come with a Basic inter-
preter, but there are also several dozen compilers available for a
variety of languages. A fairly complete listing of these compilers and
languages is given in Table 6. :

When selecting a language for a particular application, factors to
be considered include ease of use, portability, and selection of the
best language for the task at hand. In general, however, the languages
that are easiest to use are the least flexible. Portability is probably
the most important consideration, since it allows programs to bte run on
different machines with little or no modification. It was found that
FORTRAN was by far the most popular language, and all of the application
programs developed were written in FORTRAN. Also, for this study, the
Microsoft FORTRAN compiler was the most convenient to use, especially
with large programs and on micros with no hard disk. The MS-FORTRAN
compiler used in this projéct conforms to subset FORTRAN as described in
ANST X3.9-1978, but also contains extensions to this standard. These
extensions are listed in the MS-FORTRAN User's Guide in the Appendix
(6). Minimizing use of these extensions increased portability, which
allowed the bridge design programs to be run easily on other microcom-
puters and the University of Virginia's Cyber mainframe.

Development of Design Software

With the tremendous growth in microcomputer hardware has come. a
corresponding growth in software and software vendors. 1In the bridge
engineering field, many of the vendors are engineers who have moved into
software development and brought several years of engineering applica-
tions experience into the market. The number of applications programs
for civil engineering and construction alone has become so large that
Hunt's Directory has made a business of keeping track of them and is a
good source of information on software for potential bridge applica-
tions. (7)

Currently, the majority of vendor-supplied programs are analysis
packages rather than design applications. Analysis programs require
less upkeep since design programs usually include codes which ‘are
subject to change. A review of several software sources found that few
bridge design applications were available. The design packages that
were found included three systems for small bridges, a pier design
program, a pile design program, an influence line generation program,
and several coordinate geometry programs. However, almost every con-
ceivable type of structural analysis program is available for all makes
of microcomputers. These analysis packages range from simple beam
analysis to full-feature, integrated finite element packages.

13
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TABLE 6
Major Programming Languages for 16-Bit Microcomputers

PASCAL COMPILERS

Turbo Pascal (Borland International)
Pascal/MT+ (Digital Research)
Micro Concurrent Pascal (Enertec, Inc.)
UCSD Pascal Compiler (IBM)
IBM PC Pascal Compiler 2.0
MS Pascal (Microsoft)
Pascal 86/88 (Real Time Computer Science Corporation)
UCSD Pascal Compiler (Softech Microsystems)
Concurrent Pascal 8086 (Soft Machines, Inc.)
. SBB Pascal (Software Building Blocks)

. o o e o o
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~ BASIC COMPILERS

CBASIC Compiler 2.0 (Digital Research)
BASIC Compiler (IBM)

ATV/BASIC (LanTech Systems, Inc.)

BASIC Compiler (Microsoft)

Business BASIC

BASIC Compiler (Quantum Software Systems)
BASIC Compiler (Softech Systems)

BASIC (Supersoft)

Squish (Versaterm Systems, LTD.)

O 00NN LN
.

BASIC INTERPRETERS

1. B1-286 1.4 (Control-C)
2. BASIC Interpreter (Microsoft)

COMBINED BASIC COMPILERS AND INTERPRETERS

APC BASIC (American Planning Corporation)

. MegaBASIC

HAI*BAS (Holland Automation USA, Inc.)

. Professional Basic (Morgan Computing Company, Inc.
Better BASIC (Summit Software Technology, Inc.)

(S SR OV U
. .

MODULA-2 COMPILERS

1. Logitech Modula-2/86 (Logitech, Inc.)

2. Modula-2 for the IBM~PC (Modula Corporation)
3. M2M-PC (Modula Research Institute)

4., Volition Systems Modula-2 (Volition Systems)

APL INTERPRETERS

IBM-PC APL (IBM)

Sharp APL/PC (I. P. Sharp Associates LTD.)
APL* PLUS/PC (STSC, Inc.)

. WATCOM APL (WATCOM Products, Inc.)

E N S
.
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TABLE 6 (continued)

FORTRAN COMPILERS

FORTRAN 77 (Digital Research)

FORTRAN 77 Compiler (IBM)

FORTRAN Compiler 2.0

FORTRAN Compiler (Microsoft)

87 FORTRAN/RTOS (MicroWare, Inc.)

FORTRAN 86/88 (Real-Time Computer Science Corporation)
FORTRAN 77 (Quantum Software Systems, Inc.)
FORTRAN 77 (Softech Microsystems)

FORTRAN Compiler (Supersoft)

Professional FORTRAN (IBM)

R/M FORTRAN (Ryan-McFarland)

OOV WN —

f—
e o o o o o o o o
. o C

FORTH COMPILERS AND INTERPRETERS

HSFORTH 2.01 (Harvard Softworks) A
. PC/FORTH 3.0 (Laboratory Microsystems, Inc.)
PC/FORTH+ 3.0

MMSFORTH (Miller Microcomputer Services)
MVP-FORTH PAD (Mountain View Press)

. FORTH-32 (Quest Research)

AU LN~
* o

C COMPILERS

C Compiler (C-Systems)

C Compiler (C Ware)

CC 86 (Control-C Software)

C86 (Computer Innovations, Inc.)

Small-C:PC (Custom software)

Digital Research C3 (Digital Research)
Lattice C Compiler (Lifeboat Associates)
Aztec C 86 1.06D (Manx Software Systems)

9. MWC-85 (Mark Williams Company)

10. C Compiler (Microsoft)

11. C Compiler (Quantum Software Systems, Inc.)
12, 1Inatant C (Rational Systems)

13. C 86/88 (Real-Time Computer Science Corporation)
14, C Compiler (Supersoft, Inc.)

15, C Compiler (Telecon Systems)

16, C Compiler (Whitesmith's LTD.)

o~V -~
. L]

COBOL COMPILERS

. COBOL Compiler (Digital Research)

MBP COBOL Compiler (MBP Software Systems Technology)
Level IT COBOL Compiler 2.6 (Micro Focus, Inc.)
Personal COBOL

. COBOL Compiler (Microsoft)

RM/COBOL (Ryan-McFarland)

AL -
L I

Source: Reference 8
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Many states develop software in-house for their mainframe applica-
tions. However, since the use of microcomputers in state bridge di-
visions is on a relatively small scale at present, similar software
development for micros is also limited. For states that already develop
software for mainframe bridge design applications, the development of
microcomputer applications would seem to be a logical extension.

Of the state bridge divisions currently utilizing microcomputers in
bridge design, a few, such as Montana, Ohio, and Virginia, develop some
software in-house. These programs are written primarily in BASIC,
although Montana has converted several bridge design applications from a
FORTRAN code running on an IBM 5100 minicomputer to BASIC for use on an
IBM-PC. Table 7 is a list of typical bridge design applications devel-
oped in this manner. Most of these programs are small and designed to
perform rather specialized functions. While a useful first step, they
do not fully meet the need of bridge divisions for general application
programs to run on micros.

Potentially one of the most attractive schemes for the development
of microcomputer software for bridge design applications is the down-~
loading and conversion of existing mainframe programs.

- TABLE 7
Bridge Design Applications Written In-House Using BASIC

1. Bridge Centerline Grade (Va.) v

Steel Beam or Girder Section Properties in Negative Moment Region

(Va.)

Steel Beam or Girder Section Properties (Va.)

Critical Moments and Shears (Va.)

Concrete Section Analysis (Va.)

Live Load Reactions on Pier or Abutment (Va.)

Bolted Beam/Girder Splice Design and Analysis (Va.)

Concentric Curve .Skewed Bridge Geometry (Va.)

. Bearing Stiffener Design or Analysis (Va.)

10. Transverse Stiffener Design or Analysis (Va.)

11. Straight Roadway Skewed Bridge Geometry and Elevations Along
Lines (Va.)

12. Various programs to determine bridge geometry and elevations
(Mont.)

13. Various programs to determine bent and girder reactions due to
various standard and nonstandard loadings (Mont.)

14. Slab Analysis by WSD or USD (Mont.)

15. Prestressed Beam Analysis (Mont.)

16. Prestressed Bulb T Beam Analysis (Mont.)

17, Welded Plate Girder Amalysis (Mont.)

18. Two Column Bent Programs (Mn)

19. Coordinate Geometry Program

20. Beam Splice Design (Ohio)

21. Crane Loading Program (Ohio)

22. Analysis of Composite Rolled Beam (Ohio)

N
.

O oo~ &~W
L]
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Conversion of Mainframe Programs

There are several advantages in having the ability to run
large-scale converted mainframe bridge design software on a microcomput-
er. First, it allows greater flexibility to the engineer, as applica-
tions can be run at any time without the need for access to a mainframe.
State bridge divisions may be only one type of several state agencies
who share time on a mainframe; thus, depending on demand, computer
access may not be possible due to a low priority. Also, microcomputers
can insulate bridge designers from the inconveniences of unscheduled
mainframe downtimes. The converted programs will also be familiar to
the users. Programs that were converted as part of this study utilized
the same input and output format as those run on the mainframe. 1In
states where design activities are carried out in remote locatiomns,
microcomputers can provide an efficient and relatively inexpensive means
of distributing computer power. The high costs of communicating with
mainframes over phone lines can be minimized. Converting mainframe
bridge design software to microcomputer use will ease demand on the
mainframe and thereby allow more processor time for other large agency
applications,

As part of this study, several attempts at downloading and con-
verting mainframe programs were made. These conversions provided a
means of identifying problems encountered and the level of effort
involved. With the assistance of the Bridge Division and the Informa-
tion Systems Division of the Virginia Department of Highways and Trans-
portation, copies of the bridge design programs listed in Table 8
were obtained. - .

TABLE 8 :

Bridge Design Programs Obtained by the Virginia Department
of Highways and Transportation

1. Prestressed Concrete I-Beam Design and Analysis Program
2. Steel Girder Design and Analysis Program (Composite)
3. Deck Slab Design Program
4, Critical Moments and Shears on a Simple Span for
Moving Loads
5. Bridge Geometry Program
6. Georgia Continuous Beam Program
7. Georgia Pier Program
8. SIMON (a complete design system for steel bridge

girders)
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Of the programs listed in Table 8, successful conversions were made
-of the first four, but a number of problems were encountered when
attempting to convert the remainder. First, many of the programs
currently run on mainframes have been around for a long time and are
written in early versions of FORTRAN., Some programs, such as the bridge
geometry program, were originally written in assembly language and then
converted to FORTRAN, Still others were written such that they required
machine dependent software., All of these problems require changes in
coding and the effort can become quite extensive. In fact, for some of
the programs which are not converted, major parts would have to be
rewritten entirely. Another obstacle to program conversion can be the
programming technique used by the original programmer. An example of
this occurred in both the Georgia continuous beam and Georgia pier
programs, which are fairly long programs containing few subroutines.
This can cause problems because large programs usually must be broken up
into groups of subroutines in order to be compiled on the microcomputer;
programs without subroutines may require major alterations to existing -
codes in order to be successfully compiled. Similarly, some programs
are simply too large to be converted for use on the current generation
of 16-bit microcomputers.

The programs converted in this project included those for the
design and analysis of a prestressed concrete I-beam and a steel girder;
the design of a deck slab; and the .analysis of critical moments and
shears. These programs are currently used by the Bridge Division of the
Virginia Department of Highways and Transportation on an IBM 3084
mainframe computer. All four are written in FORTRAN and were converted
for use on microcomputers as part of this project. Details of the
procedure used are included in the Appendix. 1In this section, two of
the large programs (prestressed beam and steel girder) will be used as
examples, of the type of bridge design applications that can be rum on
16-bit microcomputers. It should be noted that in the following
examples the executable run files for each program reside on the same
disk drive as the input and output files.

Details of two test problems run on each program but on different
microcomputers are given in Table 9. Table 9 also gives the program
source file size and executable run file size for the programs. These
test runs were made on each of the microcomputers mentioned earlier and
on an additional machine equipped with an 8087 math coprocessor chip.
The prestressed beam program is fairly long, with approximately 3CC0
FORTRAN statements in the source file and an executable run file size of
161,480 kb. This size program would certainly not run on the earlier
8-bit machines. Theoretically, an IBM-PC with a full RAM capacity of
640 kb could run an application program of comparable size. Potential
limitations related to mass storage capability for programs of this size
will be discussed later. Table 9 illustrates that not only does a
program of significant size run on the 16-bit microcomputers, but also
it executes in a reasonably short time.
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TABLE 9

Bridge Design Program Characteristics Illustrating Memory Capacity
and Execution Time

PRESTRESSED CONCRETE I-BEAM DESIGN AND ANALYSIS PROGRAM .
FORTRAN STATEMENTS IN SOURCE FILE: 2961
EXECUTABLE FILE SIZE: 161480 bytes

EXECUTION TIME (SECONDS)

ZENITH IBM-PC COMPAQ AT&T PC COMPAQ

TEST PROBLEM Z-151 PORTABLE W/8087
PB1 54 43 43 33 36
PB2 - 57 46 47 35 38

TEST PROBLEM DESCRIPTIONS:

PB1: Design of a standard AASHTO type 5 beam with standard HS-20
loading.
PB2: Design of a non AASHTO beam for HS-20 loading and additional

concentrated dead loads.

STEEL GIRDER DESIGN AND ANALYSIS PROGRAM
FORTRAN STATEMENTS IN SOURCE FILE: 896
EXECUTABLE FILE SIZE: 90360 bytes
EXECUTION TIME (SECONDS)

ZENITH IBM-~PC COMPAQ AT&T PC COMPAQ

TEST PROBLEM Z-151 PORTABLE W/8087
SG1 30 24 24 20 20
SG2 88 74 75 50 -+ 36

TEST PROGRAM DESCRIPTIONS:

«

SGl: Complete analysis of an interior bridge girder éf composite
construction.
SG2: Three separate complete designs of an interior composite

bridge girder at web depths of 48 in, 51 in, and 54 in.
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One factor that will affect execution time is the type of CPU
employed by the microcomputer. The IBM~PC, the Compaq Portable, and the
Zenith Z-151 all use the Intel 8088 CPU. A comparison of the test
results for the program run on the IBM and Compaq machines showed
virtually identical execution times. However, the run on the Zenith
Z-151 was about 207 slower than those on the IBM and Compaq. The
probable cause of this is differences in the basic input/output system
(BIOS) and other system architecture of the machines. The BIOS is a
collection of programs that control the handling of characters between
the microprocessor and other devices of the computer system, (8) and is

contained in a ROM chip on the microcomputer's system board.

The execution times for the test problems using the AT&T PC with
the 8086 CPU turned out to be faster than those for the 8088 machires.
This is not surprising since, as was mentioned earlier, the 8086 moves

"data to and from the CPU through a 16-bit data bus while the 8088
machines use an 8-bit bus.,

Another hardware feature which may have a dramatic effect on
program execution time is the 8087 math coprocessor. For the test
problems in Table 9 there was an increase in execution time of up to 60%
using an 8087. The extent to which the 8087 math coprocessor will
increase execution time depends largely on the math processing require-
ments of the program at hand. Programs which perform several iterations
will benefit most from an 8087. All of the bridge design software of
this project, and most of that available commercially, will be able to
take advantage of an 8087. There are disadvantages, however, to using
the 8087. It draws a significant percentage of the power supplied to
the system board of the microcomputer; in an IBM-PC it can use as much
as one-eighth of the system board power. The 8087 also generates a
significant amount of heat, so if the microcomputer has several expan-
sion cards installed, problems may arise. Excessive power consumption
and heat generation can cause erratic operation of the disk drives,
memory malfunctions, periodic lockup of the computer, unsafe heat
buildup inside the computer cabinet and, possibly burnout of the power
supply. It has been found that most combinations of the expansion cards
with an 8087 will allow safe operation of the microcomputer, but due to
the possible detrimental effects, each individual microcomputer system
should be properly evaluated before adding the 8087 coprocessor.(8)

Earlier, it was noted that a RAM disk may offer increased effi-
ciencies for running certain programs. To illustrate the pgrformance of
a RAM disk in this study, the same test problems from Table 9 were run
using a RAM disk, The results of the new runs are tabulated in Table
10. The amount of storage in the RAM disk drive varied between machines
depending on available RAM., Enough storage was allocated for the RAM
disks to allow the executable run files, the input files, and the output
files to be stored. This permits direct comparison of the results
summarized in Tables 9 and 10.
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A comparison of the results in Table 10 with those of Table 9 shows
that disk emulation significantly decreases execution times in all
cases. The decreased-execution times exhibited here can be attributed
wholly to decreased input/output time and the decreased time required
for the programs to be loaded into memory.

It is evident that the present generation of 16-bit microcomputers
exhibit considerable computing power in terms of internal and mass
storage memory. The information and examples given to this point
indicate that the current generation of microcomputers possess suffi-
cient computing power to be seriously considered as an alternative
to the mainframe for bridge design applicatioms.

TABLE 10

Comparison of Bridge Design Program Execution Times using a RAM Disk
: For Input/Output '

PRESTRESSED CONCRETE I-BEAM DESIGN AND ANALYSIS PROGRAM

EXECUTION TIME (SECONDS)

ZENITH IBM-PC COMPAQ AT&T PC COMPAQ

TEST PROBLEM Z-151 PORTABLE W/8087
PB1 Note 1 24 Note 1 12 Note 1

PB2 Note 1 27 v Note 1 14 Note 1

STEEL GIRDER DESIGN AND ANALYSIS PROGRAM

EXECUTION TIME (SECONDS)

ZENITH IBM-PC COMPAQ AT&T PC  COMPAQ

TEST PROBLEM 2-151 PORTABLE W/8087
SG1 16 12 12 7 9
5G2 83 59 59 28 22

NOTE: Insufficient memory exists to simultaneously create an emulated
disk drive and run the program.

All software must be properly maintained to ensure accurate,
reliable results. Inevitably, most software, especially new programs,
will have some bugs which will have to be worked out. Detection of
these errors and their removal from the program as fast as possible are
essential. And, as mentioned earlier, the ability to implement code
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changes and changes in design procedure is essential., Many of the
mainframe programs used for bridge design applications are usually
shared among states. The state that develops a given prcgram usually
assumes responsibility for maintaining the program and implementing
major changes. If one of these programs has been converted for micro-
computer use, subsequent changes must be transferred to the converted
version. This may prove difficult if changes are not well documented
and the conversion process requires extensive source code modifications.

Software development and purchases represent a sizable long-~term
investment. Changes in computing technology and outgrowing present
computing facilities may necessitate a future changeover to more power-
ful and sophisticated microcomputers. This can have a drastic effect on
currently used software, if software portability has not been suffi-
ciently considered early on. Software planning must consider the poten-
tial for future migration of programs to other computers. One way to
maximize portability is to utilize standard features of standard pro-
gramming languages and minimize the use of proprietary languages. Where
individual users continue to write programs, portability can be max-
imized by imposing guidelines for program development. These guidelines
should specify the languages and operating systems that can be used,
Also, complete program documentation should be required.

Finally, a consideration which has become intrinsically associated
with microcomputers is the control over the distribution of software.
Microcomputers have ushered in the age of truly distributed computing
power. Associated with this distribution is the distribution of soft-
ware, and some form of control must be implemented to properly manage
and maintain the integrity of common software. This can be accomplished
by centralizing the distribution of programs within the user division
and, where possible, distributing executable modules only. Suggested
changes to programs should be directed to a centralized location where
changes can be made to the source code and the programs then can be
redistributed.

There appears to be considerable interest in the utilization of
microcomputers in bridge design. As this interest translates into the
use of microcomputers, more and more microcomputer bridge design and
analysis software will become available. It has already been noted that
considerable programming of small design aids and some conversion of
mainframe software are taking place, at least in Virginia and South
Dakota. As with mainframe software, these microcomputer programs should
be available for sharing among the state bridge divisions. Converted
mainframe programs currently in use are shown in Table 11 and can be
obtained by contacting the bridge division in the states.
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TABLE 11
Currently Available Converted Mainframe Bridge Design Programs

1. Prestressed Concrete I-Beam Design and Analysis for Standard AASHTO
and Nonstandard, Simple Span Bridge Girders (Virginia)

2. Steel Bridge Girder Design and Analysis (Virginia)

3. Deck Slab Design (Virginia)

4, Critical Moments and Shears on a Simple Span (Virginia)

5. Georgia Bent Program (South Dakota)

6. Continuous Span Prestressed Concrete Bridge Girder Design
(South Dakota)

7. PCA Reinforced Concrete Column Design (South Dakota)

PLANS FOR MICROCOMPUTER IMPLEMENTATION

How and when a state DOT bridge design unit should start using
microcomputers depend on several factors. Basically, microcomputer use
should be considered anytime present computing capabilities require
enhancement, such as additional computing power, distribution of comput-
ing power, and addition of communications capabilities.

One of the major obstacles to large-scale microcomputer implementa-
tion by bridge design groups is their divergence from traditional
"computerization norms. Much computing in typical bridge design groups
is done through a mainframe controlled by a computer systems group,
which, at least initially, may be reluctant to accept changes
necessitated by the most efficient microcomputer implementation., The
support required for microcomputer implementation includes some level of
involvement of a computer systems group. The expertise these groups
possess in computer hardware systems and in software development and
maintenance will be necessary for proper implementation and support.
However, changes in traditional attitudes toward computing will be
necessary.

The basic computing configurations for 16-bit microcomputers are
either in stand-alone operation or as intelligent terminals linked to
mainframes. .

In a stand-alone mode the microcomputer operates independently and
self-sufficiently and provides a significant computing resource without
the disadvantages of a time-shared mainframe system. The advantages of
also using a microcomputer as an intelligent terminal are numerous. In
fact, the ability to use a microcomputer in this mode is an example of
how microcomputers can complement existing computer configurations in an
efficient and cost-effective manner; the key is the ability of the
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microcomputer to communicate with a mainframe. Communication enables
the engineer both to complement mainframe operations with the microcom-
puter capabilities and also to use mainframe resources to expand micro-
computer power. A number of communications packages are available that
allow engineers to communicate with virtually any mainframe system. In
this mode, the microcomputer can be used to run applications that are,
at present, too large for microcomputer implementation. - Also, off-line
preparation of data represents a potential for comsiderable cost
savings.,

When both personnel and machine costs are considered, the costs of
communicating between terminals and the mainframe have become a
relatively large portion of the total computational cost, since the
costs of computing are decreasing while those of communication and
personnel continue to rise.(9) Applications that use microcomputers to
assist in the preparation of data and to speed communications to the
mainframe show great potential. However, there are a number of costs
inherent in microcomputer implementation that go beyond the initial
purchase price. These include costs for service and maintenance
training and additional hardware and software.

Microcomputers, while not overly fragile, are subject to breakdowns
due to mechanical failure and extremes in environment. This will be
particularly important if the machines are used in the field. Costs of
this type are difficult to foresee and just as hard to plan against, but
can be minimized by properly instructing users in machine operation.

A major cost consideration is that related to training. For
example, it may be necessary to form and staff internal user support
groups. Other training-associated costs may include the value of the
time it takes individual users to learn how to operate the computer, the
value of productivity lost while the engineers become computer profi-
cient, the cost of time lost attempting to train persons who never
become computer proficient, and even the cost of time lost when skilled
users interrupt their own work to assist less skilled users with a
problem. (10)

Another unexpected cost may be the cost of acquiring additional
hardware and software., After initial installation, additional equipment
such as peripheral devices, expansion cards, memory, or software util-
‘ities frequently are needed. Many costs of this nature can be expected
over the life of the machine, but can be held to a minimum by proper
planning for current and future uses of the microcomputer installation.

Particular schemes for microcomputer implementation will vary among
states based on present computing configurations and the level of
satisfaction with these systems. Future computing needs will also play
a major role. In states such as Pennsylvania, where mainframe access is
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good all the way down to the district level and the level of satisfac-
tion is high, microcomputers may play a minor role at best. However, in
states where personnel are hampered in their access to a mainframe or
dissatisfied with the service they receive, microcomputers can be a
distinct benefit. Their usefulness is bound only by the imagination of
the engineer and his ability to modify problem solving techniques and
office procedures to effectively harness the computer's power. (9)
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SUMMARY AND CONCLUSIONS

In this study, an effort was made to assess the present overall
computer configurations used in state DOT bridge design groups,
determine the utilization of microcomputers in these groups, illustrate
applications of microcomputers in bridge design activities, and,
finally, to discuss various plans for the application of microcomputers
in bridge design.

To determine present overall computing configurations and
microcomputer utilization in bridge design, discussions were held with a
knowledgeable person in each of 32 state DOT bridge or computer service
groups. These discussions also sought to determine levels of
satisfaction with present computing systems. These discussicns yielded
the following findings.

1. Ninety-four percent of state DOT bridge design groups use
mainframes as their primary computing resource.

2. Ninety-four percent of these groups'have direct access to
the mainframe through terminals located within the group.

3. Eleven of the 30 states with terminal access indicated that
their computing needs are completely satisfied in this
manner.

4, The 21 remaining states indicated a need for improvement

‘ in their computing configuration. The most common reasons
given were --

a. slow turnaround time,

b. a desire for better hands-on access to software,
and

c. insufficient access to mainframe terminals.
5. Of the 21 states indicating a need for improvement --

a. nine have begun using microcomputers for bridge
design in some capacity, and

b. nine have indicated intentions to become involved
in using microcomputers in bridge design.

The results of the survey showed that, in general, the utilization
of microcomputers in bridge design at DOTs is at present very limited.
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Based on these results, other conclusions were drawn. They are:

1. There is a need to better define the role that micro-
computers can play in bridge design applications at
DOTs,

2. There is an uncertainty as to what the capabilities
of these microcomputers are for bridge design and
analysis applications.

3. There is doubt as to the ability‘of these machines to
handle large programs.

4, There is doubt about how the integrity of software would
be maintained when distributed among several users.

Subsequently, the ability of these microcomputers to run large
bridge design applications efficiently in a stand-alone mode was demon-
strated, and several considerations related to software were discussed.
These included sources of software, portability, and maintenance.

The modes of operation such as stand-alone and as an intelligent
terminal were viewed in the context of how they can best meet the
computing needs of bridge designers. A plan for using the microcomputer
as an intelligent terminal evolved which exhibited several beneficial
features of both modes. In this plan, many large bridge design and
analysis applications can be run in a stand-alone mode, thus freeing the
mainframe CPU and allowing greater access to software which can be run
repetitively without mainframe cost considerations. When access to
larger applications on the mainframe are required, the microcomputer
used as an intelligent terminal can process input data locally and send
it to the mainframe for processing. Output data, in return, can be
downloaded to the microcomputer and reviewed off-line. The output data
could then be input into microcomputer applications such as spreadsheets
or graphics packages for further processing. This plan shows how
microcomputers can complement existing computing facilities in a manner
which fully utilizes the power of the mainframe and the microcomputer in
an economical way.

The development of microcomputers signals a new era in computer
use. The significant computing power they possess, along with being
relatively inexpensive when compared to traditional large computers, has
assured their success. Their use is constantly being explored in many
business and engineering applications. Many state DOT bridge design
groups are in a position to make full use of microcomputer capabilities,
and some states have already begun to do so. Although many serious
organizational and financial considerations must be taken into account,
a well-planned computing system with microcomputers complementing
existing mainframes or minicomputers can significantly enhance present
computing capabilities.
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APPENDIX i
MAINFRAME TO MICROCOMPUTER SOFTWARE CONVERSIONS

A.l General

One of the tasks to be performed as part of this study was the
investigation of the feasibility of converting mainframe software to run
on a microcomputer. In the course of the project four programs were
converted. This Appendix will give an overview of the methods used to
accomplish this, including the method of downloading the programs from
the mainframe to the microcomputer and those for editing and compiling
the programs on the microcomputer. A detailed explanation of each
individual conversion follows ir sections A.5 through A.S8.

A.2 Downloading

Downloading is the process of transferring data or files from a
mainframe computer to a microcomputer. The exact method of doing this
will depend on the computer configuration. In general, a micro-
mainframe link and file transfer protocol are required. In this
project, copies of the four bridge design programs were obtained on tape
from the Bridge and Information Systems Divisions of the Virginia
Department of Highways and Transportation. This tape, in turn, was
stored on the University of Virginia's Cyber 180-855 mainframe computer
and the programs transferred to direct access files., After preliminary
editing on the Cyber, the program source files were downloaded onto
floppy diskettes via microcomputers with communications capability with
the Cyber, Two micro-mainframe communications methods were used
‘depending on the microcomputer location used. One method was over a
local area network and the other used a modem. Seé Figure A.l for a
graphic representation of the downloading procedure.

The communications software used to transfer the program source
files was obtained from the Academic Computing Center at the University
of Virginia. This software, called CONNECT, comes in various versioms
which can run on both the local area network or over a modem utilizing
several makes of microcomputers. CONNECT utilizes the Kermit file
transfer protocol developed at Columbia University to transmit files
between the microcomputer and mainframe, or vice versa. CONNECT was a
key link in the process of downloading and compiling the programs on the
microcomputer. It performed the file transfer flawlessly and relatively
quickly. The time to transfer a file was primarily determined by the
baud rate of the local area network or modem.

A.3 Editing and Compiling

After the program source files were downloaded to the micro, the
editing and compiling began. All of the programs required some
modification to get them into a microcomputer compatible form. The
incompatibilities which had to be corrected before the program could be
compiled and executed on the microcomputer fell into two general
categories: incompatibilities between the received FORTRAN IV format
and the FORTRAN-77 compiler used on the computer, and incompatibilities
between input/output methods.



4

. ~
(s ‘ i i

3

FIGURE A.l
DOWNLOADING PROCEDURE

TAPE. RECEIVED FROM
VDH&T

\

TAPE STORED ON UVA
CYBER 180/855

FILES CREATED FOR EACH
PROGRAM ON THE TAPE. ONE
FILE PER PROGRAM

PRELIMINARY EDITING :

FOR EXAMPLE, STATEMENT NOS.
IN COLS. 73-80 REMOVED TO
REDUCE FILE SIZE & CONSERVE
DISK SPACE

FILES DOWNLOADED TO
DISKETTE USING CONNECT
SOFTWARE

Y

BEGIN EDIT / COMPILE
PROCESS

SEE FIGURE A.2




Editing of the bridge design source listings was done using the IBM
Personal Editor, a limited-feature word processor, which is well suited
for this type of editing. It was able to handle the largest files
encountered with relative ease, could handle several files at once, and
had a search and replace capability and a text movement capability
within and between files. Refer to reference (11) for a detailed
description of the editor.

The edited programs were compiled on the microcomputer using the
Microsoft FORTRAN Compiler version 3.2 for the MS-DOS operating
system. (6) This compiler conforms to Subset FORTRAN as described in
ANSI X3.9-1978. It contains some extensions to the subset language and
some features of the full ANSI standard known as FORTRAN-77.

Essentially the compiler is a FORTRAN-77 compiler without some of the
features of the full FORTRAN~77 standard. No instances were encountered
in this project which requlred compiler capabilities beyond those of
MS-FORTRAN,

The set of files that comprise the MS—-FORTRAN compiler, along with
brief descriptions, are listed in Table A.l.

The process of compiling a FORTRAN program to run on the
microcomputer using MS-FORTRAN involves compiling the source code into
object code modules and linking these modules with any extermal
libraries which the program may require. Compiling requires two passes
of the compiler (a third optional pass was not required). The first
pass checks the source code for any syntax errors that may be present
and creates two intermediate files. The second pass reads the two
intermediate files created by pass one and creates the relocatable
object files which are written to disk. The relocatable object files,
or modules, are called relocatable because they have relative rather
~than absolute addresses. The final step in creating an executable
module is linking. The linker takes all the object modules and links
them with the MS-FORTRAN runtime library. The result is an executable
module with absolute addresses. A schematic of compiling and linking is
presented in Figure A.2. This general procedure is common to most
microcomputer FORTRAN compilers, not just MS~FORTRAN. Detailed
explanations of the compiling and linking procedure used for the four
programs mentioned earlier are given in sections A.5 through A.8. For a
detailed explanation of the MS-FORTRAN compiler see reference (6).

In the remainder of this appendix pertinent features of the compiler and
linker will be explained as needed.
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FILE
FOR1.EXE
PAS2.EXE
PAS3.EXE
FORTRAN.LIB
FORTRAN . MAP
MATH.LIB
MATH. MAP

8087.LIB

8087 .MAP

DOS2FOR.LIB

DOS2FOR.MAP

ALTMATH.LIB

ALTMATH,MAP

DECMATH.LIB

DECMATH.MAP
LINK.EXE
LINK.V2
NULF.OBJ
NULE6.0BJ

ENTX6L.ASM

TABLE A.1

MS-FORTRAN SOFTWARE SYSTEM (6)

DESCRIPTION

Pass one of the compiler

Pass two of the compiler

Pass three of the compiler

The default MS-FORTRAN runtime library

The 1link map for FORTRAN.LIB

The default floating point package library

The link map of MATH.LIB

An auxiliary library for use with programs that are
to run only on machines with the 8087 coprocessor
installed and whose size you wish to reduce

The link map of 8087.LIB

An auxiliary library containing an MS-DOS version
2,0 file system

A map of DOS2FOR.LIB

An auxiliary library containing high-speed
floating-point supported routines

A map of ALTHMATH.LIB

An auxiliary library containing decimal floating
point routines

The map of DECMATH.LIB

The default Microsoft Linker

Optional version of Microsoft LINK (MS-DOS 2.0)
The dummy file system

The dummy error system

The assembler source of the execution control module
that initializes and terminates every program



Figure A,2
THE COMPILE. AND LINK PROCESS

USING MS-FORTRAN

EDIT FORTRAN SOURCE
FILE USING THE PERSONAL
EDITOR OR COMPARABLE

A

B
From Pg.6

MS-FORTRAN
LINKER

EDITOR
Y (.FOR FILE EXTENSION)
§ MS-FORTRAN
PASS ONE
YES
_ ERRORS
(PASIBF.BIN AND PASIBF.SYM
INTERMEDIATE FILES CREATED)
i MS-FORTRAN
PASS TWO
(PASIBF.TMP INT. FILE CREATED &
DELETED PASIBF.BIN & PASIBF.SYM
DELETED)
YES
— ERRORS
| .OBJ RELOCATABLE MS-FORTRAN
"OBJECT MODULES RUNTIME LIBRARY
Y Y
Y

To Pg.6
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To Pg.6
B

From Pg.5

.EXE RUN
FILE

TEST RUN THE
.EXE FILE

YES

END

=FOR EXTE

. FOR FORTRAN source file
.OBJ Relocatable object file
.LST Source listing file
.LIB Library file

. EXE Executable run file

. MAP Linker map file

.BIN Binary file

. TMP Temporary file



The size of the source code to be compiled is limited by three
factors imposed by the design of the microcomputers, not the compiler.
First, the executable code must fit onto a single disk. For a double
size/double density disk formatted in DOS 2.0 this will amount to 360
kb. The second size limitation is determined by the amount of internal
- memory available in the machine. This factor determines how large a
program can be loaded into the machine. The third limitation on the
source code involves the number and size of variables. These micro-
computers organize data into 64-kb segments of memory. All local
variables, constants and blank common blocks will reside in one of these
segments. The total space taken up by all the local variables,
constants, and blank common blocks cannot be larger than 64 kb minus the
stack and heap. The stack and heap tell the processor where portions of
code are located and how large they are, and rarely take up more than 4
kb. This leaves about 60 kb, For example, a single REAL*4 array could
contain 15000 elements (say array VAR(15000), then 4x15000=60000 bytes).
If there are other variables, constants, or blank common blocks, the
array VAR must be smaller. In the event named common blocks are used,
they will all reside in their own segment, so they can be as large as 64
kb. (12)

A.4 Incompatabilities

This section documents the incompatibilities encountered in
converting the mainframe version of four bridge design programs to run
on an IBM-PC or compatible microcomputer. These four programs are (1)
Prestressed Concrete I Beam Design and Analysis, (2) Steel Girder Design
and Analysis, (3) Deck Slab Design and Analysis, and (4) Critical
Moments and Shears on a Simple Span. Upon initial inspection of these
programs it was obvious that they were written some time ago in earlier
versions of FORTRAN IV, Additionally, the Prestressed Beam Program
utilized a data input/output routine which was dependent on the state's
mainframe computer. Converting the programs mostly involved getting
them in a FORTRAN-77 format and, in the case of the Prestressed Beam
Program, changing the input/output method. The following is a detailed
list of changes made to the programs to make them compatible not only
FORTRAN-77 compatible, but also compatible for microcomputer use. The
reference numbers for each item are also used to show the location of
each item in the source listings which follow.
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REF. NO.

(1)

(2)

(3

(4)

(5)

(6)

(N

(8)

(9

TABLE A.2
LIST OF CEANGES MADE TO BRIDGE DESIGN PROGRAMS
DESCRIPTION

Program statement added to designate beginning of main program
segment. Addition of this statement is optional under
MS-FORTRAN.,

The original FORTRAN IV versions of the programs used integer
variable names to designate character data. All character
variables have now been declared type CHARACTER per FORTRAN-77
standard.

All character type variables which were previously scattered
throughout other common blocks are now all listed in common
block ELL. This satisfies the FORTRAN-77 requirement that
mixed character/mon character variable types are not allowed
in the same common block. Common block ELL now has only
character variables. (Note: this item refers only to the
Prestressed Beam Program.)

Integer variable ICARD has been removed. It has been replaced
by character variable CARD. (Prestressed Beam Program only.)

Screen header and prompts have been added to make the programs
more user friendly.

In the Prestressed Beam Program, subroutine INITIAL has been
added as a replacement for the BLOCK DATA subroutine of the
original version. The MS-FORTRAN compiler would not process
the BLOCK DATA subroutine properly. Subroutine INITIAL
accomplishes the same purpose by initializing variables using
assignment statements rather than DATA statements.

The OPEN statement assigns I/O unit 5 to the external input
file. The input file name is supplied by the user at runtime.
The OPEN statement is optionmal in MS-FORTRAN.

The format for reading the header card from the external input
file (character variable WORDS) has been changed in order to
be compatible with the CHARACTER type declaration of WORDS.
(Prestressed Beam Program only.)

REREAD is an assembly language routine on the VDH&T IBM 3084

mainframe that is used by the Prestressed Beam Program during
data input operations. CALL REREAD has been removed from the
microcomputer version and replaced by a functionally similar

input method. This method is outlined in reference (13).



TABLE A.2 continued

(10)

(11)

(12)

(13)
(14)

(15)
(16)
(17)

(18)

In lieu of using the REREAD routine, the method of inputing
data from the external input file has been changed as follows:

1. All data read after the header card (WORDS) is read as
an integer (NTYPE) and as a character variable (CARD),
one line at a time. The format used is I1,A79, which
causes all 80 columns of each input file line to be
read. The character variable CARD can now be thought
of as an internal file consisting of 79 alphanumeric
characters, including blanks. This internal file can
now be read again within the program in the desired
format (i.e. F, E, A, I, etc.). TFor a detailed
description see the MS-FORTRAN manual., (6)

2. Depending on the value of NTYPE, control is transferred
to other READ statements. These READ statements cause
the data in the internal file to be read in the format
required for processing by the program.

3. In essence, all data read from the external input file
unit 5 is read as an internal file (CARD) which is later
reread in the proper numeric or character format required
by the program. This method allows data to be input into
the program in a similar manner as was done using the
REREAD routine on the mainframe. Thus, changes to the
program were kept at a minimum.

Changed the statements BTYPE=ABLANK to BTYPE=BLANKA, BLANKB
.+, etc. The program would not run without these changes
being made due to improper initialization of BTYPE.

An apparent error in the original source code was fixed here.

Array VMMS had to be initialized to zero in order for the
program to run properly.

A change or update was made in the program here per directions
from the VDH&T Bridge Division.

Removed call to IBM mainframe data routine.

. Removed variABLE IDATE from Write statement. See (15).

Revised input format.

Removed arrays IDESC(12) and IPROJ(4).
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TABLE A.2 continued

(19) Original program used 10 digit integers to represent
character data types Statement was:
IF(NUM(8)-~1077952576)604,605,604

(20) Call to subroutine FSTB removed in a revision made around 1975
per Information Systems Group.

(21) Declared new variable ZM type CHARACTER. ZM was NM in
original program:

ZM="RL' was NM=-640466880
ZM='RR' was NM=-640073664

(22) CALL EXIT replaced by GO TO 500 and 500 STOP.
(23) Four lines were removed. They were:
IF (BOJNO-S)11,13,11

11 WRITE(6,12)
12 FORMAT (28HJOB NUMBER DOES NOT COMPARE)

CALL EXIT
(24) Removed line IF(BOJNO-S)11,19,11
(25) Removed variable S from READ statement.

A-10



A.5 Prestressed Concrete Design and Analysis Program

This section will describe in detail the procedure used to compile
and link the Prestressed Concrete I-Beam Design and Analysis Program.
After the procedure is described, directions will be given illustrating
how to create data input files and run the program on the microcomputer.

A.5.1 Program Description (Described in Reference 14)

The program was written to design or review a simply supported,
prestressed, pretensioned concrete composite I-beam. The program was
originally obtained from the Florida State Department of Transportation
and has been revised in accordance with VDH&T modificatioms to AASHTO
bridge specifications. Every attempt has been made to minimize the
necessary input required to design or analyze an AASHTO standard type I1I
through type VI beam. For I-beams other than AASHTO standard type,
dimensions must be input.

~ Two types of strands are used by the program: stress relieved and
low relaxation. Three strand sizes are used: 7/16", 1/2", and 9/16"
diameters.

The program will compute moment and shear for HS-20, H-20, HS-15,
and H-15 highway loadings. Railroad loadings include Cooper E-10, E-20,
etc, Concentrated dead load and concentrated live load can be input
separately.

The program determines the number of strands required by the bottom
fiber stress at midspan due to all loads. A preliminary design is made
by assuming that the midspan eccentricity is equal to the distance from
the centroid of the beam to the bottom fiber. However, AASHTO 1.6.10(B)
will be the controlling factor in all occasions.

Strands are placed beginning from the lowest row, then proceeding
upward., Each row is started in the center position and progresses
outward in both directions. The preliminary strand pattern will be
modified when the top fiber tension at midspan exceeds the allowable,
although bottom fiber stress is satisfactory. The modification is made
by moving strands from a lower row to a higher row, thus reducing the
midspan eccentricity and top tensile stress as well. The required end
eccentricity is determined from the top and bottom fiber stresses in the
end of the beam at the time of release. This eccentricity is obtained
by draping all the strands in the central position in each horizontal
row to a level that will furnish the required end eccentricity.

The predicted loss of prestress will be computed according to
AASHTO 1.6.7(B) (1) in the Interim Specifications unless the designer has
entered his own prediction.

CA-11
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The hold—downv(draped) point will be located at one-tenth the span
length rounded off to the nearest one-quarter foot on each side of
midspan of the beam, or, optionally, any location point.

Additional information concerning input data preparation can be
found in reference 1l4. This program is currently run on a mainframe
using punched cards for data input. However, the input format remains
the same on the microcomputer version with punched cards being replaced
by an input file. As on the mainframe, the program runs in batch mode
on the microcomputer.

A.5.2 Comments on Compiling and Linking

One thing that becomes apparent early when compiling FORTRAN, and
other languages, on a l6-bit microcomputer is that it can be a very slow
process, Therefore, it is important to develop a plan of action before
actually beginning to compile, because for every effort detected the
procedure must be repeated.

One way to help reduce overall compile time is to break the source
file up into smaller files and compile each one separately. This is
especially important, and usually a must, when compiling large programs
such as the Prestressed Beam program. A schematic of how the
Prestressed Beam program was broken up is shown in Figure A.5. The
source files must be broken into groups of subroutines. Programs not
containing subroutines cannot be broken up in this manner. The smaller
files can be debugged and compiled individually and the resulting object
modules linked with the runtime libraries during the linking phase. It
is a good idea to save the object files. If the program requires
modification later, only the affected source file needs to be
recompiled. The new object module can then be linked with the
unaffected ones to create the revised executable file.

Care should be taken in handling common blocks when breaking large
source files into smaller files as described above. The MS-FORTRAN
compiler will indicate an effort if named common blocks within a
compiland are of different size. However, if two common blocks with the
same name are in different compilands and are not the same size, no
error will be indicated. This can cause the resulting executable file

to develop hard-to-detect runtime errors or give erroneous results.

Although the run file created in this compilation will take
advantage of an 8087 coprocessor if present, no special effort to
accommodate the 8087 was made during the compilation. The MS-FORTRAN
compiler contains special commands which will produce optimized code for
use with an 8087.

A-12



A.5.3 Compile and Link Procedure S

As can be seen in Figure A.5, before compiling began on the
Prestressed Concrete I-Beam Program, the source file was broken down
into ten smaller files. This was done primarily out of necessity since
a single source file would be too large for the compiler to handle.
(For a detailed explanation of the limitations on source code size see
reference 6.) Also, as was mentioned before, breaking the program into
smaller files makes it much more manageable. Additionally, a special
MS~-FORTRAN metacommand was inserted as the first line of each file.
This metacommand is called $DEBUG and its use directs the compiler to
produce code which will pinpoint runtime errors in the source file.
Without using $DEBUG, detecting the causes of runtime errors would be
extremely difficult. After the debugging process was completed, $DEBUG
was removed and the compilation- process repeated. This was done because
with $DEBUG, the compiler generates about 407% more code, which slows
execution and occupies additional RAM. -

Six floppy diskettes were used in the compile-link process. The
six diskettes and their contents are as follows:

DISK 1 DISK 2 DISK 3 DISK 4 DISK 5 DISK 6
FOR1,EXE FORTRAN.LIB PBEAM1.FOR A.0BJ PBEAM.EXE Blank
PAS2,EXE MATH.LIB PBEAM2.FOR  B.OBJ (used
PE.EXE (IBM LINK.EXE PBEAM3.FOR C.OBJ to hold
PE.HLP Personal PBEAM4.FOR D.OBJ . inter-
PE.PRO Editor) i PBEAM5.FOR  E.OBJ mediate
i PBEAM6.FOR F.OBJ files
PBEAM7.FOR  G.OBJ created
PBEAM8.FOR  H.OBJ by
PBEAM9. FOR I.0BJ Pass 1)

PBEAMIO.FOR J.OBJ

Disk one contains compiler passes one and two and the page editor.
Disk two contains the FORTRAN runtime libraries and the linker. Disk
three contains the program FORTRAN source files. Disk four contains the
relocatable object files created by pass two of the compiler. Disk five
contains the executable run file, which is the end product of the
compile-link process. Disk six holds the temporary intermediate files
created during pass one of the compiler.
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The steps in the compile and link procedures are as follows:

10.

11,

12.

13.

COMPILING
Boot the operating system.
Log onto drive B.
Place DISK 1 in drive A and DISK 6 in drive B,

Invoke Pass one of the compiler by typing A:FOR1l and hitting
RETURN, The following prompts will appear on the screen:

Source file [.FOR]:
Object file [.OBJ]:
Source listing [NUL.LST]:
Object listing [NUL.COD]:

Replace DISK 1 in drive A with DISK 3.

In response to the Source file prompt type A:PBEAMI and hit
RETURN. (The .FOR extension is automatically added.)

In response to the Object file prompt type A and hit RETURN,
(The .0BJ extension is automatically added.) This will cause
the object file corresponding to PBEAM1.FOR to be named
A.OBJ. :

If a source listing file is desired (it is optional) type any
valid file name in response to the Source listing prompt and
hit RETURN. Otherwise, just hit the RETURN key.

If an object listing file is desired (also optional) type any
valid file name in response to the Object listing prompt and
hit RETURN. Otherwise, just hit the RETURN kev. The compiler
will begin Pass one after the last prompt is responded to.

After Pass one is complete, log onto drive A and replace
DISK 3 with DISK 1.

Invoke Pass two of the compiler by typing PAS2 B/PAUSE (DO NOT
HIT RETURN YET.) The following message will appear:

Press enter key to begin pass two.

Now replace DISK 1 with DISK 4 and hit RETURN. Pass two will
now begin., When the disk drives stop moving, check drive A to
verify that the object file has been written to disk.

Repeat steps 2 thru 12 for source files PBEAMI1.FOR,
PBEAM3.FOR,..... .. .PBEAM10.FOR. Note that object files B.OEJ,
C.OBJ, etc. correspond to those respective source files (See
Figure A.5)
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LINKING RS

With compiling complete, all the object files will now be on
Disk 4. Log onto drive A and place DISK 4 in this drive.

Place DISK 2 containing the linker and runtime libraries

in drive B. Copy the runtime library files FORTRAN.LIB and
MATH.LIB onto DISK 4. Type B:LINK and hit RETURN. The
following prompts will appear on the screen:

Object modules [.OBJ]:
Run file [.EXE]:
List map {NUL.MAP]:
Libraries [.LIB]:
Replace DISK 2 in drive B with DISK 5.
In response to the Object files'prompt type:
A+B+C+D+E+F+G+H+I+J and hit RETURN,

In response to the Run file prompt type B:PBEAM and hit
RETURN. (The .EXE extension will be added automatically.)

In response to the List map prompt just hit RETURN.

In response to the Libraries prompt type A; and hit RETURN.
After this last RETURN has been hit the linker will begin
processing.

When the disk drives have stopped, check DISK 5 in drive B
to see if the run file PBEAM.EXE is there. ’

Note 1l:

The list map will in most instances not be required.
It is useful, however, for determining the size of the
loaded program. This helps determine internal memory
requirements for programs.

This completes the compile-link procedure for the Prestressed
Beam Design and Analysis Program.
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This section contains the FORTRAN source 1listing for
the microcomputer converted Frestressed Eeam Design and
Analysis Frogram. The changes that bhave been made are
indicated in beld type. These changes are listed in Table
A.2 and are cross referenced using the numbers to the left of

each affected line.

LISTING
{11 PROGRAM MAIN
{21 CHARACTER*8@ WORDS
{21 CHARACTER#4 DIAL,CHRCTR,SMBOLA,SMBOLL,DIA
£21 CHARACTER#2 BLANKA ABLANK BLANKB BBLANK BLANKC,CBLANK BLANKD,
{21 *DBLANK, BLANKE EBLANK,BLANKF FBLANK BTYPEA BTYPE BNSTD,BEAM
{21 CHARACTER*l SMBOLB,SMBOL2

REAL IB,IB1,INA, NFDL MNCDL,IBSL ,MNS ,MCOL,KDIST,KBRID
COMMON/ILL/ REuULT.ULTHOH.rPC,FPPL NSTPTE,M?TATE K
COMMON/KI/ ASL,IBSL,INA,YTC,YBC,YTCSL,ZTSL,AREAC,ELCCL,
*ENDHQX,TENIN,SPAML,ESFQC,TS,EFW,UNﬁ,uNS,ECV:FnL,ES.QST
=FPS,NCOL,ZTB,IBB,YT,AREA,D,IR,ZBRBC,STRNS,ECAL,YEB,ITEC,
%, FPY,LTYPE,KASE,KCGDE,RROAD,SFFC,DFACT,COL,TSS
COMMON/TJH/ B,WD,C,E,A
COMMORN/LIZAR(LL) (YRLCLIL) ,¥TLOLL),DL010) ,IBLOL L), WTFL LT,
#EPRIME(LL) JHH(L1L) ,G6¢ ll).thPD(IIJ,DIHGN(ll)

COMMON/HD/ H,8

EDHHON/}TD/:TBCL,STSCL,SP&EE,IVIEN,ISTDP

COMMON/BNS/ BNSTD

COMMON/MH/ROW (30 ,MROW,SROW(1B) ,IW,DRAW(1B) (NSROW (3D

(31 CUHHON/ELL/HORDS,SHBGLI,SMBOLZ,BTYPE,DIA,BEAH(11)

CGMMON/CONC/ CNCPi{2Q),CNCD{Z0) ,CCP{Z@),CCO{(ZQ) ,SCNLCF 13 ,3CNCD(1D:
COMMOMN/FYB/KGRID ,NSTRNS,ENDECC, IWCH

COMMON/JWM/ VMA(Z2@) ,VDL{28) ,XDIST(19) ,DEFK2,DEFLLZ,DEFKL,DEFLLA,
#DNCDLZ,DNCDLL

COMMON/MMM/ FO,HDFT,F,COPE

COMMGN/AJH/CL1,C2,C3,C4,C5,Ca,LOLAX

COMMOM/ALLS FBII,ACOMPR,TTEN,FTP,PLGSS,FPERST,RLOSS,ITT
COMMON/DEF/ SUMSTR,ECALE,SHIELD,DIST, CMAX

DIMENSION CHRCTR(4)

{31 C DIMENSION ICARD(Z4)
DIMENSION DIAL(1@) ,SAREAL(%),5AREAZ(9)

RN,
MTF  BF 5V

OIHENSIDN BTYPEA(T) ,SFANLALT J,E SPACA(I) ,TSALZ) ,SMEOLACTY,

# SMECLE(I), IWA(IZ) ,RROADA{T) EFQCTQ‘T‘,VFACTQ\T}‘

# HDPlH(-;.u'DLH'T CDLH‘\).:er\- (PLOSSA(TY COFEALIY ,ITTALD)

DATA DIAL/" 3/8 ,’Q/S BP R - R W A N T Y- T RLE T,
*° 28,5, o
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{31
(31
[31
(3]
{31
[al
[71

{8l
(8l
£el

~(1el

{1a1

(181

18]

(181

L L B B ol R T i |

29
-

21

78

138

!
-

1

vl

"*l

S
DAT4 SAREA1/C.09%,0.285.6.115,8.153,2,153.9,192,8.217,3.217,8.217/
DaTA SAREAZ/Q.362,2.058,0.:29,0.144,0,144,8.192,0,215,2,215,2.215/
DATS BLANKA,AELANK BLANKE, BELANK, HLHNFL.CELHNF JBLANKD, DELANE 17,
BOL O, 2,2, 3T, d
DATA BLANKE,EELANK ,ELANKF FELANK/" S°,'5 ', &', &
BATA CHRCTR/ 'HS=2",  H=2', H =2'," H-1','H -1', "H8-1"/

WRITE(%,1)
FORMAT (15X, YIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION'//
#32%, 'BRIDGE DIVISION'//21%, PRESTRESSED BEAM DESIGN AND ANALYSIS'
#///7/1%,"NOTE: */1X, ENTER INPUT FILE NAME FOR UNIT 5 PROMPT'/
¥1X, ENTER OUTPUT FILE NAME FOR UNIT & PROMPT'//}

CALL INITIAL

OPEN(S,FILE=" ")

1BEG=1

5 FORMAT (AB@)

6t

4@

oo
RE

READ (5,5) WORDS
CALL REREAD

IERR = @

SHIELD = 8.9

ISTOF = D

K1=9 _

READ (5,46@,END=111)NTYPE,CARD

IFINTYPE.EG.F) 63 TO 111

FORMAT (I1,A79)

G0 TO (1@,2¢,70,1248,99,119,188,232) NTYPE

STOF

SETSEN|

READ(CARD,3Q)ETYFEAKI) ,SFANLAIKT} ,BSPACAIKII , TBAKL),
#SHBOLA (K1) ,SMBOLE{X1}, I6A (it} ,RROADATKL) ,DFACTA (KLY YFACTA KL,
#HOPTAK1) ,OCDLAIKLY COLA(KL) ,EFWA(KL} ,FLOSSA(KL) ,COPES{KL),
$ITTRIKL}

50 T0 5@

READ{CARD,B@)IB,AREA,D,¥E,¥T,5,WD,C,E,A,H,B
FORMAT{F3.2,F6.2,F5.2,9F4.2)

GO TGO 5@
READ(CARD,10@)01A,LOLAY,FF3,UWR,UWS,SFPC,FFC,EC,5C5L,€E5,
#STEHCL,STSCL ,3PACE

FORMAT(A4,11,3F5.2,2F0.2,3F8.2,IF4, D)

IFiFFS.EB.A.0) FFS = Z78.
FP3 = FFS * 1@94.
IF{UWE.E2.Q.3) UWR = 138@.
FilW5,EQ.9.8) UWS = 136,
[F(SFACE.EG.Q.Q) SPACE = Z,

[F(STBCL.ET.@.@} STBCL=Z.
[F{S7T5CL.EQ.Q.9) STECL=2,
[F {SFPC ,EQ. 9.3 SFPC=43500.80

RV o |
=

YISED I-Z8-24 REGUEST MUMBER 198 FRAwsk CHEMN

[FEC5L.E8. 2.8V ECSL=4.07
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1782

[ = -

FRCI FFC

.0.6) EC=UWE#+1,5 # 33.@ # FPLU##3.3/
CONTINUE

LTYFE=0

Do I8@ IN = (,!8
[Fi{DIA.EG.DIALCIN}) GO TO 2318
CONTINUE

CONTINUE

[F{IN,GE.{@) IN = 4

i1a = DIAt(IN}
IF(FPS.ER.2702@0.} &0 Ta 320
ASTREN = SAREAZ(IN:

G0 T4 59

ASTRN = SAREAILIND

G0 TQ 5@

READ(CARD,12@) (CNCP{T},I=1,!9:}

- FBRHMAT (A7)

READ{S,99)CARD
FORMAT (LY, LBFS. 2]
FORMAT(LAFT. 2}

BG 178  1=1,1@
[F{CNCF{I}.EQ,d.Qi GJ TO 149
ONT INUE

(]
[/
e
" o~
—
1
—

I=i,1@
{CNCE{I).EQ,R.2) GO TO 1é&@

Moo
b
w
=)

—

n o

- =

-
—
=
=
m

NCE=I-1
IF{NCL.EQ,NCD) GO TO 38
WRITE(S6,178)

FORMAT (T30, ERROR IN CONCEMTRATED LCAD INFUT")

50 TO 428 ,
READ (CARD, 128) (STNCF (I}, I=t,1@)
READ(5,99) CARD

READ (CARD,121) (SCNCD{I},I=1,12)
0G 19@ I=1,i0
IF(SCNCP{I).EQ.8.2) GO TO 200
CONTINUE

1=}

N3P = -t

DG 219 1=1,l0
{F(SCNCD(I).EQ.Q.9) GO TO 228
CONTINUE

I=11

NSD = I-1

IFiNSP.EQ.N5D) &C TG 50

WRITE (5,178

50 TO 420
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KEAD (CARD,120) (C0F (T3, 1=1,1d]
READ(5,99) CARD

READ (CARD, 121} 1005 (1} ., 1=1,10
00 24G  1=1,1@
[F{CCP(1},EQ.0.0) GO TQ 25
CONTINUE

=11

NL=I-1

30 260 I=1,!@
IF{CCD(I1).€3.0.3) 6O TO 270
CONTINUE

ND=1

IF(NL.EQ.ND) GO T3 58

WRITE (5,178

G2 TO 420

READ(CARD,12@) (CCP(i},I=11,20
READ(S,99) CARD

READ (CARD,121) (CCD{(IJ,i=11,28!
DO 24@1 [=11,20
IF{CCP(I).EQ.0.2) BG TO 2531
CONTINUE

[=2

ML=1-1

00 260t I=11,28
IF{CCD(}).E2.0.Q) GO TO 270t
CONTINUE

onb=1

JF{NL.EG.ND) GO TO 50

WRITE(b,170)

GO TO 320

READ (CARD,241) (SROW(I1,I=1,18] ,KGRID
READ(5,99) CARD
READ(CARD,242) (NSROK (I} ,I=1,15) ,5HIELD
READ (S, 99)CARD
READ(CARD,243) (DROW 1) ,1=1,18)
FORMAT(1X,18F2.0,F4.2)

FORMAT (18F2.9,F4,2)
FORMAT(1X,1812,F4.2

IVIEW = 1

FPCI =

I3
n

(=]

hT|Q:.FJ-_g:'F4--.|H4 A1, 14,F3,8,3F4.3,F3.2,2F3.3,F4. 2,
JFa. 3,11

BTYPEA (KN
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[ttl
(1t
[t1]
(111
{111
1l

41

741

FRCAD=RROADA (HHK)

DFACT=CLFACTA(EN!

YEACT=YFACTA KM

HIFT=HDPTA (KN)

NCBL=0CDLA(KN]

COL=COLA (KM}

EFW=EFURIEN)

FLOSS=FLOSSATEN!

ITT=ITTACEN)

CGFE=COPEA(KN)

IF(IW.EQ.B) IK=Z

FPC = SFFCI

FPCI = SFPCI

Ch=-4,
IF(BTYPE.EQ.BLANKA,OR.BTYFE.EQ. ABLANK) BTYPE=BELANKA
IF{BETYPE.EQ.BLANKE,OR.BTYPE. ER.BELANK}BTYPE=BLANKD
IF(BTYPE.EQ.BLANKC.OR.BTYFE.EQ, CELANK) BTYPE=BLANKC
IF(BTYPE.EQ.BELANKD,.OR.BTYFE.EQ.DELANK)BTYPE=BLANKD
IF{BTYPE.EQ.BLANKE.OR.BTYPE. S0, ERLANK ) BTYPE=BLANKE
IFiBTYPE.EQ,. DLANKF.OR.BTYPE.ER,FERLANK ) BTYPE=BLANKF
IF{RTYPE.ER.BNSTD) &0 7O 42

0g 41 1 = 1,1!
IFIETYPE,EQ.REAM{I})

CONTINUE

TERR = 1
IF{3FaNL.LE.D.OR.3PANL,GT.170.:
[F{ESFAC.EQ.Q.) IERF = 3
IF( 78S,£20.0.8) IERR=4
IF{IERR,.MNE,Q) GO TO 418
IF (DFACT.NE.B.@) GO TO

OFACT = BSPAC/11.
IF{VFACT.EQ.,G.0)

LTYPE = 2
IF{(SMBOLY.EQ.CHRRCTR{L}) LTYPE = 1
IF(SMBOL).EQ.CHRCTR{21,0R.SMBOLL.ER.CHRCTR{3})
IF{SMBOLL.EQ.CHRCTR(4),0R.SMEOLL.EQ.CHRCTR{S:y LTYF
IF(SHBGLI.EQ.CHEETR(&]) LTYFE = 5

IF(ARDAD,.NE.D.3) YFE = 4§

42

GG 7@

[ERE = 2

141

YFACT = 1.@

IF{SPANL.GT.E.03. HND SPQNL..E 8.8 KFOQDE = |
IFiSFAML.GT.53. Q. AND.SFANL.LE qﬂ.@) KADE = 2
IF{SFRNL,S8T.70. B.HND.SFHNL LE 138. EQDE = =
IFISFANL.GT.1ZQ, . &ND,SPANL,LE. 17Q, KEQDE = 4
CALL =ROFTY
CALL HELF
CALL FSTRES
CALL QUTPUT
CALL ZERG
0 TO 4Q6
WRITE(a,4!5% IERRE,NTYFE,CARD
FOFMAT " EFROR uUﬂBER o 14, IN [HFUT CARD ",I1,A7%
COMTINDE

[FHNTYPE.EG.9Y 53 7O 3
ETOF
END
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CHARACTER+B@ WORDS
CHARACTER#4 DIALl,CHRCTR,SMEOLA,SHBOLL,DIA
CHARACTER*2 BLANKA,ABLANK ,BLANKE,BBLANK,BLANKC,CELANE BLANKL,
*#DBLANK ,BLANKE ,EBLANK ,BLANKF (FBLANK,BTYFER,BTYPE,BNSTD,BEAN
CHARACTER#1 SMEOLB,SHMBOLZ
COMMON/ALL/ FRIL,ACGMPR,TTEN,F7F,FLESS,FPERST
MMOM/ ILL/ REQULT,ULTHMON, FrC.FFCL.NSTﬁTE MS
1/ ASL,IESL,INA,YTC,YRC,YTCSL, LTSL s
*EMNDMAL, TENIN,SFANL ,BSFAC, TS, EFW, uNﬁ_UHS,:C_E
*F&Z MLTL, ZTH.LEd,fT‘éFEﬁ_u,IB,ZBFC.S*RNS ECARL,
*,Frr_LTvPE,rH:E,HGDE,RED&D,SFPF DFACT,COL, T35
(31 COMMON/ELL /WORDS,SMBOLY ,SMBOL2,BTYPE,DIA,BEAM{LL)
COm#ON/43H/CL,C2,C3,C4,C5,C6,L0LAY

CRRR = |
o m =
=] m

1
()
—
-

-y a

(".Il'ﬂf-

1
T4
FE
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—
=
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-
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=
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p =
% e}
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m
n
-1
o
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u
iyl
m
in

[}

d,a84FFC]
QCDﬂPE = @, 4+FFC

AD.NE.Q.Q1 58 TO |
TT:N-- L8R T(FPCT
IF{ITT.ER, @) FTP=Q
[FIITT.EQ. 1) FTP=-3.#FPC+%@8.5
Ir'lTT EC.L' FiP=-a,#FFC##%@,3

Z TENIN | #FFS+ASTRH
FFERST = TENIN#(1,-FLOSS)
RETURN '

END
SURRGUTINE CAMEER

{23 CHARACTER*8@ WORDS
[21 CHARACTER*4 DIAL,CHRCTR,SMBOLA,SMBOLL,DIA
(21 CHARACTER#*2 BLANKA,ABLANK,BLANKB,BBLANK ,BLANKC,CBLANK,BLANKD,
[23 #DBLANK ,BLANKE, EBLANK BLANKF FBLANK BTYPEA BT&PE ENSTD,BEAM
(2] CHARACTER*I SHBULB g§MBOLZ
REAL Lﬂ‘KBL,1HH_NrﬁL_HNCUL,IESL,HNa,H- L,iDIST,KERlJ
COMMON/FYE/KGRID NETRNS,ENDECT, [WCH
COMMON/DEF/ 3UMSTR,ECALE,SHIELD,DIST,CMAX
COMMON/MM/ROW(ZQT, NROJ,:RDNf'B),[M OROW:18} NSR
COMMON/ALLS FBRII, hCGNPP TTEN,FTF FLOSS,FFERST,R
COMMOM/STD/STACL ‘¢TSFL,SPACE, “’Ew.I:TFP
COMMON/MMM/ FO,HOFT,P COFE
COMMOM/TLL, REJULT, ULTMOM,FPC,FRCILNSTATE,MSTATE, K -
COMMON/K L/ QEL.IESL.IN%,YTF.VBF YTCEL,ITSL,AREAD ,,ECCL,
«ENDMAL, TENIN,SFANL,BSPALC, TS, EFW, UWB, WS, EC,ECEL,ES.AZTRN,
*FP:.!EWL.ITE.hzd‘fT,ﬂREn.D.Id.ZEuC 57 RdS._CﬂL.rE.ITEC.W FOEFAY
# ,FEY LT+PE,xA%SE,KODE,RROAD,SFFC,DFACT,CDL,TSS
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i3] COMMON/ELL/WORDS,SMBOLL ,SHBOLZ ,BTYPE,DIA,BEAN(LL)
£
£ CRMBER CALCULATIONE
;

F3 = TEWIN # S3TRNS
F = FO # ({. - RLOSS)
Ml F #% ENDECC
M2 F # ECCL
[F{SHIELD.EG.P.8: GO T
T SHIELD IS ASSUMEL EQUAL T
C AND SUMME FORMULARS HAVE
C EYALUATING STEEL DISTRIBUTIONM
M3 = SUMSTR % ECALE # TENIN # {1, - PLOSS)
M3 = P # (ENDECC + ({ECCL - EMDECC! # SHIELD / DIST#)
WDIST (KGRID - ¢(NROW - 1)} # SPACE + STBCLij #i{DIST -SHIEL
# DIST
KDIST

noa

o1
0 @ , IF ASSUMFTION [5 CHANGED THAM EDIZY
T0 BE CHANGED FOR CHANMGE IM METHOD OF

L= ]

KDIST +(NROW -1)# SFACE +STHCL
SUMME NSROW(1) % STRCL + DROW:1) # (KDIST - {(MROW -~ L)} * SFACE:
Bg 2 JR 2 NROW
SUMME = SUMME +« NSROW(JR) # (STRCL +
+# % (KDIST - iNROW - 1) #* SFACE + (IR

z CONTINUE

) ECALS = YE - SUMME / SUMBTR

M5 = S{UMSTR # ECALS # TENIN + (i, - FLOSS]
DELS = SHIELD #+ 2 / &, % (Ml - M3 + Z #

1 W = UUWH # AREA 7/ L44,
DELE = 5. /7 384. # (W # SPANL *% 4 & 1728.}
DELPE=M|*SPANL++2/8.+144,
DELPM={MZ-M1I*1Z, #{SFANL##2+2, 2SPANL#HDPT-2. #HDPT*+2)
ECCD=158000@Q@.+44Q, #FFCIL
CHRA=(DELPE+DELFM-0DELE) /{ECCO#*IE]
RETURN
END

SUBRQUTINE CONLD

[

ACE} + DROWI
}

{2] CHARACTER+#B@ WOGRDS

(21 CHARACTER#4 DIAL,CHRCTR,SMBOLA,SMBOLL,DIA

{21 CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,
{23 #DBLANK , BLANKE, EBLANK BLANKF FBLANK, BTYPEA BTYPE,EBNSTD,BEAN
(21 CHRRACTER*I SHBULB SHBDLZ

GMMON/CONC/ CNCP(;@)_CHCDKE@J,uCFiE@).CCD‘:B‘,SﬂﬂcpllG'.SC*CEQEQE
CDMMGN/JNN! VMA{Z9) ,vDL(29 ,ADISTE15) (DEFKZ,DEFLLIZ,DEFWL,DEFLLS,
*DNHCDLZ  DNCDLI - :
COMMON/LLI/ EBMMACZQ) (EMDL (2@ EMSUM{Z@) ,BMEM(ZD: (BMNCDL «28) ,YSUMZ

#@) BMSL{28) ,BMCOL{Z8)
COMMON/ET/ A8L,IBSL,INA,YTC,¥RC,¥TCSL,ZTOL ,ARERC ,ECCL,
#ENDMAY  TENIN,SFANL ,BSFALC,TS,EFW,UWE,UWE,EC,ECSL,E5.ASTRN,
#FP5 NCOL,I7R,ZEG,¢Y7,AREA,0,IB,IBEC,STRNSECAL,¥E,ITRC,NTF BF,AY
# FFY,LTYPE,KASE,x00E,RROAG,SFFC,OFACT,COL, 7SS
[31] COMMON/ELL/WORDS ,SMBOLL ,SMBOL2,BTYPE,DIA,BEAM(LL}
COMHON/ MMM/ FO,HOPT,F,COFE
GIMEMSION Yil%), BMM(13)
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i1Z1

ChRLCU

MEION YWIZ@) , BMW 28]

LATE SHEARS AND MOHENTS

CONCENTRATED LIVE LOADS

00 34
CCR¢l
COMTI

[FCC
LW =
COMTI
L4l =
LWZ =
g 19
cCDiL
cChit
20 14
rg 9
DIST
CH =

IF (N,
CCDIS
TF(CC
NN =
CN =
SUMWC
SUMLD
0o 7
SUMWC
SUMLD
CBAR
SUEH

nnnnnn

UMM

i = 1,28
) = CCFI) = leaa,
NUE

oo i@l v = 1,28

P(i,LE.D.®y GO 7O 1@2
K.
NUE

LW + !

LW + 2 -
IR o= Z2,Lu
WZ - K} = CCO(LWL - K
) = 2.8

L = 1,15
M= L,LW
= ¥DISTL)

CCotM

+
= CH - CCh{NY
ST.57.0I&T) GO TO 4

+ 1 .
GT.LW} GO TO 4
T = CCDIN) - DIST
DIST.LE.SFMD) &0 TO §
N -1
CCOINE}
= 2.8
a.e
N o= NL,NN

# CCP (N}

= SUMWC + (CCDY{H) - Cw}
= SUMLD + CCPiNi:
= SUMWC / SUMLD + DIST - COIST
= 3.8
= 5.8
= (1,0 - CBAR/SFANL) # SUMLD .
N = NI,M
= (CM - CCOiM)1 # COFI{W} + SUBM
= SUBW + CCPIN
=9
EQ.N1) B TG 3
-1
M= MI,HHM!
= SUMM + COF (M)
RESTREACTN ~ SUMM)
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Y2 = BESYREACTN - SUMM - CLCPiM))

Vi lMy o= aMAaxlovl, v

BHW (M) = DI3T + EEACTN + 12.3 - SUBH # 1Z2.0
ViHAY = @

EMAX = @

02 t1 M= L,LW

GHAX = AMAXLIEMAX,EMW M) )

YMAY = AMAKL{YMAX, VWMD)

CONTINUE

YL = YMAX

BHM (L) = EBMAX

CONTINUE

DO 35 I = t,L¢

BMMA(T] = AMAXL{BMM{I) BMM{LZ-10)
YHALLY = AMAXI (VT Vi12-1)
COMTIMUE
EHMA(LZ)
EMMA{13T]
BHRATLS)
BMMA(15)
YHALID)
YMA{L3)

AHAKL (BAM 12T BMROLZN)
BMHA (12}

AMAXL (BMM{14) ,EMMI15))
EHMA(14)

AMAXI (VL2 ,V(L3))

YMA (12}

w o ondu

VHAL L) ARAXL (Y i14),V LG
YHALL1T] YHA{14:

RETURN

END

SUEBROJUTIME ECCEND

'CHARACTER#B88 WORDS
CHARACTER#4 DIA1,CHRCTR,SMBOLA,SMBOLL,DIA

-CHARACTER#*2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,

*DBLANK ,BLANKE ,EBLANK , BLANKF ,FBLANK ,BTYPEAR ,BTYPE,ENSTD ,BEAN

CHARACTER#! SMBOLB,SMBOLZ

REAL IB,IBL{,IMA,NCDL,MMNCOL,IBSL MNS,MCDL,KDIST KERID
COMMON/RIZ ASL,IBSL,ING,YTC,¥BC,YTCSL,ZTSL,AREAC,ECEL,
*EHDMAY , TENIN,SPANL, BSPAC, TS, EFW,UWE, UK EC,ECSL  ES,ART
+FPS NCDL,ZTH,ZER,YT,AREA, D.;a.LBuC.aTRNB.ECnL Y8,ITEC
5 FPY, LT¥FE KASE, KODE, FRUHD.aFPC LFACT,COL,TS3
CDHHUN/ELL/HURDS SMBOL1,SMEOLZ ,BTYPE DIH BEAM{11)
COMMOM/ MM/ ROW (S @J,NHOW.S ROWEi8r , IW, DROWS 18J yMSROW(ZA:
COMMON/FYB/KQRID ,NSTRNS ,EMDECT, IWCH
COMMON/STD/STECL . 8TSCL,SPACE, EVIEW, ISTOF

COMMON/DEF/ SUMSTR,ECALE,SHIELT, DI:T TMal

HLEULHIE ENu ECCENTRICTY AND FOSITION OF THe TOAFMOST

IF¢IYIEw.NE.Q) GO 70 2@
kGRID = 3
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39

(]

IFiIW.EQ, 2} WEE = 2.0
IFiIW.E0.3) WEK = 3.9
T52=3.0

DO ! JR=!,NROY

SROWIJRI=ROMCIR) -WEK
[Fi{SROW{IR).LE.@.@) GO T3 (2
DROW{JR) =WBEK

&0 TO 11
DROW{JR) =ROW (IR}
SROW(JR)=02.0
TDS=TDS+DRAW(JR)
CONTINUE

X¥=8TECL

SUMD1I=5ROW (L)
SUMDZ=DROW (L)
SUMDM1I=SROW (1) *}
SUMDWZ2=DROW(L) #X

00 2 I=2 ,NROUW

1=X+SFACE
SUMDI=SUMD1+5SROMW (L}
SUMDWI=SUMDWI+SROW (] ) *X
SUMDZ=SUMDZ+DRCW ()
SUMDWZ=SUMDWZ+DROW (T ) X
ABARI=SUMDWE/SUMDI
FRHARZ=CUMDWZ /SUMD2
XBARZZ=XBARE

CGT={SUMDNWI+SUMDZ«XBARZZ} /STRNS

COTLMT=YB-ENDHAY
IF{CGT.GE.CGTLMT) GO TO 4
YBARZZ=XBARZZ+5FACE
KS=K5+1
X1=5THCL+(NROW-1+K53) #5FACE
IF{XL,GT,.iD-2,0)) GO TO S
GO T0 I

[WCH=2

i1=p-2.

M={X1-5TRCL) /2
X1=STBCL+2#N

CONTINUE

IF iK§ .EG. @) X!1=8TBCL+(NRGW-1!%58FACE
NSTRNS=TDS

KERID=%1

ERGECC=YR-COT

ReTURN

§UmMDl = SROW{l)

SUMEZ = DRAWL)

SUMODI=NSROW( ]}

SUMDW! = SROW{1} # STECL
SUMB&Z=0RCOW (1} #KGRID
SUMDWI=NSREOW (D) «STRCL

00 Z2 I=2,18
SUMDI=SUMDI+5ROWID)
SUMDI=SUMDI+MNSREOW [
SUMBZ=SUMEZ+DRCW I
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997

THE

U“DNI SUMDWI+SROKCII#(3TRCL+i]-1) #5FACE)
UMOH2=SUMDUZ+DROW (L) # (KBQRID-([-1 1 #SFACE}
_HHDN-'deEw FNSROW(I) #{3TBCL+{{~-1)*#5FACE}
CEBT = (SUMDW! + SUMDYZ) / (SUMD1 + SUMDZ!

ENDECC = ¥B - CB7

ECALE = YB-{SUMDWZ+SUMDWT) /7 (SUMBZ+5UME)
RETURN

END

SUBRAUTIME HELP

CHARACTER#*B88 WORDS
CHARACTER%4 DIA1 ,CHRCTR,SMBO

LA,SMBOLL,DIA

CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK ,BLANKD,
#*DBLANK , BLANKE (EBLANK ,BLANKF ,FBLANK ,BTYPEA,BTYPE,BNSTD, BEAM

CHARACTER#1 SMEGLE,SMBOLZ
REAL NCDL,IR,INA,LESY

COMMGN/CONC/ CNCP(2@),ONCD(2
COMMON /ILL/ REGULT,ULTMOM,F

@)
FC,FFCI,MULL{Z)

,CCP (2081 ,CC0(20},5CNCF1D),

BCHCD 1@

COMMGN/MMM/ FO,HDPT,P,COFE
COMMON/BNS/ BNSTD

COMMON/LLI/ EMMA{Z@) ,BMDL(2@) ,AMSUM(2@) BMEM (22} BMNCDL (2@} ,¥5SUM (2
#@) (EMSL (207 ,BMCDL {2@)

COMMGN/KI/ ASL,IRSL,INA,YTC,YBC,YTCSL,2TSL,AREAC,ECCL,

*ENDMAY, TENIN, SPANL,BSFAC, TS,EFW,UWB, UWS,EC,ECSL,ES,ASTAN,
#FFS,NCOL,ITS,I88,YT,AREA,D, IB,LBRE STRNS,ECAL,YE,ITHC,WTF BF,aY
¥, FOY LTYPE,KASE,0DE,RROAD,SFFC DFACI,CDL 188

CDMMDN/ELL/HGRDS SMBULI SHBULZ,BTYPE DIA,BEAM(11)

COMMON 7 Jiit/ VHA(EQ),VDL(EB),KEIST(IS' DEF?-.DErLlZ,EEFFi DEFLLS,
*DNCDL2, DNCDLL

COMMON/KAR/ W, WCP.

COMMON/MSC/ YNCDL(1S),YCDL(15)

COMMON / CHEN / VYHMS(72@) ,V5PC:i2@)

SOGMMON ¢ CHENZ / DCDL1,DCDL2

DIMENSION CONST{2,41,P0INT(4)

GIMENSION VHMI1S) ,BHM(L1S) ,BMMS{i5),VHMMS(2@)

COMMON/ 303/ 3501010 ,WDD 11y CCi1l) EEiL1)
COMMON/LI/ARIL1L), ¥BLILLT, YT i), DLctt)  IBLILE)  WIFL(LL},

E 3

EPRIME(Lt} HHili},B8G(L1},01A
GATA VMM, BMM, SHMS/ 4540, @/
DATA CONST/1.4322,2.Q833,2.5

CALCULATE INSPECTION POINTS,
MOMENTS AND DEFLECTIONS '

D0 999 I1l=1,2@
VMMS(III1)=0.8

oDL = COL # 1208Q.

NCDL = NCODL#1208.

FOLLOWING | CARD REMOVED PER
NCDL=NCDL+COPE«WTF*UWS/ 144,
DETERMINE CTION FOINTS

S
{HEFE

GD(11),DIAGWILL)
174,3.54%4,3,9154,3.4598

ANDG THEIR RESFECTIYE SHEARS

FRANK CHEN 3-21-19835.

33T, 0,300/
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THE

TSFAN = SFANL + 2.1 <)
03I o= 1,1t

A01ETiIy = (] - 1} % TGFAN

{0IST(12; = SFANL + 2,23

ADIST(13) = SPANL * @8.75

{DISTil4) = SPAML / 2.0 - HDFT

YDIST(1S) = SPANL / 2.@ + HODPT

COMPUTE DEFLECTIONS DUE TG THE WEIGHT OF THE BEAM,
SLAB AND DIAPHRAGMS

DEFL:i4 = 2.8
DEFLLIZ = 8.8
WCF = 9.8

7535 = T3 / 12.8
ECI={(1000208@.+452.+3,9*FFC)+]H
ECSI=(1800Q0Q.+463.*FFCI*INA
FOLLOWINS 1 CARD CHANGED ON 3-21-1%85 PER F. CHEN (WS=UWS#TSS*BSPA
WS = UWS # TS5 # BSPAC + COPE # WTF # UWS / 144,
WE = UWg +# AREA / 144,0
W= WS + WB
REACTH = .S+#W*3PANL
WNCDL = NCDL/12.Q
WCDL = CDL / 12.9
EMREAC = @.3+#WEH#SPANL
ANCOL = @, S+NCOL*SFANL

RCOL = @.3 # CDL + SPAHL

SFANM = SPANML + 12,48

Wi = WS/1Z,

DEFKZ = 3,8+ Wi# SPANN #% 4/0 384,.@%ECD)
JEFKL = 57.8% WI# SPANN ##% 4/16144,0+EC]!]

GNCOLL = 37.0#4WNCDL#GPANN#%4/ {6143, B#ECT

DCOLL = 57.@ # WCDL * SFANM ##% &4 / (6:44.@ * ECSD)
ONCGL2 = S.3#WNCDL+GPANN+#4/(T84,8+ECI}

DCOLZ = 5.8 # WCDL +# SPANN #+ 4 / (384,08 ¢ ECSID)
IF(BETYPE.EQ.BNSTD) GO TO S0

DIAA = DIAGDIKASE) +» DIAGW(KASE!

Jl1aY = DiAA « (BSPAC - WDDI(KASE)/12.}

LESY = ({2#HH{KASE)+BR(KASE) I #*GG(KASE] 1 #DIAGH (KASE) /144,70
UTAY = DIAY - LESY

[FixASE.LE. 4} GO TO i@
DiAV=DIAY-(,B3335+.41457) 41, 8833+D1AGN (KASZE)

CONTINLE

CF = DIAY * U3

REACTN = REACTN + (,3+#KQDE#LCF)

COMST! = CP + SPANN #+¢ 3 /7 (ECI % 108@,3)

WCP = (KQDE+CP) /SPANL

DEFLL4 = CONST(i,kODE}#CONSTI

DEFLLZ = CONMST(Z,k0DE) #CONTTH

COGHPUTE DEFLECTICNS, BENDING MOMENTS AND SHEARS DUE TO
CONCEMTRATED LOADS

63 55 1 = 1,10
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_BM = @

IF (CNCF i1}
CNCP(DY =
CONTINUE
X12 = SPANR + 0.5
14 = SPANN # 8,25

B2, 9.9) 80 TO 3a&
N

CNCPIL) + 1204,

X122 = %12 + ¥iZ

1142 = X144 & Y14

ECSIa = 4.@+ELSI

ECia = 6. # ETI

$12L = X12 # SPANN

Xt4L = {14 * SPANN

D0 38 N = t,1@

N o= i

IF{CNCD{NI.LE.B.B} BD TQ 31
COMTINUE

H2 = NN/Z
NZZ = N2 & 2

[F(NZ.LE.@) G0 7O 35

00 34 N = L ,NZ

CNCF (N)

FOL # X12

POL # X14

DX = CNCD(N} +12,

PO FOL # Di

Dx2 DX » DX

IF {DX.BT.X14) B30 70 33
DEFL14 = DEFLL4 + POX # (Z.@#{X04L-X142:-DX2}/ECIE
50 TO 34

]
—

> b

oo

DEFL14 = DEFL1d + Fi{4 + (S.Bi(SPANN*DI—D%EJ - X1421/8C

DEFL12 = DEFLLZ + PLZ + (3.Q#{12L-X12Z-DX2)/ECI8
IF(NN,EQ.N22) GO TO 3¢
PHNL1 = CNCP{MNZ2+1})

DEFL14 = DEFLI4 + PNN1#X14+(3,D#SPANN#+2-4, X142}/ (48,

DEFL1Z = DEFL12 + PNNI+SPANN##3/{45,*ECT)
CONTINUE

SUMW = @,

SUMWC=8

00 37 1 = !,NN

SUMW=ZUMW+CNCF (1)

SUHWC=SUMWC+CNCF (1] +CNCDI)
CBAR=8LMUC

[FISUMW.ER.@.8} 50 TG t37
CEAR=SUMWC/SUMK

 REACT1=SUMW#*:1.B-CBAR/SPANL)

B0 39 1 = 1,15
+ = XDISTII
YH

YH o= WMo+ O
EM = BH + CMCPI{L} #* {X-CHCD(L)]J
BHMi 1) =(REACTL#K-EMi+12,

A-28
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IF{SCNCF¢1).EG. @) S0 TO B8a
D3 129 i=1,1d

SCNCF (11 = SCHCP(T)+1Q04Q.

DA 2@ N = 1,10

NN = N

[F{SCNCP(N!.LE.2.2) BO TO 31
COMTINUE
SUMK = 2
SUMKE =
GO 82 1 = 1,NN

SUMW = SUMW + SCNCFR(I)

SUMWC = SUMMC + SCNCP(I) + SCHNCD(D)
CBAR = SUMWC / SUMW

REACTL = (1.0 - CRAR/SPAML) # SUMMW
D0 85 I = 1,15

X = XDIST(D)

EM = @

Y4 = @

B0 BI M = 1,NN

[F{X,LE.,3CNCD{M)) GG TQ 83
YH=YM+SCNCF (M)

BM = SCNCFIM) € (X-SCNCD(M}} + BM
YMMS (I} = REACTL - VM

BMMS (1) ={REACTLI#X-EM) #12

CONTIKUE
po 4@ I
EMMS (1)
VMRS (1)

@

=]
=

1,11

AMAX [ (BMMS(I) (BHMMEIL12-1))
AMAXL(VMMS (L) VHAME(L2-1)¢
BHM{L) AMAX L CEMMOT) (BMM{1Z2-1))
VMM D) AMAKL CYMMIET) (YMMOL2-1))
SMM12) = AMAXLIBMMOLZ) ,BMMILIN)
EMMii3) = BMM{12)

EMM{14) = AMAXLI(BHM{14) ,BHM{15))
BHMOLT) = BMM{14)

VHMIOLZ) = AMAKL (VHMOLZ) ,WMMIL3:)
YMMEII) = UMMO12)

YMM{14) = AMAXL(VMMILA) ,YMH{I3T
YR O1S) = YMMEO14) .

WHMS (1 2) AMAZL (VMMS {12}, VMHE(LZ))
BMME 12 AMAX L (BMMS(LZ) ,BMMSL1EY)
VHMS{L4) AMAX L (YMHS (14) ,VHMG (150
EMMI {141 ARAXL (BHMS(L4) (BMHS{L3))
EMMS (18] BMME 14

YHMS(13) YHM3 L4

EMAS (13 EMHS (1)

YMMS 1T YMME(Q2)

(LI | [ TR LN (I ||

A-29

CONTINUE

SDEFIZ = 8

SOEF 14 = ?

SCNCF(N) = WEIGHT OF STATIC CONC DEADLOAD N

SCNCDiN: = DISTANCE FROMLEFT REACTION 7O THE NTH LOAD
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OMFUTE MOMEMTS AND SHEARS DUE TO DEAD

SLREAC = @.% # (WS + WCF 1 # SFANL
Kk a

Nl =

NZ = &

N3 =1 :

D0 15 [ = NI,N2,N3

X = XDIST(I)

VDL(I) = REACTN -{ W + WCF ) * X
UNCOL {1} = RNCOL - NCOL#X + YMM{I)
YCDL (1) =REDL-CDL *X

-1
T
oy

BMOL (1) = (REACTN = (W + WCPI#X/2.)%X#12.

EMEM(I) = (BHREAC-WEX/2.)#K#12,
BMSL(I) = (SLREAC -{WS +WCF ) # X/2.7
BMNCDL (I} = (RNCDL - NCOL#¥/2.)#X#12,
BMCDL (1)
CONTINUE
IF (KK,GT.9) &9 70 17
KE = KKl

N1
NZ
N3
6 70
CONT TN
Do it
BMDLID)

172

N
) —
i) b

E

Low

-
1]

7yt

BMDL(LZ2=-1)
EMEMI{I: BHEM{1Z-1)
BMSL (D) BMSL{LZ2-1)
YNCDL{I) = YNCDL(12-12
YEGLII) = YCDL(L2 -~ I
BMNCOL(I) = BMNCOL{1Z-1)
EMCOL (LY = BMCDL{12 - I
VRL (DY = VOLCLZ-T}

CALCULATE MAXIHUM
AT THE INSFECTION

o

- M
.

- A
Sl N

IF(LTYFE.EQ.3} GO 7O 24
CALL TYPELD
0o 21 1 =1,!I1

+*
+

(RCOL - COL * X / 2.0 # ¥ + 1

L
BHM

i
+

1
i

VELMIT = YHALD) 4+ WDLII) +YNCDL{IY + YHMME(ID
BHEUM Ty =EHOL 1) +BMMA (DY #+BMNCOL (I +BMCOL T

CONT INLE
aT

06 23 1 = i2,15,2

YSUM{TY = YMACD + YOL(IY + YNCOLAIY + YMME(I} + VCOLY

BMSUM{T)=EMOL {17 +BHMALLD) +EMNCOL (T +BMCDL (T

COMTINUE .
VEUM{LIIr = VEUMCL2Z)
YEUMELEY = YSUM14:
BMSUM 13 = BMSUMOLD)

EMSUMIL1S) = SHSLM{Ld)
BMSL{13 = BMEL(12)
EMSL {14}

[v i)
x
(Y]]
pak
-
n
M

ol ot}

BMMS (1)

AND HMOMENTS INCLUDING LIVE LGAD

+ VEDL{IJ



EREMO1I: = BAGMO1Z)
AREMOIT] = BMEML4)
EMOL LT = BHMDLIL2)

EMDL{1IZ] =BMDL {14!
BMNCODL (137 = BMNCDL(12}
EMMCDL (13} = BHNCODL{13)
EMCDL(13Y =BMCDLCLD)
BMCDL(15) = BMCDL({14)

T8 = TS5 # 12.9 - 2.2

C
C CS7/DFG 8/8t
C
Do 223 I=t,13
22 VMMMS [ =VMMEL])
RETURN
END _
SUERJUTINME JMLOADITOTTLD!
.
(21 CHARACTER+#B8@ WORDS
(21 CHARACTER+#4 DIAL,CHRCTR,SHMBOLA,SMBOLL,DIA
(21 CHARACTER#*2 BLANKA,ABLANK,BLANKB,BBELANK,BLANKC,CBLANK,BLANKD,
{21 #DBLANK ,BLANKE ,EBLANK , BLANKF ,FBLANK,BTYPEA,BTYPE,BNSTD, HEAM
(21 CHARACTER#! SMBOLS,SMBOLZ

COMMON/ JWRS Uﬁﬁﬂﬂﬂ) LMDLiZBY , XDIST{LEY ,DEFK2,DEFLIZ,DEFEL.OEFL LS,

#DNCDLZ,DNCDLIL

COMMON/KI/ ASL, IBESL, INA,YTC,YEC, YTCHL.-T:L BREAC,ECCL,
#ENDMAX  TENIN SPHNL,BaPHC TS,EFW,UWE,UWS, LL.E"SL ES,ASTRN
*FF:.NLDL ITH,IF8,YT,ARER,D,IR,IBEC, SlnNS ECAL, - ZTﬂc,MTc

% FPY,LTYFE,KASE,KODE ,RROAD,SFPC,DFACT,COL, TS5
(3] COMMON/ELL /WORDS , SNBOL 1, SMBOL2, BTYPE, DIA, BEAM (11)
COMMOGN/LLI/ BMMA(2Q),BMOL(2@) ,BMSUM{2@) ,BMEM (2@} ,EXNCDL (2D, ¢
#@) ,GMSL (20) , BMCOL (28]
DIMENSION LD
DIMENSION BMPRIM(&)
DIMENSION BMWID)
DIAENSION V(24
SOMMGN/J/ BMAS (28} BMSF (221, EMLL {22) VhEx-w:,USF(EWE.ULL{EQ}
BATA BMPRIM/2.8,8. a,:.a.@.a,xa a,11.
DATH C/0.8,14.2,25.8
DATA v/20%0.8/

C
|
C CALCULATE SHEARS AMD MOHMENTS INSPECTION PIIMTS DUE 74 H3-2@
C LIYE LBADS
CL = SFANL * 8.3
iIF{SPANL.GT.Z24) GO TG0 Ja@
FT = CL
FEACTN = 3.4
EM = REACTN +« FT + 483290
' 50 T4 83
189 [FigPanL,.aT,28: GO 7O Zd%
FT = CL - I.5

A-31
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ol

id

HAR = CL - 3.5

Ci-CHAR/SFANLY €1, 4

M = REACTN * FT % 400@G0
G TO 293
[F{SFANL.GT.Z22.67) GO TG 332

FT = 14.0
CBAR = 18.647
80 TO 303

FT = CL - 2.33

CBAR = CL + 2.33

REACTN = (1-CEAR/SFANL) -+ 1.8

BM = (PT * REARCTN - 2.8) + 318609
CONTINUE

YLTM = EM

DO 8 LD = 1,15
DIST = XDISTiLD
DO 17 M = 2,3
BMWIM) = 8.0
SUMKE =

SUMLD =
GG T (1,1,B),M
IF(DIST.LE.Ct2}) G0 TQ0 3
DFSTW = DIST - C{2)

DLSTH = GFSTW + C(D)
IF{DLSTW.GE.SPANL) GQ TG §
KACE = 1
SUMLD = 1
SUMWC = 3
50 TO 1@
DFSTW = DIST

OLSTW = DFSTH + 14.0
IF(DLSTW.GT.SFANL} GO TO 7
KACE = 2

SUMLT = 1.6

SUMWC = 1

G0 TO 1@

KACE = 3

SUMLD
SUMWC
GO TO
SUMLD
SUMWC
GG 70 t@
IFiDI5T.LE,28.8) GO T3 9
KGCE = S

. 3
3.6

=

2.2
2.2

nuw -
|7}

QFSTW = DISY - 23.@

G¢ TG 2

DF3TW = DISY - CiZ)

[FIDFSTW.LE.B. @y 30 7O L&

KACE = 6

GC TO 4

CErA = SUMWL/SUMLD + DFSTH

REACTH = (1.8 - CHAR/SFANL) * SUNLD
EHWi{MI={DIST # REACTHN - SHPRIM(xACE)) * TOTITLD
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CORTINLE

CONTINUE

B = AMASL(BMWIZ)  BMWIZ))
EMHS LDy = BMeiZ,

GF3TW = DIST

BLE3T% = DFSTW + C{3)
[F{DLSTW.ET.SFANL) GO TOQ 1t
CeAR = DIST + 9.33

RESCTN = (1.@ - CEAR/SFANLI % 1.8
60 70 13

DLSTW = DFSTW + Ci{2)
IF(DLSTW.GT.SPANL) &GO TQ 12

CBAR = DIST + 7.0

REACTN = (1.8 - CEAR/SFANL: # 1,6
G0 70 13

REARCTN = (1.0 - DIST/SPANL) » Q.8

V(LDI = REACTN #= TOTTLD

CONTINUE

Do Zo LD = 1,11

YHE{LD) = AMAXL(Y(LD) V{L1Z-LD))
BMHS!LD) = AMAX1{BMHS{LD) ,BMHS(1Z2~LD})

CONTINUE

VHE(12) = AMANLI{V{L2) V{13
VHS (131 = YHS(12!

YHE(14) = ARAKL{viL4) V150
YES{13) = YHE(14)
ULTMI=ULTH#12

IF{GEMHS{S).LT.EMHS {4} ) BMHS{Z) = BMH3 (%)
IF(EMHS (&), LT.EMHS (S} ) BHMHS (4} = BMHS(S!
IF{EMHS (&) JLT. ULTMI} EMHS(51=ULTHI

Do 23 L = 4,8

BMHS (L) = AMAXL1{BMHS (L) BMHS{12-L))

END

SUBROUGTINE LANELDITGTTLD)

CHARACTER+B@ WORDS

CHARACTER#4 DIA{,CHRCTR,SMBOLA,SMBOLL,DIA

CHARACTER#2 BLANKA ABLANK, BLANKB BBLANk BLANKC ,CBLANK ,BLANKD,
*DBLRNK,BLANKE,EBLANK,BLQNKF,FBLANK,BTYPEA,BTYPE,BNSTD,EEAH
CHARACTER#! SMBOLB,SMBOL2

COMMONF JWM/ VMH\“B:.MDL&-E).XDIST\I ) OEFEZ,DEFLIZ,DEFKL ,DEFLLA
«ONCDOLZ,ONCDLI

CAMMON/K1/ ASL,I8SL,INA,YTC,¥EC,Y7CSL,ITSL,AREAC,ECCL,
«ENDMAL, TENIN,SFANL ,BSPAC,TS,EFW, UKB . UNS,EC,EC5L,25,A5TRN,
*F®S§ ,NCOL,ITG,IB8,7T,AREA,D, 1B, IBRC STRNG ,ECAL, Y5, ZTRC, WTF ,BF LAY

%, FFY,LTYPE,KASE,KODE,RROAD,SFPC,OFACT.COL, TSS
COMMON/ELL/WORDS,SMBOLI,SMBOL2,BTYPE,DIA,BEAM(L1)

COMMON/J/ BMHS(2@) ,BMSF{2@) ,BMLL{Z3) ,¥HS (20} ,YSP{20} ,¥LL 20Q:
GIMENSION ¥{Z20) ,EM{20) '

DATA BiM,Y%/40%8.0/

T\
L }
—
(93]
—
=23
-t
[R%}
=
m
Los }
-
L }
T
I
[#p)

AME UMIFGRMLY

m
1

CALCULATE CONCENTRAT
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{21
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[y ]

[ O o I}

(38
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rJ

CALCULATE SHEARZ, AND MOMEMTS IMSFECTION FOINTSE
SELECT MAZINUM SHEAR ANMD MOMEWT COMBIHATION
COMCLY = 9,85 & TOTTLD

CANCLM = @.45 # TOTTLD

W= Q.@15 % TQTTLD

63 1 LG = 1,15

DIST = XDISTILD:

REACTY = 0.5#W#SFANL+ (1.8-DIST/SFANL) #CONCLY
REACTM = @, S#W#SPANL+ (1.@-DIST/SPANL) #CONCLM
Y(LD) = REACTV - W#DIST

BMiLD} = DIiST * (REACTH-W#DIST#3.5 1+412.

EMLL LD} = BHILD)

YLLILE) = ViLD)

CONTINUE

DO 2 LD = t,i1

YLL (LD = AMAXL(YVILD) ,V{(12-LD))

EMLL (LD} = AMAXL(EM(LD),BM{12-LD})

CONTINUE

RETURN

END

SUBROUTINE MACKS (BMMAY YMAX, M, V,BMLL,REACTN, HEMH, HYM:

(3]

DETERMINE MAXIMUM SHEARS ANMD BENDINMG MOMENTS FOR AR LOADIN

BEM = ABS(EMLL) '

VEE = ABS(Y)
[FIBMMAX,GT,BM) 60 T4 |
BMMAX = EM
IF(YMAX.BT,.VEEY 60 TQ 2
VYMAX = VEE

CONTINUE

RETURN

END

SUBAGUTIME MILLER

CHARACTER+8@ WORDS

CHARACTER#4 DIA1,CHRCTR,SMBOLA,SMBOLL,DIA

CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,
#DBLANK , BLANKE , EBLANK , BLANKF ,FBLANK ,BTYPEA,BTYPE ,BNSTD , BEAM
CHARACTER#*1 SMBOLB,SMBOLZ

RESL I8,IB1,INA,NCDL,MNCDL,I55L,MNS, MCDL ,KDIST,KE
COMMON/HLF/ X1,%2,Y1,¥2,Vi2

CGMMON/KI/ ASL,1BSL,INA,YTE,VEC,YTCSL,ITSL,AREAL,ECCL,

]

(1D

pr

®FFS NCDL,ITB,lBB,¥T,AREA,D,IR,ZBBC,5TRNS,ECAL,YB,ZTEC  WTF ,BF,AY

* FFY,LTVFE,kASE,«0DE,RROAD,SFPC,BFACT.COL, TSS
COMMON/ELL/WORDS ,SMBOL1,SMBOL2 ,BTYPE,DIA,BEAM(L])
COMMON/MM/ROW{IB) ,HROW, SROW (18, IW,DRON 13) ,NSROW (3D
COMMON/LT/&RI1E)  YBLOLLD ,¥TLEIL, 0Latt), TBLLL) WTIFLiLL),

#RPRIME{LL) HH{11) G611y, DIABD(IL) , DIAGKIIL]

A=-34



30

[ I B }

50

COMMON/STO/STECL,3T5CL,5FACE, IVIEW, [STOF
!DuﬂnhfrfErFEFID,NSTHNS.ENDECG,INCH

CALCULATE PLACEMENT OF STRAMDS

~—
ITI

W.NE.Q) GO TQ 104@
= ATANIYZ/42)
¥isZ.@
STSCL / SIN(THETA!
Y1 / TRM{THETAI

X4 - X3 + STSCL
= X5 % TANI{THETA)
X2 # TAN{THETA)
Y3 + ¥4

= SFACE/2.0
t - Z.8% X2

L/2.0

.LE.2.9) G0 TO 299
L + X4 - X3 - %S

T 50

T —

o [N —f b
[ [ e ]

[ T P T I ) [ R I s vl

MW D — M m

o
]
)
—
= u
=
wm

=z 7 & Teov 2 e N I e = e

-1
PACE
LT.-@.@@L,0R.NS.LT.2) 60 TO 22

F{A.LT.-@.0@1) G0 79 23

NEOW=NROW+1

RGW (NROW) =K
I[F(MS.EG.B1G9 70 99
H=STECL

H=H+SFACE

IFINS.LE.Q) B0 T3 99
IFiH.GT.¥%) Bd 7O 23
IFINS,LT.KY GO TD IZ
NROW=NROW+1

ROWIMNROW) =K

NS=NG-K

30 70 23

I[F(NS.LE.B} G0 TO 99
IF{H.GT.¥Y34] GO TO 29
[F(H.BE.¥!! 50 TG 3@
CLZ=CL~{H=7¥3) /TAN{THETA) .
G0 TO 31U
CL2=CL-(H-fLi1/TAN{THETA)

A-35
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[ o ]

TT

11

L=+ I

—
= N

9

M oo W
L]

Fo—= I 2 Do
.'F"IﬂI’

=
(4} )
1]

=
[f7]

50 TO

IF{A.LT.-8.0881"
[FING.

K=K +N
NS=@
NROW=
ROWIN

[F (NS,

a0 70

IF{IYW,

A=FLC
k=1
A=A-5

IF\A LT.:.B.GR

NS=NE-
k=k+!
G0 TGO

IF{A.LT.2.3)
E=K+NE

NE=@
NROW=

iF (NRGW#SPACE+STaCL.OT.YE} -

ROWIN

[F (NS,
IF (NS.
N§=N5-

60 1O

IF (NGB,
IF (NS,

IF (NS

[F{NS.EE. L3}

NRGH
ROW (N
G0 7O
ko= N
HEOW
FOW(N
MS =

I[F INROW*SFACE+STBCL.GT.YR)

Gd 70

i

A
K
k=35

nm uw #

I
0 ‘, i

?Eo—d

I"

=1 M

o
]

(€5

— ra

HE - 1
PACE

L7.-d,@a!.

-
/

28

EG. 1)
5

NROW+1
ROW) =k
Le. @’
z4
EG. 1}
L

FACE
39
[

NROW+1

FOW}=K
LE. &)
LT,k
K

o)
Ry

eEQ. )
Ed.s)
.E0.8)

= NROW
ROWI =
%9

3 -
= HRGHW
ROWi =
H3 - K

24

TECL

A-SPACE

+1

—4

(3]

[}
r

[97]
—

Ga
60 70

=

-1
=
m
—
I=

OR.NS.LT.Z) G0

T0 28
28

G0 Td %9

FLZL

2l TGO

G0 70O
GO TO

GO TQ
GO TO
60 T4

g0 TO

+ 1

NS

+ 1
K

A DIST + HSFACE

A LT,-2.281.0R,

LHSLLT. 20

27
&

99
29

34
-
%
-~ a
)

34

MSTRNS.LE. @]
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G0 1O 3t

60

G0 7O %94

30 74 993
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NETRNS = NSTRNS - i
&0 TO |
? LFW = 2 % ¥

NROW = NROW + !
ROWINROW) = LPUW
[F(ROWI{NROW).LE.@.@) NROW = NRQw - |
IF{NSTRNS.LE. @} GO TQ 99
3 H = H + 3PACE
IF{H:GT.Y¥3) GO TO 4
IF(NSTRNGS.LT.K) B0 TO 1
NROW = NROW + |

ROWOCNROW) = LFW
NOTENS = NSTRNS -k
52 70 I

4 CONTINUE

IF{NSTANS.LE.Q@} GO TGO 39
IF{H.GT.Y34} GO 70 7
IF{H.BE.Yl} &0 7O &8
CLZ2=CL-8TSCL-iH=-Y3I/TAN(THETA!
g0 TQ &1

a@ CLZ=CL-(H-Y1i/TAN{THETA}

ol D18T=CL2-STSCL/SINITHETA!

A = DIST + HSFACE
K =8
] R = A-SFACE
IF{A,LT.-2.90@1.3R,NETRNS,LE.3) GO 7O
K = K+t
HSTRME = HSTRNS - 1§
GG 70 2
& LFW = 2 + K
NRGW = MROW + }
ROWINROW) = LPH
IFINSTRNS.LE. Q) &80 T3 99
a0 70 3
7 f# = FLCL+HSFACE
.= @
8 f = A-SPACE
IFIALT. 2,2, 0FR.NSTRNS,LE. Q) GT TQ 7
NSTRNS = NSTRNS - |
K=k + 1
60 TO 2
q LPW = 2 # &k

MROW = NROW + |

1 COMTIHUE
ROWINROW) = LFW
[F{NSTRNS.LE.Q} GO TG %9
IFINSTENS.LT.K) 50 TD 7
NSTRNS = HETRNS -
HREOW = NROW + 1
IFi{NROW#SFACE+3THECL,.BT.¥8) GO TC 998
G0 72 i2

79 CONT INUE

182 SUMETR = @
SUMMET = @

A-37



oo
4
N

HFOW=18
L,NROHW
ROW(JR: # (STBCL + ({JR = 1} *SFACE}) + SUMNMST
ROW(JR) + SUMSTR
= SUMHMST / SUMSTR
IFCIVIEW.NE.@) STRNS = SUMSTR
CONTINUE
RETURN
18@ NRQOW=8
NSTANS = @
50 191 [=1,18
NROW=NFROW+ ]
NSTRNG=DROW (1) +NSTRNS
131 ROW{I)=5ROW(L)+DROWCT)

L
—
<4 I
=
m

,..
M o U e Ul
[k B el el o B |
I> & = z
™ ) X »— 1 [}
) — O e

o —

WM I OE

|

L)
L4
-0

. B0 7O 1@2
998  ISTOP = 1|
RETURN
END
SUBROUTINE MGMENT
C
(23 CHARACTER#8@ WORDS
[21 CHARACTER%4 DIA1,CHRCTR,SMBOLA,SMBOLI,DIA
(21 CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK ,BLANKD,
r21 #DBLANK , BLANKE , EBLANK , BLANKF , FBLANK ,BTYPEA ,BTYPE,BNSTD, BEAM
(23 CHARACTER*! SMBOLB,SMBOL2

CGMMON/KI/ ASL,IESL,INA,YTC,YEC,YTCSL,ITSL,AREAC,ECCL,
*ENDMAX, TENIN, SFHNL BSPHC TS,EFW,UWB, uws.cc ECSL,ES.ASTRN,
+FPS ,MCDL,2ZTE, IRE, YT AREA,D, 1B, LEEC,aTRNS ECAL, VE,ZTdC WTF EF,AY
€ FPY,LTYPE KASE_KDDE RRGAD_SFPE DFACT,CDL, TSS
(31 COMHGN/ELL/HDRDS,SHBOLI,SHEDLZ,BTYPE,DIA,BEAH(11)

COMMON/LLL/ BMMA{22) ,EMDL(20) ,BMSUM (28} ,BMEN (2Q) ,EMNCDL (22} ,¥5uUN:2
¥B) (EMSL 2@, BHCOL (2@}

COMMON/ILL/ REQULT,ULTHOM,FRFC,FPCI,NSTATE,HSTATE K
COMMON/LI/JAR{L1) YEL (11}, ¥T1¢11),D1418) , IBLIEL) WTFLCLLY,
SEPRIME{1L} ,HH{11) ,G8(11) ,DIAGD (11} ,DIAGHILL)

CGMMON/HD/ H,5

C .
C CALCULATE REBUIRED ULTIMATE AND RESISTING MOMENT CAPACZITY
c
C
EFD = 0 + 79 - ECAL
AST = STRNE # ASTRN
P = AST / (EFD * EFW!
iF{FFS.EQ.Q.0R.FPS.EQ.Z270@0@D.) GG TO S
FSU = FPS % (1.8 - 0,5 = P # FPS5/SFFC}
a0 T3 &
S FSU=240280
& FLCK=(RAST+F3U) /(D BS#SFFPCHEFW)
RCE = P # FS5U / SFFC
IF (RRJAD .NE. @.83 G0 70 1@
REQLLT=1.5+(EMDL (6} +EMNCDOL () +BMCDL (o) 1 +Z. S#HNMA (&)
0 TG z2@
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DA |
=3

()

= ) £ 03 0)

e
=

cd

(M o= 2.9 - SFANL * 9,304 =
IF {(3FANL .BT7. 188.7 M = 1,4

REQULT = df + (BMDLYS) + BMNCDL (o) + BMCDLialil + Z.37 * BMMAlS
COMTINUE

IF {FLCK .57, TS8) GG TGO 48

IF (RCK .8T. ©@.3i B0 TG 3@

BEGIN CARLCULATIGNGS FGOR RECTANGULAR GECTIONS

ULTMOM=AST#FSLU+EFD# (1, -0, S9#F4FSU/SFPCS

NSTATE =

66 70 @@

ULTHONM = 3.25 # SFPC % EFW & EFD * EFD
NSTATE = 4

30 TO 528

BEGIN CALCULATIONS FOR FLANGED SECTION-=---MAXTHMUX DE#TH OF
COMFRESSTION BLOCK¢(YCMX) IS5 BASED ON MAXIMUM REINFORCEMENT
iNDeY JF 0.3

COMTINUE
[F (RTYPE .EQ. BEAMIS) .OR., HTYFE ,E@. BEAM(A)) GO TO 2948
YCMX = (3.354 # EFD) - T8
CS = @.8% # SFFC « EFW # T3
¥ = EFD - TG/2.
2.5 # (WTF - BF)
THETA = ATAN (Z/G)
AEC = ((AST # FS5U} - L£S8)/ (D.85 * FPC)
ABCIMY = WTF # H
ABCZMA = {(WTF #.G6) - {I # B)
IF¥ (ABC .GT. ABCIMX) G50 TO 5@
¥C1 = ABC / WTF
ABCL = WTF # YC!
NSTATE = |
iF (YCMX .GE. ¥Cl) GO 7O 1QQ
YCL = YCMX
ABCL = WTF # YCU
NSTATE = 2
G0 TO (2@
IF (ARC .B67. (ABCIMY + ABCINI)) GO
RAABC2 = ABD - ABCIMX
YCz = 8.3

4
L[]

TG 5@

ABCI = 2.8

¥ = 8.5 % TANITHETA)

WIFZ = WTF

CONTINUE

ABC2 = ABCZ + ((D.3 ¢ WIF2) - (B.5 % X¥))
iF (ABCZ ,67. REABCZ) 50 TO 78

Yz = ¥C2 + 8.5 ’

WTFZ = WTFZ - 2. + XV

GO 70 58

RECEZ = ABCZ - ({@.5 # WTFZ) - (@,5 # %Y}
AECL = ABCIMK

METHRTE = 1
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— )72

118

123

._
n
2

IF (fCMX,GE. (H+¥C2i1 &0 7O 1180
IF {VCMY .GT. H .AND., YCMX .LT. iH + Y¥C21) G0 7O 7i
€2 = 8.3
4BC2 = 0.0
YOI = YCMX
BBCI = YCI + WTF
NSTATE = 2
50 T 1@@
Y22 = YCMX - H
ABCZ = (WTF2 # YC2) - {YCZ # TAN(THETA) + ¥C2)
ABCL = ABCIMX
NSTATE = 2
86 TO 118
ROABCT = ABC - (ABCIMK + ABC2MX)
YC3 = ROABCI / BF :
ABCI = VL3 + BF
ABCZ = ABCIMX
NSTATE = 1
IF {YCMX .GBE. (H + G + YC3)) G0 7O 120 _
IF (YCMX .BT. H .AND. YCMX .LE. (H+Gi} GO TO B9
YE1 = YOMX
ABC1 = YCI % WTF
ABCZ = 8.0
AECS = 2.0
NSTATE = 2
50 70O 1@
¥C2 = YCMX - H
ABC2Z = (WTF # VC2) - YC2 * TAN(THETA}* VL2
. ABC1 = ABCIMY
ABCI = 0.2
NSTATE = 2
G0 TO i1@
CALCULATE MOMENT ARM BETWEEN TENSION STEEL AMD COMFRESSICGN £ONC
YCB = £FD - (TS + ¥C1/2.)
CF = ABCL # .95 * FPC
GO T0 158
AML = H # WTF # H/2,
AMZ = ({WTF-2,%YC2*TAM(THETAI) # ¥CI3 * (H+V¥CI/Z.)
AM3 = ((YC2 # TANITHETA) # YC2) 7 2. % (H + YC2 / 3.1} + 2.
YCG = (ML + AM2 + AM3) /7 {(ABCI + ABC2)
YCE = EFD - T3 - YCG
CB = (ABC! + ABCZ) * 0.85 + FPC
50 TO 150
AML = H * WTF * H/Z.
AMZ = ((WTF - 2. % § # TANIHETAI) * §) # {H + B/2.)
AMT =((5 #* TAN(THETA} # G} /2. % {H + G/3.1) = 2,
AME = (¥YCI # BF) # (H + B + VG372,
YCE = (AML + AMZ + AMI ¢ AM&) / (ABCL + ABCZ + ABLID)
¥CE = EFD ~ T8 - VOB
CR = (ABCL + ABLZ + ABCI) + 8.85 * FFC
ULTMOM = C3 s YCS + CE + YCE
50 70 538
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[=¥]
(=5}

21

228

CONTIMUE

Al = A

dl = G

o= 3,

G = 3,

AMIMY = {WTF = H) * H/Z,

AMZML = (WTF - 26.) # G % (H + G/Z.
AM3MY = (BF # 4.) # (H # &5 + 2,) +
YCHY = (8,334 % EFDY - T8

fCS = €FD - TS5/2,

£S5 = §.89 % SFFC # EFW # TS

FHI = ATAN (13,706}

RHG = ATAN (1.}

ABC = ({ABT#FSUY - CS) /7 (@.B3#FPC)
AECIMX = WTF * H

ABCZME = (WTF # Gy - (13, # GI
AECIMY = (BP + B.,) # 4, - (4. # 4,)

[f (ABC .GT. ABCIMX: B0 TO 210
YC! = ARC / WTF

ABC1 = WTF # YCi

NSTATE = 1

1F (YCMX .GE. ¥Cl1) GO 76 2@

YC! = YCMX

ABC1 = WTF # ¥C1

MSTATE = 2

50 TO 302

IF {ABC .BT. (ABCIMX + ABLCZMXi) GO
RQABCZ = AEC - ARCIMX

¥C2 = 0.
ABC2 = 2.0

XV = 3.5 # TAN(FHI)

WTF2 = WTF

CONTINUE

ABCZ = ABC2 + (8.5 % WIF2) - (8.5
IF {ABC2 .GT. RBABC2) 60 TO 23

YC2 = ¥C2 + 0.5

WTFZ = WTF2 - 2. % XY

50 T3 220

ABCZ = ABCZ - (8.5 # WTF2) - (0.5

NSTATE = 1

IF (¥CMX .GE. (YCZ + HY)GO TO Z1@
I[F {YCM% .GT. H .AND. YCHMX .LT. iH
¥C1 = YCMX

AECL = YOI # WTF

NSTARTE = 2

23 70O 00

¥CZ = YCMY - H

TO 240

* V)]

* XY

(13,
tH + G + 4./3.!}

*

AECZ = (WTF & YC2) - {YC2Z + TANIFKI} + YOZi

NSTATE = 2
30 70 310

IF ‘AAC .BT. (s#BCIMY +« ABC2MY + AECIMYX)) GO

ROABCT = ABC ~ (AECIMY + ABCIMXI
(03 = @.9
A4BCT = @.0
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(I = 8.5 + TAN(RHO
..... Sir ey
wiras = TP = L&,

ABCT = ARBCT + ¢(@.% % WTFI) - (@.5 % XVY2)]
[F (ABC3 .&27. REABCI) 30 TO 248
YC3 = 3

2

TF

26Q RBC3 = ARCT - ((@.,5 * WTF3) - (@.5 % XVZ))
NSTATE = |
[F {YCMX .BE. (H + & + 4.} G0 70 2@
[F (YCMX .LE. H} &80 TO Zsi
IF (¥YCMX .GT. H .AND, YCMX .LE, (H + Gij 80 TQ 242
I[F (¥YCHMX GT. W + G¥ .AND., YCMYX .LE. (M + & + 4, G0 TO 24T
G0 70 344

281 YOL = YOMX
ABCL = YC1 + WTF
NSTATE = 2
GO0 TQ 9@

252 YCZ = YOME - H

: ABCZ {WTF # YC2) - (YCZ % TAN(PHII # ¥T2j

2632 ¥C3 YCME - (H + G) :
ABCT = {4WTF - 24,) * YCE) - (¥CZE * TAN(RRO) & ¥O3i

NSTATE = 2
80 TC 279
273 RUABC4 = ABC - C(AECIMXY + ABCIMXY + ABCIMA)
¥C4 = REABCS /7 BF
AEC4 = ¥C4 # BF
NSTATE = !

{H+ G+ 4, + ¥C4) GO TG 330

Kl 80 TG 271 _

H .AND. YCMX LLE. 4 + 8)3 0 70 272
{H+G) AND. YCMX LLE. (ReB+4.)) 80 3
(H+8+4.1 LAND., ¥CMX ,LE. (H+8+3,+¥Cd1) 50 TO 274

IF (YCHY
IF {YIMY
IF (vCMy
IF (YTHX
IF (YTMX .
T0 580

P .
oG Gl @

—4 = M m

-
[RE S

e

—y

a0
271 YOl = ¥ITMX
GBCL = YC1 = WTF
NETATE = 2
ad 70 F09
T2 YCZ = YCHY - H
RECZ = (WTF + ¥C2Z3} - (YCZ2 « TAMIPHI) » YCI}
NSTATE = 2
GG 73 1@
273 YCI = YCMX ~ (H + &)
ABCI = (GWTF - 2.0 ¢ (L3} - (¥CI « TAN(RHO) + ¥CI)
N3TATE = Z
a0 T4
T4 Y¥C4 = G+ 4,3
AEBT
i3
el
Taa iC Y2172,
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(21

(131

L
—
L&)

329

[
on
=l

in
[ ]
=

[ ]

~ (k‘f
cs 2% % FFC
a0
AMZ ThLD € YC2/Z, % H 4+ YLIZ/Z.0 o+ (LI, EYCZ)siHeYCIAT
YOG = (AMIMY + AMIZY / (ABCLMY + ARBCZI
YCF = EFD - (TS + YLG}
CE = (ABCIMA + ABCZ) % @8,85 # FPC
g0 7o IZ9
M3 = (BF # YOI # (H + G + YCI/2.) + (4, # Y031 & ¥Q3/73,
YCG = {AMIMX + AMZNY + AM3) / (ABCIMX + ABC2MX + 4BCI)
YCB = EFD - iT§ + ¥YCG!
CE = {(ABCLWX + ABC2ZMX + ABC3} # Q.85 # FPC
G0 TG 3350

AM3 = (BF % ¥C4) # (H + @ + 4, + ¥L4/3,)

YOB = (AMIHX + AMZMY + AMIMY + ANM4) / (ABCIMA+ABCIMK+ABCIMI+azlH)
YCH EFL - (78 + YCG!

CE = (ADCiMX + ABCZIMX + ABCIMY + ABC4) » 3.835 # FPC
ULTHDH = CS % YOS5 + CB # ¥Cip

& = @l

H = Hl

COMTINLE

‘RETURM

END

SUBROUTIMNE OUTRUT

CHARACTER*B@ WORDS
CHARACTER*4 . DIA1,CHRCTR,SMBOLA,SMBOLY,DIA,COMENT
CHARACTER*2 BLANKA,ABLANK,BLANKB,BBLANK ,BLANKC,CBLANK ,BLANKD,
*DBLANK , BLANKE , EBLANK , BLANKF ,FBLANK ,BTYPEA ,BTYFE,BNSTD,BEAY
CHARACTER#*] SMBOLB;SMBOL2 i
REAL I®,I81,INA,NCDL,HNCDL,IE5L,MNS,MCDL ,KDIST,LGRID

REAL#8 ADATE

COMMON/ BNS/BNSTD

COMMON/IBM/ ACI{15),¥5iZ0

COMMON/JWH/ YMA{2@),YDL{2@) ,XDI5Ti{15) ,DEFK2,DEFLYZ,0EFKL , DEFLLS,
#OMCDL2,DNCDL!
COMMON/ELL/WORDS,SMBOL1,SMBOL2,BTYPE ,DIA,BEAM (11}
COMMGN/KI/ ASL,ISSL, INA,YTC,YEC,¥YTCSL,I75L,AREAC,ECCL,
*ENDMAY, TENIN,SPANL ,BSPAC, TS, EFN,UWE,UW3,EC, EEEL.ES.QSTRM
#FFS,NCDL, LT.,LRQ,fT.HPFA D,Ik, LBEC ,STRNS,ECAL,YB,ITEL.

_FFY‘LTIPE KASE,KGDE,RROAD,SFFL, BFACT yCOL,TS8

COMMON/MHM/ FG,HDPT,P,COPE

FDHHGNIMMfRGH\-@J,NFFN SROM(18) , IW,DROW(1E) NSROW(ID:

COMMON/MSS/ YNCDL(1SH ,%CDLiLS)

COMROM/ ILL/ REQULT,ULTMGM,FFC,FFCL,NSTATE,MSTATE, K

COMMGH/LLI/ BMMA{2@; ,EMOL{23) ,BMSUM(Z@) EMBM (221 BMNCDL {23, /5UM (2
¥Q) ,BM5L(20) ,BMCOL (2@)

COMHMON/IDF/ FTLL{2Q),FBLL{Z®), FTqL\"wI JFRSL (2@} FTEM{ZO},
#FREM(207 ,FTDL(2@) ,FEDL(Z2Q) ,FTNCOL (20} rENEDL(EB).STf”a- SE(ZD)
i,FT(:ﬂ),FB(EB],FTI(ZBJ,FBI(E@),FTIB(EB),FEIB(E@), FTIRSN (20}
#FRIBSN(Z) ,FTCOL (22 ,FACDL (20}

COMMON/FYB/KBRID,NSTRNS ,ENDECC, [WCH

COMMGN/DEF/ SUMSTR E£ALE,SNLEID DIST

COMMON/ IRR/S

SOMMON/ALLY F

rl\
'TI
_L

. s
w4 oa

1
311 ,AC0MFPR,TTEN,FTF,PLOSS,FPERST RLTSE, ITT
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COMMON/&JH/C1,02,C3,08,05,08,L00AX

COMMGN/KAF/ W WCF

COMMON/TIH/ B ,WD,C,E,A

COMMON/HD/ H,B

SOMMON/CONC/ CNCP (2@} ,ENCD(2@),CCFP(2@),CCD{2@) ,S6NCP{1@) (SCNCH 1T
COMMON/STD/STBCL,STSCL,SFACE, IVIEW, ISTOP

COMMON FCE

COMMGN / CHEN / YMNMS(2@),V5PC(2@)

COMMON / CHEN2 / DCDL1,DCDLZ

DIMENSION COMENT{24)

DIMENSION BMCD{ZQ),EMLL{Z@),EBMTGT(2@),YED{(2@) YLL(22) ,%TQT (26}
DATA COMENT/ 'UNDE','R RE’, INF.',* FLE', D. §', ECT. , DVER', REI
#°,'NF. ', FLGD", . SE',°CT. ',’UNDE’,’R RE’', INF. , REC .'T. &°.°
#ECT. ', OVER', " REI','MF. °, 'RECT",', SE', 'CT. °/

FRINT QUT DESIGN INFORMATION

Dar I I i B |

[ ]

'CALL DDATE (ADATE)

NI = (MSTATE -1} * & + |
MF = NSTATE * b

FULL = C! # FPS # ASTRN
NFULL = PULL /7 1@

FULL = (NPULL + 1} + (3,
FULL= (NFULLI%1@

[15]

[ Nwl

ROUND OFF CONCRETE STRENGTHS TO NEAREST (@ PS!

1f{FPC .LE., S@@@.) BC TO 1@
NFFC = FPC 7 1@
FFC = (NFPC + |} * 18@.
FFC=(NFFLC) #1Q@

1@ IFIFFCT .LE. 304@8.) GQ 70 2@
MFPCI = FPCI /7 1@
FPCL = (NFRCI + 1) + 1@,
FFCI={(NFPCI}=*1@

2Q CONTINUE
C
C CALCUMLATE L.L, STRESS IN TOF FIRER OF SLAB AT MID-SFAN
c ;
FTCSL = BMMA(S) /ZTEL
C COMYERT UNITS TQ KIPS AMD FEET FOR JUTPUT BY DEFINING
c NEW YARTABLES
C

PWT = UWE*ARER/1344Q@Q.
CWT=PUT+(BEPAC*TSE#UWS/ 128B.)+{COFE*WTF*UWS/144003.)
OHT = 0 + 75 + COPE

RLDSS = RLOSS + 109.
FLOS3 = PLOSS + 180,
PNCOL = nCDL/ 1200,
FCOL = COL/1@@a.
NFRS = FPS/1Q20,
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Lnp |

n
n

(]

&8

*

*
L]
=i

" FORMAT(SX,

#

#
*

2 FORMAT (5%,
2 §TRAND. ')

REGULT/12088.
UiTHDHFI"Gﬁﬁ.

QM

il

3 0r L X
Mo

— [ e

[l

Lot }
]
1
™
n
-
=
I:I
=
5
1
=
—

uEFn. + DNLDLZ
DEFLLZ
DEFLLA

[t s |

0o :5 i=
SCNCF{I)
CONTINUE
DG 30 I
CNEF (I}
CCRID)
BEMCD (L}
EMLL (1)
BMTOT(IL}
YED (1)
yLL (T
yToTil)
CONTINUE

1,18
SCHCP(1)/1008.

1,28
CNCE (1) /1030.
BCE(1)/1808.
{BMOL ([} +BMNCOL (1)} /12000
BMMA (1) /120480,
EMSUM (1) /12090,
YOL {1} /1000,
YMA (1) /1000,
YSUM (1) /1000,

FORMAT {5, 'NOTE----BEAM DESIGN BASE
"REQUIREMENTS ")

FORMAT{SX,
‘NEED SHIELDING )

"NOTE----DESIGMN GOES NOT
"CONDITIONS BUT SATISFIES STRESS R

FORMAT(/77/ 8%, 'NOTE=-==<=ND.
"THAN ALLOWED BY

D

5

A
Ed

GF STF&NDS REBUIRED

ON ULTIMATE MOMENT

"NOTE----BEAM DESIAN BASED ON LOW-RELAYATION

"NOTE----8TRANDS DRAFED TO TGP MOST FOSITION #AY ),

MOMENT

IS GREATER 7,

-
ur

REYI
anL

PROGRAM (9@, ,/,5X, SUMMARY 0F MOMENTS °,

"SHEARS, AND STRESSES DQUE Td EXTERNQL LOADS WILL FOLLOW )
FORMATY( ///,5%, NOTE---~FROGLEM AS STATED REQUIRED PLACEMENT
#STRANDS ABOVE THE NEUTRAL AXIS, THIS RUN AEGRTED. ")
FORMAT{IHL, ~"E@1-1514-@1t°, 73!, VIRGINIA DEPARTHMEMT OF HIGHWARYS
AND TRAMSFORTATION', T12i, "dJ08 MO, ~,7,Ti2L,/, TAZ,
PRESTRESSED FGNLP:TE ERIGGE GIARDER DESIGN FROGRAM',
FORMAT(!5X, DATE',TZ7Y, 'REE,  ,T39, PROJELT CHARGE 711 I
178, 'D E 5 C R I F T 1 @ N,

/v Ti4, SUEBMITYED ,728, BY ,TI4,

ca. RQUTE CITyYy/CO. SECT. JOB NO. ACT ., /7, 13X,RE8///}
FORMATC /0 #xk%%  REVIEW ONLY #%%%3% REVIEW OHLY *#%s++
EW OQHLY s¥sx% REYIEW QNLY ##++% REYIEW GHNLY ##%#%+ REVIEMW
¥ LE T Y ,j}
FORMaT( /7,54, #%# INFUT DATA €%+ °,/7/,53X, SEAN TYFE i, =
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i)

[0}

,_-
—
=

# 52,170, UNIT WT, BEAN CONC. = ,F4.8, FOF 131,

& 'STRAND SIZE ', 13X, =',2K,A4,° IN',/,3X, SPAN LENGTH 7%, =
4 F7.3,' FT',B%, UNIT ®WT. SLaB CANC. = F4,8, FOF 13X
# 'STRAND ULT STRENBTH', 84, =" ,1&," K’}

FORMAT( 5X, BEAM SPACING ,6X,'=',F7.2, FT',8%, 23-DAYy 3T.(SLA
* © CONC.) =',Fb.8, PSi‘, 13X, NG. OF WER STRANDS =,
# la,/,5%, SLAB THICKNESS =’ F7.2,' IN',B%,

* E\BM.CU £.1',12%,'=',F8.2,' E(B&)PSI’',BY, GRID SIZIE  ',13X,
* = Fe.2,0 INT)
FORMAT(3X, 'L.L. DIST. FACTOR =',F7.2,11X,
# £(SLAE CONC.) =, F8.2," E{Q&IPSI",3X,
# STRAND CL. BOTT. BEAN =" F&.2," IN',/,5%,
£ COMP. SLAB WIDTH =',F7.2,' IN',8X,
# E(PRESTRESS STEEL) = ,F8.2,  EiB&)PSI’ 8K,
¥ STRAND CL. SIDE BEAM =" F&.,2," IN")

FORMAT(SX, "UMIF. D.L. N-COMP =",F7.3,  KLF',7X

%' AASHTO L.L. = 3X, A4, AL,17X,

#'MAX COMP BN. CONC(ALLOW) =',F8.9,’ P81,/ ,5%,

* UNIF. D.L. COMP F7.3,° KLF',TX,

# 'RAILROAD L.L. =y E-",F3.0,16X%,

#'Max. TENSION BEAM CONC. =',Fs.9,’ PSI")

FORMAT( //,5%, #%% SECTION PROPERTIES ##+ ',/

#32%, PRECAST',1iX, COMPOSITE ,//,

#5%, 'AREA = F18.2,18%,F18.2," INZ',/,
$5%, 'WEIGHT =" F1@.2,10%,F19.2,  KLF',7,
$5X, 'MOMENT OF INERTIA =',an.2,xax,an.2.' NG/,
+5%,'YE BEAM = ,F18.2,18X,F10.2," IN',/,

#5%, 'SECTION MGBULUS BOTTOM =',F108.2,18%,F10.2,° IN3',/,
#5%,'YT BEAM = F1@8.2,10%,7F1@8.2," IN',/,

#5%, 'SECTION MODULUS TOF = F18.2,18X,F10.2," IN3 ./,

*SX, YTS SLAB =, 20X,Fi9.2," IN',

#5%, "SECTION MODULUS SLAE = ,20X,F1B.2,  INI',/,

¥SX, HEIGHT =, F1@8.2,18%,F12.2,° IN’

FORMAT(//,5%, +%% BEAH u;nen:xaus {INCHES) ##%°,/,5%, B=",

* Fb.2,2X, W=’ Fa.Z,2X, JFe.2,24,°E=",Fb,2,2K, A= Fb6.2,21,
¥ H=' F8.2,20,'6=",F6.2

SQRMAT(//,5X, %%¢ CONCENTRATED LOADS APPLIED TO NON-COMRPOSITE
# ,' SECTION ##%°,/,5%, LOAD (KIPS) ', 15%,1@i1X,Fa.2),. .51,

# "DIST. FROM LT. REACT. (FT)',1@(iX,F6.2)}

FORMAT(//, 5%, %4+ CONCENTRATED STATIC LGA APFLIED TO

2.

* 'COMPQOSITE SECTION ##+° /35X, LOAD \KIPa) ,15!,19(1K,Fb.
R

¥ SX, DIST. FRGM LT, REACT. (FTY ,1@t1%,Fa.21)

FIRHMAT(//,3%, #++ CONCENTRATED LIVE LOADS APFLIED TQ -,

3 1
CJNPESITE g

"DIST FROM LT. LOAD 4FTi (34, 1@(1%,F&.2),
l

=%, LOAD EIPSY ", 13%,1801K,Fa.21 .7,

/
o
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ECTION #+%°,/,5%, LOAD {KIPS) ,15%,18¢1X,Fa.2h,7,



# ZY, DIST, 7O NEXT LAARD  (FTH ', 2X,1@{1X,Fa.2)}
13 FORMAT( 7/, 5%, ##+ BEAM DESION #<%°)

128 FORMAT(/,3%, TYFE OF BEAM ,14:, =" ,3%,A2,22%,

# 'D.L. DEFL AT MID-SFAN =’ F9.3," IN ( NON-COMP §°,F12.3," IN °,
* *( COMP ) ',/,5%,
# 'NO. OF STRANDS',12X,'=',F5.@,21X,
# 'D.L. DEFL AT t/4 PT. =',F9.3," IN { NON-COMP }',F12,3," IN ',
€ '{ COMP 1°,/,5X,
# 'SIIE OF STRANDS & PULL',4X,'s  ',Ad,’ ', FE.@
C
123 FORMAT(S%, 'TYPE OF STRANDS 11X, '=",l6,'K’',20%, ULTIMATE -,
¥ 'MOMENT REQUIRED =',Fé.8,  FT-KIPS',/,5X, ECCEMTRICITY AT C.t.
% 6%, =" ,F8.2," IN',16%, ULTIMATE MGMENT PRGYIDED = ,F&.@,
# ° FT-KIPS ' ,6(84),7,5%, ECCENTRICITY AT END',7X, =",
¥ FB.2," IN)
C .
3@ FORMAT { S¥, ‘NQ. OF DEPRESSED STRANDS =", IS,
* 22, 'CRACKING STRESS =",2X,F8.2,’ PSI')
132 FORMAT (' *,S%, DEPRESSED TGP ',ILl,' STRANDS TO POSITION A-',F5.2)
137 FORMAT(’ ’,5%, 'CONCRETE RELEASE STRENGTH =',F8.2,' FSI)
C
{35  FORMAT(SX, 'CONCRETE 28-DaY STRENGTH =',F8,B8,'  F3I',13X,
+ 'TGF FIBER DESIGM STRESS (C.L.) =" ,F4.9," PSI',7,5%,
£ 'HOLD DOWM FROM C. L. =" F8.2," FT ,1a%,
¥ "BOTTOM FIBER DESIGN STRESS (C.L.) =',Fe.@,  F51°,//,%5%,
s 'DIST. TO TOP DRAFED STRDS = ,FR.2,' IN'/,5¥,
* 'SHIELD LENGTH FROM END =", F8.2,' FT',14%,
¥ 'MAYIMUM CAMBER =',Fé.2,' IN°,/7,59X, PRESTRESS LOSS = ,Fe.2,
+ ' PERCENT',/,39X, 'L0OSS AT RELEASE=',F6.2,' PERCENT'}

136 FORMAT(//,5%K,'L.L. STRESS IN TOP FIRER OF SLAB AT MIDSPAN =,
# F6.8," PSI",//) '

143 FORMATC 7/ ,39%, "##+ STRAND PATTERN ###°',//,9%,"(C.L, OF BE&MI ",
*5@%, " (END OF BEAMI ")

143 FORMAT (SX, "RGW ,I13," HAS',F4.,@8,  STRANDS ,3Xx, ROW ,IZ," HAS'
#,F4.@," STRANDS ", WITH ,F4.@,  STRANDS SHIELDED",3Y%,
*"HOW ,F4,2,  IMCHES FROM BOTTOM HAS " ,F3,Q, STRANDS ']

Id
128 FORMAT(///,28Y, #4%% HOMENT SUMMARY (FT-«[P! .
* ‘SHEAR SUMMARY (HIPS: ###°,//7,3Y, 38 =5
# "SLAB’ ,IX, "NON-COMF' 4(.'CGHF iy “ylak,
* TEEAM ELAB',ZK,'NDN COMP ", 4%, "COMP’
& TGTAL ")
c
155 FORMATI(TY,IZ2,2X,2(34,F6, 10, 1K, 4 (3%, Fo, 1 18X, Fo. 1, 7%, Fo.1,14,73
* (2X Fa.ili
16@ FORMAT (34 , HOLG-DOWH ' 2%, 2038, Fa. 10, 1X {30, Fa. b, 18%,Fa.1.7%,
* Fa. i, 1%, 3028, Fa. 1))
C
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RESSES IN EXTREME FIZEXS

FORMAT/ /77,304, #%s% STRESSES IN EXTREME FIBERS DUE
# 'EXTERNAL LOADS (LES FER 5G. IN.J ###+°,//,72X, TO7H

# 14%,°L.L. + IMFACT 5%, TATAL',/,5%,

s "SECTION (X, BEAM',12(. SLAE’,BX, ,

+ ‘RON-COMP SEC. ', NON-COMP SEC. " &%, 'COMP SECT.', 7X

+ 'COMP. SEC. _ .

¥ 17X, TOP',4Y, BOT, 4%, TGR', 4%, BOT ', 8, ‘TOP",4X,

¥ 'BOT 6%, TGP', 4%, BOT',6X, TOF',3%, BOT ,4%, TOR' 4%,
# 6%, TOP" 4%, BOT")

FORMAT (7%,12,4%,7(2{1%,F&.2),

FORMAT (34, "HOLD-DOWN' ,1%,7(20(1%,Fo.8},231])

-

1

FORMAT(//,10%, #%%# STRESSES DUE 70 EATERNAL LOADS FLL?

"PRESTRESS {(LES PER S@. IN.) ##£+,// 40X, BEAN FLUS’
J8X, INITIAL PREST. ,5X,
"FINAL FREST., PLUE",&6X, "ALL LOARDS FLUS,:

E_TEE -

7 B, 4080, TOF',5X, "BEOT "))

FORMAT (74,12, 4474,Fa.08,2(,Fb6.8))

FeiTY, CINITIAL
7i,'~ LOSSES REL. ,4X,'707. D.L.(N/C SEC.)'.ni "FINAL

EARMAT (4%, "HOLD-DOWN,1%,2¢2%,F5,8),3{7X,F6.8,2X,Fa.21;

[u )

~— -

1
—

FGRMAT(///77 bY, %%+ STIRRUF SPACING ##¥% ' 24X, #exx HAX,

£ ULT, HORIZ. SHEAR (V@sI} ####',/,9Y,20X,

# 314, (BETWEEN SL. AND GIR. FLANBGE)} ,//,3X, SECTION" ¢

+# 'SECTION’,5X, REG. SLAB",8X%, F.C. FANEL",

260 FORMAT(7X,12,4%, NO. & (BR. &2} AT" ,F3.1,' IN',16%,1Z
# F12.1," PSI',FL3.1," PSI)
WRITE (4,45}
WRITE (4,58) WORDS
IFIVIEW.NE.@} WRITE(&,78)
WRITE{4,75) BTYPE,UWB,DIA,SPANL,UHS NFFS
TS = TS + 0.5
WRITE (5,88 ESPAC,SFFC, IW,TS,EC.SPACE
WRITE(&,85) DFACT,ECSL,3THCL,EFW,ES,8T5CL
WRITE(&,9@) PNCDL,SMEGLI, SMBOL2 , ACOMFR , PCDL , RROAD,FTF
WRITE(4,52) AREA,AREAC JPWT,CWT.iB, IN&,YB,YEC,2BE, I5EC,

+ ITB,ITEL,¥TCSL,ITSL,D,OHT
WRITE(5,95) B,WD.C.E,A,H,G

WRITE(4,18@) (CNCF(I),I=1,13), (CNCD{L), i=1,1@]
WRITE (5,185} (SCNCF(1), [=1,1@), (SCNCD(i}, I=1,19)
WRITE(&, 11081 <CCF{I), I=1,18), (CCD(I), I=2,1@),
s (CCPil}, I=11,281,(00000), I=11,2@)

T8 = 75 -2.5

[F13TOF 1y 89 TG 239

IF{STRNS .G6T. 9@.+ WRITE(s,ad:

ARITE (4,65}

IFiIVIEN,EQ. 1) WRITE (6,70

[FISTRNS .6T. 9@.) 60 T0 248

A-48
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WRITE(S, 119

TFINSTATE LEG. 21 WRITE(4,4%)

TF{{8CH .EQ., 21 WRITE(4,58@)

IF(LOLAL.GE.1) WRITE(4,52)

[Fik .E2. 1) WRITE(5,55)

WRITE{s,1208) BTYPE,DSL2,0CD2,5TANS,DSLL,0C01,B1A,PULL
WRITE (6,125) NFFS,ROUM,ECCL,UM, (COMENT (), I=NT,4F) ENGECC
WRITE(&,130) NSTRNS,FCK

[F{IVIEW.EQ.2) WRITE{b,132} IW,KBRID

WRITE(5,133) FPRCI

FFCS=0. 8001 #FFC

LEiFPCILGT.FPCY) WRITE(4,131)

131 FORMATI(9%, MQTE *%+ CONCRETE RELEASE STREN&TH EXCEEDS’,

o)

L]

—
=) k)

242

4 5Q% OF COMPRESSIVE STRENGTH. ##%°)
WRITE(4,135) FPC,§T(4) HDPT,SE(4) KERID,SHIELD,CMAX,PLOAE,RLOSS
WRITE(4,136) FTCSL
WRITE 6,140
00 210 I = 1,NROW
X% = KBRID - {I-1)+SPACE
55=SROW (1) -NSROW{T)

IF{58.E@.8) G0 TG 285

NSS = §5

1F (NG3.NE.{2#(N§5/2})) S5 = §§5 + 1,
IF{SHIELD.E2.8.i §5 = @.
WRITE(&,145) I,ROW{I},1,3RGW(I),83,XK,0R0W(D)
CONTINGE

WRITE (6,65

IFCIVIEW.ER. L+ WRITE(4,7B)
WRITE (&, 152!

00 215 I =1,1t

i1 = I-1

TBM=BMEM{ D) /12208.
IBL=EMSL (1) /12000,

IENL=BMNCDL (11/12000.
IRCL=BMCOL (1) /12009,
IUNL=YNCDL (1] /1239.

IYCL=VCOL{T) 719283,

215 WRITE(&,15%) [1,Z8M,ZBL,IEML,ZBCL,BNLL:T) (BMTOT (11 VCDI10, IVNL,

229

* IVOL,YLL (D), vTOT{(D

YEM=BMEM(14) /12020,

VBL=BMSL(14) /17000,

TEML=BMNCDL (147712008,

YBOL=BMCDL (147 /12088.

YYNL=YNCOL (14} /1008,

YYCL=VCDOL (147 /1008,

WRITE (4,16@) YBM,¥BL,YENL,YBOL,BMLL{14) BMTOT(14),VCD (L4, vyNL,
% YYOL,YLL(14) VTOT (14)

WRITE &, 165

00 22& =111

11 = -1
FTOL(I: = FTDL(I} + FINCDL{T}

€BOLILy = FBOL(L} + FENCOLID

WRITE(5,178) 11,FTEMI1 ,FSEM{I} ,FT3L(1) ,FESL(I} ,FTHODL (DY,

A=-49



(21
(21
(2]
(21
(2]

(3]

b R —
-

* FBIBSM(14) FTi14),

[yw]

———————

* FEMCDLLY,
* FTCOLIID,
FToL{t4) = FT EL‘14n
FEDL(14)Y = FROL{(14)

WRITE(6,175)

WRITE (8,85}
FIIVIEW.ED,
WRITE (&, 18@:

5G 225 1 = 1,

1T = 1-1
WRITE (6,185)
s FBIESN(II
WRITE (5,190}

WRITE{R,190)

DO 230 L = 1,

LL = L=t

FTEH

li WR

L1

11,FTI(D)

JFTT

FTI(14) ,FRI(LS)

t1

fI).FHHiiii.
L1

I),FTLLIY ,FELLET,
+ FTNCDL (14}
+ FEMCOLI14)

JFBEM (14} ,FTSL {14},

FENCDL{!4) ,FTDL{14) ,FEDL (14},

FToDLit4y, FECDLI14),FTLLC14} ,FELL{14) ,5T(14),5BC14)

{14

ITE{4,78)

' LFBLD

FER(14

)

LFRICI) ,FTIB(L

JFTIB{14}

C GSTIRRUF SFACIME PRINT CORRECTION 7-16-81

270

[0 B v B |

LZ=L
[F{L2.GT.48)
WRITE{(&,28Q)
IF{IYIEW.NE
RETURN
ISTGF = 4@
WRITE{&6,62)
RETURN

END
SUBRQUTINE P

L2=11

-LL

LL, 562y, UL, VB L)

1) SH

ROFTY

[ELD = 4.

CHARACTER#B8@ WORDS

CHARACTER#4 DIAl,CHRCTR,SMBOLA,SMBOLL,DIA
CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,
#DBLANK ,BLANKE ,EBLANK,BLANKF ,FBLANK ,BTYPEA,BTYPE,BNSTD, BEAN

CHARACTER*1 SMBOLB,SMEOL2
REAL IB,IBL,INA,NCDL,MNCDL,
COMMON/XI/ ASL,IBSL,INA,YT

£ENDMAX

8

c,

1B5L,MNG , MCDL,KDIST, K5
175L,AREAC,ECCL,
TENIN,SPANL BSPAC,TS,EFW,UHE, U5 ,EC,ECSL,ES,ASTRN,

«FFS ,NCDL,ITE,IBR,YT,AREA,D,1B,I5BC,5TRNS,ECAL , YE, ZTEC,WTF,BF A}
%, FPY,LTYPE,KASE,KODE ,RROAD, SFPC,DFACT,COL, TS

MSFCIL)

¥YBC,YTCSL,

FEIH

871,881

WFBIB(14)

COMMON/ELL/WORDS,SMBOL1,SMBOL2,BTYPE,DIA,BEAM(LL)
COMMON/HD/ H,8

COMMON/TJH/
COMMON/ HLF
COMMARNSJad
CﬁﬂHQH;HHMI
COMMON/BNS
COMMON/LLY P
#BFRIME(IL) R

DETERMINE DESI

B, WD,

C,E.h

1,%2,¥1,Y2,Y12

BB\II

boWDDiLLY,

FD,HDPT,P,CGPE

BNSTD
(i1,
Hiil)

GM

YEL(LL)

SECTION 7P

A-50
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[

CCtLld

JPE

-

R

JYTLiLL

T

JEE(L1)

¢ 0
y6G¢111,DIAGD (1]}

I

E

Potly,

.L,'LHLHH'

5

IBL (1L,

1)

(1) FTIBEN (D

RID

Fiiit:

FESLfldj,FTNC”L!LSJ!

JFTIBGN(LE),

1

]
L



[}

[ I )

0oy

Lo 0 B s BL

[ I o I B

1d

[FiBTVPE.EQ.BNSTD) GO 74 1
D0 4 IFNT = I,it
1F{8TYFE.EC,REANC(IFNTI I 60 TO 3
CONTINUE

CONTINUE

GET PROPERTIES FOR A STANDARD BEAM FROM
¥ASE = IPNT

AREA = ARIIFNT)

YB = YBL(IPNT:

18 = IBL{IPNT)

YT = YTLCIRNT)

D = DLC(IPNT)

WTF = WTFL(IPNT}
BP=BPRIME{IPNT}

X1 = BE(IPNT)
%2 = (BRUIPNTI - WDD(IPNT))}/2,D
Y1 = CCUIPNT)

Y2 = EE(IPNT)

Y12 = 71 + ¥2

H = HH(IPNT)

B = GG(IFNT)

5 = BE(IPNT

W = WDD(IPNT)

C = CC{IPNT)

E = EE(IPKT)

A = WTFL{IPNT}

Wh = 5F

63 TG 2

CONTINUE

DETERMINE PROFERTIES FOR 'NG' BEAM
Xt = B .

X2 = (8 ~ WD ) / 2.0

Y1 = C

¥2 = €

Y12 = Y1+ ¥2

BF = WD

WTE = A

DETERMINE EFFECTIVE FLANGE WIDTH

IF(EFW.NE.Q. Q) 30 TO 1@

FWl = BFANL/4.

Fwz = BSPAC

FUWZ = {12,%#75 + WTF ¥ /7 12,
EFW = Ful

[FIEFW.BT.FH2) EFW = FWZ

IF(EFW.GT.FW3! EFW

CONTINUE

A-51
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£21
(21
(2]
{21
{21

[ e I |

[or I B |

11

COMFUTE COMPOSITE SECTIGN FROFERTIES

EFu EFW # 12,

45L EFW # 75 % EC3L / EC

[BSL = ASL+TS#73/12,

YeaC = \AEL*\Taf;*D+tUrE)+E0Pf*w|F*(uDPEI"+Dl+AF AeE)
*(ASL+AREA+COFE+WTF}

IMA = ASL*(T3/2,+D+COPE) #*2+COPEXHTF+{LOPE/2+D)#+2+AREA*YE*+32+
#IBSL+IB+WTF+COPE##3/12- {ASL+COPE#WTF+AREAI ¥YRL ¥ 22

¥7C = D - YBC

L5B=[B/YE

ITE=IG/YT

ITBC = [MA 7/ ¥YTC

IBBC = [WNA/YBC

¥YTCSL = D + TS +COPE - YBC

IT8L = INA /7 YTCEBL % EC / ECSL
AREAC =

AREA+ASL+COPE*WTF
DETERMINE HOLD-DOWN FOINTS AND ROUNDG TO NEAREST I INCHES

[F(HDPT.HNE.DQ.Q} GO TO 1t
HOFT = Q.12 * SPANL
I[HDFT = HDRT

FRHDFT = HMDPT - IHDPT
{FR = FRHDPT / B8.25
IXFR = XFR

FRHDPT = IXFR * @,25%
HOPT = I[HDPT + FRHOPT
CONTINUE

RETUHN

END

SUBROUTINE PSTRES

CHARACTER+B@ WORDS
CHARACTER#*#4 DIA1,CHRETR,SMBOLA,SMBOLL,DIA
CHARACTER+2 BLANKA,ABLANK ,BLANKE,BBLANK,BLANKC,CBLANK,BLANKD,
*DBLANK ,BLANKE ,EBLANK ,BLANKF ,FBLANK,BTYPEA,BTYPE,BNSTD,BEAM
CHARACTER#1 5SMBOLB,SMBOL?2
REAL IB,IB1,INA,NCDL,MNCOL,IB5L,MNS,MCDL,KGIST,KGRID
CGMMON/ILL/ RE QUIT,ULTHBH FPC, rPCI NaTﬁTF MSTATE K
COMMON/KT/ ASL,THSL,INA, YuL,TBL rTL-L,L|5L HP=AC.EC CL,
#ENDMAY, TENIN, 3PANL, BSFHL,I: EFW,iWd,UWs,EC ECSL,ES
erF:,NuDL ZT:,EBE ¥T,ARERA,D, IH,ZEBC cTrNE.EFﬁL B, IT
% ,FPY,LTYFE,KASE, hDDE RRDAD 8FFC,DFACT,CDL,TSS
CDMHDN/ELL/NURDS,SHBULI,SHBULZ,BTYPE,DIA,BEAH(11)
COMMON/MMM/ FO,HOPT,P,COFE
COMMON/GLLY carz,qronpﬁ TTEN,FTF,:
COMMOM/FYH/KGRID, N STPN:.EnntCI,Ih
COMMON/DEF/ STR,ECALE ,QHIELD,D
Sai i
3

]
oy
(93]
Al
-
m
s
wu
-1
n
s
[l
s
[¥5]
—
1
-4

LA u]
—- I* e LI &

COMMON/H/ROW (32 NROH, SROW 13! ,1%,0R
50221 BADL {200, AMIUN
COL(28)

LLeZ@0,FRLLY

s

{11
M
1M

* ?I‘i i .

-

1) FHSL{Z2G@) (FTEMZQY,

KLY ard

_‘ ‘.r

A-52



I
=] —
[ ) tal =
L -1 =
= = tal [}
) [2F] [+ I8
o |
[ ] il ) (] = [ I )
) [V L L] (2o QW]
[5 [N — — m
o bt [ &8 [s S S S R O |
jdd] L= § [0a] I L} —
= Lit v— VL) AN I N RN
Lt 2 ¥ m [EY (1 © Tme T
Lo} = — [ (4= ] oy o b e &
o’ L x] b= 1 et Lo <IN S e
Ll L] Lax] —i [T R
r e w 2 r R LU [ B |
- ] [ b [ K] R e o T e T e B ]
[Sp] -l [t} 10 e I T S A I G T D A |
X 1] [=] L. [} [34] e - E R E X®
[V - oy [da] (¥7) L E ) 1 E o O an
[+ 8 Laf b= e (% = O O = A o
T = a4 = k= e e = EExE X n 1t won
[ [31] - Ll uy = o W R s u | L ] 4] v v« [ « TR
'S b— e v LRSS AT~ N oF B Ly L ¢ Y I R T | R | LI O | e R
- . L =T [ - B (- I T ] ——t - =M s o« U F .l wl R e
= - | -~ = LTI o I I == B 5= RO [ ) L~ I o= BT ol = < B S 6o I L I [ L e J B I =
1 et = o [ -4 - b L o i == J = [N S |
1 X L | I e Womonm N - - LI | B I | N | S | BN A A | I b R R L W Y = e |
= — B 1] L - b o (S o e R T ol WA
[am } ~T 1. [} R 4 I U ol T O A o | g} RS I S L Sl TR W R B D o s & [} [n S Sl % u R R & o I Sl o |
[ L Iyl e L} LA U A R B B S X5 .y [l WS R b o B SR S T [T S W § R VR VI J PR TR
.y
[a]
(A0

Ly B 5 | L xra LY L o L Ly e

DLl

-
L

E

-

A=53



FELL (DY + FBCDLDY

1
-y L
= -
4 -4
e
=
]
T,
L}
L4 &
-
-
+
Ll
ni
=
1
L)
p
—
-+

D |

I
K=, 2+ {FBOL (&) +FEHCDL (A) +FRCOL (AT )+, S#FHELL G

2
u
—
L]
B
=
)
"
4 -
i
=

— T+
—
-
=
-

(FOK1 LLE. @)
({FCK-FTP),LE.(7.5% FPC#+8.5)} GO 70 B

TRESE=FEDL (&) +FBNCDL (6) +FELL (5) +FBCDL (61 +FLK-7. S#FFL*#2.3
50 TO 9

§ STRESH=FBOL (&) +FENCDL (&) +FELL(6) +FRCDL (6} +FTP

I3 red = WY T
mn M

= ]

DETERMINE STRESS 7O BE OVERCOME BY FRESTRESS

[ I o I ' |

9 TSTRES =STRESE/ 2.8
PLOSY = FLOSS / 108,
IF(IVIEW.NE.Q} BD TO 20

T
I

GBETAINM INITIAL.NUMBER OF STRANDS AMD ECCENTRICITY OF THE F
AT MIDSPAN

Fow I a0 B o B i |

ETRES/ (1,/AREA + ECC FIER)

—
m
=
M

W "o

481 STRNS

NHSTH = NNSTN*"
STRMS = NMSTHN
RSTANS = L.2+7.54FFC#*3, 5/ ({Ll,/AREA+ YE/LBH)*TENIN:
NSTNR = R3TENS g
NNSTNR NSTNR/Z + |
NHSTNR NNSTNR % 2
RSTRMS = NMSTNR
IF{RSTRNS.GT.STRNS) STRWNS = RSTENS
IF(STRNG.&T.%96.) G0 TO 323

182 CALL MILLER
IF{ISTOF.EQ. 1) GO TO 2@%

e ECCL = ¥B - ECAL
W = UWR * AREA / 144,
[F{FLOSX.NE.DQ.@) BQ TO 318

153

DETERMINE FRESTRESS LQSSE

L I e I |

AST
EN=E

ASTRN + STRNS
$1508000/ (I3, ¢UWB*s1, S#FRCI%*, )

BLM = W + SPANL * SFANL * 1.5

TEMP= 1, + (RN#AST) * (1/AREA « ECCL # ECCL /IE!

TL = 18

CRST= (ALOGLR(T1)/TCI+(C1 #FPS/(C2 4FPS)-0.53)%C1 *FFS
F18 = (Cl +FFS - CRET + RN#DLM*ECCL / IB) / TEMWP

FCIR= F13#A3T+(1/4REA + ECCL # ECCL / [B) - (DLA #EQCL ¢
SE=RN+FLIR

W3=UNSATSS#ESFAC + NCDL

MNS = WG ¥ SFANL + 3PANL * .S
MCDL= CDL + SPANL « SFANL # ¢

iU

b=t
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L I B B e |

[y
fru]

o
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~)

394

(=]
>

123

FLLS= MMSECCL/ X MCDL ®(
CRC = 12 # FLIR - 7 # FCDS
RH=73
Sd = |7@ee - 150 + RH
CRS = C3 - [d% 5€ - €3+
oFSs S8H + 3E + CRC + CRS
"L055= BFE ¢/ {(Cl# FFE)

c

1 # FPS - F18)/(Cl

G B
[ BN
[mw ]

- U}
Doy i
L1}
o~ T

DETEEHINE FRESTRESSING FORCES,

pLOSS = PLOSX

RLGSS = @.5 # PLOSS
IF{LOLAX.ER/Q) GO TO 317
IF(F18,LE.{@.7 # FFSI} GO 70
it = €1 - @.81

CI = 03 - 232,

c4 = €4 - .@32

CS = 05 - .28024

CALL ALLOW

3 70 319

FO = TENIN # STRNS

F = FO#il, - FLOSSY

FTFR = FO/AREA -(F0Q +2LCL
FBP = FO/AREA +(FD *ECCL /%
TSTRES =STRESE/ { 1, - PLOSS
IF{IYIEW.NE.®} GO TO 724d
[FIFBF,LT.TSTHRES) 50 TO 38!
50 TO @4

CONTINUE

STRNS = STRNS + 2.
IF{STRNS,GT.99.}) GG& TO 383
FLOSS = @.

GO T 3842

CONTINUE

FTFOG = FTPR # (1 - RLOSS) +

/1
BE
]

ECCL+{YBC-YE1}/IMA

(5K + CRE)

* FF8)

INITIAL AWD EFFECTIVE

317

TE

FTEM{&)

FEFOG = FEF # {1 - RLOSS} - FEBM({A)

FTFIN=F/AREA-F+ECCL/ITH+FTOL
FEFIN=F/AREA+P+ECCL/ZBE-FBOL
RFFCT = FBFOG/R.4
iFiRFFCI.LE.FPCT) B0 TO U
FFCI = RFFCI
IFIFRPC.LT.FRECI) FPC =
50 TG i@l

CONTINUE
IFiFTFQG.GT.TTEN) 5O TGO 320
CALL STRMOD{ECAL!

G0 T3 I19
CALL ALLCW

G TO 183
[FiFTFIN,GT.ACGMFR! B0 TQ I8
IFIFBFINLGT,FTP) GO TO 428
FFC =(FTFIN/Q. 4} + 1.

PCI

|
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488
@0

s

-~
(=]
—

&dl

-~

:HI~LD IS AS5W
MY SUMME FORMY

r

*

r:,l

F
LL T

[ B By B I ]

n 1"I I 1) 'I) TI

IVIEW.NE. Q) GO TO 7@t

BLTHMOM.GT.REQULT) GO TO 479
K+ 1

IFik .EQ, [} GO TC 470
CONTINUE

MSTATE = MSTATE + 1!
IF{MSTATE,GE.2) MSTATE = Z

G0 79 z9

EMDI={FO/AREA+TTEN #ITB/FO
ENDZ = (FRIIl - FO/AREAI#IBE/FO
ENDMAY = ENDI

IF(END:.LT ENDMAX) EMDMAX = EMDZ
CAtLL ECCEND

CARLL ALLOW

IF (IVIEW.NE.B) GO TO 5@2

IF (IWCH.LE.1} G0 70 782

N
ALL HGHENT
|
{

I ]

COMFUTE LENGTH GF SHIELDING

00 &d@ [ 1.30

NSROWII} = SROWI{L:

FPCIL =FQ * ENDECC/ZIBR + FO/AREA
TCk=iFG/AREA-FG*ENDECC/ITH]

N3TRN = @, '

1 =0

I =1+ 1

SUMSTR = 3.

SUMMET = @,

IF(IVIEW.NE.@) BO TO o601

NEROW(I) = SROW{Ii/Z
IFINSROW{I)  ME, (2= (MSROW (1) /21y WSROWIT) = NGRGW{[} -
N3TRN = NSTRN + NSROW(L}

SUMSTR=NSROW (LI +DROWIL]

SUMMST=MSRGH (1) *STECL+DROW (L7 % (KERID-{MROW-1} *SPACE
D0 472 JR=Z,NROW

SUMSTR=SUMSTR+NSRGUW JRI+DROWCIRY

SLUMMST=SUMMST+NSROW (JR) * (STRCL+{ ¢JR~17#5FACE) 1 +DROW{JRY + (KGRID

(JR-1)+#3PACE]
CONTINUE
ECALE = YB =~ SUMMST / SUMETR
[F{IVIEW,NE.B) GO TQ 7@2
FPCIZ = SUMSTR&TENIN#(1/AREA-ECALE/ITR)I#{1.B-RLOES)
FIFFCIZ.LT.TTENIGOD TGO LA
FRCIZ = SUMSTR®TENINM#(1/AREA+ECALE/IBR) #{1,@8-RLOSD)
FFE'” = FPCI3 / .4

—
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[ ]

n

=

k-3

—

I
I
p=tt

WATING STEEL DISTRIBLTION

CFACT = (FECIL & i, ~ RLOSS) - FBIL) # ZBE / (&5. % Wi
[FICFRCT.LE.@. 8y GO 7O 7@2
SHIELD=(SFANL-SORT(SFANL##Z2-4 . #CFACT)I/2.0

{ = 3.

oo =8.

COMPUTE STRESSES tCTIGN FOQINTS

DIST = SFANL# .S-HDFT

£ = ENDECC

06C @1 I = 1,14

FGO = TEMIN # STHMS

IF (IVIEW.NE.Q) /0 TG 6483

iF (IWCH.LE.l} 30 TO 7@3

FSHLD = SPANL - SHIELD

IF(SHIELD.E@.3.} GO TO 7@%3

IF{X{.5E.SHIELD,AND,. X.LE,FSHLD) &0 7O 703

KDIST = (KGRID - {({MROW =~ 1} # SFACE + STBCL}} #{(DIST
# DIST

¥DIST = £DIST +(NROW -1)+ SPACE +5THCL

SUMME = NSROW(L} & STBCL + DROW{l) * {KQIST - (NROW -

00 2 JR = Z,NROM

SUMME = SUMME + NSROW{(JR) # (3THCL + {J& -
+ % (KDIST - (NROW - 1) # SPACE + (JR - 1)
CANTINUE
"FD = SUMSTR #* TENIN

E = YE - SUMME / SUMSTR

F = FO #i{1., - PLOST)

11 % SFACE!
+ SPACE)

IF{1.EQ,12.0R.I.EQ.'3) E = ENDECC+(ECCL-EWRECCI*:@,

[Fi{l.E3.1%) E = ECCL
FTI(I)=(FO/AREA-FO#E/ITE]
FEI(I})={FO/AREA+FO#*E/IHEE)
FTIB(I)=FTI(I#%{Ll,-RLOGSS)+FTEM{I}
FEIB({i=FBI{1i#{1,-RLOSS)-FREBH (L]
EFFCI = FBIE(I?f.é
IF{(RFFCI.G7.FrPCi FPCI = RFPCI
FTIBSNIIL} = 'erRE ~FEE/ITRY

+ FTDL (LY + FTNCOLCI

FEIBSN(I) = (F/AREA+P+E/IER) - FEOLUIT - FENLDLII
FTil)={F/AREA-F#E/IT3) +FTOL (I} +FTLL {1} +FTNCDL (I +FTCDL T
FRiIli=(P/AREA+P#E/IBB) -FRDL{ 1) ~FBLL (1) -FBNCOL{II-FBCDL (1)

Y + GPARNL¢d. !
LEGLLZ.O0RLGTLER.LIY X o= 8,

LESL130 X = @L,3x9FANL - HDPT
= (LFLL ENDECCI#£/DIST

y DD = %

GO = SPANL - X

+ DECC

Ty E = EC

+

Fod el

[t WS
xr l.

m

r

L=}

TN T M M
-

LI Y I
el It IT) e
=M Mm

m -

v
!

¥
- M e =

Lre Iy - 'y I
- 21 173 Ty 1

[y .
A ] I
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[t}

-4

¥ C
ANL/2, + H
ENDECC

< FY e O3

—

*
K3 L o b s 1T e e
b e B . > Rl B |
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m
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CALL SHEARIFEC)
iF{E JE@. 1) GO 7O Ze2
Z3 70 5835
S82Z CALL GUTRUT
ko= oK+l
FD T3 88
03 COdTINUE
RETURN
END
SURROUTINE RRLQAD
C
(21 CHARACTER#8@ WORDS
[z1 CHARACTER%4 DIAl,CHRCTR,SMBODLA,SMBOLL,DIA
[21] CHARACTER*2 BLANKA,ABLANK,BLANKB,BBLARK,BLANKC,CBLANK,BLANEKD,
[21 #DBLANK,BLANKE,EBLANK ,BLANKF ,FBLANK ,BTYPEA,BTYPE,BNSTD ,BEANM
(2] CHARACTER#1 SMBOLE,SMBGLZ

COMMGN/KI/ ASL,IBSL,INA,¥TC,YSC,YTESL,ZTSL,AREAC,EC
*ENDMAX , TENIN,SFANL,BSPAC, TS, EFM,qu UWS ,EC,ECSL, ES,
#FPS,NCOL,2TE,2RB,YT,AREA,D,1B,IEBC,STRNS ECAL ¥R, 2
# FPY,LTYPE,¥ASE,KODE ,RROAD,SFPC,AFACT,CDL,TSS

[33 CDHHDN/ELL/HURDS SHBULI SMBOLZ, BTYPE DIA,BEAM{11)

COMMON F WM/ VM“(”HJ,VDL(”BI,KDIST(!;J.DEFKE,DEFLIE,DEFEI,3EFL14.
#DNCDL2,DNCOLL

COMMON/LLI/ EMMA{2@) ,BMDL(20) ,EMSUM(2@) ,EHBH (2@ ,EMNCDL (28} ,¥SUMIZ
#@) BMSL {201 ,BMCDL(2D) '

DIMENSION Wil®),Ce18),FOINT(S)

DATA W/@.5,341,8,340.65,0.5,4%1.8,4%0. 65/

DATA C/0.8,8.8,13. a,1e.a,4\ 9,32.8,37.0,43.8,45.0,54.2,62.8.52.9,7
*4.@,?9.a,sa.a,ez.a.99.a,;04.9; :

DATA WU,CU/@.1,189,3/

ULATE SHEARST AND HDHEN!S TENTH FOINTS DUE T2
FER'S E-LOADING

[ O s T v S 0 I s T i |

=

- h
=

— N
&

n
2 DO
P

1 mn

T1
wx
e}

+ — T»
s O =

—

[T it

~ (SFANL%SFANL) /5@@,) 7184,
RACT = 1.Z0

—
T — T
L2 P ]
T
—
-4 = I
— =
—
o ey -

[+ & I B B
Tl I |
=

=

4
=)
=

e
non
i -]
— e

Uy I

=
E o =

L= By B 29 }
=

S vl e I S R 4
L= B | e B

X U0 o
"o
=

X C
=
n
[~
[-7]

(]

ONS FOR HMAX, MOMENT

D B |
[}
I
]

-

>

=
T
T
m
b
o
[ ]
)]
-4
-

(M).GT.0I5T) GO TC &
w = DIST - C(My
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41

[N ]

ey

LWy RN |

()

N e el
[ 2% I o5 I % I N I N }

[V R N S T |

Ch o= Cu

OSTRN = SFAM - OFSTH
[FiCN.GT.OSTRN) GO 7O |

DISTWy = DSTAM - CM

SURWC ={(SPAN-DISTWLU/Z. @) #WU*DIETWL

JLmMm = 18

SUMLD = DISTWU * WU
G2 TO 4

CSUMWC = 2.0

D02 4L =M, 13
LM = L

IF{C{JL).BE.DSTRN} &3 79 3
CONTINUE

G0 TO 4

JLW = JLM - |

00 5 N = [C,dLM

SUMLD = SUMLD + W{N3

SUMWC = SUMWC + (DFSTHW + CIN)- C(ITH)#W(N)
LHAR = SUMWC/SUMLD

REACTN = (1.8 - CBAR/SPAN) * SUMLD

60 TG 1@
po 7 JL = {i#
JFW = JL

CM = CiM) - COILY
IF{CM.LT.DIST! &0 79 B8

COMTINUE

[C = JFW

DFSTW = DIST - CM
CN = CY - C(ig)
GG T4 %

30 11 3J = IC.M

BM = WiJJ)#{C{M)-C{JJ)) + BN

EMLL = (BM-DIST+REACTN)#TOTLLD#12.

YSUE = @.2

IE(M.EQ.IC) GO TO 15

mML o= M o- 1

DO 14 MMM = IC, MML

YSUB = YSUE + W (MMM

Y = (REACTN - YSUE) # TavLLD

REACTN = REACTN * TGTLLD

CALL MACKS (EMMAX,VMAX,M,Y¥,BMLL,REACTN,MEM, MY
CONTINUE -
YMA(LD) = VMAX ¢ 12B@, # FRACT * DFACT
BMM&(LD) = EMMAY s 1Q@@. # FRACT # DFA
CONTINUE

RETURN

END

SUBROUTINE SHEAR(FFC)

CHARACTER+#8@ WORDS
CHARACTER*4 DIAIL,CHRCTR,SMBOLA,SMBOLL,DIA

CHARACTER#*2 BLANKA,ABLANK,BLANKB, BELANK,BLANKC ,CBLANE ,BLANKD,
*DBLANK , BLANKE , EBLANK , BLANKF , FBLANK ,BTYPEA,BTYPE ENSTD, BEAM
CHARACTER#! SMBOLB,SMBOL?
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L oMI{29) ,¥U {20 HCR{2Q} MUYUIZS)
L 12, 1R, INA,MCOL,MNCEL, [BSL, JMHS MCDL  KDIST KGRI
OMAON/ r*ﬂf‘EFID NaTrNC.EWD;CE.LNIH
CUMHUN/ELL/HDRDS sMBOL1,SMBOL2,BTYPE,DIA,BEAM{L])
COMMON/KI/ ASL,IBSL,ING,VTE,VBC,YTCSL,ZTSL,AREAC.EECL,
*ENDMAX.TENIN,SFANL,BSPQC,TS,EFN,UNB,UNS,EE.ECEL,ES?QSTHN.
PS,NCOL,ITE,IEE,YT,AREA,D, I8, IBBC,3TRNS, ECAL,.¥B,ITBC ,WTF.BF,AV

% FPr.LTiP: FHS:.kDDE RRGAD SFPE DFACT,COL,TSS

COMMON/ TWM/ ?HHI"B),UDL(EQJ,XDISTfIJ) EcFKE.DErLIE.DFFil DEFLL4,
*DNCDLZ,DNCDLL

COMMON/ MMM/ FO,HDPT,P,COFE

CoMMOM/IBM/ ACI(15) ,VE(20)

COMMOM/LLIY EBMMA{ZG) BENDL(2@ ,BMSUM(ZEY, (BMEMIZB) BMNCOLIZE) ,WEURI(Z
#@) ,BMSL(20) ,BMCOLLZE)

COMMON/JRR/S(12) , 50

COMMOM/MSC/ YNCDLCLS)  YCOLILS)

COMMON 7 CHEMN 7 YMWS(2@) ,YSFCI22)

COMMON / ALL / FBII,ACOMPR,TTEN,FTP,PLOSS,PPERST,RLOSS,ITT
DIMENSION YC{15),YC6(15) ,RIC15) ,BD{LT) VRROLIT) ,VULT (L)
GIMENSION E(28) ,%XD1(2Q) FP:(;@),FD’"@).VPf”Ii YRUOZE) JYUVFUIZE) L PH
#VCi{2a), DHIVPUlﬂ@J|VCI\:@J,PHIVFI(7@].VDIMlLB‘ VENtZﬁi.rnTvak_ﬂ
DATA MUYY,E,XD,FFE,FD,MCR,YP,YPU,PHIVFU, VLI, PHIVCE, YOI,V
#PHIVCW, YUYPE, FHIVD,VULT/335%8.0/

DATA VE.VCU,QJ Do, YFPR,VLU/534+0.,8/

Lt ]

HT
ni
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AR QE

[43]
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=

—
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Im

CALCULATE COMBINED SH

(e ]
“Z

[ % s I |

— DN =
" =

12.@+SFANL
‘E.G*HBFT

L=t o]

[ T S 4 e = ]

=i
i
e

b

= -111
SR (YDLI{T)+VYNCOL (11 +VCDL (I +¥MMS (111 +2,5#UMA LT

[ ot
= 0o
= r—
—
Jl

-0
)

3
K1y D
[ ]
= o~
#m-

TS#{T5#@.5 + ¥7vC!

+ M = — -0 3 II m~ ra

-
U - M
o) E

n
L }

\

SFANL/Z.@8i-HDFT)/{SPANL/13.8)
SPAML/2.8) +HDPT:/ (SPANL/13.)+1.0

2 any D

I:Jl'_']"'I'TI'T'ICJI:l—II‘-.J'-‘hJ'-‘:{

=
)

S

[ I

TA={ECCL-ENDECE / (SPANL/Z.B-HDFT]
= YT + ENDECC = T%

1=2,1!

E.NL)DDY !)-DDiI-1l+\SP#NL/ @.)#TTHETA
T.NL.AND,I.LT. K2y DRI} = YT+ECCL + T:
E NZIDDIIYy=DD(I- 1:--SrANL 10.3)#TTHE

L

(v
X
) — = =

« 23

N1 CTHETA=({SPANL/Z.0y~-HDFT) /SART{{ECCL~ENDECC ##Z+{SFANL

JHLLANDLILLT. NZYOTHETA=1.D
IF(I,GE NZ) CTHETA={( (3FANL/Z,8)-HOFT:/S2RT ({ECCL-ENDECC) #¢2+ I5FANL
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T,
P2 B-HOFTIi#»s2)

YT 1I-2,3%YMACS) /3.0

59 CON
DO 131 J=i,11
S(J)=AYw2, Q#FPY¥DM/ (VU {11 =VPR{I)={J-1)#¥DEC)
191  CONTINUE
D0 244 JI=t,1!
IFiAYy  .LE.8.11)G0 TO 280
IF i4,%T8 ,G6T. :5.@) GO TO 201
IFiSiJi.GT.4.#T5)8¢])=4,%T§
a0 TQ 2082 .
231 [F (3¢ LBT. 15.9) SiJi=i5.@
GO TO 282
Z0@  IF(SUD).ET.12.0 5(J)=12.0
282 CONTINUE
7 AYM=(S{J)%18Q, #BF) / (2, #FPY]
IF(AY L LT.AVMIGG TO 1200
G0 TO 120t
1288 SiJi=5(J1-1.0
G0 TG 7@
1201 CONTINUE
244 CONTINUE
D0 5@ I=L,1l
VST = (1, S#VCOL (D) +YMMST) 1 +2, SHYMAITY ) 407 (INAWTF)
'SPCOI)=(1,5#(YCOL{T) +VMMS 1)) +2. 5#YMA(T1) %0/ CINA® (WTF=4.1)
CONTINUE

[~
=

CALCULATE SFACING OF THE WER REIMFGRCZMENT AT THE
QUARTER POINTS

1) O, N

QHU=1,5«BEM0L (120 +2, S#afNA(L2)
VUR=(1,5+VOL (12 +2, S+VMA (121} =VYFR(Z])
[F(X1,@T.2.531008=DD{ ) +{SPANL*.25) #TTHETA

IFi%1.8T.2.5) CTHETA={{SPANL/Z.@)-HDPT)/SART{{ECCL-ENDECC) #«2+iSFn

ML/Z.2-HOPT) ##2)

IF{X1.LE.2.5) ©DO@ = YT +ECCL + TS
IF(X1,LE.2. 5 CTHETA=1.9
RIG=QMU/ (P4CTHETA#DDE)

UCQ = B,0&6#FPC#BFP4RJQ*DDD

YOG = [80.@*EF+RJA+DDG

GT.YCEE) vCa=vead
LREFPY*¥ JR#DD/ VA
LTS5#DM

T.368) S§8=560

L@.11) GO 7O 208

5 .6T. 15.@) GO 70 289
4,%T3) 52=4,#T5"
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71 YME = SE#1Q8. 3P/ (7.

L =
[

Dy

izel

L]
L B o Rl
—{
—
=
=
m

= ¥T + ECCL + T§
= ASTRN # STRNS
= F/AREA

= SPAML/Z,

[ ]
I T xS a7 G )
W) W3
m o
T> )
=

[ |
e =3
K
D

AC] LOARD FACTORS TLHTH FOINTS

-
;
—
-0
~1
—

g 3 I 1,11
YHLT{I)=1,5# (VDL (1} +VNCDL{I))+2,52YMAi])
HUYU (T BHSUMCT} /YBUMIT)
£{I) = {ECCL-ENDECC)#X/{HSFAN-HOFT)
I[F{X.B7. (HEPAN-HOPTI) E(IV ECCL-ENDECC
IF{X,G7. (HSPAN+HDPTI) ENI) fECCL-EMDECC) £ { {SFAML-Xi
# (HEFAN-HDPT))
1001 = ¥T + E{I} + ENDECC + TS
FPz(l) = P/ARER + F # YB % E(01)/IB
FGLI) = BMBM(I) + YBR/IB
MCR{1i = (IB/YR) # ({7.3 % SERT{FFC)) + FPE(I} = FD<I)}
YE{LI = F # STHETA
IF{ X .67, (HSPAN - HODFTI) VPI{I) = @,
IF{X.BT. (HEFANFHDPTY) VFUL} = P*STHETA
YPUSI)=(AS/B@.) #FPS#S@RT{AD(L)/BF)
PHIVPU(T) = @,83 # VPU(I)
VEIUD) = D o#BP#XD (L) #S@RT{FPCI+MCRIL)Y /IMUVD (I -XD(L} /2,0 +¥DLCDD
IFiX 2@, @.@) vCiil) = @.9
FHIVCIII}) = @.B5 « VCI(D)
VCIM(I) = 3,85 # 1.7 # BF # XD{I) % SQRTIFFCI
[Fi%DiI).LT,i3.8+03) XO(I) = B.8+D
FHIVEW(T)=VP (I}
FHIVC{II=FHIVEW{I)
ACT (T =2, sAV#XDD*FEY/ (MULT (L) -FHIVCLT )
VCW (T)=BP#XD (L) #(3, S4#RBRT(FPCI+, Z4FPCOI+YF (1)
FHIVCR (L) =.85#YCW L) :
VEYPULT) =VULT (1 -PHRIVFIIT)
[F (PHIVCW(I} - FHIVCI(I}} &,8,7
& FHIVC(IV=PHIVEW I}
G3 70 8
7 FHINMCA{I})=FHIYVCIA{(I}
g8 CONTINUE _
IF {RHIVC{I)-YCIM{I)) .LE. @.@) FHIVC{I)=vCIM{I}
IF (PHIVC{LG LGT., YUVPUII}) GO TO 11
ACL{T) =2, #AY+ B+ XDD#FFY/ (YULT{DY-FHIVC (D)}
I[F (Q.75+D 6T, 15.) 53 7O 384
SMAL = B.75 % 0

30 TQ 301
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32Q
401
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Do T P N e T i |

L]

ACLOT) = §MAK w

CONTIHUE
G0 T4 4

COMT IHUE

ACLeI) = 2,%AY %BQ,#FFY+XDD /{ASFPS#S0RT(XDD /BFII
IF :@.73+D ,67. 1%.} GO 7O 40@@

SHAK =8.73 #

G2 70 40!

EMAX=T3,

IF(ACI(TY  .LT. SMAX) GO TO 18
BCICI) = SNAX

CONTINUE

¥ = ¥ + SPANL/1@.

CONTINUE

SFANL=GFANL/12.0

HDFT=HOPT/12.0

RETURN

END

SUBROUTINE SFCL

CHARACTER+#8Q WORDS

CHARACTER#4 DIA1,CHRCTR,SMBOLA,SMBAL1,DIA

CHARACTER#2 BLANKA,ABLANK,BLANKB,BELANK ,BLANKE,CBLANK ,BLANKD,
*DBLANK , BLANKE ,EBLANK , BLANKF ,FBLANK ,BTYPEA,BTYPE,BNSTD ,BEAN
CHARACTER#*! SMBOLB,SMBOL2

COMMON/JWH/ YMA (28 ,Y0L(20) ,%DIST{15),DEFK2
4DNCOLZ, DNCOL Y

COMMON/KI/ ASL,I83L,INA,YTC,YEC,YTCSL,ZTSL,AREAC,ECC
*ENDMAY  TENIN,SPANL ,BSPAC,TS,EFW,UNB, UNS,EC,ECSL,ES, ASTAN,
#FPS,NCOL,2TH,ZBB,YT,AREA,D,[5,I0KC,5TRNS ECAL VE.:TR\ F,EP.%V
# FPY,LTYPE,KASE,KODE ,RROAD,SFFC,DFACT,CDL, T35
COMMON/ELL/WORDS,SMBOL1,SMBOL2,BTYPE,DIA,BEAM(LL)

COMMON/ 3/ BMHS<ZQ@) ,BMSP (2Q),BMLL (20) ,¥H5(208) ,Y5P (28 ,¥LL I
DIMENSION ¥ (20}

DEFLL2,DEFKL,DEFLLS,

[t )

DIMENS[ON ﬁacsx,uaih..wrc:. HH’
DATA CG,WH,WT HW/2.8,2+2.49, a.&*14 @,45.3,42.9,72.3.24.9,372.2.24.

*@/
DATA V/2Q#3,Q/

CALCULATE SHEAR AND MOMENTS iNSPECTIBN FOIMTES GUE T4

~-H-15 QR H-Z@ LIYVE LOADING

HSPAN = SPANL # 3.9
B0 & LD = 1,15

OIST = X0IST:LD

DLSTW = DIST + WR(LTYFE)
[FiDLSTW.GT.SPANL) &0 TO I

CEAR = DIST + CBILTYPE:

REACTH = (1.2 - CHAR/SFANLY) ¢ WTILTYFE)
BMSE(LLi= DIST + REACTN#12008

50 T 3

[FiDIST.5T.HSFAN) 50 TO I
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REACTN = ¢1.,2- DIST/SFANLY & HU(LTYFE)
SMSF (LD)= REACTM # DIST+#12008.
ot [ B

z {Fé¢LD.BT.EL1) GO TO %
BMSF (LD) = BMSPOLZ-LD}
50 76 3

3 IFtLD.ER.13) BMSF{LDr = BMSF{1Z)
IF{LD.EQ.15} BMSP{LD) = BMSF{14)

e

CONTINUE

DLSTW = DIST + WRILTYPE)
[F(DLSTW.GT,5PANL) GO TO 7

CBAR = DIST + CHRILTYPE)

) REACTH = ¢1,9 - CBAR/SPANL) * WTILTYFE!
G0 70 8

REACTN = (1.2 - DIST/EFANL) # HW(LTYFE)
ViLD) = REACTN#1Q080. :
COMTINUE
0o 5 LD
YSP{LD}
CONTINUE
VEF {12}
VSR (137
VSF(14)
YSP {15}
RETURN
END
SUBROUTINE STRMOD{ECAL)

e D

1,11
AMAX1{V (LD} ,ABS{V(12-LD) )

w n

wn

Vi12)
VSR (12}
Yiia)

YSF{14)

(2] CHARACTER#*4 DI1A1,CHRCTR,SMBOLA,SMBOL1,WORDS,DIA
L21 CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK ,BLANKC,CBLANK,BLANKD,
(21 *DBLANK , BLANKE ,EBLANK , BLANKF ,FBLANK ,BTYPEA ,BTYPE ,BNSTD,BEAN
[21 CHARACTER#1 SMBOLB,SMBOL2
COMMON /MM /RO (3@) NROW,SROW{18) , IW,DRGW(18) ,NSROW{ZD)
COMMON/STD/STBCL,STSCL,SPACE, [VIEW,ISTOP

CALCULATE ROW LOCATION FOR STRAND PLACEMENT

[ 2 S T o |

i)

ROWNR = ROWI(NROW)
ROWL = ROW(L)
[F{ROW(NROW).NE.ROW1} GO TQ 1
FCHiNEOW) = ROWNR -2
NROW = MROW + 1
ROWINROWE = 2
8G TO &
IF(ROWL,BT.ROW(2),AND.NROW,EQ,2} GO T3 4
N = HRAQW
IF(ROWIN) . GT,ROWNR) GO TO 3
N=N-1
50 10 2
I ROWIN) = ROW(N) - Z
NROW = NROW + |
ROWONRQW: = 2

-

L8]
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£21
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(21
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)

[ ]

[an B e B ne B oy |

n

.: ROW1-ROW(Z),87.2) 50 70 5
NROW = 3
ROW(ll = ROW(L) - 2
ROW(IT = 2
G0 T4 &
ROW(1) = ROW(1} = 2
RGW{2) = ROW{2) + 2
51 = 9.
52 = Q.
D0 B JR = 1,NROW
§2 = ROW{JRi # (STRCL + {iJR-11#SPACE)) + &=
§1 = ROW(JR) + St
ECAL = §2/§1
RETURN
END

SUEROUTINE TYPELD

CHARACTER#80 WORDS

CHARACTER#®4 DIA1,CHRCTR,SMBOLA,SMBOL1,DIA

CHARACTER#2 BLANKA,ABLANK,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,
*DBLANK , BLANKE ,EBLANK ,BLANKF ,FBLANK ,BTYPEA,BTYPE ,BNSTD , BEAM
CHARACTER*1 SMBOLB,SMBOL2

COMMON/EI/ ASL,IBSL,INA,YTC,YBC,YTCSL,ITSL,AREAC,ECCL,
iENDMAX,TENIN,SPQNL,ESFAL,TE,EFHAUNB_UW;,ZE,ELSL ES,ASTRY,

#FP5 NCDL,IT®,ZER,¥T,AREA,D, 16, IEBC,5TRNS,ECAL, v'.'*ac WTF B, aY

# FPY,LTYPE,XASE,XDDE ,RROAD,SFPC,DFACT,CDL, TSS
COMMON/ELL/WORDS,SMBOLY ,SMBOL2,BTYPE,DIA,BEAM(L1)

COMMON/CONC/ CNCF(20),CNCD{28) ,CCP{2@) ,CCD{2@) ,8ONCF (1), 5CNCD (18]
COMMON/LLI/ BMMA(2Q) ,BMDL (2B} ,BMSUM{ZB) ,BMEM (281, BNNCDL(2Q) , VUM (2
403 ,BMSL12Q) ,BMCOL (2@)

COMMON/J/ BMHS(20) ,BMSF(28) ,BMLL (2@) ,VHS (2@) ,y3F {78 ,YLL(Z)
COMMON/MMM/ FGO,HOPT,F,COPE ,

COMMAON/JWM/ YMAC28),YDL(28) ,XDIST{15) ,DEFK2,DEFL1Z,DEFK ], DEFLLS,
*DBNCDLZ, DNCDLI

TIMENSION WEIGHT(5)

DATA WEIGHT/2#40.0,33.9,0.9,36.@/

CALCULATE AND APFLY LIVE LOAD IMFACT FACTOR
FRACT = (S@./{SPANL + 125,01 + 1,

IF(FRACT.BT.1.3) FRACT = 1.3

00SD=1,l0

[F{CCP(1).NE.2..08.CCD(I).NE.2.8) GO TD &

CONTINUE

TOTTLD = WEIGHT(LTYFE)#19@3,

50 TO(1,2,2,3,11,LTYPE

CALL IMLOADITOTTLED

IFILTYPE.EQ, 11 CALL SPCL

CALL LANELDTOTTLD)

B0 188 L = L.i3

BMMA(L: = AMAXLIRMHSIL) BMLLIL) (BMSP L) +FRACT#DFACT

A-65



[zl
(21
(2]
{21

VALY = AMAXLIYHEL) WL L) VEPIL) ) #FRACT+OFACT

F
<1
=)
L |
[wr]
i
-
=
o
Lol

|
CALL LANELD(TOTTLD)
00 121 L = 1,15 ,
BMMA (L) = AMAXL(BMSFIL},BMLL (L)) #FRACT*DFACT
VMA (L) = AMAXL(VSFIL),VYLL(L))#FRACT*DFACT
181  CONTINUE
30 T§ taz

I - CALL RRLOAD
60 T 1@2
8 CALL CONLD

00 71 = 1,19
BMMA (I} = BMM& (1] #FRACT#DFACT
7 YMA I} = YMA{I)#FRACT#DFACT
182 RETURN
END
SURRAQUTINE IERD

CHARACTER#*#4 DIAL,CHRCTR,SMBOLA,SMBOL!,KORDS,DIA
CHARACTER#2 BLANKA,ABLANK ,BLANKB,BBLANK,BLANKC,CBLANK,BLANKD,
#DBLANK , BLANKE ,EBLANK , BLANKF ,FBLANK ,BTYPEA ,BTYPE ,BNSTD,BEAN
CHARACTER#1 SMBOLB,SMBOLZ

COMMON/LLI/ BMMA(2Q) ,BMDL (20) ,BMSUM{28} ,BMEM (20 BMNCDL (29) ,¥auNE
#3) BMSL (20} ,BMCDL (20} '
COMMOM/JdWM/ YMA(20) ,¥DL(2@) ,XDIST(15),DEFK2,DEFL12,DEFK L, DEFLI
*DNCDL2,DNCDLY '

COMMON/MSC/ YNCDL (15 ,YCDL{LSY

COMMON/MM/ROW{30) ,NROW,SROW{18) ,IW,DROW(18) ,NERGH (30)
COMMON/STD/STBCL,STSCL,SFACE, IYIEW, ISTOF

,_
e

THIS ROUTIME INITIALIZES ARRAYS

&1 0O 0

(]

P02 1 = 1,20
YSUM(I} = 0.9
YMR (I = @
YOL(1i = @.
EMDL (I} = 2.0
BMMAGTY = 3.0
BMNCOL(1) = @
BMCOL{T: = 2.2
BHSUMII) = 2.0
CONTINUE

0631 = ¢,
VNEDL (1) =
YoDLiI) = 2.0
CONTINUE
[FiIVIEN,
b0 4 [ =
FOW{l} =
4 NEROWT]

(]

4

n &= — m
[ )

=7 Bl

(73]

=)

=4

©

(8]
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(a1 SUBROUTINE INITIAL
[s1 C REPLACES BLOCK DATA SUBROUTINE FROM ORIGINAL PROGRAM
{6] CHARACTER*8@ WORDS

(6] CHARACTER#4 DIA1,CHRCTR,SMBOLA,SMBOL!,DIA

[6] CHARACTER#2 BLANKA,ABLANK ,BLANKB,BBLANK,BLANKC,CBLANK, BLANKD,
£s] #DBLANK , BLANKE ,EBLANK ,BLANKF ,FBLANK ,BTYPEA,BTYPE,BNSTD, BEAM

(8] CHARACTER#1 SMBOLB,SMBOL2

3! REAL 1B,IB1,INA,NCDL,MNCDL,IBSL,MNS,MCDL,KDIST,KGRID

(8] COMMON/ILL/ REQULT,ULTMOM,FPC,FPCI ,NSTATE,MSTATE,K

(6] COMMON/KI/ ASL,IBSL,INA,YTC,YBC,YTCSL,ZTSL,AREAC,ECCL,

(6] *ENDMAX , TENIN,SPANL ,BSPAC,TS,EFW,UWB,UNS,EC ECSL,ES,ASTRN,

(6] *FPS,NCDL,ITB,IBB,YT,AREA,D, B, ZBBC,STRNS ,ECAL,YB,ZTBC,WTF,BP,AV
(61 *,FPY,LTYPE,KASE,KODE ,RROAD,SFPC,DFACT,COL,T5S

(4l COMMON/JJJ/ BB(11) ,WDD{11) ,CCCL1L),EE(LL)

t4] COMMON/BNS/ BNSTD

[&1 COMMON/CONG/ CNCP(2@) ,CNCD (2@),CCP(2@) ,CCD(2@) ,SCNCP {18} ,5CNCD(1@)
ts1 COMMON/LI/ARC1L) ,YB1{11),YT1¢11),D1¢L11),IB1C1L) ,WTFL(LL),

(41 #BPRIME(!1) ,RH(11)},66(11),DIAGD{!1) ,DIAGW{LL)

(&1 CGMMON/J/ BMHS(29) ,BMSP (20} ,BMLL (2@),VHS (2@} ,YSP (20) ,YLL (20)
L8] COMMON/IBM/ ACI(15),V5(28)

(51 COMMON/JWM/ YMA(2@) ,¥DL(2@),XDIST(15),DEFK2,DEFL12,DEFK1,DEFLL4,
[&] #DNCDL2,DNCDL Y '

(4] COMMON/ELL/WORDS,SMBOL!,SMBOL2,BTYPE,DIA,BEAM(11)

(5] * COMMON/MM/ROW (30) ,NROW,SROM(18) , IW,DROM{18} ,NSROW (3@)

[a} COMMGN/LLI/ BMMA(28) ,BMDL(20) ,BMSUM(20) ,BNBM (28) ,BMNCDL (2@) ,USUM2
(6] @) ,BMSL {28) ,BMCOL (20)

[6] COMMON/STD/STBCL,STSCL,SPACE, IVIEW, ISTOP

(6] COMMON/JDF/ FTLL(2@) ,FBLL(20) ,FT5SL(20) ,FB5L(2@),FTRM(20),

(6] ¥FBAM(2@) ,FTDL (2@) ,FBDL(2@) ,FTNCDL (2®) ,FBNCDL (28) ,5T (2@} ,SB(20)
(el # FT(2@) ,FB(20) ,FT1(2@) ,FBI(2@) ,FTIB(28) ,FBIB(20) ,FTIBSN (20},
(6] #FBIRSN{(2@) ,FTCDL(20) ,FBCOL (29)

(6] COMMON/JRR/ §(15),50Q

(6] COMMON/MSG/ YNCDL (15),VCDL{1T)

(6] COGMMON/ALL/ FBII,ACOMPR,TTEN,FTP,PLOSS,PPERST,RLOSS,ITT

6] DG 1@ Ix=1,20

{81 CNCP(IX)=8.0

6] CNCD(IX)=@.2

(4] CCP(IX)=0.0

6] CCD(IX)=0.0

(6] FTCOL{IX)=0.@

(4] FBCOL (1X)=0.9

{81 BMHS (1X)=0.0

(4] BMSP(I1X)=8.0

(61 BMLL(IX)=0.8

(6] VHS(IX)=8.0

L6l YEP(1X)=0.0

(a1 yLL(IX)=@.0

(63 YS(Ix)=0.0

(4] YMA(IX)=0.0
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(63 yoL(IX)=0.0
(&3 BMMA([X)=0.0
BMDL(IX)=0.0
BMSUM{1X)=@.@
. BMBM(IX)=0.Q
. BMNCDL(IX}=0.0
YSUM(IX)=0.0
BMSL(IX)=0.8
FTLL{IX)=0.9
. FBLL(IX)=0.Q
. FTSL(IX)=0.@
. FBSL(IX)=8.0
. FTBM(IX)=@.0
. ~ FBBM{IX)=08.0
. FTDL(IX)=0.0
. : FRDL(IX)=8.0
. FTNCDL¢IX)=0.9
FENCDL(IX)=0.@
5T(1X)=0.9
. 5B(20)=0.8
. T OFT(IX) =0.0
FB(IX)=0.0
FTI(IX)=0.0
FRI(IX)=0,0
FTIB(IX)=0.0
. FBIB(IX)=0.D
. FTIBSN(IX}=8.8
. FBIBSN(IX)=0.0
1@ BMCDL(IX)=0.@
. DO 15 IC=1,15
. S(IC)=2.0
. YNCOL(IC)=0.2
ACI(IC)=0.0
XDIST(IC)=0.0
15 VCDL(IC)=@.0
DB 2@ ID=1,18
. SROW(ID)=@.@
. 2@ DROW(ID)=0.@
. D0 25 1E=t,3@
. ROW(IE)=8.@
25 NSROW(3@)=2.0
BNSTD="NS"
IVIEW=08.0
01A="1/2
BEAM(l)="
BEAN(2)="
BEAM(3)="
BEAM(4)="
BEAM(S)="
BEAM(4) ="
BEAM{7)="
BEAM(8)="
. BEAM(9) ="
(4] BEAM(1Q)="1d"

D ~oh B -
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BEAMI11)="11"
AR{11=0.0
AR(2)=3549.0
AR(31=359.0
AR(4)=789.0
AR{S)=10813.0
AR(4)=1085.0
D0 3@ [F=7,1!
YBI(IF)=0.@
YT1(IF)=0.0
DI1(IF})=0.0
[BL{IF)=0.@
WTF1(IF)=0.0
BPRIME(IF)=28.0
WDD(IF)=0.90
BB(IF)=0.0
CC{IF)=D0.0
EE(IF)=0.0
HH(1F)=0.9
GG(IF)=0.8
AR(LF)=0.8
YB1(1)=8.0
YB1(2)=15.83
YBi(3)=20@.27
YB1(4)=24.73
YR1(3)=31.96
¥B1{&)=34.38
¥T10(1)=0.8
¥YT1(2)=20.17
YT1(3)=24.73
YT1(4)=29.27
YT1(5)=31.04
YTL(4)=33.42
Dt(1)=2.0
D1(2)=36.0
D1{31=45.0
D1(4)=534.0
Di(5)=63.8
D1{4)=72.8
[B1(1)=2.8
IB1:2)=50979.9
IB1(3)=123390.9
IB1(4)=2468741.0
1B1(5)=521163.0
IB1(6)=733320.Q
WTF1(1)=0.0
WTFli2)=12.0
HTF1(3)=16.1
WTF1(3)=20.0
WTF1(3)=42.0
WTFli4)=42.0
BPRIME(L1)=0.8
BPRIME(Z)=6.8
BPRIME({31=6.@
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33

49

RPRIME (4)=8.8
RPRIME (5)1=8.08
BPRIME(4)=8.0
D0 35 1G=1,10
SCNCP(1G)=0.0
SCNCD(1G)=8.0
WDD(1)=0.0
WDD(2)=6.8
WOD(3)=7.8
WDD(4)=5.8
WDD (5)=8.0
WDD(61=8.9
BB(1)=2.0
BB(2)=1B.8
BB(31=22.0
BB{4)=25.0
BB(5)=20.0
BB(&)=28.0
CC(1)=0.0
CC(2)=4.0
Cci3)=7.8
CC(4)=8.8
CCiS)=8.0
CC(4)=8.0
EE(1)=0.0
EE(2)=6.0
EE{3)=7.5
EE(4)=9,0
EE(5)=10.0
EE(&)=10.0
HH{1)=0.@
HH{2)=6.8
HH(3)=7.8
HH(4)=8.0
HH(5)=8.0
HH(56)=8.0
G6(1)=08.0
B6(2)23.8
B6(3)=4.5
66(4)=6.0
B6(5)=4.2
GGia)=4.0

DO 4@ IH=1l,1t
DIAGD(IH)=0.0
DIAGW(IH)=d.@
ASTRN=8.153
SPACE=2.0
5TBCL=2.8
§TSCL=2.D
UWB=150.
UWS=15@.
SFPC=4500.
E5=29.0
FPS=272000.9
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FPY=60000.0
FPC=50040.
FPCI=4DQ3.
PLOS5=0.8
EC=4.29
ECS5L=4.07
RETURN

END
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A.5.5 Guide for Using Microcomputer Version of Prestressed Beam Design

and Analysis Program - Version 1.0

The following is a guide for using the microcomputer version of the
Virginia Department of Highways and Transportation Prestressed Beam
Design and Analysis Program.

The form of the data to be input into the program is identical to
the format currently used on existing data input forms. These forms can
be filled out as desired and an input file for the program created from
them, with all data in the appropriate lines and columns. Input files
are currently created using the IBM Personal Editor, See the section
"Creating Program Input Files" for information on how to create these
files.

PROCEDURE FOR RUNNING PRESTRESSED BEAM DESIGN AND ANALYSIS PROGRAM

This procedure assumes that the program will be on drive A and the
input files and output files will be on drive B. Drive A will be the:
default drive. (See note 1 below.) All user responses are indicated
with bold type.

1. With the program in drive A [A> prompt], type PBEAM
and hit the RETURN key., After a few seconds the
following header will appear.

VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION
. BRIDGE DIVISION
PRESTRESSED BEAM DESIGN AND ANALYSIS PROGRAM

NQOTE:
ENTER INPUT FILE NAME FOR UNIT 5 PROMPT
ENTER QUTPUT FILE NAE FOR UNIT 6 PROMPT

File name missing or blank - Please enter name
UNIT 5?

2. In response to the unit 5 prompt type B:infile and hit
RETURN where infile is any legal MS-D0S file name used
to designate the input file created on drive B:. After
a few seconds the following prompt will appear:

3. In response to this prompt, type Bi:resfile and hit RETURN.
Resfile is any legal MS-DOS file name you wish to call the
output file. This will cause the output from the program to
be written to the file resfile, which will reside on drive B:.
(Alternatively, to direct all output to the printer, type
Ilptl and RETURN in response to the unit 6? prompt.)
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4. If all goes well, the program will run for a minute or two
and display the following message when execution is
completed: Stop - Program terminated.

At this point the program results are ready for inspection.

5. If the program generates an error message the most probable
cause will be an error in the input file. Inspect the
input file to make sure all data are in proper position
and rerun the program, repeating steps 1l thru 4.

Note 1:

The disk drive on which the program and input/output files reside
is purely a matter of convenience. All three files can reside
on one drive if desired. However, if the size of the problem is
large, it may be advantageous to direct the output file to the
other drive, since this file can become very large.

A.,6 Steel Girder Design and Analysis Program

This section will describe in detail the procedure used to compile
and link the Steel Girder Design and Analysis Program. After the
procedure is described, directions will be given illustrating how to
create data input files and run the program on the microcomputer.

A.,6.1 Program Description

The purpose of this program is to design or analyze a simply sup-
ported, composite welded plate girder. The input is arranged to allow
for a complete design, a complete analysis, or a combination of the two
for a single girder entry, The input also allows for several different
trial web depths in a design for a single girder entry. The program
uses 1973 AASHTO specifications as interpreted and modified by the
Virginia Department of Highways and Transportation's Bridge Division,
along with current bridge office practices.

For complete details of all program features, including data input
arrangement, see reference 15,

A.,6,2 Comments on Compiling and Linking

Unlike the Prestressed Concrete I-Beam Program, this program could
not be broken down into a set of smaller source files, because it
contained no subroutines. The program was small enough (approx. 900
lines) that it could be compiled as a single source file. Also, the
program required very few changes to enable it to run on the
microcomputer,

Additionally, the comments made in section A.5.2 also hold true for
this program.
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A.6.3 Compile and Link Procedure

The compile and link procedure for the Steel Girder Design and
Analysis Program is somewhat simpler since only one source file was
involved. The method 1s straightforward, and required three diskettes
in the compile and link process. The three diskettes and their contents
are as follows:

DISK 1 . DISK 2 DISK 3
FOR1,.EXE FORTRAN,LIB STEEL,FOR
PAS2.EXE MATH.LIB ' STEEL.CBJ
PE.EXE (IBM Persomal LINK,.EXE STEEL.EXE
PE.HLP Editor) -

PE,.FPRO

As for the Prestressed Beam Program, disk one contains compiler
passes one and two and the page editor, Disk two contains the FORTRAN
runtime libraries and the linker, Disk three contains the Steel Girder
Program FORTRAN source file and the relocatable object file and execut-
able run file created during the compile and link process.

The steps in the compile and link procedure are as follows:

COMFILING
1. Boot the operating system.
2. Log onto drive B.
3. Place DISK 1 in drive A and DISK 3 in drive B.

4, Invoke pass one of the compiler by typing A:FORl and
hitting RETURN, The following prompts will appear on
the screen:

Source file [.FOR]:
Object file [.0BJ]:
Source listing [NUL.LST]:
Object listing [NUL.COD]"

5. In response to the Source file prompt type STEEL and hit
RETURN. (The .FCR extension is automatically added)

6. In response to the Object file prompt hit RETURN. This
will cause the object file to be automatically named
STEEL.0BJ.

7. If a source listing 1s desired (it is optional) enter any
valid M5-DOS file name in response to the Source listing
prompt and hit RETURN. Otherwise, just hit the RETURN
key.
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3.

If an object listing 1s desired (it is optional) enter
any valid MS-DOS file name in response to the Object
listing prompt and hit RETURN. Otherwise, just hit the
RETURN key. The compiler will begin Pass one after the
last prompt is responded to.

After Pass one is complete, invoke Pass two of the compiler
by typing A:PAS2 and hitting RETURN. When the disk drives
stop moving (it will take several minutes) check the
contents of DISK 3 in drive B. It should contain the files
STEEL.FOR and STEEL,OB.J, This completes the compiling
process.

LINKING

Replace DISK ! in drive A with DISK 2. Leave DISK 3 in
drive B and remain logged onto drive B.

Invoke the linker by typing A:LINK and hitting RETURN,
The following prompts will appear:

Object Modules [.OBJ]:
Run file ([.EXE]:

List map [NUL.MAP]:
Libraries [.LIB]:

In response to the Object modules prompt type STEEL and
hit RETURN,

In response to the Run file prompt type STEEL and hit
RETURN, (The .EXE extension will be automatically added
creating the file STEEL.EXE)

In vesponse to the List map prompt hit RETURN.

In response to the Libraries prompt tvpe A: and hit
RETURN. After this last prompt is responded to the

linker will begin processing.

When the linker stops, check DISK 3 in drive B to vertify
that the run file STEEL.EXE has been created,

This completes the compile~link procedure for the Steel
Girder Design and Analysis Program.
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This section contains the FORT
microcomputer
and Analysis

indicated in bold

A.2 and

Stee

1 _Girder Frggram

ource Li

N

ting

RAN source listing for the

converted version of the BSteel Birder LDesign

Frogram. The changes that have been made are

These changes are listed in Table

type.

are cross referenced using the numbers to the left of

each affected line.

LISTING
(1] PROGRAM MAIN
DIMENSION RI(23) , Wia,23) , X(2Q) , XLM(Z@) , DM(2D) , XDIM(Zd),
L LMS(2@8) , TFT(4) , BFTi&}, TFWiai , BFWi&) , ALLMis) , iLLS(a1,
2 DLM(2@) , MARK{&) , MTia) , DLS(2Q) D5¢2@; , XD15:205 , Bis),
I X85i20) , ALSM(A) LEMFTi(&), TFW2:4), TFT2(4), BFT2(4:, BFWZ(4i,
& XT+¢d), XBi4), ISE(4:, IST(4), GGPA{se), DEFiia}, UEFZikr, DEFI &)
g L TABI3I),XTL(4) ,XB1(4)
DIMENSION SLS(20),5LM{2Q)
FEAL H(é),VV(éi,FFVi(&J,FFVE(&),C(&i,TTEMli&}.TTEHEiél
INTEGER IPAT (&)
DATA TA®/2.75,8.5125,0.375,8.9375,1.08,1.08625,1.125,1,187%,
i 1.25,1.3125,1.375,1.4375, 1.5,i.5625,1.625,1.4875,1.75,
2 1.8129,1.875,1.9375,2.9,2.125,2.25,2.375,2.5,2.825,2.75,2.879,
3 -;.B,Q.AE,.-.5,3.75,4.@!’
(151 ¢ CALL DDATE (IDATE)
(s1 WRITE (#,1)
[s1 1 FBRHAT(ISX, VIRBINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION'//
(51 #32X, 'BRIDGE DIVISION'//24X%, PLATE SIRDER DESIGN AND ANALYSIS'/////
(51 #1X,'NOTE: /1%, ENTER INPUT FILE NAME FOR UNIT { PROMPT /
(31 #1X, ENTER OQUTPUT FILE NAME FOR UNIT 8 PROMPT'//)
SIN =8
NG =2
READ(1,509,END=2000 KT ,RI,AJOB
IF (KC-1) 1@,1@,5
5 WRITE(8,5%31AJ0K
STOF 1iitd
12 IFG = 1
{1s] WRITE (8,940) AJOB,IPG
WRITE(2,941) iR{4M) M =4,11) KS, (RIMY H=1 81 ((RI (NI M=12,20)

READ(1,9821KC,CULT ,CALL,STD,STH, N, 1A, DEFL NOE,NOC, DLy

IFiCLW,.E2.9.8iCLW=130.0

5L,
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(161

IFikl - 215,208,5
20 WRITE(R,947)

TULT,CALL,STD,8TH 0,

25) ,MOF

WRITE(E,74T)C
Fuo= N
gl TO (25,29,25,2%2.23,
WRITE ‘a..QTi NiB
STOP 1111t
25 I = N + 1
READ (1,583 ,END=5)
IF(gC - JJS,J@_J
I8 IF (MTOIM)-2) 32,325,321
31 WRITE (8,%98) MTUING

STOP L1111
IZOIF (MTUIND-1)
35 [FINOB - INi423,4@,25
43 WRITE(8,534)
D0 5@ I = 1,NOB
5Q WRITE(H,945!
S5 JN = JN o+ |
READ (1,906 ,END=3)
POYMFTOIN) , ALLMC(IND
[FiKC - 4)5,89,5
58 IF(NOB - INIGS,65,55
45 WRITE(B,944)
Do 7@ I= 1,NOB

70 WRITE(S, °4I)HHR}\I).~N(I 31, J=1&6, 270 ,BFT (1) ,BFWILD)
_XLLM\I:,'LL:fI),(L:ﬂ(Ir

lTFN‘IJ.(NFT 1i
75 WEBDZ = WK,s8
88 IFG = IPE + 1

LO=9

WRITE (8,948@)

Wi= Wik,1)

W2= WiK,2)

T = Wi{kK,4)

TH Wik,3)

Wa = Wik, %}

WEBDL = Wi{K,7)

WEBIN WiK,8i

WEBT = W(K,9!

SL = Wik, L&)

FLL = Wik,11)

FLR Wik,127

LSC Wik, 13}

CTF Wik , 14}

CEF WiKE,13)

WCOL = W{k,la}

W2DL = Wiv,17)

Wh = Wi, 13

CH = Wi{K,19)
Wik ,23)
Wik ,21)

]

—
ju

L]

wi L) OED 6
| I Y [ et i
1)
=
x
1 -
o |

=
n

MARK (13,

KT, MARK (IN}

1t,35,35

MT L)

, ILLS LI,

AJOB,IPG
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XLEH(JNJ

J=1,15)
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L,5C,Ma8,NOC,

KO MARKIND  MTCIN) | (W(IN, 07, J=1,23)

N TET LN,

CLH

JJFT
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.



(i y]

[

= KLLS k)
= KLEMik)
EFTK:
BF@ K
HARES
TEul TEWiK)
AMFT1=XMFT (K]

=

oo

—~ E = w1

[ —

— o rn e
mnm

n o n n

[T = MT (K]
Knl=d
KNO=@
KEWL
KBTI
KTWl
KTT1
00 B3 I
TFWZA(I)
TFT241)
BFW2 (1)
BFT2{I}
AT{I) = Q.
XTi(Ir =0.0
¥BLi1Y=0.9
XB(Il = 0.8
SLH = §8L/2.8

n an s s

=0 onon il'—‘

[FiXMFTL)1@@,52,12Q

PMFTI= 4.0

IFioFWi) 110,105,110

BFWL 12.8
KEWY
IF(BF
BFTL

KBTI

1
11128,
@.7%
1

1Jt1:B

[F{TFW1113@,1253,130

TFWL = 12.8
KTwl = 1

IF{TFT1)140,135,148

TFTL = @.75
KTTi = 1
FT=BFT1
FW=BFUW]
FER=2.0

IF(CHI 155,143

S PER = Q.11
158.2) 155,155,150

[F(5L -
FER = @.183
FAC = S@.8/
[FIPAS - 1.
FRC = 1,32

IF{XLLMII18Q,178,182
(35,0 - 158.28024/5L)*(3L/2.0
144,82)188,175,179
3,5#50L + B.08#5L+SL

1:1195,185,193
7.8 - 67Z.0/5L

LMl =
IF (5L
xLLnl
[F{fLy
¥LLGS!

1] UJ 1}

{125
31165,

y 13

.2 + SU
165,140
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IFi5L - 127.2511%% .

{30 XLL81 = @,32=5L + 2a.
195 IF{XLSMiN210,2068,210@
280 XLEMI = 36.@ - av2.8/8L

I[F(XLSML - 13,2:205,21@,218
S XLEMI = 13.0
§ G0 TO (212,211,107
1 3BLi= (W1 + W2)/2,8

582 = 3.0#5L

S8 = 12.2

TEM = 581
1/724,0/W3
-14

35,190

J|—~
l"_".l

IIJ

% =
80 T
12 381 = Wi
582 = 5L
887 = 4.0
TEM = 581/2.0
3% = W3/2.0
IF{ T 1220,215,22
T = 8.5
IF(S81 - 84.@)214,214,220
8.9
IF (58t - 72.81218,218,270
7.5

rJ
o)
J

[}
]

r
£
|

rJ
—
o-
—
[

218

228 DT = - 8.5
S8BT =DT#583

= QMINI\TEM.EBZ.SE"

SOL=iT#S53L+TFWl+TE)«CLW/144.8

(221,222 ,1I7

SOL/2.0 + WZDL

B+ WK, D)

222 DLLM! = {LLMI#PAC*SX*120049.
DLLSLI = YLLS1#FAC#S5X+1@@a.
DLSMI = XLSMI#FAC#5X+104a4Q.
SLLM1 = SLL#1,5+50L%5L
SOLRC = 1.5#35L+#5L#WCDL
ZLLS51=5LL#5LH
A19=(DLLS1~-DLSML) /28,

TEM = 8L - 4.,86647

—
1]

m
-

I~1

[ 28]

—
= o Q)
)

"n
—i
n 9

50L = SDOL + WD

Bo0 225 1 = 1,20
o= 1

$07) = ¥1#3L/43.8

TEML SLH - il

TEMZ = 8L - 2.@%%({} - 4.58é047
TEMI = X{Li/2.@%{8L = X(1i:

CLS{Ii=DLLEL-X1#X]5
SLS(I)=SLL#TEMI

DLM T =0LLME# 01, @-TEMISTEMZ (TEMSTER) ¢

SLMIT)=SLLETENT
IF {TEMZ) 323,724,023
127 DLM(Ls=DLLAG
723 (D181 = WCDLeTEM]
SL5¢ 11 =5LL*TENL
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226 LDIN(I)=WCOL-TENT
SLH (T =3LLATENS
kN = @
223 =6
IF¢L8) 229,229,232
229 BFTL=FT
BFW1=FW
TEM3=BFT1
G0 TO 230
232 TFTL=FT
TFH1=FW
TEHI=TFTI
ebt EREE RN R
TEM = 20200,

TEMI= Z46080.
TEMZ= 330833,
IF {8C-1) 248,235,231

23% TEMZ=@.73
238 TEM = 27024.

TEMLI= 50@@0a.

TEMZ= 70029.

IF{TEM3 - 0.73)248,248,240
24@ TEM = Z3900.

TEH1= 445083,

TEM2= 07020,

IF{TEMI - 1.312458,248,243
245 TEA =

BSY = TEHMI
ESU = TEMZ
TEMI= TFT1
30 7O ZIe@
255 T3A = TEH
T8Y = TEMI
TS = TEM2

F5AV = 12g803.

IF (5C-1) 258,254,259
254 FSAV = 17000,

IF(WEBT - 2.75)238,258,257
257 FSAY = (35Q08.

86 TO 258

235 FSAvV=17008.
2358 BYT = 0T + TH
OTH = DT/2.0
TFTH = TFTi/2.2
TFWH = TFWL/2.9@
BFTH = BFTL1/2.8
WEEDH = WEEBD2/2.0
TD = TFTi + WEBDZ + BFT!
TFAL = TFTL#TFuW!
Fl = TFAL+*TFTH
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268

AZ = WEBDZI+UWEET

32 = AZ«{TFTL + WEEOH!
BFAl = BFTLi*BFMWI

@3 = BFAL#(TD - BFTH)
SIt = QI#TFTH

Si2 = Q2#(TFTL + WERDH}
313 = Q3I#(TQ - BFTH)
AS=TFALl+AZ+EFAL

@7 = @1 + B2 + @3

SIT = 5I1 + 812 + SI3
SI1 = TFWl#+TFTi#+3/12.0
SIZ=WEBT#WEGDZ#+3/12.0
SI7 = BFWI#BFT1#+3/12,0
31T = 5I7T + SI1 + §[2 + §I73
¥8 = Q7/A8

SI = 817 - ¥5+@7

I317= SI/¥8
Z318=81/(TH-Y5)

5i4 = 51

¥§1 = ¥§

J =

Al = DT+B/FN

@i = AL&DTH

A2 = TFUWL*TBE/FN

@2 = AZ#(DT + TEB/Z2.0}

GI = AB#IDTT + ¥5)
SI1 = Q1+DTH

SIZ = Q2#{07 + THSZ.Q}
817 = @3+#{DTT + Y5}

1 =4 pma b4 o— —] = 4 4 o B e e
]

AT = A}l ¢+ AZ + AS

a7 = @1 + B2 + @3 -

51T= 811 + SIZ + 513

Si1 = B/FN&DT#+3/12.0@

Sic = TFWl/FN+TE##3/12.8
SiT = SIT + 811 + 512 + §I
YO = @T7/4°7

Cl = 8§17 - YC#QT
1F(J1279,2790,27%

d = 4J + 1

FN = 3.0%FN

CIL=CI

¥CL = ¥C

o0 70 Z:@

FN = FN/Z.0

¥YCC = ¥(C

¥CC1l= YCC

CIC = €I

2ICLl= LTIC

CILl= CIL

fCLI= YCL

WTFTE = A5+3.4Q27%

BOL = WTFTL1 + FER*WTFT! + CH
EOLH = 1.5+3L#3L+#(5DL + BDL}
FSED = SDLH#(TD - ¥S5i/751
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299

293

@a

w on M

LT R T |
[ B Y |

2 B W r T2 B ) |

S [F{(F5=-5A)

DO 298 I=1,Z9

FSBDC = BDLMC#(TD + OTT S A0
FSEL =(QLLH1 + SLLHLi*{TD + DTT

FGR = F8ED + FSEDC + FSBL
F3T0=50LM&Y5/81

STOC = BQLMC#(¥CC - 07T 1/CIC
STL=¢{DLLML1+SLLMIY # (YCL-DTTi/QIL

8T =(F5TD + F5TDC + FSTLI
COC=SDLMC*YCL/CIL/FN

CL =(DLLM! + SLLMi)#YCL/CIL/FN

C =(FCDC + FCL i

.
[

YCLi/CiL

GMil} = (SDL + BOL)#{(X(13/2,8#{(8L - X<{iil}

DS{Ii=(5DL+BDL) *iTLH-X{1))

IF{(NOC,EQ.Q) FREMT=FSBD+FSBOC+27520.
IF{NOC.EG.t» FREMT=FSBD+FSBDC+18330,

FREWT=FREMT
BESA=AMIN! (BSA,FREMT)
[F {LO-1l: 30@,7z9,320

FA=EFAL

FT = EFT!

FW = BFW1

F§ = F3EH

5A = BSA

¥T = KBTS

KW = KBWI

[F(FS -8A3310,310,372

IF{(FS + 8,03 *5A-5A)330,315,315
Lo = L0 + !
[F(LO - 1)320,320,380

FT = TFTL
Fu = TFW!
FS = FST
34 = TSA
FA = TFAL
KT = KTT1
KW = KTWL

50 TO 383
IF(KT)}335,24@,335

IF(FT-YMFT1} 350,348,313
FT=XMFTI
IF(F5-5A)

350,250
IF (KW)345,315,345
359,352

FW=FW+2.32

Ni=KN1+1

G0 TG 228

TEM= F5/35A

FA = FA=TEH

FT = FA/FUW

IFT = FT

KFT = IFT

KN=E M+l
[FikNM=-15)353,355,1330
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M=
¥

K
G0 T4 Z13
IS5 AFT = XFT + @.Q82Z3
IF(FT - AFT138Q,368,353
3680 FT = iFT
fa 1388 11=1,33
IF(FT- TABCIINILS 18,1328, 1388

3@ FT=TAR(ID)
G0 TG 132
1292 CONTINUE
1328 IF(FT-XMFT1)365,365,382
T2 FT=XMFT!
G0 TO 340
165 IF (FT=-@.75) 370,228,228
379 FT=8.75
IF(LO-1) 374,376,37
174 BFTL=FT
BFW1=FMW
G0 TO IiS
376 TFTI=FT
TFW1=FW
GG TO 31§
IF (KNO) 332,382,383

L I ]
[r u]
[ S ]

82 LG=0
KHg=1
IF(KN173@@,370@,383
I8 BFW1=BFWi-2.8

50 TO 300
384 IF (FC-CALL) 3IB%,386,385
IBS WRITE(8,393)MARK(K) ,FC

386 J = @
JxT=2
J1E=0
TEM = BFTI
TEML = BFWI
TEM2 = TFTL
TEMI = TFWL

XKL = C&F
395 3t =
I=1+1
IF(J-1) 398,399,39%
395 TEM=EFTZ(J-1)
TEM1=BFW2{J-1]
XEL=CBF
198 IF:J-4) 397,397,600
197 IF(RFT2(J}) 407,403,399
399 TEM=TFT!

[}

TEML=TFuW1
AKL=CTF
It=J1+1
493 (F{J-1} 434,484,492
$32 TEM=TFTZ2{I-1"
TEMI=TFWZ2{J-i
¥RL=CTF

A-83



404 IFCTFTZ(Jiy 4@3,483 4818
481 TEM=EBFT!
TEMi=BFW:
{KL=CBF
g0 7O 393
483 Jl=41+1
CUT=8.23+TEN
IF(CHT.LT.0.423)CUT=0.423
TEH=TEM-CUT
IF(TEH-@.7514ES 428,1283
1283 00 1219 1i=l,
iF(TEH—TGBxII);l 297,420.1210
1287 TEM=sTAB(II-L}
B0 TO 4Z2@
1218 CONTINGE
403 TEA=TEM+CUT

DO 1270 Ii=1,33

IF{TEM-TAR(I1))122d,124@,1233
1228 TEM=TAB{I{-1}

GO TO 1249
1238 CONTINUE
124@ IF{XKL)484,408,406
496 TEML=TEM!-2.0

IF (TEM1-12.@) 487,429,429
437 TEM1I=12.9
438 G0 TQ (411 ,J1

DO 4@% N=J,4

TETZiN)=TEM
4@9 TFW2iN)I=TEHL

TEM=GFT1

TEM1=BFUWL

60 7O 395
411 DO 412 N=J,.4

BFTZ(N)=TEM
112 BFWZ(N)=TENI
TEM=TFT1
TEMI=TFUWI
0 TO 32d
IF({j-t: 821,821,323
[Fid1-t) 523,82?,82"
TEMZ=TEN
TEM3=TEMIL
G0 T (439),]
50 TQid25),4t
TEMZ=TEM
TEMI=TEMNIL
TEM = BFT2{(d
TEM!1 = EFWZ{J}
50 TO 439
4285 TEM2=TFT2(J-1)

TEMI = TFWZ¢I-1)
]
A1 = TEMZTEMI
a1 = AL*TEMZ/2.Q

3 B)§)

[T § VI o
Pt o 5

-3
[ ]

o

o
L}

=
|}



AT = WEEBDZ#WEET
TDt = TEMZ + WESDZ + TEM
B2 = AZ#IWEEDH + TEHMZ)
A% = TEM=TEMI
o= AI#{TOL - TEM/Z.8)
RS = A1 + AZ + AJ
g7 = G1 + 82 + 83
SIt = @l#TeMZ/ 2,8
§I2 = AZ#(WESDH + TENR2)
§13 = Q3#{TDH! - TEM/Z.8@)
§iT = SI! + §12 + BI3
311 = TEMI#TEMZ#+3/12.Q
512 = WEDTHWEBDZ#%3/12.8
817 = TEMLI#TEM#+3/12.2
SIT = SIT + SIL + 3I2 + §I3
15 = AT/A
81 = SIT - QT#¥YS
428 AL = B#DT/FN
Bl = AL%DT/2.2
AZ = TEMI*TB/FN
@2 = R2%(DT + TB/Z.0}
@3 = AS#{DTT + YG)
511 = G1#07/2.0
§12 = QZ#{D7T + TR/Z.@)
SI7 = QGI*(DTT + ¥§}
IR = TFT1 = TFTZ{J)
IFiTFT2(J1) 427,424,427
424 %R=0.Q
427 IF{ARI422,422,421
421 A2 = TEMI#{TB + XR!/FN
02 = A2%(DT +(TE + XR:/2.®)
B3 = AS#*{DTT + iR + ¥S)
SIZ2 = 32«07 +{TE + AR}/Z2.D)
SI3 = @3%(DTT + AR + ¥5)
322 5IT = 8I1 + SIZ2 + SIS
Bi1 = B/FN#DT#+3/12.9
312 = TENI/FN#TE##3/12.8
IF{XFRI 324,424,423
427 812 = TEMI/FN*(TE + XRi#*3/12.
424 SIT = SIT + 8I1 + SI2 + &1
‘AT = Al + AZ + @S
aT = 31 + @2 + 63
1= @T/4

CI SIT - aT#yC
IF{MiId348,451,43548
331 M = M o+ |
FN = 3.QxFN
CIL=CI
¥oL = ¥C
G0 7O 428
476 FN = FN/I.D
¥CC = ¥C
CIC = CI
0 Tocd4@r,31
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440

£
n
=)

454

(& ]
ra
o

n
Ned
=

n n
il
& on

TFT2¢d) = TEM2
TEWZI(3} = TEM3
TEM = BFTI
TENL = BFWI
XKL = CEF

50 TO 458
EFT2{J) = TEM
BFW2(J) = TEMI
TEM = TFTL
TEMI = TFUi
KL = CTF

I53T= 5I/¥S

I830=8i/(TDL~Y3)

G0 78 ¢453),J1
I82=(5LH-2.33)#8QRT(1.0-I83T/ISITI+2,.33
{54=5LH-253

JAT=0XT+1

XT(J)=154

ATL IV =283

IF{XT ()
XT4J)=0.0
IT1(J)=0.8

[F{J - 2)528,538,53Q
DO 525 N=1,4

TFTZ{N} = TFTI
TFWZ(N) = TFW!

60 TO 5449

0d 333 M=J,4

TFT2iN) = TFT2iN-1)
TFWZ{N] = TFWZ2{N-1)

15.01515,330,339

CTF = 2.0
XKL = CTF
GO TO 395
455 I83=(5LH-2.33)#5QRT{1,@-1538/I518)+2,33
455 154=8LH-183
J{B=i¥E+1
XB{J) = IS4
XB1{1)1=153
[F (X8{J)-15.8) 475,350,552
475 X&(J)=9.0 L
XEL{(1)=2.0
IFij - 214808,490,493
18@ 00 485 N=1,4
BFT2(N} = BFTI
i85 BFWZ(NI = BFW!
G0 TQ 580
16Q DO 435 N=J,4
BFT2(N) = BFT2IN - 1)
455 BFWZIN} = BFWZIN - 1)
509 CEF = 8.0
(kL = CBF
GO To 409
55@ G0 T0 59651 ,31
(M = (SDL + BOL)/Z.B%#IS8#(3L - 134)#12,0
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on ol
o= on
= o

n
-
()

4a!
a@2
624

a36

618
529

AMI={WCDL+3LL) #Z154/2,Q#(5L-I594)%12.0
AMZ=DLLMLI* (1. @={SL-2,8+754-4,58467 %22 /{5L-%4,06867 1%
IM = (M% Y¥S/51

Ml = inis¢¥YIC - DTT - iF)IJIC
iM2 = AM2e(YCL - DTT - XR)/CIL
YM o= AM o+ XML o+ XMZ

IF(XMm - THA)S555,393,5¢-0

IF(EM + @.07 #TSA - TEAYSAQ, 295,39
I53 = ISI#XM/TSA

IF(JXxT-8) 454,454,393

IM = (5DL + BDL)+I164/2,@#(SL - IS4)+12,
AMI=(WCDL+SLL)*#Z254/2,0#SL-7154i#12,8
AMZ=DLLiMLI#{1,0-(EL~-2.8%054-4.4547) %42 /(8L-4, 54871 %%2;
i o= XM*{TDl - ¥3)/53I

XMl = {M1#(TD1 + D77 + IR - ¥YCCi/CIC

XMZ = iMZ®(TDL + OTT . + XR - YCL}/CIL

iM = i + AMl + XM2

554 = AMINL{BSA,FREWT)

IF{fM - B5A}57@,400,573

IF{XHW + @.@3 #85A - BSAI373,409,420

IS3 = IST+#(M/BSA

[A]

IFij¥E-8) 456,454,400

N =3

iCi=D

B = B/FN=DT#{YCL - DT/2.9:
SER={DLL31+5LLEL) *Q/CIL

[F{HOC.EQ@.@! SIR=184603.3%STD#STD+5TN
IF{NOC.EG. 1) SIk= 7350.0+#5TD#STL+#STN
IF{NOC.ER.2) SIR= S5DD.B*#STL#STD45TMN
ANG = SK#3,14159/180.2

TEM = (TFWZ{4)/72.@ - WEBT/2,9)*%TAN(ANG)
TEML = (1.0 + STD/2.8)+#TAN{AND/Z. Q!
E = TEM + TEMI

IF (£-3.01 481,601,602

E=3.0

HEM = AMINE(FLL,FLR)

N=N+1

TEM = N

TEHL = € + A.Q+7TEH

IF(HBM/TEM! - 1.0)6086,6056,604

B = {4 + Nisg

HEM = SLH#12,2+ HEM

[FiSR.E2.9.@)60 TQ 418

SFA = SIR/SR

IFiSFPA - 24.0i62@,62Q0,518

§FA = 24.0

HEM= HEM-E-43

MEPA=HEM/EPA+1.2

TEM = TFT2(47#TFW2{4} + WEBTHWEEDZ + BFTZ{(di%BFWZ{)
TEML = AMINL{ESY,TSY)

TEM = TEM*TEMI

TEM{ = B.8T3#CULT#B+DT
MO = G/0.2
TEM = AMIM{ITEM,TEML:
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{147 € THE FOLLOWING EQN CHANGED PER F. CHEN INSTRUCTIONS ON 4-8-1958%5
(143 TEML=.4#5TD*STO#CULT*##, 5% (CLW*#1, 337, B¥CULT*, 3} 44,3
MR = TEM/(Q,33+#TEML)
025 SFAN = HSFA
SPA=HEMN/SFAN
STH#¢1,.@ + SFAN + @)
- HWR143Q,538,45508
HR - WA

[aY
_‘

I M I
Z un

-

513

oA e =
0
=@ o

833

= 0
=
+
—

,
m
]
o

1 443,640,635

o - X

1
M

n
—

-
r’]""-.l’,ﬂi—'l‘_l'l[l']-"l

o mm
= X+ —y

=

+ SLL#SLH + {20L + SDLI#SLH + WEDL=SLH
L+5LLS1-DLSML) /3.0
(WEBT+WEED2:

3.8 FEVD=745040.8

IF E @.9) FSVD=50000.9
FV-Sn SQQ08.0/ (WEBDZ/WEBT) ##2
[FiFY,GT,{FSVD/3.8)) FY=FSYG /3.8
{F{NEST-{WEEDZ/159.G)) 1@G3,2835,2943
ZQ3s IFI{FYy-FVI)} 1805,1804,1004
1334 IPATHsI
GJ TO &71
1085 IFATH=Z
FY2=350GR0Q8R.Q/ (WERDZ/WERT ) *##2
IFIFVZ-FVL) 19@3,1@82.10Q0%2
18082 DSF&1 = @.5#% WEBDZ
G3 TO &67¢

[

in

=
S ) |

I") r) " I:‘I ~
L ¥
Z f"l Ll i Va8 ]

I'J

1907 BSFAL = B.25+ WERD2
67t 1CSTBA=1
DO 430 N=1,5
K1 o= N
¥1=4143L/10.0
DEFi(N)= BOL*X1#(SL#%3-2,0%5L#XisX1+X1443)%@,72/(29G000.2+314;
BEF2(Ni= SDL*XL#(SL##T-2,3#5L# % #X1+¥1=#3) %2, 72/ (290002, 3+314"
460 DEFT(H)=WCDL#X1# (SL¥#3-2,Q#SL¥K14X1+X1#27)+B,72/ (258002, 9% 101}

LAl = SL#iZ,6/0EFL
LAC= (DLLMI+SLLML)#12,0«5L#5L/{29000300.8+CIL 1
IT:'B GBI MARK (¥
T= FﬁT*t-l @i
=FF¢‘-1

wPiTF\a.3¢4Y TFTL,TFW1,BFTY, BFW1 JHEBT WERDZ,214,751,C1IC1,
o f¢Ct,CILL,YCLL,F5R,FST,FC
WrITE(d,730)

IJJ aom m

OO 1 0

ol

KEITE(B,952) (TFTZ(M),TFWZ(HY  XTL (N (N=1,4)

WRITE(8,9527 <BFTZIN} BFUZ{N],(BL (N} N=1, 3
[Ff (IFATH.EQ.!) WRITE:B,19%4) DELAC,DELAL
IF (IFATH.EQ.2) WRITE{8,954)DELAC,DELAL,DSFAI
443 00 472 I=1,3 .
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792 WRITE {8,999) MARKI{K),FY

754 DALt = 22Q@0.3/5@RT(ABS(FETII
[FI{LECi735,76@,735

733 DOL1 = DOLI*2.3

763 DOL = WEDDZI/WEBT

IF(DOL - DGL11770,770,765
755 WRITE(B,994) MARK{K), DOL
770 1 = -9

M= Q

96 772 N=1,28

DMIN) = DM{N)/10Q0.0+12.0

XDIMIN) = XDIM(N)/1080.8+12.0

DLMIN) = DLMiN}/i008.9.

SLMIN) =SLM(N) /1802,8+.12.2

55N} = DSiN}/100@.2

X0ISiN) = %D1S(N)/1882.2

SLS{NI=SL5(N)/1003.2
772 DLSIN) = DLS{N}/10086.0

FNCOTF = DM{2@) * YS1/514#1@30.8

IF{SC.NE.D.) GO TO 1270

DIPSPA = SGRT((20@3R.2 - FNCDTFI#TFW1 *TFW1/7.5)/12.2

G0 TG 1269
127@ DIPSFA = SERT((2720B.8 - FNCDTF)*TFWl #TFWi/14.4)/12.0
282 IF(DIFSPA.BE.25.8) DIPSFA = 25.0

WRITE (8,957} MARK (KD
7753 =3 + 19

M= M+ 10

4

WRITE{8,958) {X{I),I1=d,M), (DM{I},I=d,M), (XDIM{D},1=3,M), (OLM(DD

L, I=0,M), (SLM{T},I=],M)
WRITE(5,959) <DS{I),I=J,Mm}, (XDIS(I),I=3,M), (DLS(Ii,I=J,M},
1 1), 1=J,M) .
IF(M - 20)775,760,768
763 TEM1=581-120.0
IF (TEM1) 778,779,779
B TEM1=2.0
779 TEM=1,8+((S81=72,)+(SB1~-48,)+2.@#TEM1) /581
G0 TO(782,7%d),1T
762 TEM = 881 + W4 -iW2 +96.Q)
IF{TEM) 788,788,785
785 TEM = (TEM + TEM +72.Bi/SB1
G0 TO 798
7AR TEM = (72.2 + TEM)/S581
IF¢TEM.LT.2.3) TEM=0.2
799 DLLR=XLLSY/2.@*TEM#PAC+5LL#SLH/1002.
" CHiI=CHL+SB1/C35/ANG) /12028,
60 TQ (794,794),1T
794 CHEI=CH!/2.9
795 TEM = (BDL + B3DL;#SLH/100@.9+CHIL
TEML = WCDL*SLH/1@0@.8
SLL31=SLL*SLH/1000.0
DLLS!=0DLLS!/12082.0
WRITE(8,962) TEM, TEML, SLLSi, OLLS1, DLLR, WTFTY
IF(WERDZ - WERD()382.3722,322
[F (WEBINYEQAS,565,31@

(X%
=
=
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305 WRITE(8,997) MARK K3, WEBIN
50 70 828

319 WEBDZ = WEBDY + WEBIN
50 TO 58

820 ¥ = K + |

IFik - NUB*!S./E,J

393 FORMAT( @’ ,5%, ALLOWAELE CONCRETE STRESS HRZ BEEN EaE::D D, MARE =
1 ',QE,'STRESS = ',F3.8)

99Q FORMAT( '®',5%, ' INPUT CARDZ ARE OUT GF ORDER OR MISS

$91 FORMAT( @ ,9%, GPAN LENGTH TO GIRDER DEFTH RATIC X
1',R2," RATIOD = " ,F4.1)

592 FORMAT ('@ ,5%, SPAN LENBTH Td COMPQOSITE DEFTH RATIC EXCEEDED, MaRK
1 = ",A2, RATIO = ",F3.1)

994 FORMAT('@’,5X, TOP FLANGE B OVER 7 RATIO EXCEEDED AT MIDSFAN., MARE
L = ",A2," B/T = '",F4. 1)

995 FORMAT ('8 ,5K, TOP FLANGE B OVER T RATIO EXCEEDED AT TR&NSITIIH FL
LINT “, 1L, , MARK = ',A2," BT = ',Fd.1) '

$3¢ FORMAT(°Q',5%, WEB DEPTH TO WEE THICKMESS RATIG EXCEEDED, MARK =
L,A2," RATID = ' ,FS.1}

780 FDRHAT(Il,Al,EA;,hJ.A4 A2,83,367,11A4,A1,44)

§@2 FORMAT({1,2F3.0,F4.3,F!.8,i2,14,F4.0Q,F! B,III F3.0!

784 FORMATIIL, h.IL.ZFE.E.FJ.Z,FZ.h.-F-.@ F2.@,F4.4,F3
12F 4,8, 4ru.@ F4.3,F2.8)

704 ruRHaT -II_A;,-\FJ 4,F4.2) ,FE. 4,F7.1,2F5. 1}

949 FORMAT( 1EQ:-0417-81",748@,
* "GIRGINIA DEFARTMEMT OF HIBHWAYS AMD TRANSPORTATION' /-, ZEX

K ]

, BRIDGE DIVISION' ,27X,//,T1@, J0B NUHEE A3 I5K,
* (STEEL BIRDER DESIGN AND ANﬁLVcIS'.iﬁf.'PﬁGE SV IZLS
341 FORMAT (34X, PROJECT CHARGE NO. ' ,AZ,A4,4R3///9X, DATE BUEMITTEDR °,
1I1t,41,2A2,° AREBUESTED BY ",A3,’ ROUTE ‘A4, DESCRIPTION ",1iA4
2Rl :
FL47 FQORMATILISK, "CONCRETE STEENGTH STUD NG. OF ,1@%¢, ~ASHQ DEFLEC
1TION NMBER NUMBEER WY, OF"/ 21X, ULT. fLL. DIAMETER
7 STiiDS N SFECS. CONSTANT &5C aF oF CONCRETEZ"
37 20x, " (FPSIL: (PSS} CIM gER ROW ,1@4%, 'USED ,idX%,
3 "BEAMS CYCLES LBS./C.F., /7
I FORMAT(!7%,2F5.9,3%,F7.4,F5.8,17,19,F9.0,F7.8,15,74, 1L, Fi2, 17}
$44 FORMATI(SIX, WEE DEFTH INCRE- WER'/&X, MARK T §1,8%3 22,34
{ 3% T TR HiN MAX MENT THICK L L LR
2 L8C CTF CHF /7118, ¥ ' /11iy'P ==-----me—mmm—mmommmmm e IHCHES -

Jemmmmmmmmmem oo ——eeamom {FTi =~ [NCHES --'/)
S4% FORMAT <7%,A2,13,3F8.2,F7.2,F&.2,1X,F6.8,Fa.8, 2F7.3, 3F7.Z,
(1K, 3F4.Q)

S48 FORMAT: Q 77X, MARK WCDL WZDL WD CH LCHi s.L LF,t z
LEEW 83FT BFUW TFT TFH MFT LLMOM LL EMSHR MEHE'
2124 T POUNDS FER LINEAR FOOT ------ ",1@%, 'DER | ~emmmmmmemee
T INCHES =======v-—-- FT-KIFS KLIFS KIFS /)
$47 FQRMAT (8X,AZ,1X,2F6.0,2X,F5.8,1%,F53,8,iK,FS. @, L%, F3.8,F7.3.1K,

[F3.8,F5.4,1%,F4.2,F3.4,1%,F4.0,F9.3,14,3F8.1}
34§ rijHT-'a*.a1x,'nﬁRa = ", AZ//9%, MIDBPAN GIRDER DIMENSIONE - IN. ',

111%, =mmmmmmmmmmm o MIDSPAN SECTION PROFERTIES -------===-==-=- A1
Z0SPAN STRESSES-P51 //5¢, TOP FLANGE  EBOTTOM FLEE 7K, WEB 171,
TOSTEEL' 13X, COMFOSITE DEAD 12X, LIVE',8%, BOTTOM TP  TOF .
$.4%, THRNESZ WIDTH THEMESS WIDTH THENESS DEFTH  LCIN.4) v
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SCTER LR YCOIMY TOINL &) yL:IW}  STEEL  STEEL CGHC.
a !

245 FORMAT('@°,24,2(FB.4,Fa.1),t¥%,FB, 4,14 ,Fé.1,1%,3(F1R.8,F18.3],
|2F8.0,F7.8:

950 FORMAT:'@'/53%, TOP FLANGE CUTOFF POINTS')

951 FORMAT('@',18X, 15T CUTOFF POINT ,11X, 2MD CUTBFF PGINT ,11%, 3RO
LCUTOFF POINT', 11X, “4TH CUTOFF POINT /'8 ,14%, THKNESS WIDTH
SDISTANCE  THKNESS WIDTH DISTANCE  THKNESS WiDTH DISTANCE T
THKNESS WIDTH DISTANCE")

952 FORMAT(°Q',10%,4(F10.4,F7.1,F18.2)

953 FORMAT('@'/52%, BOTTGM FLANGE CUTOFF POINTS !

954 FORMAT('@° /29X, DEFLECTIONS - IN.',32%, TRANSVERSE STIFFENER
ING - IN.'// 9%, LIVE + I AT MIDSFAN, ACTUAL =',F7.4, , ALLOW. =,
2F7.4/74824, STEEL SLAE C.LEAD',7X, AT CENTER OF EEA
IUIRED SPACING =',F7.2)

1954 FORMAT ('@ /2G%, DEFLECTIONS - IN.',32X, TRANSVERSE STIFFENER SFALI
ING - IN.'// 9%, LIVE + I AT MIDSPAN, ACTUAL =",F7.4,", ALLOW. =,
2F7.4/ /424, STEEL SLAB C.OEAD",7X%, AT CENTER OF BERRING, 57!
IFFENERS NDT REQUIRED "} '

935 FORMAT(’ 91, AT SPAN‘,I2, /1@ FOINT, DEFLECTION =7,F7.4,2F3.3,
* £, AT SPAaN’ I"J /1@ POINT, EuU1PED SPACING =",F7.2)

G58 FORHAT('@'!&H&,:STUD SFQCING'/’l“X, END DISTANCE, & =",Fo.2." IH.,
I END BROUP = *,IL," AT & IN, =",Fb6.2," IN., °*,1Z3," SFACEZ AT 7,

2FS.2,° IN. =',F7.2," IN.")
957 FORMAT( '@ /&1X, MARE = *,A2/°'8',38%, MOMENTS(IN-xIFS) AND SHEARS W
LIFS) AT SPAN 3@TH POINTS'//)
553 FORMAT('@°,12%, POINTS ,18FL12.2// @°,%%, DEAD MOMENT ,F9.1,3F1@.1/
‘@ ,9%,
‘C.D. MOMENT ,F9.1,9F18.1/°0.,9%, LIVE MOMENT ,F9.1,5FiQ.1/
I1°@°,9%, 'GWLL MOMENT' ,F9.1,5F10.1/)

-

b

8]

953 FORWAT( @' ,9%, DEAD SHEAR' ,10F1@.1/°@°,9%, 'C.D. SHERR ,18F12.1/ @
1,9%, LIVE SHE&R',10F1@.1/ @ ,9X, SWLL SHEAR ,1QF18.i//1

$2@ FORMAT( @°,5X, DEAD LGAD END SHEAR=',F7.1,' KIFS, COMPOSITE DEAD
LLOAD END SHEAR=",F7.1,  KIPS, SWLL END SHEAR =',F7.1, KIFS’
2/°9°,23%, 'LIVE LOAD END SHEAR =',F7.1,° KiPS,  LIYE LGAD END RE
IATION =, F7.1,  KIPS'/'@',47X%, GIRDER WEIGHT PER FOOT = “,F7.1, ¥
AGUNDE ")
L1292 FGRHAT- @ /712X, %%+ MIDSFAN NON-COMF COMPRESSIVE STRESS = ,79.3,
c #' P51
£1350 FQRMAT('@'/IEX,:*** ALLOWABLE DIAPHRAGM GFACING = ',F3.3,  FEET /.
997 FORMAT('@°,5X, ' THE NUMBER OF BEAMS INPUT VALUE IN CARD T#0 IS LESS
1 THAN ONE OR GREATER THAN SIX, NOB = 12
598 FORMAT('@°,3X, THE BEAM TYFE INPUT VALUE [§ LE3S THAM ONE QR GREAT

1ER THAN TWG, TyPE =" ,[Z2]

799 FORMAT('@',5X, THE SHEAR STRESS IN THE GIRDER WER EXCEEDS ALLOWARL
{E, MARK = *,A2, , STRESS = ',F5.d}

11@1 FORMAT( @' /29¢, DEFLECTIONS - IN.’, 32X, TRANSVERSE STIFFENER 3PAL]
ING - IN. 7/ 9%, LIVE + I AT MIDSPAN, ACTUAL =',F7.3,', ALLOW, =,
2F7.4/:42%, 'STEEL SLAR C.DEAD',7Y, AT CENTER OF BEARING, 871
[SFENERS NOT REBUIRED )

1122 FORMAT ('@ ,9%, AT SPAN',IZ,° /1@ POINT, DEFLECTION =" F7.4,2F9.4,

* 78, AT SPAH' .12, /1@ POINT, STIFFENERS NOT REQUIRED )

1208 STGF

END
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Note

A.7

6. If all goes well, the program will run for a minute or
two and display the following message when execution
is complete.

Stop - Program terminated.
At this point program results are ready for inspection.

7. If the program generates an error message, the most prob-
able cause will be an error in the input file. Inspect the
input file to make sure all data are in proper position
and rerun the program, repeating steps 3 thru 6.

1.

The disk drive on which the program and input/output files reside

is purely a matter of convenience. All three files can reside on

one drive if desired, However, if the size of the problem is large,

it may be advantageous to direct the output file to the other drive,
since this file can become very large.

EXAMPLE: Run program STEEL with input data file named PROB.NO!1,
and output data file named RESULT.NOL,

User Input-

i. Boot the operating system (if not already done).

2. Put program in drive A and input data file in drive B.

3. Type STEEL (CR).

4, Type B:PROB.NOL (CR).

5. Type B:RESULT.NOl1 (CR).

6. Inspect results in file RESULT.NOl when execution stops.

Deck Slab Program

This section will describe in detaill the procedures used to compile

and link the Deck Slab Design Program. After the procedure is described,
directions will be given illustrating how to create data input files and
run the program on the microcomputer.
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A.7.1 Program Description

This program is used to compute the design parameters of reinforced
concrete slabs at the centerline of the span between stringers. Along
with the design parameters, the program will calculate the maximum moment
that the slab will resist and the stress in the concrete and steel at
the maximum moment. See reference 16 for other details,

A, 7.2 Compiling and Linking Consideratilons

The complling and linking considerations are the same as those for
the Steel Girder Design and Analysis Program. Refer back te sect, A.6.2.

A.7.3 Compile and Link Procedure

The compile and link procedure for this program is identical to
that used for the Steel Girder Design and Analysis Program. The only
difference is that DISK 3 will contain the following files: SLAB.FOR,
SLAB.OBJ, SLAB.EXE

Refer to section A.6.3 for the compile and link procedure. In all
places where STEEL is typed in, use SLAB.
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A.7.4 Deck_Slab Decign Frogram_ Source Listing

This section contains the FORTRAN source listing for the
microcomputer converted version of the Deck Slab Design
Frogram. The ehanges that have been made are indicated in
bold type. These changes are listed in Table A.2 and are

cross - referenced using the numbers to the left of the

affected line.

LISTING
13 PROGRAM SLAB
C PRGARAM FOR DESIGN OF CONCRETE SLABS
g USING VARIABLE ALLOWABLE WORKING STRESSES FOR CONSRETE AND STEEL
DIMENSION AST(10,18),A5E¢10,18},SLART28) ,BARA(1D),CCI28),0{20:
(18] DIMENSION BD(1@), INUN(T)
CHARACTER IDTE*:,lRECO*3, IRTE+4,IPROJ*17,IDESC44s, J00+4
| COMMON AFS,AFC RN, F5,FC,AKD
(51 WRITE{#%,2)
(53 2 FORMAT (15X, VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION'//
{51 £32X, 'BRIDGE DIVISION'//21X," DECK SLAE DESIGN :
(51 #////11%, NOTE: “/1X, ENTER INPUT FILE NAME FOR UNIT 8 FROMFT /
(53 #1X,'ENTER OUTPUT FILE NAME FOR UNIT 9 PROMPT//)
1990 iPG=!
ICTR=8
{33@ READ(8,Ll.END=9991 IDTVE,IREQD,IRTE,IPROJ,IDESC,JOB
(1713 | FORMAT(A&,A3,A4,A17,A%6 A4)

READ(8,%Q) B,ARATA,UMUSED,TD,AN,JJ,AFC,AFS5,CCF,CEL,OCC.3LABTE,
igLABTL,DSLART
59 FORMATIFS.2,F4.3,2F5.2,F2.9,12,F4.8,F5.9,8F5.3)
S Lt = (CCL-CCFI/QCC +1.@
%2 DO 54 L=i,LL
IF {(L-1% 91,53,31
53 CCiLy = CCF
50 TGO S4
21 CCiLy = CC«iL-1: +DCC
54 CONTINUE
RE&D (8,55 {INUMCT) ,ED(L (BARACLDY 14,90
(171 55 FORMAT(I1,F4.3,F3.2,B(12,F4.3,F3.2)} [I1 WAS Al]
k¥ = {(QLABTL -SLABTF)/DSLABT + 1.0 '
28 D0 48 K=1,kkK
(k-1 al,82.541
LABTiKI = SLARTF
T 5@

1

[v4
r

iy 131 L) e
o r

SLABTiK~t) +D0SLAERT

[
-
¥
'
L
m
o
I
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{193

4@ CONTINUE
WRITE {9,702 JUE.IPG

780 FORMAT ('1°,27X, VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSFORTATI
toN, BRIDGE SIVISTON /7 “ 2%, 308 NO. ‘,A4,41%, DECK SLAE DESIGH
253X, 'FABE " ,12///) :

N=RN

IFC=AFC

IF83=AFS

WRITE (9,509)IGTE,IRE@D,IRTE,IFROJI, IDESC

WRITE (9,601)8,RATH,UNUSED,TD,N,1J,1FC,IFS,00F,2CL,D0C, SLARTF,
ISLABTL DSLABT

408 FORMAT(" *,2%, DATE SUBMITTED ',A4,  REQ BY *,A3,  RTE " ,A4, FROJ
t. NO, ‘,Al7,' DESCRIPTION ', Ad4)

501 FORMAT ("9 ,1Q%, B, 7%, A 'S’ ,4%, WS AND DL eX N 4 ALLD
tWABLE STRESSES',8X, BAR SPACINGS', 13X, 'SLAB THICKNESS /' 18X,/
25',5%, 'COVER',23X, 'CONCRETE  STEEL’ ,SX 'FRDM‘,SX,‘TU INTE
J4X,"RDM',SK,'T0 INTERVAL 7" 9%, 'LLN)',iSX,'(IN)' ¥, (TN
41&1,'(?513',5x,*(P51)',sx,'alw)',4x,ti1N1',4x,'<1H}’,ax_ {IN
SIN) CINY

S  //°0 ,B%.F6.2,3%,F5.3,2F9.3,215,54,014,6%,15,2X,3F8.3,2%,3FB. 3/
WRITE (9,692 CINUM{IG ,BD (D) BARACIH, -.,7>

522 FURHﬁT('B‘,Ex,' ------ BAR======  —————- BAR===—m=  mm=--- GAR------
I —mmmee BAR---=--  —--o-- BAR======  ==m=-- BAR-=-=-=  —=—-== &R
Zmmm——— “/* ",24,°’NO0  DIA AREA NO DIA WREA NO DIA  AFRE
ZA N0 DIA AREA NG DIA  AREA NG DIA  ARES NG DI
4 AREA'/C . eX,C(INY O (IND Y, 7%, 0IN) (INYC CINY O THY T
S,OCIN) DN LT, CUING (DN LT, CIN) (INJ',TY CCING CING S
88 3%, [1,F7.3,F5.2,6(3%,12,F7.3,F&.2))

IF (INUM(B)-0) 484,405,584
524 WRITE ¢9,484) (INUM{I},BD(I),BARACT)  I=8,9)
506 FORMAT ("0 ,2X, =====m BAR======  —mm-o- BAR---=-- P AR, DN
1IN CING CINY 7°@° 2%, [2,F5.3,2¢,F4,2,34,12,F7.3,Fb, 2]
525 IFG=1PG+1
WRITE($,2@) IDTE,IPG,AFC,AFS,RN,RATA

WRITE (%,23)
00 531 k=1,KK
6 D(K) = GSLABT(K)-UNUSED
DO 91 J=1.J1
00 581 L=1,LL
AREEIL,T) BARA(J) #B/CC (L)

4 asTiL, D ASEIL,J) *RATA
SUBAA= (2, Q%AN=1,2) #AST(L,J) +RN*ASE (L, I
SUBAC=2.0#B+((1.@-2. @*RN) #A5T(L,J) sTO-RAN#ASE (L ,J)#Di¥ 1)

18@ AKD = {SORT (SUBAA*%2,0-SUBACI-SUEAA) /B

9 IF(AKD-TO-BD{J}/4.2)9,10,18

9 IF{AKG-TO+ED{d) /4. a:11,11 12

t1 FARAA = RN*'AEE(L,JJ+HST L,J))

PARAC = @+RN*'ASB.L_J)*Ulk)*QST(L,J)*TD?*H

121 AKD = (SQRT {PARAA++2.0 + FARAC) -PARAAI/E

- "CALL STRESS (Dik))
PROPA = ASTIL,J)#(TO-AKD}/{D{K)-aKD]
FROFE = TD -AKD/I.0
FROFC = ASE/L,Ji»iD(ki-akD/I,0)

192 41D = (FROFA » FRIPE +FROFC)/ (PROFA +ASBIL, I
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RN*ASR{L,Jd)
2. Q%RN#ASH (L, J) *D LK) +B
{S@RT (FARBA¥#I.Q +PARBL)
CALL STRESS (DiKii
1954 AJD = DeEY-AKD/3.8
g0 1O 1@3
1@ Catl  STRESRS :D(K}))
ARC = B#AKD/Z.Q
BRS=(2,0#RN-1. 3} *aST(L, 1% 1. B-TD/AKD)
T = ARC + ARS
-ARC* {D(K)-AKD/3.0)
ARS#{D{K)-TD)
@ART +BARS
TQAR/TAR
TRAR*FC/12,
G0 T0 104
20@ L0 8.0 * EDCI)
WRITE(9,4Q)5LART (K}
1F3
IF(ICTR-29!3@
5@3 IPG=i{FG+!
WRITE{(9,2D}
WRITE(9,23)
ICTR=0
GG TO S@1
532 ICTR=ICTR+1
5@1 CONTINUE
50 7O 20080

125 AKD

—
=
I
e i)
o nounu

[LNO,CEiL) DUk}

2,5@3,50

[ ]

IBTE,IFE,5FC,AFS,RN,RATA

20 FORMAT('i{',1@8X, DATE ' ,Ae,23X,
L OF SPAN' 28X, FAGE',14/
1'@°,53%, ALLOWABLE FC =',FB.28,  PSI'/
2F6.2,° PSL'/'@ ,33%, N =',Fd.a,' A
73 FORMAT( @' ,2ZB%, T BAR  BAR 0
{  RESIST. FC F§'/° *,32¥, SIIE
2 DIV BY FC  MOMENT'/° 274, (IM)
INY  (IN) (IN3)  (FT L&SF (PSI)
4@ FORMAT +'@° ,254,F6.2,14,2F7,2,3F7.3,F7

3% 3T0QF
END
SURROUTINE
COMMON AFS,AFC

STRESS (D}
RN ,FS,FC,AKD

1as fC = AFS#*AKD/ (RM+(D-gkD))
15 ¢ HFF:1¢.L;.14
14 FC = uFE
11@ FS = AFC*RN#(D-AKD)/AKD
G0 7315
I3 F8 = "AFS
15 RETURN
eND -

SUBROUTINE FSTE(T,M,F)
REAL M, M1,M2
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W=150.%T/12.+15.

A=, L+l

g=328.

C=1240.-M
§=(-B+SQRT(B+#2-4.+#A%C) )/ (2. #A4)
Mi=M~, 1 eW£5%2

mM2=n-M1

FL=(M1/M) ¥F

IF (F1.LE.210@8@) RETURN
M=Mi#(21000Q/F1)+M2
F=F-(F1-213@@)

RETURN

END
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4. If all goes well, the program will run for a minute or two
and display the following message when execution 1is
completed:

Stop - Program terminated.
At this point the program results are ready for inspectiomn.

5. If the program generates an error message the most probable
cause will be an error in the input file. Inspect the
input file to make sure all data are in proper position and
rerun the program, repeating steps 1 thru 4,

Note 1:
The disk drive on which the program and input/output files reside is
purely a matter of convenience. All three files can reside on one
drive if desired. However, if the size of the problem is large,
it may be advantageous to direct the output file to the other drive,
since this file can become very large.

A.8B Critical Moments and Shear for Moving Loads Program

This section will describe in detail the procedure used to compile
and link the Critical Moments and Shears for Moving Loads Program.
After the procedure is described, directions will be given illustrating
how to create data imput files and run the program on the microcomputer.

A.8.1 Program Description

This program computes the maximum moment and shear in a beam due
to a series of concentrated loads, such as that imposed by a multiaxle
vehicle, Simple beam analysis is used for load distribution, and
vehicles with 25 axles can be accommodated., (17)

A.8.2 Compiling and Linking Consideration

The compiling and linking considerations are the same as those for
the Steel Girder Design and Analysis Program. Refer back to section
A.6.2,

A.8.3 Compile and Link Procedure

The compile and link procedure for this program is ldentical to
that used for the Steel Girder Design and Analysis Program. The oaly
difference 1s that DISK 3 will contain the following files: MOMENT.FOR,
MOMENT.OBJ, MOMENT,EXE.

Refer to section A.6.3 for the compile and link procedure. In all
places where STEEL is typed in use MOMENT.
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8.4 Critical Moments_and Shesrs_for Moving Loads Frogram
This =section contains the FDRTRAN source listing for the
mi:rocnﬁputer verzion of the Critical Moments and Shears for
Moving Loads Frogram. The changes that have been made are
indicated im bold type. These changes are listed in Table

A.2 and are cross-referenced using the numbers to the left of

each affected line.

(31
{s1l
{51
(31
(31

(251
{171

LISTING

PROGRAM MOMENT
CRITICAL MOMENTS AND SHEARS FROGRAM
CHARACTER#2 1M
DIMENSIGN WLi25), DB(25), X(25), ¥(25), 1{(25), B(29,25
WRITE (%,558)

558 FORMAT (15X, VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION'//
#32X, 'BRIDGE DIVISION'//21X, CRITICAL MOMENTS AND SHEARS PROGRAM
#7//771%, NOTE: "/1X, ENTER INPUT FILE NAME FOR UNIT 5 PROMPT '/
#1X, 'ENTER OUTPUT FILE NAME FOR UNIT & PROMPT //)

2 READ (5,1 ,END=58@). IM, (Xil), I = 1,22}, BOJND
! FORNAT (12, A4, A2, AI, SA4, A1, L1Ad, 1%, AT
IF (int - 1123, 5, 4
4 WRITE (4,3
I FORMAT (234 CARDS ARE OUT QOF ORDER)
23 GG TO S0@
S WRITE (&,%% BOJNO, {(X{Ii, I = 1,20
4 FORMAT( 1°,32¢, YIRGINIA GEFARTMENT OF HIGHWAYS AND TRANSFORTATION
1, BRIDGE DIVISION'/' JOB NG. ‘,A3,41%, CRITICAL MOMENTS AKD SHEARE
2/ 'BOATE SUEMITTED ',A4,A2,’ RE@.BY ',A3,  ROUTE ',44,  FROJEZT M
IUMBER ' ,444,ALl,  DESCRIFTION *,10A4,A3/)
READ (%,7) [M, 5F, ST, S8, NO, S
7 FORMAT (12, 3F5.2, 12)
IF (IM - 25 4,13, 4
{3 WRITE (4,141 SF,5T, SE, MO
14 FORMAT (1HD, 411, Z8H(SPAN LENGTH In FEET)  NG., ., 43¥, ZTHFIOHM
i Ta By &iLE, /. 1K@, 39%, IF8.2, 15
M= 2
i6 IM = IM + ¢
MM = 5 # IM
LM = MM - &
READ (5,17 NM, (ML<I;, DE¢Ii, T = LM, MM

17 FORMAT (12, S(F9.3, F&.3))
IF (NM - IM - 25 4, 1B, 4

18 IF (MW - WQi 14, 21, 2t
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WRITE (&,227 i1, WL(I}, BR(LI), I = 1,NOI

FORMAT (iH@, 43%, Z4HALLE LOADING DISTANCE, //,(44X,13,2F18.31)

WRITE (6,28
FORMAT (81HB SPAN  MAXIMUM MOMENT MGHENT MOMENT
TED AT  SHEAR LOCATED &T,/,31H3 LENGTH  MOMENT X 1,25

1.20 BY ARSHO IH W KM (ND IMF.) LM MM NM,//]
INPUT COMPLETED, INITIALIZATION BEGUN

8 = &F

I[P = NO + [

in =1

M=

iM = 9.8

FIND MAXIMUM HCMENT FOR SINGLE LOADS (FIG. I)
00 35 I = L,NO

IFi{l - 1)10,28,10

IF{DE(I-1) - 5/2.8)35,35,15

[F{1 - N0O)Z0,25,20
IF(DB!1) - §5/2.@:35,35,25
XMAK = § % WL(I} / 4.0

IF (XM - XMAX) 32,35,
AM = KMAX

KM 1

m =1

CONTINUE

FIND MAXLIMUM SHEAR FOR SINGLE LGADS
LM = 1

MM = 1

IM = 'RL’

SM =WL{l)

IF(SM - WLiNQ))42,35,45

IM = 'RR’
SH = WLINO:
MM = NO

INITIALIZE TO STEP THRL NO. OF LOADS

B0 215 11 = 2,N0

COMFUTE MAXIMUM SHEAR GN LEFT FOR [ LGADS (FIE. I
SMAX = WLAII

I =10 +1

T = Daidy + 7T

{Fi{3 - 7155,53.38

SMAT = (1.8 - TiS) % WL(J) + 3MAX
[FiSN - SMAX)ad,55,65

SH = SHAX

M= 1 -1

MM = L1

IM = ‘RL

COMPUTE MAXIMUM SHESR ON RIGHT FOR 11 LOADS (FIE, &
Ji = NO + 2 - II

SMAY = WL{ID - 1o

T = 0.9
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[211

(]

[y}

108

= DECI-t) + T

IF (5 - 7:75,75,70

SMAL = (1.8 - T/8) # WL{I) + SMaX

IF {3M - SMAX)EQ,89,3%

SM = SMAX

MM = NO + 1t - I1

LM = [ - MM

IM = ‘RR"

D0 I1 LOADS AT (NQ + t - 1I) POSITIONS (FIG.
Jl = 11 - ¢

DG 215 KK = 1,14

START AT LOAD WLikKp: AND USE I LOALS. (FIG,
SET UFP B MATRIX WITHOUT SiGNS (FIB. 3)
Bil,1} = @.0 '

1,3-1} + DBE(K)
Bli,I-1) = i
DO SIGNS OF & MA
IF(11 - 3) 115,9
(11 =10/
+ 1
J

MW CORNER (FIG. &

=
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—
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= ML

- B{I, D)

OF MATRIX GSE CORMER (FIG, 7)
3)115,115,105
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—
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[~y
=]

m - D =)
i — H n
- —
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]
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=)
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[=a ||

= K¥ + ] - 1
= K o+ WL

= WLIK) % B(l,J} + T
o

"
-
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=

-

ET UF SIGNS ON ¥ MATRIX (FIG. 8!
Fi 35,17

(10 - 20 123,135,

D1 Cy re gl = C1 =~ — L 3L -~ mimo> ol X e omo 3 o o=

=3
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130
133
140
155
178

175

iea

183
192

283

210
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238

248
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245
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SET UF X AND I MATRICES iFIG. 9!
3G 143 J = 1,11

T = (§ - ¥il}) 7/ 2.0

{idy = T - Bit,

104y = T = ¥{ID)

J =117 2

0 145 1 = 1,J

K= 11+ 1 -1

TiKy = 1(K) + ¥(K)

LUK = X(E) + YK

TESTS FOR END OF SFAM (FIG. 1@)
B0 215 1 = t,I1I

IF(KK - 11150,155,150

IF{DB(KK~-1} - X{1})1215,215,155

IF(¥{1)1215,215,160

IF(KK - JJ}165,175,185

Jo= KK + 1T -1

IF(DE{JY - Z{11)215,215,175

IF{I(111215,215,150

CGMPUTE 4 ANG ¥ TERMS IN MAXIMUM MOMENT EQUATION (FiS,

u=4a.ad

¥ o= 2.8

K = KE + 1 - i

0o 193 3 = 1,11
L= KK 4 =1

T = WL{L) # BHiI,J}
IF (T: [B3,i%8,190@

=V + T

TEENTE

XMAX ={(Y{I1/8 + 1.8i#%# H/2.0 - U/5) # {5 - ¥([11/2,8 +
I[F (XM - XHAX)218,215,215

X AMA

In !

JH KK

ki K

: CONTINUE

IFiXMI 220,235,222

M3 Mo+ 1,23

iMd M oe 1.30

T = 54. {
- 1.3 2

T = 3

ANG N+ T

WRITE{&,288) 5, AM, (M3, AME, AHS  IM,IM EM,SH, LM, MM, IN

FORMRT (F8.2,4F11,.3,313,F11.3,213,14,A)

5 =5 + SH

IP = IP + 1|

I[F {MGD{IP,343) 235,245,255

WRITE {&,25@)

FOGRMAT (IH1)

IFi5 - 8Tig,68,2

STOP

F
-
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A.8.5 Guide for Using Microcomputer Version of Critical Moments and
Shears on a Simple Span Program =~ Version 1.0

. The following is a guide for using the microcomputer version of the
Virginia Department of Hiphways and Transportation Critical Moments and
Shears on a Simple Span Program.

The form of the data to be input into the program is identical to
the format currently used on existing data input forms. These forms can
be filled out as desired and an input file for the program created from
them, with all data in the appropriate lines and columns. Input files
are currently created using the IBM Personal Editor. See the section
"Creating Program Input Files" for information on how to create these
files.

PRCCEDURE FOR RUNNING CRITICAL MOMENTS AND SHEARS PROGRAM

This procedure assumes that the program will be cn drive A and the
input files and output files will be on drive B, Drive A will be the
default drive. (See note l below.) All user responses are indicated
with bold type.

1. With the program in drive A [ A>prompt], type MOMENT and
hit the RETURN key. After a few seconds the folllowing
header will appear:

VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION
BRIDGE DIVISION
CRITICAL MOMENTS AND SHEARS PROGRAM

NOTE: :
ENTER INPUT FILE NAME FOR UNIT 5 PROMPT
ENTER OUTPUT FILE NAME FOR UNIT 6 PROMPT

File name missing or blank - Please enter name
UNIT 57

2. In response to the unit 5 prompt type B:infile and hit
RETURN, where infile is any legal MS-DOS file name used
to designate the input file created on drive B:. After
a few seconds the following prompt will appear:

3. In response to this prompt type B:resfile and hit RETURN.
Resfile is any legal MS-DOS file name you wish to call the
output file. This will cause the output from the program
to be written to the file resfile, which will reside on
drive B:. (Alternatively, to direct all output to the
printer, type lptl and RETURN in response to the unit 67
prompt.)
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Note

4. If all goes well, the program will run for a minute or
twe and display the following message when execution is
completed:

Stop - Program terminated.
At this point the program results are ready for inspection.

5. If the program generates an error messapge the most probable
cause will be an error in the input file. Inspect the
input file to make sure all data are in proper position and
rerun the program, repeating steps 1 thru 4.

1:

The disk drive on which the program and input/output files reside
is purely a matter of convenience., All three files can reside on
one drive if desired, However, if the size of the problem is
large, if may be advantageous to direct the output file to the
other drive, since this file can be become very large,
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