A COMPUTER PROGRAM TO ANALYZE BENDING OF BENT CAPS

by

Hudson Matlock
Wayne B. Ingram

Research Report Number 56-2

Development of Methods for Computer Simulation
of Beam-Columns and Grid-Beam and Slab Systems

Research Project 3-5-63-56

conducted for

The Texas Highway Department

In cooperation with the
U. S. Department of Commerce, Bureau of Public Roads

by the

CENTER FOR HIGHWAY RESEARCH
THE UNIVERSITY OF TEXAS
AUSTIN, TEXAS

1 October 1966



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



PREFACE

This report is one of a series of developments planned to facilitate the
use of computers in the analysis of highway bridge structures. It specifically
concerns a computer program for the bending analysis of bent caps.

The development of this program began in June 1963 under sponsorship of the
Texas Highway Department, Research Project 3-5-63-56, in cooperation with the
U. S. Department of Commerce, Bureau of Public Roads. A preliminary report on
basic concepts was furnished the Texas Highway Department in December 1963 for
a period of trial use. Following this period of trial use, revisions were made
to the program based on comments and criticisms of the users. In March 1964 a
version of the program was furnished to the Texas Highway Department for use on
their CDC 1604A computer. Further comments from the users have resulted in the
present program,

Although the program is written for the CDC 1604 computer, it is in FORTRAN
language and only very minor changes would be required for it to be compatible
with IBM 7090 systems. Duplicate copies of the program deck and test data cards
for the example problems in this report may be obtained from the Center for
Highway Research at The University of Texas.

The cooperation and support of Texas Highway Department personnel are grate-
fully acknowledged. Particular thanks are given to Mr. Larry G. Walker who has
acted as project contact representative and has provided much helpful advice.
The use of the computer and facilities of The University of Texas Computation
Center is also gratefully acknowledged. A library subroutine written by the
Computation Center Staff is used to operate the digital plotter used in con-
junction with this program.
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ABSTRACT

The problem of analyzing the cap of a highway bridge bent is handled by
digital computer simulation. The solution is based on the beam-column method
described in detail in Reference 1.

Any particular problem is solved in three phases. The first phase deter-
mines initial curves of bending moment and shear from dead loads only. The
second phase applies a single movable load and expands the initial curves to
positive and negative envelopes as this load is moved according to instructions
from the user. The third phase duplicates the movable load configuration at
the proper location in as many lanes as required to produce maximums of each
design variable at each design-control point.

The program has numerous optional features including the ability to solve
caps that are skewed, the ability to retain data or certain results from prob-
lem to problem, as well as the ability to give automatically plotted envelopes
of maximums,

Three example solutions of one problem illustrate the various capabilities
and uses of the program, including input data techniques and program control

options.
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Symbol Typical Units
E kips /£t2
F kip-—ft2
h ft
h ft

n
h ft
s
i -
1 £t
Q kips
6 degrees

NOMENCLATURE

Definition
Modulus of elasticity
Flexural stiffness = EI
Increment length
Normal value of increment length
Skewed value of increment length
Station number
Moment of inertia of the cross section
Concentrated applied transverse load

Skew angle of cap

11



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



CHAPTER 1. INTRODUCTION

In the design of highway bridge structures, prescribed configurations of
live load are placed on the structure in such locations that maximum stresses
are reached at each of many critical points. To analyze complete structures or
structural systems under all possible loading conditions is at present a hope-
lessly complex and time-consuming problem. In current design practice it is
therefore necessary (1) to make some severe simplifications in the structure
and in the way the loads are transferred, so that a piecemeal analysis may be
performed, and (2) to reduce the complexity of loadings by the application of
considerable individual judgment. Even with these short-cuts, a great amount
of effort is still required by manual methods.

As initial steps in overcoming some of the difficulties, two computer
programs have been developed.

(1) The BMCOL program (Ref 1) is a finite-element
representation of a beam-column that may be
subjected to continuous or freely discontinuous
loads and restraints. The approach constitutes

direct numerical simulation of the physical
system in the digital computer.

(2) The CAP program uses a simplified adaptation of
the BMCOL method to analyze the bending of a
highway bridge bent cap under various controlled
loading situations.

The purpose of this report is to describe the CAP program. Sufficient
detail is included so that the uninitiated user may understand the workings of
the program and may apply it to problems of design. Three example solutions
are included which illustrate some of the various uses of the program and its

optional features.

13
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CHAPTER 2. EXPLANATION OF METHOD

Computer Representation of Bent Cap

A wide variety of beam-column problems can be represented in the computer
in accordance with the basic BMCOL method described in Ref 1. The more con-
ventional case of a beam on simple supports with varying stiffness and with dis-
tributed and concentrated loads would be represented in the method as shown in
Fig la. The beam is divided into many increments of equal length h .

Figure 1lb shows one station along the beam as it is approximated in the com-
puter. The flexural stiffness EI (the product of the modulus of elasticity and
the moment of inertia of the beam, which will hereafter be designated by the term
F ) is represented at each station by a spring-restrained hinge. All stiffness
and load values are applied only at station points and may vary in a freely dis-
continuous manner along the beam,

Figure 2a shows a generalized bent cap, simplified so that loads are trans-
mitted through a slab and stringer system in accordance with current design
practice. The structure is purposely shown somewhat distorted to illustrate
generality, The supports are represented by knife-edges. The ends of the cap
need not be at the zero station number nor at the last station number. They are
not specifically designated but are established only by proper input of stiffness
values; hinges or points 6f zero bending stiffness are automatically assumed at
all stations beyond each end of the cap.

On the cap are stringers and the roadway slab rests in turn on the stringers.
The slab may have curbs and a median and may be divided into lanes, usually
according to AASHO design specifications (Ref 2). Simple-span distribution of
slab loads is accomplished by the assumption of a hinge in the slab at each
interior stringer.

Caps may be skewed with respect to the roadway centerline.

Sign Conventions and Units

Upward deflectiont and upward loads are considered to be positive in

accordance with the BMCOL method. Thus in the normal usage of the CAP program,

15
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Fig 1. Finite-element representation of a beam. (a) Beam on
simple supports, with varying flexural stiffness plus
distributed and concentrated loads. (b) Flexural stiff-
ness of the real beam is approximated at each station as
a spring-restrained hinge.
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Station:
01 2 345 6 7 8...
Lane: | 2 skip 3.
Slab: -+
Stringers: | 2 3 4... J
(zero stiffness)

Supports : | 2 3...

(o) Elements of bent cop problem

Ll_&_l_‘ (b) Movable loads on siab

g_iz_ij YIIEY i_f P R g
(¢c) Dead weight of slab, curbs, sidewalks Zero dead weight

eroc;::;ighfl l ll l
J7- A SN S S S S

|—[—I—
o1 2 3...

(d) Cop loads (dead weights of cap and stringers pilus reoctions
from slab loods)

Fig 2. Representation of bent cap and loads.
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downward loads have a negative sign.

Units of kips and feet have been adopted for the program. The user must
conform to this system. All distances along the cap must be in roadway-width
dimensions (normal to the roadway centerline). The input skew angle must be

in degrees and decimals of degrees.

Loadings

The loads on the cap are of two types.

(1) Dead loads are developed directly from the dead
weight of the stringers and from the dead weight
of the cap itself.

(2) Reactions occur on the cap at the stringer locations

from simple-span distribution of slab loads. These

slab loads consist of dead weight of the slab, curbs,

sidewalks and medians plus live loads that can be

moved to represent traffic loadings.
All of the slab loads are transferred by simple-span distribution to the stringers
and thence to the cap. If there are no stringers, the slab rests directly on
the cap and the loads are transferred station-by-station directly to the cap.

The movable load may be any desired configuration or combination of dis-
tributed or concentrated loads. Figure 2b shows one possible movable-load
configuration. The stations for the movable load are completely independent of
the fixed stations along the slab or cap except that the spacing must be the
same for both stationing systems.

A range of movement for the movable load is specified by (1) a start station
on the slab where the zero station of the movable load is first placed and (2) a
stop station which is the last station on the slab where the zero station of the
movable load is to be placed.

The positioning of the movable load within the range of movement may be con-
trolled by specifying the number of increments between each successive position
of the movable load. A solution of the cap is made for each such position of the
movable load. For this initial series of loadings and solutions, all medians
and lane boundaries are disregarded.

Subsequently, in the usual operation of the program, the movable-load con-
figuration is automatically duplicated in several appropriate lanes as may be
required to develop critical design conditions. The process is described in

the following sections.
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Figure 2¢ shows the dead weights of the slab, curbs, sidewalks, and medians.
Figure 2d shows the dead weights of the cap and stringers together with the

forces transmitted to the cap from the slab.

Computer Representation of Skew

Regardless of the angle of skew of the bent, all values of load and stiff-
ness are input to the computer in terms of roadway-width dimensions and in
quantities per station, as if the cap were normal to the roadway in Fig 3a. 1In
Fig 3b a corresponding cap is shown that has been skewed through an angle 6 .
Although distances along the cap will vary with skew angle, in accordance with
the increase in increment length from the normal value 'hn to the skewed value
hs » the number of stations will not change.

The program internally adjusts only two items to properly represent skewed
caps: the increment length and the correspondingly increased distributed dead
weight of the cap expressed in kips per station. Both are increased in inverse
proportion to cos 6.

In essence, the cap is skewed but the roadway is not. Regardless of skew,
loads from the slab are transmitted at the same station points. The only in-
crease in load is that associated with the increase in dead weight of the cap
itself. Concentrated loads applied in the input data directly to the cap are
not affected, but all distributed loads directly designated as cap loads in the
input data are assumed to represent dead weight of the cap and are therefore
ad justed. When all loads finally have been stored in the computer at all
appropriate stations, the solution for bending of the cap proceeds using the
skewed increment length. The effect on bending moments is then properly re-

flected in the computed results.

Program Operations

The CAP program is guided by design-control variables (moment, shear, and
reaction), by design-control points designated by the user (for moment and shear),
and by certain loading options. Each support is automatically a design-control
point for reaction.

In the usual application of the program, AASHO-type multiple-lane loads will

be arranged to produce maximum and minimum values pf each design-control variable
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at each design-control point.

The effects of various dead and live loadings are not obtained separately
and then superposed. Instead, each individual BMCOL-type solution constitutes
a separate computer simulation of a complete structural system, including all
dead and live loads that may be acting at the time.

After a solution is performed with each specific pattern of loads, the re-
sulting design variables (bending moment, shear and support reactions) are com-
pared at every station with the previous maximum and minimum values at that
station., Whenever a new value is found that is more extreme than that retained
from previous solutions, the new value replaces the old one. The resulting tab-
ulations constitute envelopes of maximum positive and maximum negative effects
at each station that have been progressively developed by the complete history
of prior loadings. As shown in the simplified flow chart in Fig 4, a complete
study for design of a bent cap is accomplished in three principal phases:

Phase 1. Determination of the initial envelopes of

moment and shear from a single solution con-
sidering only the dead loads of the system.

Phase 2. Expanding of the envelopes due to effects of
dead load plus the single movable load as it
is shifted from position-to-position across the
slab.

Phase 3. Duplication of the movable-load configuration
simultaneously in the appropriate number of
lanes to produce the maximum of each design-
control variable at each design-control point.

For each critical pattern of multiple-lane loading that is established by
the program the following operations are performed in Phase 3.
(1) The movable load is duplicated at the proper
location in each of the appropriate lanes.

(2) The appropriate live-load reduction factors
(specified by the user, but usually in accordance
with AASHO recommendations) are applied.

(3) The dead weights of slab, stringers and cap are
added.

(4) A BMCOL-type solution is performed.

(5) The computed results at each station are compared
against previously stored maximum and minimum
values and in each case the more extreme value is
retained.
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Phase 1.

Phase 2.

Phase 3.

INPUT
Table 1. Program-control data and hold options
2. Constants and load factors
3. Positions of lanes, stringers,
design control points, etc.
4. Fixed values of load and stiffness
plus movable -load configuration

SUBROUTINE BEAM

- = Apply dead loads of slab, cap, and stringers

- = Solve for deflections, moments, and shears

- = Create first envelopes or expand if held
from preceding problem

designated range of movement

DO for each position of the movable load in thf)

[Set live load equal to movable load

Re-apply SUBROUTINE BEAM (see above) with live
loads and other slab loads applied through the
stringers to the cap

Revise envelopes of max values wherever exceeded

For each designated design-control station and condition,
determine random-position one-load maximum and place in
an ordered list of in-lane maximums for subsequent
control of multi-lane loadings

——————

Examine load-control lists and determine critical
combinations of multi-lane loads for each control
point (considering load-reduction factors)

f--{ DO for each design-control point)

lDistribute critical set of multi-lane loads to live load

I
Re-apply SUBROUTINE BEAM (see above) and expand
envelopes of max values wherever exceeded

——————

OUTPUT tables of load-control data and envelopes ot
max values
PLOT envelopes of max values if so specified

Fig 4. General flow diagram for program CAF 1l4.
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Results Produced by the Program

Both input and output data are arranged and designated in terms of table
numbers. Input data are always printed out in four tables which precede the

computed results. The usual results of the program include

(1) Table 5, a summary of movable-load effects;

(2) Table 6, envelopes of extreme values of moment
and shear;

(3) Table 7, extreme values of reaction at each con-
trol point;

(4) Table 8, scales used for automatic plots; plus
(5) automatically plotted envelopes of moment and
shear.

Included in the movable loading summary in Table 5 is the lane and station
number of each significant lane load, arranged in the table in order of the mag-
nitude of the contribution of that lane load to the corresponding moment or
shear value. The one most critical loading combination also is indicated. Data
in this table are used by the program internally to control the multiple-lane
loadings of Phase 3.

A number of options are available for control and operation of the program
which allow various loadings to be considered separately and may result in some
variation from the usual patterns described above. Details are given in the next
chapter and are subsequently illustrated by three variations of an example prob-
lem. 1Included are options that allow the user to exclude either out-of-lane
or in-lane loading effects as well as to retain input data and computed results

for use in sequences of similar problems.
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CHAPTER 3. DESCRIPTION OF CAP PROGRAM

The specific version of the CAP program that is described in this report is
designated as CAP 14. The number indicates only that this version is the four-
teenth significant revision in development of the program. It is to be expected
that future developments will yield additional modifications.

The complete and detailed flow diagram for CAP 14 is shown in App 1.
Appendix 1.1 is similar to Fig 4 and is included as a guide to the remainder
of the flow diagram. The flow diagram is annotated at appropriate points to
aid in understanding the program.

The program is written in FORTRAN-63 language for the Control Data Corpor-
ation 1604 and 1604A computers. With only minor changes it should be compatible
with the IBM 7090-94 systems. Appendix 2 consists of a list of FORTRAN notation
used and a complete listing of the program is in Appendix 3. One binary sub-
routine is included for plotting purposes. Storage requirement is approximately
fourteen thousand words and the compile time is approximately two minutes and
30 seconds.

A guide for filling out coding forms is given at the end of this chapter of
the report. It is designed so that additional copies may be furnished as sepa-
rately bound extracts to be used in routine analysis with the program. Under-
standing of many of the following comments will be facilitated by a parallel

study of the guide.

Standard Features of the CAP Program

Input of load, stiffness, and position data to the program is normally done
according to station numbers. One exception is that stringer locations may be
specified optionally in tenths of stations. This exception is discussed under
optional features. It is permissible to use up to three hundred increments, ten
lanes, twenty supports, thirty stringers, thirty design points for moment and
thirty design points for shear. Each support is automatically a design point for
reaction, There is a maximum number of five multiple-lane load-reduction factors
and the solution is limited to five or fewer simultaneous lane loads. The load-

reduction factors are left to the discretion of the user but ordinarily will be

25
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in accordance with AASHO recommendations (Ref 2).

The ends of the slab and cap are not defined except by stiffness and load
data. Overhangs of cap or slab are permissible but no load should be entered,
or held from a preceding problem, which would cause a force to be applied directly
to the cap at the first station beyond either end of the real cap. The zero
station for a problem usually should be the left-most extension of either the
cap or the slab.

All loads and flexural stiffness values are stored at station points; pro-
vision is made for the program to distribute values to storage based on linear
interpolation between input values. The cap stiffness values and various types
of loads are algebraically added into storage at each designated station., There-
fore, superposition of data can be done merely by adding more data into storage
or subtracting data from storage.

Reactions from slab loads are transmitted to the cap at the stringer loca-
tions unless the optional feature for fractional stringer stations is used. If
this option is used, the transmitted load will be proportionally split to each
station adjacent to the fractional station. If dead load of any stringer is in-
cluded, it must go in at even stations. Thus, if the fractional stringer station
option is used, the stringer dead load must be proportioned by the user and input
as a load at each of the two adjacent stations.

In CAP 14, solutions are done for every position of the movable load in the
designated range of movement regardless of lane boundaries or medians. For
purposes of studying only non-lane loadings, the user may specify a movable load
wider than a lane provided that he also specifies that the number of lanes is

zero and therefore that no conventional in-lane loadings are to be done.

Optional Features

There are several options which the user may apply at his discretion and for

his particular needs. The principal options are as follows:

(1) Hold Envelopes. The envelopes of maximums may be retained
from problem to problem in order to study cumulative effects
of various loading situations. The envelopes will be appro-
priately expanded when a new maximum or minimum is encountered.
Regardless of whether the envelopes are held or not, the
multi-lane loading summary and control table is cleared for
each new problem and therefore reflects only the movable load
effects for the immediate problem considered.
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(2) Data Hold. Table 1 controls the input of data and includes
options for holding data or results from the preceding problem.
It therefore must be input anew for each problem. Any num-
ber of problems may be worked as one run and the hold options
enable very economical saving and reuse of data. Tables 2 and
3, giving constants and lists of stations, may be fully retain-
ed from the preceding problem or otherwise must be fully input.
The load and stiffness data of Table 4 may be retained and
modified if desired by additions or subtractions in subsequent
problems since all data in Table 4 are algebraically summed
into storage at each designated station. Any number of cards
may be used in this table.

(3) Clear Envelopes. The envelopes of maximum and minimum design
variables that are produced in Phase 2 by the single movable
load may be erased prior to any multiple-lane loadings. The
single movable-load option is a design condition which is
usually considered by the Texas Highway Department. This
allows a single movable load (truck) to be placed anywhere on
the structure and not within the AASHO specified lane boundaries.
The multiple-lane loading summary table would exhibit the
appropriate results from all loadings but the envelopes would
be from only the initial dead load solution of Phase 1 and the
AASHO-type multiple-lane loading patterns of Phase 3.

(4) Plot Envelopes. This option is used to cause the envelopes
of maximm and minimum moment and shear to be plotted versus
distance along the cap. Engineering scales are internally
generated to produce the best plot of moment or shear in a
4-inch by 10-inch space. Design-control points are also
plotted as well as the identifying problem number. The
scales are included in the printed output as Table 8.

(5) Table 5 Skip. This option allows suppression of printing
the multiple~lane loading summary table. No computational
advantage is gained through omission of this table; however,
numerous pages of output can be saved from each problem. It
is important that each user understand fully how the envelopes
of maximums are created before arbitrarily electing to omit
this information. Table 5 is the only source of this
information.

(6) Skew. The skew capabilities have been previously described.
If no skew angle is specified, zero degrees is assumed. To
solve a series of similar caps for a given structure, all data
may be retained with only the value of skew angle being changed
from problem to problem. If the option to hold envelopes is
used, the skew angle must not be changed.

(7) Movable-Load Incrementation. The positioning of the single
movable load in Phase 2 of the cap solution may be controlled
by specifying the number of increments between successive posi-
tions of the zero station of the movable load. This has the
advantage of reducing computation time. 1If the bent cap is
divided into a large number of increments (of very small size),
this feature may be important. However, an extended period
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of use of the BMCOL method has indicated that rarely is an
increment length of less than one foot justified and virtually
never less than one-half foot and then this feature need not

be used. (The user may need to satisfy himself on this point
by running trial solutions and it is strongly recommended that
he do so.) It should be understood that in developing the
critical multiple-lane loading patterns, the only load positions
considered are those actually used in the Phase 2 loadings.

(8) Load Reduction Factors. The lane-load reduction factors may be
anything desired by the user. It is expected that they usually
will be in accordance with AASHO recommendations.

(9) Stringer Load Splitting. Stringers are normally specified
exactly at stations. They may be specified optionally at the
nearest one-tenth of an increment. A noticeable discrepancy
in results may occur when a concentrated load, such as a
stringer reaction, is improperly placed due to the increment
spacing not precisely fitting the stringer positions. Reducing
the increment size to match the stringer spacing is a solution,
but may cause an unreasonable increase in computation time. To
reduce both of these effects, stringer locations may be speci-
fied to the nearest one-tenth of an increment and the program
automatically splits the stringer reaction in inverse proportion
to the distances from the two adjacent stations. If this feature
is employed, the user must proportion any dead load of the
stringer and input it at the two adjacent stations on the cap.
The program will not automatically split the dead load of the
stringer itself.

Limitations

There are several things which CAP 14 will not do. A one-legged bent can-
not be solved nor should the user attempt to specify two completely separated
slabs on the same cap. Impact effects are not directly separated from those of
static load, but it is permissible to run one problem with live load only and
then one problem with live load plus impact to obtain the desired results.

CAP 14 does not output any of the deflections computed for the cap. Moment
and shear diagrams from any particular loading are not directly available, but
can be obtained in the form of identical maximum and minimum envelopes if a
problem is arranged so that there is only one loading pattern considered. Where
such results are desired, the BMCOL program normally should be used.

There is an arbitrary exclusion in the multiple-lane loading summary table
of any contribution less than + 0.001 ft-kips of moment or + 0.001 kips of shear

or reaction.
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It is possible to get eight error messages from the main program of CAP 14

and three error messages from Subroutine BEAM. The main program gives error

messages when

(1)

(2)

(3

(4

(5)

(6)

N

¢))

The Subroutine

(1
(2

(3)

non-zero Table 4 data is specified or held from the preceding
problem beyond the end of the cap (the problem is abandoned),

a movable load wider than a lane is specified and the number
of lanes is not zero (the problem is abandoned),

lanes are specified which overlap each other (the problem is
abandoned),

the design-variable values in the plot=-control routine are_beyond
the range of the routine from + 1.0 X 10-100 ¢4 + 1.0 X 10100
(the problem is abandoned),

a design-control point for shear is specified within one station
of a concentrated load (the program will ignore the erroneous
design-control point and continue with the problem),

the number of increments between successive positions of the
single movable load is left blank or is specified as zero (the
program will assume a value of 1 and continue with the problem) ,

data is retained from a problem in which an error occurred
(the program continues to search until an independent problem
is found), or

a malfunction has occurred to cause the program to take one of
several paths for which specific error messages are not pro-
vided (the problem is abandoned).

BEAM gives error messages when

only one stringer 1s specified (the problem is abandoned),

load is placed at any hinge location or point of zero bending
stiffness (the problem is abandoned), or

a malfunction has occurred to cause the program to take one
of several paths for which specific error messages are not
provided (the problem is abandoned).

When a problem is abandoned, the program begins to search through the re-

maining data cards until a new problem designation is encountered. 1If the new

problem is found to be completely independent from the erroneous problem (no

hold-options exercised) a new solution will be started; otherwise, another new

problem will be sought. It is partly for this purpose that the problem desig-

nation is repeated on every data card as shown in the input forms. The general

arrangement allows any number of problems from any number of users to be stacked
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for running in sequence. It reduces the danger that errors by one user will de-

lay completion of subsequent sets of problems.

Guide for Data Input

On the following pages a condensed guide is given for preparing input data
for the program. It is intended that separate copies be furnished for conven-
ience in routine use.

One basic example problem is discussed in the next chapter. Three varia-
tions of the problem are solved to aid in learning to use the input data forms
and to illustrate a variety of coding situations. Input and output listings
for the examples are given in App 4 and App 5 and should be used to check prac-
tice coding.



GUIDE FOR DATA INPUT FOR CAP 14

with Supplementary Notes

extract from

A COMPUTER PROGRAM TO ANALYZE BENDING OF BENT CAPS
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1 October 1966
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PROGRAM CAP 14 GUIDE FOR DATA

IDENTIFICATION OF PROBLEM

INPUT --- Card forms

{2 cords each problem, progrom stops if Prob designation is left blank)

Prob Description aof problem (olphanumaeric)
5 9 16 80
Prob Additionol description of problem (alphanumaeric)
5 9 16 80
Enter 1" to clear anvelopss of moximum volues
prior to muiti-lane looding.
TABLE 1. PROGRAM - CONTROL DATA {1 cord esoch problem}

LR

Enter 1" to plot envelopes.

Enter { to hold from preceding problem: Num cards this prob Enter “-1" 10 omit Table 5
Envelopes Table Table l—from printed output.
Prob ]__[ ﬁ r?:_l 4 ﬁ 3 4 Skew Angle
5 9 20 25 30 35 40 a5 50 55 €0 65 70 80
TABLE 2. CONSTANTS (2 cards unless data held from preceding problem )
] Movable - Lood Doto
Num increment Num Start Stop Number of increments per
Prob incrs Length ] [ Incrs | Sto | Sta | o ] shift of movable lood
<] 9 6 20 30 35 40 a5 50 55 80
Mox Num Load - reduction factors according to number of lanes loaded
Prob Lene Loads ! 2 3 4q 5
5 9 16 20 30 40 30 60 70 80
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TABLE 3. LISTS OF STATIONS ( number of cards must be entered in Table | as either none or 14 )

Prob Lanes Strs Sups Number of Moment -~ control Points
| | | l | I | | i Number of Shear ~contro! Points
5 9 20 25 30 35 40
! 2 3 4 5 ] 7 8 9

Sta ot Left of Lane

. [ 1 [ |

I
I I I | 1 I Hi

Sta at Right of Lane

Sta at Stringers (Fractional tenths of increments permitted)

"

I
1 I

JUpIL

T
I
I I | | [
| I
2
| 1

Sta at Supports

7
i

I

!
I
I
I I | il

Sta at Design - controt Points for Moment

I
I
|
I
|
I

AN [ A R AU D B

i

2i

|
I
I
I
I
|
.
| I | [ ]
I
[ I

|
i

Sta ot Design- control Points for Shear

|
|

|

|

|

B I R A B R
| 1

n

L ]

i

I N

:

| I L

| I I I
2!

| | | oI

|
I I
I |
6 20 25 30 5

|
|
35 4

o]
w4I

(& ) — — | — —
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TABLE 4. STIFFNESS AND LOAD DATA (number of cards must be entered in Table 1, all doto added to storoge)

Fixed or Movable Fixed - position data Mavoble- position
Sta Sta Cont'd Flexural stiffness Sidewalk 8 Stringer 8&
Prob from to if = | of cop Slab loods Cop loads loods
5 9 16 20 25 K o] 40 50 60 70

Blonk cord of end of eoch run to stop program

GENERAL NOTES

Two cards containing any desired alphabetic or numerical information are required (for identification purposes

only) at the beginning of the data for each new problem.

All data cards for any particular problem must contain the same problem designation as letters or numbers in

columns 5 through 9.

Any input error found by the program will generally cause the problem and any subsequent problem dependent
on the erroneous problem to be abandoned at that time. The program will skip to the next independent

problem.
The data cards must be stacked in proper order for the program to run.
Blank spaces are interpreted as zeros.
Units of feet and kips are to be used throughout. Skew angle must be input in degrees.
All data words must be justified completely to the right in the spaces provided.
All data words of 5 spaces or less are to be whole integer numbers: . . .

The only exception is that stringer stations may be expressed either as integers
or decimally to the nearest one-tenth of an increment:

All data words of 10 spaces are to be entered as floating-point decimal numbers

including a multiplier expressed in terms of an exponent of 10: . . . . . .

Lg
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TABLE 1. PROGRAM CONTROL DATA

Exercising the option to hold the envelopes of maximum and minimum design values from the preceding problems
has no influence on the multiple-lane load-control table which is cleared prior to beginning each new prob-
lem.

For each of Tables 2 and 3, the user must decide whether (1) to hold all data in that table from the preceding
problem or (2) to read in an entirely new set of data. If the option to hold is exercised, no data cards
may be added for that table in the current problem.

In Table 4, the data are accumulated into storage by adding algebraically to any previously stored values, in-
cluding data which may be held from the preceding problem. Thus any number of new cards may be input
regardless of the hold option.

If the clear option is exercised, all the envelopes of maximum and minimum design values will be cleared to zero
prior to the multiple-lane loadings. However, dead load effects will be properly restored.

If the plot option is exercised, all envelopes of moment and shear will be plotted.
The option to skip Table 5 has no effect on computations but simply reduces the amount of output when not needed.

A zero skew angle is assumed unless the user specifies otherwise.

All values in Table 1, particularly the card counts, should be carefully check.:i -; . wpletiop of coding of
each problem (the card counts should be zero or 2 for Table 2, zero or 14 for Table 3, any tumber for
Table 4).

TABLE 2. CONSTANTS

The maximum number of increments into which the cap may be divided is 300.

The number of increments for the movable load is not restricted except that if any multiple-lane loadings are
to be done, the movable load must fit within the width of the narrowest lane designated in Table 3.

The start station is the first station of the slab where the zero station of the movable load is to be placed.

The stop station is the last station on the slab where the zero station of the movable load is to be placed.
A movable-load solution will be performed for each station in the interval if the movable-load shift value
is blank, zero or 1 increment. If the value is 2, a solution will be performed every two stations, and
similarly if it is 3 or 4.

The maximum number of lanes that may be loaded simultaneously is 5.

The load-reduction factors will usually be those recommended by AASHO design specifications.

6¢
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TABLE 3. LISTS OF STATIONS

There will be a total of either zero or fourteen cards. Cards with only a problem number must be inserted
where necessary to complete the fourteen cards.

There is a maximum number of 10 lanes (one data card for left of lane and one data card for right of lane),

30 stringers (three data cards), 20 supports (two data cards), 30 design control points for moment (three
data cards), and 30 design control points for shear (three data cards).

Design points for shear must be at least 2 increments from any support station, stringer station or from any
station receiving load from a stringer specified between stations.

TABLE 4. STIFFNESS AND LOAD DATA

Units for flexural stiffness F are kips X ft2 and for input loads Q are kips per_ station.

For convenience in input coding, stiffness or load data may be distributed to storage by interpolation. There
are four variations in the station numbering and in referencing for continuation to a succeeding data
card. These variations are explained and illustrated on the following page by cases a through d.

For input and data storage purposes the interpolation and distribution process for movable-position data is the
same as for fixed-position data.

There is no restriction on the order of cards in Table 4 except that within a distribution sequence the stations
must be in regular order. There is no limit to the number of cards that may be used in this table.

If stringer stations are specified at fractional increments, the user must proportion the dead load of the
stringer as two concentrated loads at the two adjacent stations on the cap.

Any concentrated loads applied as ''stringer and cap loads' are not affected by skew. However, any such loads
entered as distributed loads are assumed to represent dead weight per station of the cap itself and are
therefore increased according to the angle of skew of the bent.

1%
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Q

F TYPICAL
Fixed - position Data CONT'D  BENDING  LOAD
FROM TO TO NEXT STIFFNESS (FIXED OR
Individual- card Input STA STA CARD ? OF CAP MOVABLE)
Case a.!. Data concentrated at one sta......... | 7—}—-7 |0= NO [ ] 3.0 I.
Case a.2. Dalo uniformly distributed. ... .. .. .. [ s =15 |o=nNo]| 2.0 I | @
[ 15 =20 |o=No]| 4.0 [ 1o | ™
[ 'o—=20 [o:=no| | 20 |O
Multiple-card Sequence
Cose b. First—of —sequence .. ... ... .. ... .. .. | 25\| | 1= YES I 0.0 T 2.0 1\
Case c. Interior-of~ sequence ... . ........... | | P30 |i:ves| 4.0 | 2.0 (®
[
[ [™35 Ji=ves] 2.0 | o0.0 [
( o
Cose d. End-of - sequence . .. ............... | I\ao |0=NOJ 2.0 | ]’

Resulting Distributions of Dala

STIFFNESS F r o YT e
(kips x f1°) | — 3 — )
I Vd
- - —2— 2 "0
e
S T /
I i T 1
Sta: 5 10 15 20 25 30 35 40
LOAD Q - S, — 3
(kips/ st :
—= = == = = ] - 2 — r— "4 i 4 == -~
, N
| | ~-
] § j \
Sta: 5 10 15 20 2 30 35 40
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CHAPTER 4. EXAMPLE PROBLEM

One basic problem has been selected to illustrate the principal features
of CAP 14. Three variations of the problem will be solved to show typical uses
of the program, including input data techniques and control options.

The problem is shown in Fig 5a. The structure consists of a slab, eight
stringers, a cap, and four supports. An increment length of 0.5 ft was selected
and the corresponding station numbers are shown directly below the structure.

Fig 5b shows the structure simplified for representation in the computer. In
accordance with conventional design practice, knife-edge supports are assumed

and hinges are put in the slab at each interior stringer. The stations of moment
and shear control points are indicated by asterisks.

The ability to vary flexural stiffness is illustrated in these problems only
by the tapered ends of the cap. However, haunches or any other variations could
have been described anywhere along the cap.

Figures 6a, b, and ¢ give the various loads for the problem. The movable
load is 20 increments wide and its zero station has a range of movement from
Station 4 to Station 112. The movable load will be placed at each station within
the range of movement. All loads are downward and therefore have a negative sign.

The actual input data listings are reproduced in App 4 and the computed
results are in App 5.

Solution 1.

In this solution all stringers have been shifted to the nearest whole
station. The station numbers are shown at each stringer position in Fig 5b.

A tabulation of the input data for this solution is given in App 4. No
tables of data are retained from a preceding problem, the option to exclude the
out-of-lane loadings is not exercised, and it is desired to have plots of the
results.

The printed output from this solution is given as App 5.1. The items of
primary interest are the multiple-lane loading summary in Table 5, the envelopes
of extreme values of moment and shear in Table 6 and the support reactions
given in Table 7. The following tabulation is an extract of one typical set of
output for one design-control variable at one design-control point from the

multiple-lane loading summary.
45
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(b) Simplified structure F21.0 x 107 k-t

Fig 5. The real and the simplified structure of the example problems.
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m Skips/sta (a) Movable load on slab
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Fig 6. Loads of Example Solution 1.
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Extract from Multi-Lane Loading Summary

TABLE 5 ~- MULTI-LANE LOACING SUMMARY { «--CRITICAL NUMBER OF LANE LOADS)
MOMENT ([ FT-K )
AT DEAD LC L ANE PCSITIVE LOAD AT LANE NEGATIVE LOAD AT
STA EFFECT ORDER MAXIMUM LANE STA ORDER MAX ] MUM LANE STA

50 =2.697E C2

0 3.443E 01 0 93 J -1.427€ 02 0 31
1 2.416E 01 4 102 1 -1.422E 02 2 34
2 1.319€ 01 3 82 2 -9.676E 01 1 14
3 4.79CE 00 1 4 3 -3.871E 01 3 72
4 0 4 -1.196E 00 4 112
3s 3s

The design-control variable for the above extract is the bending moment and the
design-control point is Station 50. The maximum moment at Station 50 due to all
dead load effects is -2.697 X 102 ft-kips as shown in the second column, The next
four columns give positive-moment effects and the last four columns give cor-
responding negative-moment values.

Consider the two columns marked '"lane order'". Lane order "O" represents
the maximum effect of the single movable load on the design variable without
regard to lane boundaries. Lane order "O'" may be out-of-lane or in-lane. Lane
order "1" represents the single in-lane movable-load position which contributes
the largest effect on the particular design variable. The corresponding lane
and station number are shown. (It is possible for this position and result to
be the same as for lane order '0".) Lane order '2'" represents the second
largest in-lane contribution to the design variable and so on for the other lane
orders.

The number of lane loads that will be critical is signified by the number
with an asterisk at the bottom of the lane-order column. This represents the
number of lane loads which will be applied simultanecusly, with application of
the proper load-reduction factors, to create the maximum or minimum design value
at the particular design point. In the case considered, 3 lane loads will be
applied simultaneously to produce maximum positive moment greater than the

single-movable-load maximum at Station 50 and a different set of 3 lanes will be
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loaded to produce maximum negative moment. Nowhere in Lane 2 could the movable
load be placed to produce positive moment and a Lane 2 loading effect therefore
does not appear in the positive moment portion of the table. Notice that for
negative moment, a fourth loaded lane contributed some negative moment but con-
sidering load reduction factors, only three lanes were loaded to develop the
most critical value.

Table 6 in App 5.1 gives the envelopes of moment and shear for Solution 1.
Some very small extraneous numbers are listed in the output but should be ignored
as they are insignificant remnants from arithmetic operations in the computer.
Table 7 is the summary of maximum support reactions. In the problem all maximum
negative reactions are zero since negative contributions from the live loadings
were never large enough to overcome the dead-load positive reactions. This can
be seen by comparing Tables 5 and 7 for reactionms.

Table 8 gives the engineering scales used with the plotted envelopes of
moment and shear shown in Figs 7 and 8. The design-control points are auto-
matically indicated by the row of points plotted above and below the curves. The

station numbers and scales have been added by hand.

Solution 2.

The second variation to be illustrated is that of using fractional values
for stringer stations. In this solution, the stringer positions have been
rounded to the nearest one-tenth of an increment. The fractional stringer station
numbers are shown in Fig 9. The dead weights on the cap for this solution are
also in Fig 9; other loads are the same as for Solution 1.

A tabulation of the input data is given in App 4. The input stringer
stations are listed to the nearest one-tenth of a station in Table 3. 1In Table 4
the stringer loads have been proportionately shared to each adjacent whole sta-
tion. This requires two input cards for each stringer load instead of one.

The output from this solution is given in App 5.2 and the corresponding
plots of moment and shear envelopes are in Figs 10 and 11. To simplify study of
effects of the more precise stringer placement in Solution 2, the key results
from both Solution 1 and Solution 2 are summarized in Table A.

For the particular problem considered, the largest effects on bending moment
occur at Stations 42 and 94 where the change is approximately 6 percent. Effects

on shears and reactions are quite small,
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Table A. Comparison of maximum values at design-control points.

Design-Control Solution Solution
Stations 1 2
Bending moment (ft-kips) 14, 122 -391.3 -387.6
25, 111 431.8 424.9
42, 94 208.2 195.8
50, 86 -519.7 -521.4
59, 77 217.1 206.8
Shear (kips) 12, 124 131.1 132.0
16, 120 127.6 125.9
34, 102 33.8 35.5
48, 88 180.8 183.1
52, 84 143.7 141.9
68 (center) 17.8 18.1
Support Reaction (kips) 14, 122 249.2 248.2
50, 86 295.2 296.1

Solution 3,

The third variation is intended to demonstrate the wvarious data-hold options
plus the effect of an input skew angle of 30 degrees, which is the only real
change from Solution 2.

A tabulation of the input data is given at the end of the listing in App 4.
Notice that only three input cards are required, the two problem identification
cards and the control card (Table 1) on which the hold options and the skew
angle are entered.

The output from this solution is in App 5.3 and the plotted envelopes are
in Figs 12 and 13. All moments, shears and reactions have changed significantly
with the skew angle due to the increased dead weight of the cap. The values of
moment have changed also because of the increased dimensions along the cap. How-
ever, in Table 5, the movable-load reactions from both the out-~of-lane and in-lane
loadings have not changed since the magnitude of the transferred load and its
relative position on the cap remain the same. Notice that precisely the same lanes

are loaded at precisely the same station numbers in both Solutions 2 and 3.
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CHAPTER 5. SUMMARY AND RECOMMENDATIONS

Principal Assumptions and Approximations

In any general-purpose computer method every effort should be made to
avoid burying items of engineering judgment and decision within the program.
However, it is often necessary as a temporary expedient to include such items,
as is the case with some aspects of the program described in this report.

These items should be recognized, and eliminated wherever possible, as more
realistic analyses of the total structure are developed.

The assumptions and approximations in the basic BMCOL method (Ref 1)
should be clearly recognized by the users of the CAP program., There are various
additional assumptions and approximations in the CAP analysis which are dic-
tated by design practice and also must be clearly understood,

In the BMCOL method the beam is assumed to be replaced by a series of
rigid bars, pin-connected and spring-restrained. These bars form the finite-
element beam, a portion of which was shown in Fig 1b. All loads and stiff-
nesses are concentrated at rugularly spaced station points.

The CAP analysis includes additional simplifications which are justified
primarily by current design practice. A hinge is assumed in the slab at each
interior stringer so that simple-span distribution of slab loads may be used.
All columns are replaced by knife-edge supports acting at the nearest avallable

station points.

Recommendations

The following recommendations are considered applicable to the use of

program CAP 14,

(1) Each user should satisfy himself as to the most desirable
practice in regard to (a) size of increment length, (b) the
stringer load splitting option, and (c) the use of the
variable incrementation in positioning the single movable
load in the Phase 2 solutions. It has been found that
rarely is an increment length of less than 0.5 ft necessary
and if used in conjunction with the stringer load splitting
technique 1.0 ft should be adequate for most cases.

(2) The user should run test solutions of cases for which in-
dependent hand solutions are also made, especially when

59
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entering a new or uncertain area of analysis. Such trials
also help to guard against improper use of input forms.

(3) CAP 14 should be used to study ways of improving or simplify-
ing the more or less arbitrary loading rules that are currently
used. Specifically, it is felt that through use of CAP 14, a
fixed pattern of movable loads may be evolved that would give
equally satisfactory results when compared to those based on
the intricacies of the AASHO rules. A fixed pattern of movable
loads would greatly reduce the amount of logic and computation
and in turn might considerably reduce the overall costs of
analysis. This will be increasingly important as larger and
larger aggregations of structural elements are considered in
more sophisticated computer programs of the future.

If properly and efficiently used, modern high-speed computers offer a
tremendous advantage in the performance of engineering work. By freeing the
engineer from many tedious hand computations, the computer greatly enhances the
opportunities for creative improvements in design. Furthermore, many problems
can be attacked that could not be considered by conventional methods. 1In this
concept, the computer is used as an aid but never as a substitute for the appli-

cation of sound engineering judgment and decision.
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APPENDIX 1

FLOW DIAGRAMS FOR PROGRAM CAP 14
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Al.l

Phase 1.

Phese 2.

Phase 3.

SUMMARY FLOW DIAGRAM FOR CAP 14

®]D0 for each position of moveble load; JL = JSTART, JSTOP, MLINC )

r

r

g et e e e .

{ 1010
IREAD problem number and descripti&?}

[ 15 THERE A PROBLEM? ]

1020

TYes Yo

INPUT

2. Constants and load factors

3. Positions of lanes, stringers,
design-control points, etc

4. Fixed values of load and stiffness
plus movable-load configuration

Teble 1. Progrem control data and hold-options |p Al.2

| 9990
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P Al.2 routine

Program termination

Apply SUBROUTINE BEAM:
- « Apply dead loads of slab, cap, and stringers
~ = Solve for deflections, moments, and shears
- « Create first envelopes or expand if held
from preceding problem

P Al,2
pp Al.5-7
p Al.8

[ 2200

ISet live load QLIVE(J) equal to movable load QL(LL) I p Al.9

Re-apply SUBROUTINE BEAM (see sbove) with live
loads and other slab loads epplied through
the stringers to the cap

Revise envelopes of mex values wherever exceeded

p Al.9

For each designated design-control stetion and
condition, determine random-position one load
meximum and set up ordered lists of in-lanes
maximums for subsequent control of multi-lane
loadings

pp Al.10-12

Examine lcad control lists and determine critical

point (considering load reduction factors)

combinations of multi~lane loads for each control

p Al.13

| 4000
'{bo for each design~-control point)

p Al.14

[bistribute critical set of multi~lane loads to QLIVE(J) I p Al.l4

Fg-apply SUBROUTINE BEAM (see sbove) and expand

envelopes of max values wherever exceeded

p Al,l4

PLOT envelopes of max values if so specified

OUTPUT tables of load-control dats and envelopes of max value

p Al.9

.\l pp Al.15-20



66

Al.2
COMPLETE FLOW DIAGRAM FOR PROGRAM CAP 14
READ and PRINT Table T1 Control data
THETAR = ABSF(THETA) / 57.29578 Compute skew factor

SKEW = 1.0 / COSF(THETAR)

1290 KEEP 9980
PRINT 905 1200 PRINT 980

| READ and PRINT Table N 9990 Table 2 = Constants

1291

| H = HT * skew| Adjust increment
length for skew

o

IF

f&292 \\\Eﬁfﬁg’r- 9980 Do not clear envelopes
+

if keep option is
Cleaf envelopes of PRINT 980 exercised
previous values

— 9990
1296 -

| Clear storage to be use&1

1350 KEEF3 9980
PRINT 90 0T 1300 PRINT 980

Table 3 = Lists of
l [ READ and PRINT Table 3 | 9990 Stat ions
To 1351 Correlate external and internal = external + 4

internal stationing

1330
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| 1330
————————— —ﬂ DO for each design-control point; M = MM, MZZ)
e e -ofDO for each stringer; N = NT, NSTRS)

!

JSTR = FSTR(N)
FSTR1 = JSTR

Test for fractional stringer
station locations

Shear point must be at least
two stations from any station
receiving any reaction from

the slab or from any support

"\

1344

1335

|PRIN’I‘ 930 }
Omit erroneous
| VS, W shear point

~ 1349 _ 1330
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| 1351

Al.4

.lDO for all stas; J = 3, HNPS)

P
|
|
| Clear lane number at each
| Station J
|
e

F 0

S
+

1356
f".| DO for each lane; L = 2, NLANEs) To 1399
|

LTEST = JLEFT(L) - JRIGHT(L-1) | Test for lanme boundaries

1
|
I
|
|
|
I
|
|
.

————= CONTINUE
1359

1357
| PRINT 912...Y

| 9990

r——erO for each lane; L = 17 N’LANES)

[ LTEST = JRIGHT(L) - JLEFT(L) - ML| Test width of movable load

versus width of lane

JEND = JRIGHT(L) - ML
JBEGIN = JLEFT (L)

Typical results:

(" DO for each sta; JL = JBEGIN, JEND)

| LANE(JL) = 1L |

CONTINUE

1399

| CONTINUE )

Sta J=JL LANE (J1)

6 0 }Not “in-lane"
7 0

8 1 }Possible load
9 1 ppositions for
10 1 lane 1

11 0

. . LNot "in-lane"
21 0

22 2 Possible load
23 2 positions for
24 2 lane 2
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9980

PRINT 980

1402

DO for each increment; J = MHOLDI, MNP7)

PRINT 980

PRINT 980

F(J) = 0.0
QSLAB(J) = 0.0
QCAPC(J) = 0.0
QCAPD(J) = 0.0
QL(J) = 0,0
1403
CONTINUE
- F +
9980 KEEP4 ) 1405
0 PRINT 906
1406
- TF 0
9980 NCD4 1407
+ PRINT 903
1408

To 1481

69

Use data from
previous problem
or clear pre-
vious data from
storage
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1408
————-—.‘ DO for each card in Table 4; N = 1, MD4)

KR1 = KR2

|Input

IN1, IN2, KR2, ZN2...

.JN-INI'F

J2 = IN2 + 4

KSW

=1+ KR2 + 2 * KRl

GO TO (), KSW

2 3 4
I 1410 l 1415
PRINT PRINT
404 406...
1420

1425 1435
Interpolate
between

Shift all Z1 at Sta Jl
21 = 22 and

L Z2 at Sta J2

(1/2 at ends)

—|147o

Al.6

Shifts KR1 = KR2

If KR2 = 0, data sequence
not continued

If KR2 = 1, data will
continue on next input card

( Z represents F, QS, QC,
or QL)
RSW = 1: Data concentrated

at one station or
constant in inter-
val

Linearly varying data,
multiple cards

KSW = 2: First-of-sequence

3: End-of-sequence

4: Interior-of-
sequence

See next page

GO TO (), KSw
4 3 2
[ Y
| 71475 T
GO TO
J1 = J2 9980
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Al.7
Expansion of statements
1435 through 1470 on page Al.6
Let Z represent F, (QSLAR,
11435 QCAPD, QCAPC, or QL. The
procedure interpolates for Z
JINCR = 1 at Station J, linearly between
ESM = 1.0 Z1 at Station J1 and Z2 at
Station J2
- IF 0
J2 - J1
1437 \+/ 7 1450
PRINT 908 [2(J1) = 2(J1) + N1 |
1440
DENOM = J2 - Jl
IsW = 1
( - 1455
f——.{bO for each increment; J = J1, J2, JINCR )
l |
| DIFF = J - J1
{ PART = DIFF/DENOM
! |
{ [z = 2(2) + (L + PaRT * (22 - z1)) * EsM Interpolates
| and adds to
| 1460 storage
t
s e o e e o s e 0 —+ CONTINUE )
1465
JINCR = J2 - Jl Reset to reduce
ESM = - 0.5 end station
ISWw = 0 values by one-
half
\_ +A
NI 9980
0 PRINT 980

1470
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ata stored Yes

beyond end

1485
PRINT 909
9990
2000
p————————— -4-{499 for all stas; J = 4, MNP
I QLIVE(J) = 0.0| Clear live load storage

2010

——— e ———————— —_| CONTINUE )

l CALL SUBROUTINE BEAMII For dead load effects only

If KFLAG = 1 error has
occurred in SUBROUTINE BEAM

o ——————

9990

r— ——————— —-—+ DO for each design variable; N = 1, NZ)

MZN = MZ(N)

DO for each design-control point for
each design variable; M = 1, MZN

J = JZ(N,M)
ZD(N,M) = Z(N,J)

ABSF (ZD(N,M)) - 0.00 Do not consider any
contribution less
than * 0.001 for any

design variable

2180

——— . — — ——— —— —————— T ———— i~ ———— — —————— . ———
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JSTOP - ‘Jsry ' 1

2200 To 2999
DO for each position of movable 1oad>

Begin loadings with single
movable load

3
I
|

JL = JSTART, JSTOP, MLINC

r.IDO for each sta; JLINC =1, HLINC)

I I—QLIVE(J'L-J'LINC) = o.o] Clear loads from previous
I position of live load
| 2210

-

> DO for each movable-load station;
P11l = 4, MLP4

I
I
|
o
|
I | J=JL+1LL -4 Set live load equal to
| | QLIVE(J) = QL(LL) single movable load
I
I | 2220
| \——-_-I CONTINUE )
I | caLL suBROUTINE BEAM | For effects of dead load
| plus single movable load
I
I If KFLAG = 1, error has
I occurred in SUBROUTINE
| 9990 BEAM
I
I — DO for each (+) or (-) design-control
‘ lf variable; 'K = 1, N2T2
| | I
I | [N = (K+1) /2 | Truncation gives correct
I I | N when K 1is even
} { SIGN = -1.0 * SIGN Change sign of SIGN for
| MIN = MZ(N) + or - design variable

I +1 if K 1is odd
-1 if K 1is even
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DO for each design-control point;
M= 1, MZN

J = JZ(N,M)

]ZLIVE = Z(N,J) - ZD(N,M)I Separate live load effects
. from dead load effects

———

IF

ABSF (ZLIVE) - 0.001 Omit any contribution

less than 10.001 for
any design variable

2620

ZL(K,M) = ZLIVE Reset ZL(K,M) if new
JLZL(K,M) = JL value is larger

3980
PRINT 980

9990

Place current values \‘\\\ See pages Al.1l
of ZLIVE and JL into and Al.12 for

proper position in details of this
multiple-lane load ¢ °

section
summary table ,,///

PR

2800

CONTIRUE

---"-——-———""-"*“——-*“———-————'""“;-—-"
"“““"""'"”"’"‘”“"""“""““"%‘""
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Expansion of statements 2660 through 2800 on page Al.10

| 2660
f-[ DO for each line in control table; I =1, NLOADS)

JI = JLZM(K,M, I)
LTEST = LANE(JL) - LANE(JI)

- 0
' 7 2680

| ZTEST = SIGN * ( ZLIVE - ZM(K,M,1) ) |

2670

C— o .| CONTINUE )

ZM(K, M, NLOADS+1) = ZLIVE
JLZM(K,M,NLOADS+1) = JL

ZM(K,M,I) = ZLIVE
IRl = 1 JLZM(K, M, 1) = JL

[IR1=NLOADS+2-I

2700

> DO for each reverse-order load index;
™ IR = IR1, NLOADS

|

| 1 = NLOADS - IR + 1]

| TEST = SIGN * ( ZM(K,M,I+1) - ZM(K,M,I) ) |

ZTEMP = ZM(K,M,I) See page Al.12
ZM(K,M, 1) = ZM(K,M,I+1) for the Load
ZM(K,M, I+1) = ZTEMP Control Table

JLTEMP = JLZM(K,M,I)
JLZM(K,M, 1) = JLZM(K,M, I+1)
JLZM(K,M, I+1) = JLTEMP

2799
\.—| CONTINUE J

2800
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Multiple-Lane Load Summary Table

LANE *+ DESIGN LOAD PLACED AT
LOAD ORDER VARIABLE
TYPE AT POINT Lane Station
I M Number Number
Single Movable Load I=0 ZL(K,M) LANE (JL) JL = JLZL{K,M)
In~-Lane I=1 ZM{L,M,1) LANE (JL) JL = JLZIM(K,M,1)
2 ) . .
I ZM(K,M, 1) LANE (JL) JL = JLZM(K,M,I)
NLOADS . . .
Position to Enter | NLOADS + 1 ZLIVE LANE (JL) JL =
New Values @ JLZM(K,M,NLOADS + 1)

‘ @ "Single Movable Load" refers to the effect of the most critical,
single movable load, placed without regard to lane boundaries. This
loading will always have Order I = 0.

"In-Lane" refers to the effect of the most critical, single movable load
which is entirely with a lane. Therefore, ZL(K,M) for I =0 will be
the same value as ZM(K,M,I) for I = 1 when the most critical "single-
movable-load' falls entirely within a lane.

@ New values of live-load ZLIVE in LANE(JL) at Station JL enter the
table at the bottom and are compared to successive values in the table
until the new values have progressed upwards to a value which is equal
to or larger than the entering value. The values which are less than
the new value are displaced one position downward with the least one
(of previous order NLOADS ) being discarded at the bottom.
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Al.13
3000
SIGN = -1.0
_____ DO for each (+) or (-) design-contro
variable; K = 1, N2T2

)

[N=(K+1)/ z|

| SIGN = -1.0 * sIGN |

3100

r——— DO for each design-control point; M =1, MZN)

3200

If XLEAR option is exercised,

exclude single~movable-load

influence from multiple-lane
3160 loading summary

r—-h\i DO for each number of loads; I = 1, NLOADS)

SUM = SUM + ZM(K,M,I)
Z2 = FACTOR(I) * SUM

| TEST = SIGN * ( 22 - 71 ) |

3210

IZM(K,M) = 1
Zl = 72

J

—_— e e ———— e e ————

3800 If envelopes from
CONTIRUE

r—.—-—..—....—-.___—‘__-——_—_—.——-—...—-—_.—-—..—__— —— — . e

been cleared and

N —- = 0;

Final value of IZM(K,M)
designates the number of
lane-loads to apply for
max + or max - critical
design value at Control
Point M

the initial solutions with the

single movable load have been cleared, critical
number of lanes will depend only on in-lane load-
ings. If single-movable-load envelopes have not

(1) if out-of-lane value is larger than any
in-lane value, critical number IZM(K,M)

or (2) if out-of-lane value is exceeded by in-
lane values, control table will be
stacked in normal manner.
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Al.14

4000
- IF +
\KLEAR 4010
0 Clear envelopes of
max values to zero
7
4300

DO for each (+) or (-) design-controD

If_—_" variable; K = 1, NZT2
I [v=(x+1) /2]
|
I f———q DO for each design-control point: M = 1, MZN)
|
i I r-—-—[ DO for each sta; J = 3, MN@
)
|
| ‘ | |QLIVE(J) = o.o—l
: | : 4400
——
N
| l Set number of lane loads
| | IM = IZM(K,M) | to apply for critical
pattern
I : r—-‘l|7DO for each line in load control table; I =1, IM)
I
| : | [ oL = JLZMK, M, T) |
L1
| | | /D0 for each movable load station; LL = 4, MLP4)
|1 [
| | | | J=JL+1L - 4 Apply load-
| | | : QLIVE(J) = QLIVE(J) + QL(LL) * FACTOR(IM) reduition to
"in~-lane"
| (. | loadings
l | | “—— —]coNTINGE
|
{ ! |
| | | S
L
| | CALL SUBROUTINE BEAM For critical multiple-lane
| | loading patterns
I
|
} | 9990
|
| e —
|
|
A

--------
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NONE =

0

79

design-control variable; N =1, NZ)

GO TO (), N

2 3

5520
PRINT 520

Moment
Shear
Reaction

[
Huo

5525

PRINT 525 Table headings

)|

)

5530

PRINT 530

Kl
K2
MZN

nuw
[

r———-——' DO for each design-control point; M = 1, MZN)

e — e — —— — — — —— — — ————— e — — — . . s, i et

556...

|JZNH = JZ(N,M) - 4|

FRINT 540...

J1
J2
LANE1
LANE2

JLZL(K1,M)
JLZL(K2,M)
LANE (J1)
LANE (J2)

5540

- /IR +

N

5543

5542

5546 5544

554.

PRINT

..

L

|

Print appropriate single~
movable=load results
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| |
| |
| |
| |
| |
| : Ir————P{DO for the number of lanes loaded; I = 1, N'LOADS)
| [
| L J1 = JLZM(K1,M,I)
| | | J2 = JLZM(K2,M,I)
| | | LANEl = LANE(J1) ) )
| l | LANE2 = LANE(J2)
I { : 5560
- /IF\+
N .
| 1 0
| : | 5561 5562
- + - +
RREIRE g
I | | 0 0
| | 7 5565 5563 5566 5564
| | | eronr PRINT PRINT PRINT e inel
N | |56 - 554. .. 550. .. 550... Print in-lane results
| || { ] J
| 5570
| I
| | b———————— CONTINUE
l : 5575 -
| | CONTINUE
|
I | FRINT 560. .. Print critical number
| | of lanes
| \ —————— —
SRR
5595
5600
r—"rDO for. each sta; J =3, HNPS)
I |
I PRINT maximum and minimum envelopeﬁ
of moment and shear
{ 5691
.

———



Al.17 81

—[7D0 for each support; N = 1, NSUPé) Print reactions only
| at supports

[7PRINT maximum and minimum reactio;?]

-
|
|
I
|
|
C

Plot envelopes of moment
and shear if KPLOT =1

9980 FLOT 5990
PRINT 980 + PRINT 832...
5710

9990 KSTOP = 1 5999 KSTOP is for plot

tape control

o
—
[77]
=
nn
o]
*

Determine proper
horizontal scale
for plots

5712

5711 5715 5725 5736

[ mEND = 50. | {mEND = 100.| [HEND = 200.| [HEND = 500.| |HEND = 1000. |
| Wl |{

5740

HPOS = 10. Length of horizontal

axis equals 10 inches

¢ DO for each sta; J = 4, MNP

-3) = *
[HPIDT(J 3) xJ*H l Store array to be
5745 plotted

——— = CONTINUE

————
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Al.18
PRINT 831.. j
|
___———'—'1 DO for each design variable; N =1, 2)
VMAX = 0.0
lf———OrDO for each sta; J = 4, P[NP4)
|
| ZTMP = ABSF( ZMIN(N,J) ) Determine the largest
| VMAX = MAXIF( ZMAX(N,J), ZTMP, VMAX ) magnitude + or - of
| each design variable
|
)
—_—— —» DO for the maximum exponent of each
r design variable; NE = 1, 100
XN
ﬁ753 1.0-VMAX
[V'MAX = VMAX / 10. l Determine proper
I vertical scale
t
|KEXP = KEXP +1 | for plots

| vMaX = vmax * 10. |

|KEXP = KEXP - 1|

5770 5775 5778 5780
|VEND =0.1| |[VEND = 0.2| |VEND = 0.4| [VEND = 1.0

5790
[ VEND = VEND * 10%*KEXP |

I
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r= DO for each sta; J = 4, MNPQ)

|
|
| | VPLOT(3-3) = ZMAX(N,J) |
i 5795
C

——————
HNEG = 0.0
SPACE = 0.5
VEND = VEND * 1.5
VPOS = VPOS * 1.5
VNEG = VPOS
HTCKS = HEND
VTCKS = VEND
KAXES = 24

CALL SUBROUTINE AXES

IPROB(1) = 8H PROB
IPROB(2) = NPROB

NSYMB = 16
IR = 0
ISIZE = 2
HCOR = 2.0
VCOR = -3.0

CALL SUBROUTINE PLOTTITL

VEND
VPOS

VEND / 1.5
VPOS / 1.5

Length of vertical axis equals
2 inches

Store vertical array to be
plotted

Set plot variables

Generate scale values

Set variables for title

Plot title

83
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l
l
l
l
.

5800

41.20

r’lDO for each

design~control point; M = 1, MZN)

XJ
HIZ(M)
VIZ(M)

JZ(N,M) - 4
XJ * H
VEND * SIGN

5810

—
X2

|NUMP'1‘S = MZN |

noun

r————— —

CALL SUBROUTINE PLOT

]Numssm+1l

I

CALL SUBROUTINE PLOT

5820 SIGN

Store design~control
points as vertical and
horizontal arrays

Plot design control points

Plot envelopes of moment
and shear

9980

DO for each sta; =
J = 4, MNP4

[VPLOT(3-3) = ZMIN(N,J) |

— — o——

5830
ONTINUE

[s16N = -sIGN |
J 5840

CALL SUBROUTINE AXESTERM

Terminate the axis and

roll the paper for new

CALL SUBROUTINE AXESTERM

design variable

|PRINT 831...\

5870

5999

IMHOLD1 = w5 |
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85
9990
KFLAG = 0
INPROBT = NPROB I Hold problem number in temporary
l storage
£ e e . . s s .* DO for each card; M =1, 1006)
| l
: \READ problem number and identificacioﬁ}
|
I Test each card for a new
| problem number
\.~| CONTINUE

Test new problem number against

F
+
PROB - ITEST program termination test

9993
r&EAD second identification caraj

[READ control datgj

[KSUM = KEEPE + KEEP2 + KEEP3 + KEEP4

- IF + Test for data retained from
l KSUM problem which had error
1f data held ~= search for
999, new problem
IPRINT NFROB, ( ANI(N), N =1, 26 77 If no data held -~ work
problem

1110




86 SUBROUTINE BEAM Al.22
6000
- SIFNL+
8980 NSTRS } 6200
0 By simple~-span reactions
[rrivr_os0y 6100 at stringers, distribute \\See pages Al.23
8999 slab loads and total and Al.24 for
DO for each sta
= 1 _ d . QLIVE(J) to cap details of this
KFLAS G752 ane caps ( QLIVE(J) may include | ,section
| > l several lane loads ) /
-RETURN
} Q(J) = QLIVE(J) + QSLAB(Y) Transfer load directly
{ + QCAPD(J) * SKEW + QCAPC(J) to cap
| 6110
\— — — — | CONTINUE

7000

- F 0

F() 7010

+ 0 IF -

Test for load on any
hinge

Solve for each deflection W(J) by BMCOL
method, fixing deflection = 0.0 at each
specified support sta JSUP(NS)

}

|

|

|

| Q)
| >~
l 7102

|

|

I

]

r---D{DO for each sta; J = 3, MNPS)
I

7020
| PRINT 930... ]

8999

Compute shear DBM and store as 2(2,J)

Compute bending mement BMJ and store as 2(1,J)

Compute reaction REACT and store as 2(3,J)

,-lDO for each of the design variables Z(N,J); N = 1, N@

as ZMAX(N,J)

as ZMIN(N,J)

Compare Z{N,J) with ZMAX(N,J) and hold greater

Compare Z{N,J) with ZMIN(N,J) and hold lesser

———————




Al.23

87

SUBROUTINE BEAM cont 'd

| 6200

,--|D0 for each sta; J = 4, MNP4

[(2) = qcaPp(3) * skEw + QCAPC(J)|

|
|
|
|
|
N

——® DO for each sta; J = JA, JB)

i
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|

| @3 = QsLAB(3) + QLIVE(Y) |

|

[ DIFF = F2 - FJ|

|

DENOM = F2 - Fl
I |

PART1
PART2

DIFF / DENOM
1. - PART1

J1l = Fl

J1l

PART4
PART3

Fl - FJ
1. - PART4

-+
W 6230
KSW = 1
g% : :ISTRS -2 Special when there
JA =4 are only two
JB = FSTR(2) stringers
- J
f 6240
CONTINUE
f——__'—| DO for each stringer; N = NI, NF)
Fl = FSTR(N)
F2 = FSTR(N+1)

Find proportion of load to
go to each stringer

Find part of initial stringer
load to split to each adjacent
station on cap
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Al.24

SUBROUTINE BEAM cont‘d

Q(J1+1) = Q(Ji+1l) + PART4 * ( PART1 * QJ )

J2 = F2
FJ2 = J2

PART6 = F2 - FJ2
PART5 = 1. - PART6

Find part of final stringer
load to split to each
adjacent station on cap

Q(J2y = Q(J2) + PARTS * ( PART2 * QJ )

4 ? I

;D; Q(I1) = Q(J1) + PART3 * ( PARTL * QJ )
|

|

|

|

|

|

]

} Q(J2+1) = Q(J2+1) + PART6 * ( PART2 * QJ )

6250

LS

———————————

JA = FSTR(N+1) + 1
JB = FSTR (N+2)

NI = NSTRS - 1
NF = NSTRS

l

J& = FSTR(NI) + 1
JB = MNP4

J

CONT

6299
)

7000

Returns one time for
last pass
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NOTATION FOR CAP 14

AlJ)
AA
AN1i{ )
BlLJ)
88

BMI
BMJ
BMK
CtJy
o

D

DBM
] ]
DENOM
DIFF
DIST

E

EE

ESM
FACTOR( 1}
FF

Fls F2

FJs FJ2

FN1s FN2» F(J)
FSTRI(N}

FSTR1

H

HCOR

HEND
HE2
HE3

H]
HJZ ( )
HMN
HNEG

HPLOT({ )
HPOS
HTCKS

HT2

1

M

IN1s IN2»
I0R

1STA

IPROB(
IR

IR1
ISIZE
I5W

* DENOTES INPUT

CONTINUITY COEFFICIENT

COEFF IN STIFFNESS MATRIX
IDENTIFICATION AND REMARKS (ALPHA-NUM|
CONTINUITY COEFFICIENT

COEFF IN STIFFNESS MATRIX

BENDING MOMENT AT STA J-1

BENDING MOMENT AT STA J

BENDING MOMENT AT STA J+1

CONTINUITY COEFFICIENT

COEFF IN STIFFNESS MATRIX

MULTIPLIER IN CONTINUITY COEFF EQS
FIRST DERIV OF BENDING MOMENT,» DM/DX
COEFF IN STIFFNESS MATRIX
DENOMINATOR

DIFFERENCE

LENGTH OF CAP IN FEET

TERM IN CONTINUITY COEFF EQS

COEFF IN STIFFNESS MATRIX

MULTIPLIER FOR HALF VALUES AT END STAS
MULTIPLE~-LANE LOAD-REDUCTION FACTOR
COEFF IN LOAD MATRIX

INITIAL AND FINAL DISTRIBUTION POINTS IN

SEQUENCE

FLOATING POINT STA NUM IN STRINGER LOAD
SPLIT ROUTINE

FLEXURAL STIFFNESS (EI)
STATION FOR STRINGER N
FLOATING POINT EQUIVALENT OF JSTR
INTERNAL INCREMENT LENGTH

HORJZONTAL COORDINATE OF THE FIRST SYMBOL

IN THE PLOT TITLE

VALUE ASSIGNED TO END OF HORIZONTAL-AXIS.

H SQUARED
H CUBED
INCREMENT LENGTH

HORIZONTAL VALUE OF DESIGN CONTROL POINT

FLOATING POINT EQUIVALENT OF MN
LENGTH,

(INPUT AND TOTAL)

91

18N04
20AG3
12.JE3
20AG4
20AG3
12JE3
04JE3
07JE3
04JE3
20AG3
12JE3
20AG3
07JE3
12JE3
07JE3
12JE3
15JL4
12JE3
12JUE3
07JE3
20AG3
12UE3
03JN4
03JN4
15JL4
15JL4
20AG3
03JN4
15JL4
30JE4
15JL4
15JLs
16AP4
124E3
12JE3
30JE4
15JL4
15JL4

IN INCHES, OF THE NEGATIVE H-AXIS.14AP4

THIS VARIABLE MUST NOT ITSELF BE NEGATIVE«14AP4

NAME OF ARRAY TO BE PLOTTED ON H-AXIS
LENGTH,
INCREMENT LENGTH BETWEEN TI1CK MARKS ON
H=AXIS IN TERMS OF HEND

H TIMES 2

INDEX IN LOAD-CONTROL TABLE

NUM OF CRITICAL LOAD REDUCTION FACTOR
EXTERNAL STA NUMBER = J - 4

ORIENTATION OF THE T]TLEs = PARALLEL TO
THE AX1S

VARIABLE USED TO PLOT TITLES ON PLOTS

REVERSE~ORDER INDEX IN LOAD-CONTROL TABLE

INITIAL INDEX IN LOAD CONTROL TABLE
S1ZE OF THE LETTERS IN THE PLOT TITLE
ROUTING SWITCH FOR TABLE 4

IN INCHESs OF THE POSITIVE H-AXIS

27AP4
14AP4
14AP4
27AP4
12JE3
31JA4
26N03
18DE3
15JL4
15JL4
15JL4
22AG3
26N03
15JL4
18DE3
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ITEST

IUNIT( )
IZM(KsM)
Js JN

JAs JB
Jls J2
JBEGIN
JEND

J1

JINCR

JL
JLEFT(L)
JLINC
JLTEMP
JLZL(K M)
JLZM(KgMs 1)
JRIGHTI(L)
JSTART
JSTOP
JSTR

JSUP (NS)
JZ(NsM)
JZNM

K

Kly K2
KAXES

KEEP2 THRU KEEP4

KEEPE
KEXP

KFLAG
KLEAR
KPLOT
KPS

KR1
KR2

= 5 ALPHANUMERIC BLANKS»

THE PROGRA

UNITS OF OUTPUT TERMS»s TABLE 7

M

A2,2

USED TO TERMINATE1l5JL4

15JL4
15JL4

CRITICAL NUMBER OF SIMULTANEOUS LANE LOADS22AG3

INTERNAL STA ALONG SLAB AND CAP
STRINGER DISTRIBUTION STATIONS
INITIAL AND FINAL STATIONS IN SEQUENCE
INITIAL IN-LANE POSITION OF MOVABLE LOAD
FINAL IN~LANE POSITION OF MOVABLE LOAD
NON-SUBSCRIPTED VALUE OF JLZM(KsMsl)

INCREMENTA

POSITION OF MOVABLE-LOAD STA ZERO (LL=0)
STATION AT LEFT SIDE OF LANE L

INDEX USED IN MOVING MOVABLE LOAD
TEMPORARY HOLD FOR CONTROL-TABLE ROUTINE

TION INDEX

20AG3
31JA4
05JE3
26N03
20AG3
20AG4
12JUE3
20AG3
20AG3
15JL4
22AG3

LOAD STA FOR RANDOM-POS MIN OR MAX AT PT M22AG3

LOAD POS FOR [-TH MAX OR MIN AT DES PT M
STATION AT RIGHT SIDE OF LANE L

INITIAL POSITION OF MOVABLE-LOAD STA ZERO
FINAL POSITION OF MOVABLE-LOAD STA ZERO
FIXED POINT EQUIVALENT OF FSTR(N)

STATION FOR SUPPORT NS

STA AT DESIGN CONTROL POINT M FOR Z(NsJ)
TEMPORARY VALUE OF JZ(NsM)

DO LOOP IN
INTERNAL V

INDEX USED TO DESCRIBE MANNER IN WHICH
AXES SHOULD BE PLACED ON PAPER

IF = 19 KEEP PRIOR DATAs
IF = 1y KEEP PRIOR ENVELOPES OF EXTREMES
EXPONENT OF 10 TIMES DESIGN VARIABLE
REDUCED TO ONE SIGNIFICANT FIGURE

ERROR FLAG

IF = 19 CLEAR ENVELOPES BEFORE LANE LOADS
IF = 19 EXCLUDE PLOTS OF ENVELOPES

PLOT SYMBO
DENOTES
DENOTES
DENOTES
DENOTES
DENOTES

W& WA=

9 DENOTES

DEX
ALUE OF NZ

L TO BE USED

SMALL PLUS SIGN

SMALL X
SMALL SQUARE

TABLES 2-4

22AG3
20AG3
20AG3
09JAG
15JL4
20AG3
22AG3
15JL4
15JL4
15JL4
10JL4
14AP4
20AG4
18DE3
20AG4
24AP4
20AG4
18DE3
18DE3
14AP4
14AP4
14AP4
14AP4

SMALL STAR (COMBINATION OF 1ls 2)14AP4

NO SYMBOL TO BE PLOTTED,
PEN TO BE MOVED
LARGE PLUS SIGN

10 DENOTES LARGE X

11 DENOTES LARGE SQUARE
12 DENOTES LARGE STAR (COMBINATION OF 9

A NEGATIVE NUMBER WILL MAKE THE SAME
SYMBOLS AS THE POSITIVE NUMBERSs BUT THE
POINTS WILL BE CONNECTED WITH STRAIGHT
-8 THE POINTS WILL
BE CONNECTED BY STRAIGHT LINES WITHOUT
THE POINTS BEING MARKED BY PLOT SYMBOLS

LINESe TH

PRIOR VALU

IF = 19 REFER TO NEXT CARD

AND 10)

Us IF KPS =

E OF KR2

14AP4
16AP4
14AP4
14AP4
14AP4
16AP4
16AP4
14AP4
14AP4
14AP4
16AP4
16AP4
16AP4
05AG3
05AG3
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KSKIP5
K5T0P
KSUM
KSw
LANE(JL)
LANE1ls LANE2
Ls LLL
LL
LTEST

M

MHOLD
ML
MLINC

MNP&4s» MNPSs MNPT
MP1

MT

MZ(N)s MIN
MZ1s M22s M13
N

NAME (N}

NCDZ THRU NCD4
NE

NIs NF

NLANES

NLOADS

NONE

NPROB

NPROBT

NS

NSTA

NSTRS
NSUPS
NSYMB
NTs NST
NUMPTS

NZ (=3FOR CAP 14}

NZT2
PART»PART1-6
QCAPC (U
QCAPD(J}

QJ

QLiLL)
QLIVE(J}

Q(J}

QS1s GCl» QL1
QS2s QC2» QL2
QSLAB(J)
REACT

SIGN

SKEW

OPTION (IF= =1} TO OMIT OUTPUT TABLES
ROUTING SWITCH TO SKIP PLOT TAPE (1Fs=Q)
SUM OF ALL KEEP OPTIONS

ROUTING SWITCH FOR TABLE &4 AND OTHERS
LANE FOR MOVABLE LDs ZERO IF NOT IN-LANE
TEMPORARY LANE RANK OUTPUT DEVICES

LANE NUMBER IN LANE ROUTINE

MOVABLE-LOAD STATION

TEMPORARY TEST IN LANE ROUTINE

DO LOOP INDEX

M FROM PREVIOUS PROBLEM

TOTAL MOVABLE-LOAD WIDTH IN INCREMENTS
NUMBER OF S5TAS BETWEEN EACH POSITION OF
MOVABLE LOAD

ML + 4

DO LOOP INDEX

TOTAL NUM INCREMENTS FOR S5LAB AND CAP

MN + 49 MN + 59 MN + 7

M+ 1

VARIABLE DO LOOP INDEX

TOTAL NUM DES CONTROL POINTS FOR Z(N»J)
NON-SUBSCRIPTED VALUES OF DESIGN POINTS
NUMBER OF THE PARTICULAR DESIGN VARIASBLE
AXIS NAME - OUTPUT IN TABLE 7

NUM CARDS IN TABLES 2 THRU &s THIS PROB
INDEX IN SCALE DETERMINATION ROUTINE
STRINGER DISTRIBUTION INDICES

TOTAL NUMBER OF LANES

MAX NUM LANES TO BE LOADED SIMULTANEOUSLY
OQUTPUT CONSTANT EQUAL TO 2ERO

PROBLEM NUMBER (PROG STOPS IF BLANK)
TEMPORARY HOLD OF NPROB

INDEX NUM FOR SUPPORT POINT

NUM OF STA REQUIRED BETWEEN A SUPPORT AND
A DESIGN CONTROL POINT

TOTAL NUMBER OF STRINGERS

TOTAL NUMBER OF SUPPORTS

NUM OF SYMBOLS TO BE PLOTTED IN THE TITLE
INDICES IN SHEAR DESIGN POINT CHECK
NUMBER OF POINTS TO BE PLOTTED

TOTAL NUM OF DES VARJABLES (INTERNAL)

NZ TIMES 2

FRACTIONS

CONGENTRATED DEAD LOAD FROM CAP AT STA J
DISTRIBUTED DEAD LOAD FROM CAP AT STA J
TEMP VALUE OF LOADS IN SUBROUTINE BEAM
FORCE AT MOVABLE-LOAD STA LL

TOTAL LIVE~LOAD DISTRIBUTION

TRANSVERSE FORCE ( INPUTs TOTAL

93

18N0O4
23JL4
20AG4
19AG4
20AG3
26N03
31JA4
20AG3
26N03
15JL4
15JL4
20AG3
16JL4
l6JL4
31JA4
20AG4
20AG3
31JA4
20AG4
20AG4
15MY4
20AG4
31JA4
15MY4
20AG3
24APG
03FE4
20AG3
20AG3
26N03
15JL4
20AG4
18DE3
15JL4
15JLé
20AG3
20AG3
15JL4
06MY4
14AP4
20AG4
15JL4
15JL4
03JN4
03JN4
15JL4
20AG3
O6MY4
20AG4

TRANSVERSE FORCE ( INTERNAL DISTRIBUTION )26NO03

TRANSVERSE FORCE (INPUT)

DEAD LOAD FROM SLAB OR SIDEWALK AT STA J
SECOND DERIV OF BENDING MOMENT

SWITCH CONTROL ON + OR - DESIGN VARIABLE
1.0 OIVIDED BY COSINE OF THETAR

26N03
20AG3
20AG4
26N03
15JL4
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SPACE

SUM

TEST» ZTEST
THETA
THETAR

VCOR

VEND
vJizZi( )
VMAX
VNEG

VPLOT( )
VPOS
VTCKS

wWiJ)

X

XJ

Z(NsJ)
21,22
ZD(NsM)
ZL(KsM)
ZLIVE
ZM(KsM, 1)
IMAX(N,J)
IZMIN(N,J)
LTEMP
ZT™MP

A2.4

DISTANCEs IN INCHES, FROM LEFT EDGE OF 14AP4
PAPER TO END OF NEGATIVE H-AXIS 14AP4
CUMULATIVE EFFECT OF MULTI-LANE LOADING 22AG3
TEMPORARY TEST IN CONTROL TABLE ROUTINE 26N03

ANGLE OF SKEWs DEGREES AND DECIMALS 15JL4
ABSOLUTE VALUE OF THETA IN RADIANS 15J0L4
VERTICAL COORDINATE OF THE BOTTOM OF THE 15JLé4
PLOT TITLE 15JL4
VERTICAL AXIS VALUE AT 2 INCHES 24AP4

VERTICAL PLOT VALUE OF DES CONTROL POINT 15JL4
ABSOLUTE MAXIMUM VALUE OF DESIGN VARIABLE 24AP4
LENGTHs IN INCHESs OF THE NEGATIVE V-AX1S.14AP4
THIS VARIABLE MUST NOT ITSELF BE NEGATIVE.14AP4
NAME OF ARRAY TO BE PLOTTED ON V-AXIS 27AP4
LENGTHs IN INCHESs OF THE POSITIVE V-AXIS 14AP4
INCREMENT LENGTH BETWEEN TICK MARKS ON 14AP4

V-AX1S IN TERMS OF VEND 16AP4
LATERAL DEFLECTION OF BMCOL AT STA J 12JE3
DISTANCE ALONG THE BMCOL 30MY3
FLOATING POINT EQUIVALENT OF THE STA NUuM 15JL4
DESIGN VARIABLE NUM N AT STA J 22AG3
SUCCESSIVE VALUES IN CRITICAL-LOAD STUDY 22AG3
DESIGN VARIABLE N AT DESIGN POINT M 10JA4
MAX OR MIN ONE-LOAD INFLUENCE AT DES PT M 22AG3
DESIGN VARIABLE FROM LIVE LOAD ONLY 31JA4
I-TH VALUE IN IN-LANE LOAD-CONTROL TABLE 22AG3
MAX Z(NsJ) FROM ALL PRIOR LOADINGS 22AG3
MIN Z(NsJ) FROM ALL PRIOR LOADINGS 22AG3

TEMPORARY HOLD FOR CONTROL-TABLE ROUTINE 22AG3
TEMPORARY HOLD FOR SCALE DETERMINATION 24AP4
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A3.1

PRCGRAM CAP 14

1 FCRMAT [ 51H PRCGRAM CAP 14 ~- DECK 2 - MATLOCK - INGRAM

1 28F REVISICN CATE = 3CAUG €6 ) 25JL6
CIFENSION AN1(27), 04AG4

1 JLEFT(10), JRIGHT(10)}, JSUP(20), FSTR(30), F(307), 04AG4

2 QL(3C7), LANE(2C?), FACTOR(5), QLIVE(307), CSLAB(307), 10AP4

3 QCAPD(307), Z(2,3C7), IFAX{3,307),ZMIN(3,307),QCAPC(307),03AG4

4 MZ{3)y JZ(343C)y IM{643C,6)y JLIM(6430+6)0 ZL16,30), 03AG4

L JLZL(&,30), IZP(6,430), ZD{3,20), 03AG4

6 VPLCT(307), HPLCY(307), VJZ(20), HJZ(30), NEMEL3), 30JE4

7 IPRCE(2)y ILNIT(3) 02JL4
CGPPCN QLIVE, GSLAB, QCAPD, QCAPC, FSTR, JSUP, F, IMAX, IMIN, I O5JE4

11 FCRFAT ( 1H]1 ) 14AG4
12 FCRMAT ( 4X, A5, 6X, 1245 ) 04AG4
13 FORNAT | 5Xy 1€AS ) 26AG63
14 FGRPAT { 15X, 1325 } 04AG4
15 FGRMAT (/7/1CF PRCE o /4 SXo A5, X, 13A5, /, 15¥, 1345 ) 04AG4
16 FCRMAT (///17H PROEP (CCNTD) 7/ SX, AS, SX, 13A5, /, 15X, 13A5) 04AG4
100 FCRMAT (/7 3¢&F TABLE 1 == PRCGRAM-CONTROL DATA / 29AP4
1 50X, 30K ENVELCPES TABLE NUMBER / 220C3

2 50X, 30k OF MAXINUMS 2 3 4 4 220C3

3 S2H CPTIONS TO HOLD (1F=1) FROM FRECEDING MROB220C3

4 , 110, 3x, 315, / 15MY4

5 s2# NUMBER OF ADDITIONAL CARDS FGR CURRENT RR0220C3

6 1HB, 12X, 215, 1/ 03FE4

7 s2K CPTION (IF=1) TO CLEAR ENVELCPES BEFORS LX290C3

8 11FNE LCACINGS, 14X, I3 ) 07NO3
101 FORMAT ( 52k CPTION (IF=1) TO PLCT DESIGN NARIABLE ENVE29AP4
1 SHLOPES, 2CX, 13, 7/ 20MY4

2 46H CPTION (IF==1)T0Q OMIT QUTPUT TABLE 5, 31X,18N04

3 13, 7/ 17NO4

4 32M ANGLE CF SKEW, DEGREES, 38X, 810.3 ) 18NO4
105 FCRMAT( 15X, 1C15, 5X, E10.3 ) 17NC4
200 FCRMAT (/7 25H TABLE 2 =~ CCNSTANTS 7 ) 29AP4
205 FCRMAT ( 15X, IS, E1C.2, 5X, 4I5S ) 03AG4
206 FCRMAT ( 15X, IS, SE10.2 ) 03AG4
220 FCRMAT (  47H NUMBER OF INCREMENTS FOR SLAP WAND CAPy 220C3
1 28X, 15, / 220C3

2 3QH INCREMENT LENGTH, FT, 40X, E10.3, 2 08JL4

3 4TH NUMBER OF INCREMENTS FOR MOVABLE LCAD¢ 220c3

4 28x, 15, / 220C3

5 51K INITIAL POSITION OF MOVABLE~LOAD $S¥4 ZER0G,220C3

& 264X, 15, /7’ 220C3

7 4GH FINAL PCSITICN OF MOVABLE LCAD STA ZERO, 220C3

8 26X, 15 ) 220C3
225 FCRMAT ( S2H NUMBER CF INCREMENTS BETWEEN BACH PCSITIGNOSJL4
1 16H OF MCVABLE LCAD, 7X, I5 ) 08JL4
230 FCRMAT ( 52H MAXIMUM NUMBER OF LANES TO BE LOADEE SIMUL220C3
1 GHTANECUSLY, 14X, 15, / 250C3

2 s2¢ LIST OF LOAD COEFFIGCIENTS CGRRESPONDING T0220C3

3 23¢ NUMBER CF LANES LCADED /, 26X, 2H 1, 10X, 2H 2, 10X220C3

4 e 2F 3, 1CX, 2H 4, 10X, 2H S, / 220C3

5 v 2CXy 5(2X%y E10.3) ) 23MR4
30C FCRMAT (/7 35h TABLE 3 -- LISTS CF STATIONS 7 ) 12N03
365 FCRMAT ( 15X, 1315 ) 03AG4
3C8 FORMAT (  SOH NUM CF NUM. OF NUM CF NUM  230C3

1D

97



98

1 15+MPCH

e 50F

3 16+ PTS

4 15K
310 FCRMAT ( / S52#

1 33HS
312 FCRPAT ( / 20k
314 FCRFAT | 20k
315 FORMAT ( 15X, 101¢%
316 FCRMAT | 20F

1
318 FORMAT ( 15X, 10FE.
320 FORMAT { 20#
322 FCRPAT | 20w

1
324 FCRPAT ( 22+

1
400 FCRMAT (/7 72k

1EC ANC MOVABLE LOAC
401 FGRMAT ( 15X, 315,
402 FGRMAT ( 10X, 315,
4C4 FCRVAT ( 10X, 15, S5
406 FORMAT ( 15X, 215,
410 FCRMAT {( 85+

1CN CATA = = = - -
420 FQRMAT ( 85H

1K, STRINGER,
430 FCRMAT | 85+

1ACS CAP LCACS

2 { K=FTeFT )

440 FORMAT ( 10X, 315,
500 FORPAT (// @5H

1#~-CRITICAL NUFMBER
510 FGRMAT ( 7/ 25w

52C FGRMAT ( /7 2CF
525 FCRMAT ( /7 24F
€30 FCRPAT { 50k

1 35KHC AT

2 SOk

3 36HE STA
540 FGRMAT ( 7 113, 2X,
550 FCRMAT ( 25X, 2(17,
554 FCRPAT ( 25X, 17, E
556 FORMAT ( 25Xx, 2017,
560 FCRFMAT ( 31X, I1, 1
660 FGRMAT { 454

1 52¢

2 35¢CHM

3 52h

4 35H)
610 FCRMAT { 10X, I3, 2
T00 FCRFATY (/7 45K

1 52¢

2 SHACT

3 SO0k
710 FGR¥#AT ( 10X, 13,

AUV SHEAR v/ 230C3
LANES STRINGERS SUPFORTS CONTR 29AP4

CCATR PTS o/ O6MY4
TCTAL, 5(15, 5x) ) 28JA4

1 2 3 4 13JL4

é 7 8 9 10 ) 13JL4
LANE LEFT 3X, 1016, /. 23X, 516 ) 13JL4

LANE RIGHT 3X, 1016y /¢ 23X, 516 ) 13JL4

) 03AG4
STRINGERS SXe 10F6.1y /4y 25X, 10F6.1el4JdL4

/y 25X, 10F6.1 ) 14JL4

0 ) 03AG4
SUPPORTS 3Xy 1016, /4 &3Xy 516 ) 13JL4

FCF CONTR 3Xy 1016, /o @3X, 1016, /4 13JL4

23X, 1016 ) 13JL4

SKFEAR CONTR 1Xy 1016, /4 23X, 10165 /7o 1404

23X, 1016 ) 13J4L4

TABLE & -- CAP STIFFNESS, AND DAT2 #OR BCTH FIXOSSE3
S /) 12N03
4E10.3 ) 03AG4
4(5x, E10.3) ) 23MR4
Xy 1%, 4(5%X, E10.3) ) 23MR4
4(5Xy E10.3) ) 23MR4
FIXED-OR-MOVABLE = = - = = FLXED-PBSIT1I290C3
FCVABLE- ) O07NO3

STA STA CCNTD CAP BENLCING SIDEWAL20SE3
PCSITION ) 05SE3
FRCM TC 1F=] STIFFNESS SLAB LG20SE3

SLAB LOADS / B83H 02JL4

{ X ) { K ) { X ) /7 102JL4

4(5X, E10.3) /) 23MR4
TABLE 5 == PULTI-LANE LOADING SUMFARY { 18NO3
OF LANE LOACS) ) 120C3
FCMENT ( FT-X ) ) 02JL4
SKEAR ( K ) ) 02.JL4
REACTION ( K ) ) 04AG4H

AT DEAD LC LANE PCESITIVE LOA 1BNO4

LANE NEGATIVE LCAD AT 7/ 18N04
STA EFFECT ORDER MAXINMUM LAN 17JA4
CRCER MAXIMUM LANE STA ) 17JA4
E1C.3 ) 23MR4&
E12.2, 215) ) 23MR4
13.3, 10X, 17y E13.3, 215 ) 23MR4
E12.3, 10X) ) 23MR4
He, 28X, Ily 1He ) 18NO3
TABLE 6 -- ENVELOPES OF MAXIMUM VALUES 1/ 19NG3
STA DIST X MAX ¢ MCPp MAX - M11SE3

MAX + SHEAR PAX = SHEAR / 02JL4

{ FT ) { FT-K ) § FT=-K 02.L4

{ K ) { K ) /) 02.L4

Xs 5(E10.3, 5Xx) ) 23MR4
TABLE 7 =- PAXIMUM SUPPCORT REACTICNS 1/ 03AG4
STa DIST X MAX + REACT MAX = REL1QAGH

/ 10AG4
FT K K/)10AG4

2%y 2(E10.3, E£X) ) ~N 03AG4

A3.2
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830 FCRFAT (///38H TABLE 8 -- SCALES FOR PLOT OUTPUT 7/ ) 03AG4
831 FGRVMAT ( 10X, A8, F5.0, 10k INCHES = , F10.0, A5 ) 03AG4
832 FCORMAT ( 40K NO PLOTS SPECIFIED FOR PROBLEM,. 1X, AS ) 03AG4
903 FCRFAT ( 25H NONE ) 28JA4%
905 FORWAT (5X.41K USING DATA FRCM THE PREVIOUS PROBLEN ) 28JA4
906 FCRMAT (5X,46k USINC CATA FRCM THE PREVIOUS PROBLBM PLUS / 03FE4
907 FCRFATL/S5X,45kH TABLE 5 OUTPUT OMITTED FROM THIS PRGBLEM // ) 17N064
908 FCRPAT (/7 40h ERRCR STOP == STATIONS NOT IN ORDER ) 10JE6
909 FCRMAT ( //4&H ERRCR == NON-ZERO TABLE 4 DATA BEYOND BND ) 21016
910 FCRMAT (///50H LANE TGC NARRCW FCR WIDTH OF MOVASLE LOAD 130E3
912 FCRNAT (///18H LANE NUMBERS , 15, 3HAND, 15, 8H CNERLAR 03FE4
920 FCRMAT ( //52H ERRCR IN PLCT ROUTINE, EXPONENT GRBATER THAN E 29AP4

1 10K+ OR ~-10C ) 18N04
930 FCRNMAT (/7/52h SHEAR DESIGN CONTRCL POINT DESIGNATED POC CLOSELLIMY4
1 / S0k TC A CCNCENTRATED LCAD J03AG4
940 FCRMAT (///50H === FCVABLE LCAD INCREMENT ASSUMED » 1 === Y18N0D4
950 FQRMAT (/7 10H PRCE A5, 30H HAS RETAINED DATA FROM PRCB A5,10AG4
1 29F IN WEICF AN ERROR OCCURRED. 10AG4
2 / 10H PROE A5, 20H HAS BEEN REJECTED. ) 10AG4
980 FGRFAT (///50M UNCESIGNATED ERROR STOP 113AG4
c -
1000 CALL TIME 13AG4
C====<PRCGRAM ANC PRCBLEM ICEANTIFICATICN 04MY3 ID
KFLAG = C 03AG4
KSTCP = ¢ 29AP4
1010 REAL 12, NPRCB, { AN1(N)y N = 1, 13 ) 04AG4
1TEST = SH 16JE4
IF ( NPRCE - ITEST ) 1C20, 9595, 1020 03AG4
1020 PRINT 11 26AG3
PRINT 1 04AG4
REAC 14, { AN1(N), N = 14, 2¢ ) 06AG4
PRINT 15, NPRCB,y, ( AN1(N), N = 1, 26 ) 06AG4
C-====INFUT TABLE 1 = CCNTRCL LCATA 14JA4
1100 REAC 105, KEEPE, KEEPZ, KEEP3, KEEP4, NCD2, NCD3, NCD4, KLEAR, 06MY4
1 KPLCT, KSKIPS, THETA 17NG4
1110 PRAINT 100, KEEPE, KEEPZ, KEEP3, KEEP4, NCD2, NCD3, NCD4&,s KLEAR 03AG4
PRINT 101, KPLCT, KSKIPE, THETA 17NO4
THETAR = ABSF(THETA) / 57.2$578 03JE4
SKEW = 1.0 7/ CCSF{ THETAR ) 22MY4
C--==~INPUT TABLE 2 = CCNSTANTS 14JA4
PRINT 200 01NO3
IF ( KEEP2 ) $58C, 12€C, 12SC 29AP4
1200 REAE 20S, MN, HI, ML, JESTART, JSTOP, FLINC 08JLS
1205 REAL 206, NLCADS, ( FACTOR(I), I=1, NLOADS ) 010C318M
NZ = 3 03AG4
NZT2 = NZ + N2 29AG3
PRINT 220, MN, HI, ML, JSTART, JSTCP 22MY4
PRINT 225, MLINC 08JLS
IF ( MLINC ) $98C, 128C, 1285 04AG4
1280 PRINY 940 v 04AG4
MLINC = 1 04AGS
1285 PRINT 230, NLCACSy ( FACTOR(I), I = 1, NLOADS } 14JL41BM
JSTART = JSTART ¢ 4 090C3
JSTCP = JSTCP ¢ 4 050C3
GC TO 1261 06DE3
1290 PRINT §0S ol10c3



100

1291 H = HI & SKEW
HT2 = H + H
HEZ = H » H
HE3 = H & HE
MNP4 = MN +
MNPS5 = MN +
MNP& = MN +
MNPT = MN +
MLP4 = ML +
Cwwesw-CLEAR ENVELOPES OF PREVICLS VALUES
IF { KEEPE )} SS80, 1292, 126¢
1262 CC 1295 K = 1, N2
€C 1295 J = 1, MNP
IMAXIN,J) = 0.C
IMININ,J) = C.C
1295 COCNTINUE
1296 LC 1298 K = 1, NIT2
£C 1298 ¥ = 1, 3¢
ComemwlF A& CHANGE 1S EVER PMACE IN THE DIMENSIONED VALUES OR DESIGN
C POINTS, THIS LCC LCCP MUSY BE CHANGED APPROPRIATELY
ZL{K,¥) = 0.0
JLILIK M) = =]
I1ZM(X,¥) = C
CO 1298 I = 1, ¢
Z"K”'I) = 0,
JLINM{K,M,1} = -]
1288 CCNTINUE
12§89 CCNTINUE
C
ComaswaTRPUT TABLE 3 = STATICN NUMBER LISTS
PRINT 300
CrwweweSKIP TO 139C IF TABLE 3 1S RETAINED FROM PREVIOCUS PRCB
IF ( KEEP3 ) S980, 1200, 135¢C
1300 REAC 305, NLANES, NSTRS, NSUPS, MZI{1l), M2{2)}
PRINT 308, NLANES, NSTRE, NSUPS, MZ()1}, M2(2)
M2(3) = NSUPS

SrNOVEN

MZ3 = M2(3)
PRINT 310
REAC 215, ( JLEFT(L) , L = 1, 10 )
REAL 315, ( JRIGKT(L)y, L = 1,4 10 )
REAC 318, ( FSTR(N} o, N = 1, 30 )
REAC 315, { JSUP(NS) 4 NS = 1, 20 )
REAL 315, ( JI(l,Fr} , ¥ = 1, 30 )
REALC 315, ( JI(2,M) , M = 1, 20 )
PRINT 312, { JLEFTIL) 4y L = 1, NLANES )
PRINT 314, ( JRIGHTI(L)y L = 1y NLANES |}
PRINT 316, { FSTR{N} , N = 1, NSTRS )
PRINT 320, ( JSUPINS) 4 NS = 1, NSUPS )

MZ1 = MZ{(1)
PRINT 322, ( JZ{14M), F = 1, M21 }

MZ2 = M2(2)

PRINT 324, ( JI(2,M)y ¥ = }, MI2 }
C-—uewCCANVERY ALL EXTERNAL STATICNS YO INTERNAL STATIONS
£C 1310 L = 1, NLANES
JRIGHTIL) = JRIGHT{L) + 4
JLEFT(L) = JLEFT(L) + 4

22M¥4
22MY4
30MY3
30MY3
095SE3
09SE3
25JL6
09SE3
29463
O0SMR4
22MY4
o06MY4
28JA4
080C3
080C3
060DE3
22KY4
28JAJDINM
13N03
13DE3
020C3
300C3
020C3
QTFE4ADIN
020C3
300C3
130E3
¢10C3

14JA4
29003
13JA4
15JL4
04SE3
12N03
03AG4
04464
01003
O3AG4DIM
03AG4DINM
05JE4
03AGADIM
30JA4DIM
30JA4DIN
30JA41EM
30JA418M
05JE4
03FE4
04SE3
2950C318M
04SE3
¥SaC3iem
13JA4
24SE318BM
24SE3
245€3



1310 CCNTINUE
CC 1315 N = 1, NSTRS
FSTRIN) = FSTIR(N) + &
1315 CCNTINUE
£C 1321 NS = 1, NSLPS
JSUP(NS) = JSUFPINS) + 4
JI{34NS) = JSUPINS)
1321 CONTINUE
£EC 1325 » = 1, #21
JIL1sF) = JI(1,PM) + 4
1325 CCNTINUE
CC 1329 ¥ = 1, M2
JIZL2:¥) = JIZ{Z,V) ¢+ 4

132% CONTINUE
{wmwam=CRECK OF PROXIMITY OF SHEAR STA TO CCGNCENTRATED LOAD FOBELOWS
NT = 1
NST = 1
MF = 1
133¢ CC 1345 M = pp, ¥22

Comew-PRCXIFITY TO STRINGERS
LO 1243 N = AT, NSTRS
JSTR = FSTR({N)}
FSTR1 = JSTR
IF { FSTRIN) - FSTR1 ) 1331, 1332, 1331

1231 NSTA = 2
GC TO 1333
1332 NSTA = |
1323 IF { J2(24F) = ( JSTR = 1 ) ) 1334, 1335, 1342
1334 NT = N
GC TO 1344

1335 PRINT 930
Cmwew-CPFIT CNE SHEAR DESIGN CCATROL PCINT IF TOC NEAR A COMC LOAD
IF ( M22 - M ) 696(C, 1338, 1336
1336 MP1 = F + ]
CC 1337 P#Y = NP1, V12
JZE2,PT-1) = J2(2,MT7)

1237 CONTINUE
Commw~RECUCE NUMBER CF SHEBR CESIGN CCNTROL POINTS
1238 MI(2) = P22 - 1]
MI2 = M2(2)
MM = ¥
GC 10 132¢
1342 IF & J202,F) = { JSTR + NSTA } )} 1335, 1335, 1342
1342 CONTINUE
Cwwen—-PRCXIMITY TC SUPPCARTS
1344 CC 1348 KNS = NSY, NSUPS

IF € JI(2,¥) = ( JSUP(ANS) ~ 1 ) ) 1345, 1335, 1346
1345 NST = NS

GC TO 1348
1346 1IF L J2(24#) = | JSUPINS) + 1 ) ) 1335, 1335, 1348
1348 CCNTINUE .
1349 CCNTINUE
Cmmw==LANE ROUTINE FCLLCRWS
PRIMT 11
6C T0 1351

1350 PRIAT 905
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245E3
28JA4IBM
05JE4
24SE2
28JA4
245E3
03AG4
25SE3
2BJA4]BM
25SE3
24SE3
03AG41BM
24SE3
03AG4
11MY4
11MY4
11MY4
10AG4
10AG4
04AGA
14AG4
05JE4
10JL4
10JL4
10JL4
10JL4
10JL4
03AG4
10JL4
03AG4
11MY4
04AGA
04AG4
03AG4
04AG4
G3AG4
03AG4
04AG4
04AG4
04AGA
18N04
03AG4
03464
03AG4
04AGS
03AG4
03AG4
03AG4
11MY4
06JL4
11MY4
11MY4
17DE3
08MY3 1D
15JL4
15JL4
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1351 €C 1355 J = 3, PNPS
LANE(J) = O
1355 CONTINUE

(e==w-CMIT LANE RCUTINE IF ZERC LANES ARE SPECIFIED

IF { NLANES ) S98C, 1369, 1356
(~=e==«TEST FCR LANE BOUNCARIES
135¢ EC 1358 L = 2+ NLAMES
LTEST = JLEFT(L) = JRIGHT{L~1}
IF { LTEST ) 13%7, 1258, 135¢

1387 LLL = L -]
PRIANT 912, LLL, L
GC TC 999¢C
13%8 CCNTINUE
Ce=e==TEST FOR LOAC wIDER THAM WIDTH OF LANE
1359 CC 1380 L = 1, NLANES

LYEST = JRIGHII(L) - JLEFT(L) ~ ML
IF | LTEST )} 136C, 13&5, 1365
1360 PRINT 910
€C 70 999¢C
13¢5 JENC = JRIGKHTIL) - ML
JBEGIN = JLEFT(L)
CO 137G JL = JBEGIN , JENI!
LANE(JL) = L

1370 CCNTINUE
1380 CONTINUE
136§ CCNTINUE

C

CowmweThPUT TABLE 4 = LCADS AMNC STIFFNESSES
14C0 PRINT 400
‘ IF (KEEP4) 99EBC0, 14C1l, 1402

1401 MHOLCL = 1}
1402 CC 1403 J = #HOLD1, PNPT
F(J) = C.0

QSLAR(J) = (.0
QCAPC(J) = C.C
QCAPCtY) = C.C
QL(Jd) = C.C
1403 CCNTINUE
IF (KEEP4) 9SEC, l4Cé, 1405
1405 PRINT 906
14CE IF ¢ NCC4 )} 9580, 1407, 1408
1407 PRINY 903
EC 1O 1481
14C8 KRZ = (
PRIAT 410
PRINT 420
PRINT 430
CC 1480 K = 1, NCC4
KRl = KRZ2
REBAC 401, INl, IN2, KR2, FN2, CS2, QCZ, QL2
JN = IN]l + 4
J2 = IK2 + 4
KSH = 1 ¢+ KR2 4+ 2 » KR1
GC TO ( 14C9, 141C, 1415, 1415 )}, KSHW
14C9 PRINY 402, INl, IMN2, XKRZ, FK2, CS2, QC2, QL2
GC 70 142¢C

A3.6

15JL4
29462
04SE3
13JA4
29AP4
13JA4
09JA418BM
165E3
03DE3
13DE3
01ND3
29404
09SE3
13JA4
13DE318BM
09SE2
03DE3
300C3
29AP4
04SE2
29AG3
04SE3
29AG3
04SE3
O4ASE3
29AG63

14JA4
G4JE3
17JLE
10JE6
17JL6
30MY3
30AG3
22MY4
22MY4
30AG3
17316
17406
17JLE
17JL6
17JL6
21JL6
17J4L6
05SE3
055E3
05SE3
28JA4
28KY3
20SE3
28MY3
28uY2
28MY3
174L6
17JL6
O4JE3



A3.7

1410 PRINT 404, IN1l, XR2, FN2, €S2, CC2, QL2
GC TO 1420
1415 PRINT 406, IN2, KR2, FMZ, (S2, QC2, CL2
GC TO 1435
142¢ J1 = JN
1425 FN1 = FNZ
QS1 = QSz
QC1 = QC2
QLl = QL2
GC TO (143%, 148C, SS8C, 148C), KSW
1435 JINCR = 1
ESM = 1.0
IF (J2 - J1) 1437, 145C, 144C
1437 PRINT 908

GC TO 99sC
1440 DENCK = J2 - J1
ISW =1
GC TO 1455
1450 F(J1) = F(J1) + FAL

QSLAB(J1) = QSLAB(J1) + QS1
QCAPC(J1) = CCAPCLJ1) + QC1
QL(J1) = QL (J1) + QL1
GC TO 147C
1455 CC 1460 J = J14 J2y, JINCR
DIFF = J - J1l
PART = DIFF / CENCM

F(J) = F(J) +# ( FN1 + PART # ( FN2 - FN1 ) ) & ESM
QSLAB(J) = QSLAB(J) + | QS1 + PART & ( QS2 = CS1 ) )eESHM
QCAPC(J) = QCAPC(J) + ( QC1 + PART # ( QC2 - C€C1l ) )eBSNM
QL (J) = CL(J) + ( QL1 + PART o ( QL2 - LL1 ) )#ESN
14¢€0 CCNTINUE
IF ( ISW ) $9E0, 1470, 1465
1465 JINCR = J2 - J1l
ESM = - (.5
ISWw = ©
GC TO 1455
1470 GC TO (148C, $98C, 148C, 1475), KM
1475 J1 = J2
GC TO 1425
1480 CCNTINUE
C--=--TEST FCR DATA ERRCNECUSLY STOREC BEYCAD END STA
1481 IF { FIMNPS) + F(MNPE) + QSLAB(MNPS) + QCAPC(MNPE)
1 + QCAPC(MAPS) « CL(MNPS) ) 1485, 1499, 1485
1485 PRINT 909
GC TO 9990
1499 CCNTINUE
c
C--==~CLEAR MOVABLE-LCAC VALLES FROM TEMPORARY LIVE LOAD STORAGE
2000 CC 2010 J = 4, VNP4
QLIVE(J) = Q.C
2G1C CCNTINUE
c

C---=--CCMPUTE EFFECTS OF CEAC LCAC ONLY
CALL BEAM ( NSTRS, MN, PNP4, MNPS, H, HE2, HE3, HT2, NI, SKEW,
1 KFLAG )

24SE3
04JE3
09SE3
04JE3
04JE3
04JE3
09SE3
30AG3
30AG3
10JE6
07JE3
07JE3
10JE6
10JE6
10JE6
07JE3
07JE3
07JE3
22MY4
22MY4
22MY4
22MY4
22MY4
04JE3
28MY3
28MY3
2BMY3
30AG3
22MY4
17SE3
04JE3
28AG4
07JE3
07JE3
28MY3
04JE3
10JE6
04 J€3
04JE3
04JE3
21JL6
21JLé
21JL6
21JL6
21JL6
04JE3

13JA4
09SE3
29AG3
29AG3

160C3
03AG4
03AG4

103
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Co====SKIP TCO CARD EJECT RCUTIME IF KFLAG = 1 FRCF SUBROUTINE BEA¥
IF [ KFLAG )} $5%C, <1CC, 998C
2100 EC 2190 N = 1, NI
BIN = FZ(N)
CC 2180 ¥ = 1, FIN
J = JZINyF)
IDINGP) = ZiNyd)
IF ( ABSF(IC(NyM})~ C,C01 ) 2170, 2170, 2180

2110 IDiN,#) = 0.C

218¢ CCNTINUE

2150 CCNTINUE

Co==—~CCFPUTE EFFECTS OF DEAC LCAC PLUS SINGLE LCAD MOVED ACROSS SLAB
IF { JSTCP ~ JSTART ) 2999, 2200, 2200

2200 LC 295C JL = JSTART, JSTOP, MLINC

CC 2210 JLINC = 1, MLINC
QLIVE(JL = JLINC) = 0.0
221¢C CCNTINUE
C-~-==SET LIVE LCAC EQUAL TC SINGLE MCVABLE LCAD
EC 2220 LL = 4, MLP4
J o= JL + LL - 4
QLIVECJ) = CL(LL)
2220 COCNTINUE
c
C-~e==CCMPUTE EFFECT OF RANCCM-PLSITICN CNE-TRUCK LOADING
CALL BEAM ( NSTRS, PFN, FAPAL, MNPS, H, HE2, HE3, HT2, N1, SKEW,
1 KFLAG )
C
Cow=ee-SKIP TO CARC EJECT RCLYINE IF KFLAG = 1 FRCM SUBRCUTINE BEAM
IF ( KFLAG ) S99C, 2%53C, 99sSC
Co=e=-ARRANGE CONTROL TABLE FCR FULTI-LANE LOADINGS
C~===-SICN TAKES CARE OF + ANL -~ DESIGM VARIABLES
2530 SIGN = ~-1,0
CC 2900 K = 1, NIT2
N=(K+ 1172
SIGN = ~-1,0 ¢ SIGM
MIN = MZ(N)
CC 280C ¥ = 1, MIN
J = JZ{N,¥N)
ZLIVE = 2{N,J} - 2D(R,M)
IF ( ABSF{ZLIVE)} - C.0C1 ) 2800, 2800, 261¢C

2610 TEST = SIGN ® [ ILIVE = ZL(K,M) )
IF ( TEST ) 2650, 2650, 2620
2620 ZL{KyM) = ZLIVE
JLIL(K M) = JL
2650 IF ( LANE(JL) ¥ SSEC, 2800, 2655
2655 IF ( NLCACS ) 9960, 28C0, 2660
2660 CC 2670 I = 1, NLCALS

JI = JL2ZF(KyMNs1)
LYEST = LANE(JL) -~ LANE(JI]
IF { LTEST ) 2670, 2t80, 267C
2670 CCNTINUE
JLZF(K ¥ NLCACS+]1) = JL
IR1 = 1
€C TO 270C
2680 ZTEST = SIGN & ( ZLIVE ~ IM{K,M,1} )

A3.8

Q4AGH
03AG4
03AG4
160C3
160C318EM
160C3
160C3
08JL4
08JL4
160C3
160C2
160C3
Q1IND3
08JL4
13JL4
13JL4
13JL4
13JA4
29JA4
29AG3
29AG3
160C3

14JAG
03AG4
03AG4

04AG4
03AG4H
14Ja4
29AP4
20SE3
20SE3
30JA4
30AG3
070C3
28JALIBM
30AG3
160C3
O&aMY4
Q6MY4
030€E3
160C3
30AG3
28AG4
29AP4
28JA4 I BM
110C3
110C3
03DE3
110C3
160C3
100C3
110C3
110C3
160C3



A3.9

2690

2700

21720

2755
280¢C
2600
2950
2959

3100

IF ( ZTEST ) 2800, ZECC, 26SC
IM{KyMy1) = ZLIVE
JLINM{K M, 1) = JL
IRl = NLCACS ¢+ 2 - 1

CC 2799 IR = IR}, ANLCACS
I = NLCACS - IR ¢+ 1
TEST = SIGN # ( ZM{K,M,1¢1) = ZIM(K,M, 1) )

IfF ( TEST ) 2¢eC0, 28C0, 2720
ITEFP = ZN(K,M,1)

ZH‘K'PQI) = ZF‘K’FQI’I)
IM{KyM,141) = ZTEMP

JLTEMP = JLZM(K,4V,1I)

JLIMIK MeI) = JLZM(KoM,I¢1)
JLIMIK M, f41) = JLTEMP

CCNTINUE

CCNTINUE

CCNTINUE

CCNTINUE

CCNTINUE

ESTABLISH CRITICAL PATTERN CF MULTI-LANE LCADING

SIGN = -1.0

CC 3999 K = 1, NIT2
N=(K+1) 72
SIGN = -1.0 # SIGN
MZIN = MZ(N)

CC 3900 ¥ = 14 FIAN
SUM = 0.C

C--=~=-1F KLEAR = ], EXCLUDE CANE~TRUCK INFLUENCE

3150

3160
32€0

4100
42GC
4300

IF { KLEAR ) s§8C, 215C, 316C
11 = IL(K¢M)

GC T0 3200
Il = C.0

CC 23800 I = 1, NLCACS
SUM = SUM + ZN(KyF,1)
22 = FACTCR(I) = SupM
TEST = SIGN « (22 - Z1)

IF ( TEST ) 3€00, 2&CC, 3210
IZR(Ky#) = 1
1 = 712

CCNTINUE

CCNTINUE

CONTINUE

ARFLY MULTI-LANE LCACINGS

IF { KLEAR ) 658C, 420C, «C}lC
CC 4200 J = 2, KNPE
LC 4100 N = 1, NZ
IMAX(N,J) = 0.C
IMIN(N,J) = 0.C

CCNTINUE

CCNTINUE

CC 4999 K = 1, NIT:Z
N=(K+1) 72
MIN = MZ(N)

£C 4900 ¥ = 1, MIM
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03DE3
160C3
110C3
110C3
28JA418BM
30AG3
30AG3
29JA4
30AG3
30AG3
30AG3
30AG3
30AG3
30AG3
30AG3
30AG3
30AG3
13DE3
30AG3

14JA4
30AG3

28JA4

30JA4
30AG3
30AG3
28JA4I8BM
30AG3
14JA4
29AP4
160C3
160C3
160C3
28JA4IBM
30AG3
30AG3
30AG3
090C3
30AG3
160C3
30AG3
30AG3
30AG3

14JA4
29AP4
09SE3
09SE3
30AG3
30AG3
30AG3
30AG3
30463
30AG3
210C3
210C31BM
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CC 4400 J = 3, MAPE
QLIVE(J) = C.C
44C0 CONTINUE
IM = 1ZF{K,V)
CC 4800 I = 1, IV
JL = JLZVPIKsM, 1)
CC 4700 LL = 4, MLF4
J o= JL o+ LL - 4
QLIVELJ) = CLIVELJ) 4 QLILL) e FACTOR(IM)
4700 CCNTINUE
48C0 CONTINUE
C
(omaewrCOVPUTE EFFECTS DF CRITICAL MULTI~LANE LOADING PATTERNYS
CALL BEAM { NSTRS, MN, MNP4&, MNPS, H, HEZ, HE3, HT2, NI, SKEW,
1 KFLAG }
C
(rmew-eSKIP TO CARLC EJECT RCLTINE IF KFLAG = 1 FRCM SUBROUTINE BEAM
IF { KFLAG ) 969C, 4%CC, 9%5C

4900 CCNTINUE
4889 CCNTINUE
c

PRINT 11

PRINT 16, NPRCE, ( ANLI(N)}, N = 1, 26 }
Comme=CLTPLY TABLE 5 — FMULTI~LANE LOADING COCNTROL
PRINTY 500
IF{ KSKIPS + 1 ) 5565, 5505, 5508
5505 PRIANT 907
GC 1D 58%5
55C8 NCNE = Q
CC 5530 N = 1,y NI
GC 70 ( 5510, 5520, %525 )y N
5510 PRINT 510
GC YO 5530
5520 PRINT 520
GC 10 553¢C
5525 PRINT 525
5530 PRINT 530
Kl = 2 « N - 1}
K2 = 2 = N
MIN = FZ({N)
LC 5580 ¥ = 1, F2ZA
JINM = JZIN,F) ~ 4
PRINT 540, JINVM, IC(N,¥)
J1 = JLZLIK1,¥)
J2 = JL2LI(KZ,V}
LANE1l = LANE(J1)
LANEZ = LANE(JZ)

5540 IF { J1 ) 5541, 2242, 5542
5541 IF [ J2 ) 55485, 5542, $543
5542 IF { J2 ) 554€, 5544, 2544
5543 J2 = J2 - 4
PRINT 554, NCNE, ZL{K1l,VM}y NCNE, IZLEK2,M}, LANEZ, J2
¢C 10 555¢C
5544 Jl = 41 - 4
J2 = J2 -~ 4

PRIAT 550, NOCNE, 2L(K1,M), LANEl, J1l, NCNE, ZL{K2,M}, LANE2, J2

A3, 10

02JA4
30463
30AG3
30AG3
30AG3
30463
30A6G3
30AG3
210C3
30AG3
30AG2

13444
03AG4
03AG4

04AG4
03AG4
30463
30AG3

08MY3 ID
06AGA
18N0O3
21JL6
1TNO64
1TNO64
1TNO64
1TNO64
28JA4
03AG4
18N03
130C3
18N03
03AG4
03AG4
18N03
13003
130C3
130C3
130C31BM
130C3
18N03
130C3
13003
130C3
130C3
280(3
28003
280C3
300C3
18NO3
280C3
01ND3
300C3
18ND3
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GC TO 555¢ 280C3

5545 PRINT 556, NCNE, 2L(X1l,M}, NONE, Z2L{(KZ,M) 18N03

GC TO 5550 280C3

5546 J1 = J1 - 4 300C3

PRINT S50, NONE, ZL(KlsM), LANEl, Jl, NCNE, ZL(K2,M) 18N03

5550 IF { NLCACS ) 9980, 2575, 5555 13MY4
5555 CC 5570 1 = 1, NLCACS 13DE3]IEM

J1 = JLIVM(K]1,F,1) 130C3

J2 = JLIP(K2,VM,1) 130C3

LANE]l = LANE(J]) 130C3

LANE2 = LANE(J2) 130C3

5560 IF ( J1 ) S561, S5¢2, 25¢2 290C3

5561 IF ( J2 ) 5565, 55¢2, 5563 290C3

5562 IF ( J2 ) 556¢, E5¢4, 5564 290C3

5563 J2 = J2 - 4 03FE3

PRINT 554, 1, 2ZM(KLl,¥M,1)y I, 2ZM(K2,M,]1), LANEZ2, J2 18N03

GC T0O 557¢C 290C3

5564 J1 = J1l - 4 28JA4

J2 = J2 - 4 28JA4

PRINT 550, 1, ZM(Kl,Fe1), LANELl, Jly 1y ZM(K2,M,1), LAME2, J2 18N03

CC TO 557°¢C 290C3

5565 PRINT 5569 1, ZM(K1,F,1), 1, ZFI(K2,M,1) OSFE4

GC TO 5570 300C3

5566 J1 = J1 - 4 28JA4

PRINT S50, I, ZIM(Kl,PM,1), LANEl, Jly Iy ZM(K2,M,]1) 18N0O3

5570 CCNTINUE 130C3

5515 CCNTINUE 13DE3

PRINT 560, 1ZF(K14M), IZN{K2,M) 18N0O3

5580 CCNTINUE 130C3

5590 CCNTINUE 130C3

C-===~CUTPLT TABLE €& - ENVELCPES CF MAXIMUM VALUES 13JA4

5595 CCNTINUE 30N04

PRIAT 11 30NQ4

PRINT 600 06SE3

5600 CC 5691 J = 2, MNPE 03AG4

1STA = J - 4 28JA4

XJ = [STA 17SE3

X = XJ & H 06SE3

PRINT 610, ISTA, X, 2MAXIleJ)y ZFIN(L1,J)y ZMAX(2,J)y ZPFIN{2,J) 18N03

5691 CCNTINUE 03AG4

Cm===-CLTPLT TABLE 17 -- MAXIMLF SUPPCRT REACTIONS 03AG4

PRINT 11 04AG4

PRINT 700 03AG4

CC 5692 N = 1, NSLPS 034064

ISTA = JSULP(N) - 4 03AG4

J = JSUP(N) 03AG4

XJ = [STa 03AG4

X = XJ &k 03AG4

PRINT 710, ISTA, X, ZMAX(3,J), ZFMIN(3,J) 03AG4

5662 CCNTINUE 03AG4

56$S CONTINUE 03AG4
C -

Ce====PLCT ROUTINE FCLLCWS 13JA4

CALL TIME 17AP4

NAME(1) = BFDISTANCE 30JE4

NAME(2) = EHFCFMENT 14MY4
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57C0
5710

5711

5712
5715

5721
5725

5721
5735

573¢
5740

5745

NAME(2) = BFSHEAR

IUNIT(1) = 5K FT

IUNIT(2) = SK FT-K

IUNIT(3) = S5H K
PRINT 830

IF ( KPLCT ) $98C, 559C, 571C
C--===SNIP 10 5990 IF NC PLOTS

KSTCP = 1}
HMN = MN
DIST = H » kMM
IF ( DIST - 5C. ) %711, 5711,
HENC = 5C.
GC TO 5740

IfF { DIST - 1C0. ) 5715, 5715,

HENC = 1C0.
GC TO 574C

IF { DIST - 2C0. ) £72¢%, 5725,

HENC = 2C0.
GC T0 574C

ARE DESIRED

5712

5721

5721

IF ( DIST - 5C0. ) 5735, 5735, 5126

HENC = 5C0.
GC TO 574C
HENC = 1CQ0.
HPOS = 1C.
CC 5745 J = 4, FNP4
Xd = J =~ 4
HPLCT(J-3) = XJ & H
CCNTINUE

PRINT 831, NAME(1), KPCS, HEND, IUNIT(1)

CC 5870 N = 1, 2
VMAX = 0.0

C=====-FINC LARGEST VALUE OF CESIGN VARIABLE

5750

C-==~-DETERMINE EXPCNENT FCR LCESIGN VARIABLE EQUAL OR LESS THAN UNITY

57152

57¢3

5755

5760
5762

57€5
5766
$1170

57115

CC 5750 J = 4, FNP4
2TMP = ABSF( 2FIN(N,J) )
VMAX = MAXLIF( 2MAX(N,J),
CCNTINUE

KEXP = 0
IF ( vMAX ) 9680, S780, 5752

CC 5755 NE =1, 1€C

IF { 1.0 - VMEX ) 5753, 5780,
VMAX = VFAX / 1C.
KEXP = KEXP + 1

CONTINUE

PRINT 920

GC TO s9s8¢

IF ( 0.1 - VMaX ) 57¢S, 5770,
VMAX = VFAX ® ]1C.C
KEXP = KEXP - 1

GC TO 57158

IF ( 0.2 - VMEX ) 57€€s 57185,

IF ( 0.4 - VMAX ) &7€C, 5778,
VENC = 0.l

GC TO 579¢C
VENC = 0.2

GC TO S5719¢C

TP,

576C

5762

5711
571¢

VMAX )

A3.12

14MY4
02JL4
02JL4
02JL4
03AG4
04MY4
17JA4
20AP4
30JE4
30JE4
30JE4
30JE4
25MY4
30JE4
30JE4
16JA4
06JL4
06JLS
20MR4
30JE4
30JE4
30JE4
30JE4
30JE4
01JL4
02JL4
02JL4
30JE4
04AG4
03AG4
16AP4
17JA4
20AP4
28JA4
16AP4
16JA4
29AP4
16AP4
29AP4
23MR4
16AP4
16AP4
16AP4
16JA4
18ND4
29AP4
16AP4ARB
16AP4
16AP4
23MR4
16AP4ARD
16AP4ARS
16AP4
23MR4
16AP4
16JA4



A3.13

5718 VENC = 0.4

GC TO 579¢C

5780 VEND = 1.C
C~-~==SET VALUE CF CESIGN VARIABLE AT END OF VERTICAL AXIS

5750 VENC = VEND & 1CeeKEXP
C--==-SET CESIGN VARIABLE AXIS LENGTH { IN INCHES )

VPOS = 2.0

C-=~==TRANKSFER POSITIVE DESIGN VARIABLE TO PLOT NCTATION
DC 5795 J = 4, MNP4
VPLCT(J=-3) = ZFAXIN,J)

5765 CCNTINUE
HNEG = 0.0
SPACE = C.5

VENC = VEND ¢ 1.5

VPOS = VPCS # 1.5

VNEG = VPCS

HTCKS = KENC

VTCKS = VENC

KAXES = 24
C---~-TRANSFER AXES INFCRMATICN -- DC NOT DRAW AXES
c

CALL AXES ( HEND, ¥PCS, KNEG, SPACE, VEND, VPOS, VNEC, HTCKS,

1 VICKS, KAXES )

IPRCE(]1) = &K PRCB

IPRCB(2) = NPRCE

NSYME = 1€

ICR = 0

ISIZE = 2

HCOR = 2.0

VCOR = =2,0
C--=-==-PRINT PROBLEM NUMBER BELCW EACH PLOT
c

CALL PLOTTITL ( IPRCEB, NSYMB, ICR, ISIZE, HCOR, VCCR )

c
VENC = VEND / 1.5
VPCS = VPCS / 1.5

C---=-CCVPLTE DESIGN CCANTRCL FCINTS
SIGN = +]1.0
MZN = M2(N)

58C0 CC 5810 ¥ = 1, VMZA

XJ = JZ(Ny¥) - 4
HJ2(K) = XJ ¢ F

VJZi(v) VENC & SIGN
s810 CCNTINUE
C-===-PLCT CESIGN CCNTRCL POINTS AND CESIGN VARIABLES
KPS = 2

NUMPTS = MIN
CALL PLCT ( HJZ, VJZ, ALMPTS, KPS )
KPS = 9
NUMPTS = PN + 1
CALL PLOT ( HPLCT, VPLCT, NUMPTS, KPS )
c
IF  SIGN ) 5€40, SSEC, 5820
C-=~=-TRANSFER NEGATIVE CESICMN VARIABLE TO PLOT NCTATICN
5e20 CC 5830 J = 4, PNP4

16AP4
16JA4
16AP4
29AP4
16AP4
29AP4
16AP4
17JA4
16AP4
16AP4
16JA4
16AP4
16AP4
16JE4
16JE4
16AP4
16AP4
16AP4
16AP4
04AG4

16AP4
16AP4
04AG4
01JL4
0lJL4
01JL4
01JL4
01lJL4
01JL4
01JL4
04AG4
04AG4
01JL4
04AG4
16JE4
16JE4
17JA4
16JA4
16JA4
30JE4
02JL4
02JL4
16AP4
16JA4
17JA4
20AP4
29AP4
29AP4
20AP4
17AP4
17AP4
04AG4
O6MY4
17JA4
16AP4
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110

VPLCT(J~3) = ZFININ,J)
583¢ CONTINUE
SIGN = ~SIGN
GC 10 S800
Ce====RCLL PAPER FCR NEWw DESICN VARIABLE
5840 CALL AXESTERNM (1)
CALL AXESTERM (1]
Co=s==PRINT LINES CF GUTPUT IN TABLE 7
PRINT 821, NAME(N+1l}, VPCS, VENC, IUNIT{N+1}
S5E7C COCNTINUE
GC 7O 599§
5550 PRINT 832, NPRCB
5949 CCNTINUE
C
CaLL TIME
MHCLL1 = MNP5S
Ce====RETLRN FOR NEw PRCBLEM

GC 10 1010
9580 PRINT 980
9590 KFLAG = (

NPROBT = NPRCE
LC 9991 M = 1, 100C
READ 12, NPROB, (AN1IN)}, N=1,13 )
IF { NPRGB~NPRCBY )} 9692, 9591, 5992
9951 CCNTINUE
GC T0 99sC
5652 IF [ NPRCEB - ITESY ) 6693, 9999, 9$993
9953 REAL 14, [ ANL{N), N = 14, 26 }
REAL 105, KEEPE, KEEPZ, KEEP3, KEEP4, NCDZ,
1 KPLLT, KSKIP5, THETA

KSUM = KEEPE % KEEF2 ¢ KEEP3 + KEEP4

IF { KSUM ) 9897, $664, S997
9994 PRINT 15, NPRCB, [ ANLI(N), N = 1, 26 )

GC 10 111¢C
9667 PRINT §50, NPRCB, NPRCET, NPROB
6C 1O 995¢C
9985 IF { KSTGP ) 5996, 566G, 95S¢
99596 CALL AXESTERNM {0)
9959 CCNTINUE
CALL TIME

END

NCD3, NCD4, KLEAR,

A3.14

16AP4
2TJA4
16JA4
16JA4
17JA4
23MR4
15MY4
15MY4
03AG4
2TIA4
17JA4
03AG4
173A4

17AP4
10JE6
14JA4
26AG3 1D
15MY4
03AG4
04AG4
03AGA
04AGS
04AGAH
03AG4
10AG4
04AG4
06AG4
06AG4
18NO4
03AG4
10AG4
06AG4
06AG4
10AG4
10AG4
03AG4
03AG4
03AG4
17AP4
04MA3 ID



A3.15

1

(VO N

sC8

$30
1

$90

6CCQC
61CC

€110

6220

6240

FCRMAT (///45k ERRCR == LESS THAN 2 STRINGERS INFUT
FCRMAT (///31¢+ ILLECAL LCAC PLACELC AT STA, I4,
25¢ PRCELEM TERPINATEC )
FCRVMAT (///5CH UNCESIGNATEC ERROR STOP IN SUBROUTINE
C-----CISTRIBUTE LCAC CIRECTLY TC CAP IF NUM STRINGERS = (O
Q(3) = 0.C
Q(MNPS) = 0.0
1F ( NSTRS ) ES8C, €10C, 620C
CC 6110 J = 44 MNP4
Q(J) = CLIVE(J) + QSLAB(J) + QCAPD(J) & SKEw + QCAPC(J)
CONTINUE
CC TO 6255
LCAC CISTRIBLTICN THRL STRINGERS
CC 6205 J = 4, FMNP4
Q(J) = QCAPLC(J) = SKEw + QCAFC(J)
CCNTINUE
IF { NSTRS - z ) €z1C, 6220, 6230
PRINT 908
CC TO 896S
KSw = 2
NI =1
NF =1
Ja = 4
JB = PNF4
CC TO 624C
KSw = 1
NI =1
NF = NSTRS - ¢
Ja = 4
JB = FSTRI(2)
CCNTINUE
CC 6260 N = NI, NF
F1 = FSTRIN)
F2 = FSTR(N+1)
CC 6250 3 = JA, JB
FJ = J
QJ = CSLAB(J) + QLIVELY)
DIFF = FZz - FJ
DENCr = F2 - F1
PART1 = DIFF / CENCHM
PART2 = 1. = PART]
J1 = F1
FJ = J1
PART4 = F1 - FJ
PART3 = 1. - PART4
Q(J1) = Q(J1) + PART3 « ( PART1l » QJ )
Q(J1+41) = GQ(J1+1) + PART4 » ( PART]1 » QJ )

SUBROUTINE BEAM

CIMENSICN A(2C7
Q{307),
2(3,2C7
FSTR(3C

CCMMCN CLIVE,

J2 = F2

CSLAB,

{ NSTRS,
SKEwy

MN, MAP4,
KFLAG )
)y R(3CT), FL30T), W(3CT),
CLIVE(2CT),
Yo I¥WAX12,2C7),
)y JSLF[ZC)
CCaAFC,

C(3C7),
QSLAB(307),
IMIN(2,307),

JSUP, F,

CCAPCy FSTR,

IV EX,y

MNFS, Hy HE2, HE3, HT2, NZ,

QCAPD(307),CCAPC(3CT),

ININ, 2
7/

03AG4
C3AG4

10AP4
22MY4
03AG4
04AG4
03JE4
JG6SE3
18MY4
14AG4
Y18N04
14JA4
13MY4
15MY4
04MY4
29JA4
22MY4
25AG3
29A63
I4MY4
29JA4
22MY4
010C3
29JA4
10SE3
12SE3
29AG3
29AG3
29AG3
29AG3
10SE3
29AG3
10JE4
03JE4
03JE4
03JE4
03JE4
03JE4
03JE4
C3JE4
C3JE4
03JE4
03JE4
03JE4
03JE4
03JE4
03JE4
03JE4
C3JE4
03Jk4
03JE4
C3JE4
C3JE4
09JE4
0SJE4
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112 A3.16

FJ2 = J2 09JE4

PARTE = F2 - FJ2 09JE4

PARTS = 1. - PARTE 09JE4

Q(J2) = CLJ2) + PARTS o [ PART2 & QJ ) 09JE4

QlJ2+1) = QlJ2+1) + PART6 & ( PART2 ¢ QJ ) 09JE4

6250 CCNTINUE 03JE4
JA = FSTR(N+1) + 1 03JE4

JB = FSTRIN+2) 03JE4

6260 CCNTINUE 03JE4
GC TO ( 6280, €2SS ), KSW 03JE4

6280 KSW = 2 03JE4
NI = NSTRS - 1 03JE4

NF = NSTRS 03JE4

JA = FSTR{NI) + 1 03JE4

JB = FNP4 03JE4

CC TO 624C 03JE4

6259 CCNTINUE 03JE4
7000 NS = ] 30AG3
€C 7160 J = 3, NMNFE 04MY4
C-===<PREVENT LOACING ANY FINGE 15MY4
IF ( F(J) ) 1102, 7C1C, 7102 15MY4

7010 IF ( Q(J) ) 1702C, 7102, 102¢C 15MY4
7020 ISTA = J - 4 18MY4
PRINT 930, ISTA 18MY4

GC TO 899§ 13MY4
C-===<=ZERC INITIAL VALUES ANC SET CONTINUITY COEFFS AT SUPFORT STAS 30AG6
71C2 A(l) = Q.0 30AG6
A(2) = 0.0 30AG6

8il1) = 0.0 30AG6

B(2) = 0.0 30AG6

c{1) = 0.C 30AG6

ct2) = 0.0 30AG6

IfF { J - JSUPINS) ) 71C4, 7103, 17104 04MY4

7103 cCLJ) = 0.0 04MY4
B(J) = 0.0 28MY3

AlJ) = 0.0 30AG3

NS = NS + 1 05JE3

GC TO T16C 04MY4
C--~=~CCMPLTE MATRIX COEFFS 14JA4
7104 AA = F(J-1) 04MY4
BB = - 2.0 * ( F(J=1) + F(J)} ) 28MY3

CC = F(J-1) + 4.0 » F(J) + F(J+]1) 30AG3

DD = = 2.0 & { FLJ) + F(J+1) ) 28MY3

EE = F(J+1) 30AG3

FF = FE3 & C(J) 30AG3

E = AA & B(J-2) + BB 28MY3

DENCM = E » B(J-1) + AA & C[J=-2) + CC 28MY3

I1F ( DENCM )} 711C, 11C%, 711C 04MY4

T1CS D = 0.0 04MY4
GC TO 7115 04MY4
C~——=-CCHMPLTE CONTINLITY CCEFFS 14JA4
7110 D = - 1.C /7 CENCK 04MY4
7115 ClJ) = D & EE 04MY4
B(J) = C « [ E #« Cl(J=-1) +« DC ) 28MY3

A(J) = D & ( E # AlJ=1) + AA & A(J=2) -~ FF ) 28MY3

7160 CGATINUE 04MY4



A3,17

CowweeCCGPPUTE DEFLECTICA W)
W{MNPS ¢+ 1) = C.C
WIFNPS + 2) = (.C
CC 7200 L = 3, KANPE
J = FN ¢+ 8 ~ L
WiJ) = A(J) + B(J) » W(J+1) + CUJ) = wW(J+2)
7280 CONTINUE
8¥J = 0.C
BMK = 0.C
(ewew-CCPPLTE BENDING MCMENTS SHEARS AND REACTIONS AT EACH STA J
gccce CC 8200 J = 2, MANPE
BMI = BMY
B¥J = BMK
BMK = FlJ+1) & ( h{J} - 2.0 = W(Je#1) + W(J+2) )} /7 KE2
DBF = [ - BM]I & B¥K ) / HT2
REACT = ( BMI ~ 2.0 # BFJ + EBFK ) /7 H - Q(J)
2i1,4) = BMJ
1{2+J) = LB¥
2{3,J) = REACY
C—-=-=-rCLL ¥AX ANC MIN CESIGN VARIABLES AT EACH STATION J
LC 810C AN = 1,4 N2
IMAX N, JY = WMAXIFL Z2IN,J)y ZFAX{N,J) )
TVMININGJY = FINIFO Z(N,J)y 2MININ,J) )

€1Cc CCNTINUE
g2¢C CONTINUE
RETURN

ESEQ PRINT 990
BG5S KFLAC = )
RETURN
ENC
END
FINIS
~EXECUTEsss 1.

Add data cards here. The first card of data is the first card described
in the Guide for Data Input for CAF 14,

When plot capabilities are not available by library tape routine, a plot
subroutine must be properly added. A binary deck of Subroutine PLOT 63
is to be provided with all CAP 14 decks.

14344
174L6
17J4L6
04MY4
10SE3
30MyY3
04MY4
08JE3
03J€E3
03464
29Jh4
G3JE3
03Je3
G3JE3
05JE3
03AG4
29453
29AG3
03AG4
14344
29AG3
29A63
29AG3
29A63
29AG3
10SE3
18MY4
03A64
03AG4
29AG3
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This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



A4, 1

SOL
SOL
S0L
SoL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
S0L
SOL
SOL
SOL
SOL
soL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
sOL
SOL
SoL
SOL
SOL
SOL
50L
SOL
sOL
SOL
SOoL
sOL
50L
S0L
SOL
SOL
SoL
SOL
SOL
SOL
sOoL
SOL
soL

NANNPNONNRONARRNRON NN N NN N I 5 et b pd o fod bt bk ok pd b o ot pod Pt ot fod Bt s bk ok ook $oed ot Pt B o Fod ot ot ot Pk ook ot ook

EXAMPLE CAP -~ NO SKEW»
STRINGERS POSITIONED AT NEAREST WHOLE STATIONS

0 o 0
136 0+500E+00

4 1,000E+00
4 8 4
4 34 72
34 64 102
8 25 42
14 50 86
14 25 42
12 16 34
124
6 1
12 1
124 1
130 ¢
8 8 0
25 25 0
42 42 o
59 59 0
77 77 0
94 94 0
111 111 0
128 128 0
0 136 0
0 4 0
64 72 0
132 136 0
0 20 0

0 2
20
1.000E+00
10 11
102
132
59 77
122
50 59
48 52
1.000E+05
1.000E+06
1. 000E+06
1.000E+05

14 17
4 112
0.,900E+00

94 111

77 86

68 84

~-54000E-01
~54000E~01
-5,000E~01
~54000E-01

0 1
1
0.750E+00

128

94 111

88 102

-5,000&E~01
-1,000E+00
‘IQOOOE*OO
~5,000E~01
-5.000E+01
-5.000E+01
-5.000E+01
~5,000E+01
~5.000E+01
-5.,000E+01
-5,000E+01
~5.,000E+01

0

122

120

~5.,000E+00

EXAMPLE CAP - NO SKEWs SAME AS SOLUTION 1 EXCEPT
STRINGERS INPUT AT FRACTIONAL STATIONS

¢} 0 0
136 0.500E+00
4 1.000E+00

4 8 4

4 34 72
34 64 102
Bel 2542 4243
14 50 86
14 25 42
12 16 34
124

14 25
4 112

0 1
1

14000E+00 0.900E+00 0,750E+00

o 2

20

10 11
102
132
594
122

50 59

48 52

77 86

68 84

T6e6 9371104812749

g4 111

88 102

0

122

120

117

U+.000E+00

0+,000E+00



118

soL
soL
soL
sOoL
soL
SOL
SOL
SOL
SoL
SoL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL
SOL

WLWwWhhNNNNDNMDNNDNNDNNDNNDNDNDNNDNNNDNDNDNDNDNND NN NN NN

0

12
124
130

8
9

25

26

42

43

59

60

76

77

93

94
110
111
127
128
136

4

72
136

20

SKEW

1

1 1.000E+05
1 1.000E+06
1 1.000E+06
0 1.000E+05

[eNoNoNojoloeNeoNooNolleNolooNoNo oo} o)

1 1 0

-5,000E-01
-5,000E~-01
-5.000E-01
-5,000E-01

0 0

-5,000E-01
-1,000E+00
-1.000E+00
=5,000E-01
-44500E+01
-5.000E+00
~44000E+01
-1.,000E+401
-3.500E+401
-14500E+01
-34000E+01
~2+000E+01
-2+000E+0]
«3,000E+01
-1.500E+01
-3.500E401
-1.000E+01
~44000E+01
-5,000E+00
-4¢500E+401

EXAMPLE CAP - SAME AS SOLUTION 2 EXCEPT
30,0 DEGREES

0 1

~54000E+00

A4, 2

3+.00VE+01
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COMPUTED RESULTS FOR EXAMPLE PROBLEMS
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A5.1

PROACRAM C2P 14 - DECK 2 - MATLCCK = INGRAM REVISION DATE = 30AUG 66
PRCE
SCL 1 EXAMPLE CAP = NC SKEw,

STRINGERS PCSITICNEL AT NEAREST WHOLE STATIDNS

TABLE 1 -- PRCGRAM=-CCNTRCL CATA
ENVELOPES TABLE NUMBER
OF MAXIMUMS 2 3 4

CPTICAS TC HOLC (IF=1) FRCV PRECEDING PRCE 0 0 0 0
NUMBER CF ADDITICNAL CARCS FCR CURRENT PRCB 2 14 17
CPTICN UIFfF=1) TC CLEAR ENVELCPES BEFCRE LANE LOADINGS 0
CPTICN (IF=1) TC PLCT CESIGN VARIABLE ENVELCPES 1
CPTICN (IF=-1)TC CVMIT CUTPLT TABLE 5 0
ANGLE CF SKEW, CECREES 0
TABLE 2 -- CCNSTANTS
NUMEBER CF INCREMENTS FCR SLAE ANC CAP 136
INCREMENT LENGTE, FT 5.000E-01
NUMBER CF INCREMENTS FCR MCVABLE LCAC 20
INITIAL PCSITICN CF MCVAELE-LCAC STA ZERC 4
FINAL FCSITION CF MCVABLE LCAC STA ZERC 112
NUMBER CF INCREMENTS BETwWEEN EACH PCSITICAN OF MCVABLE LC#D 1
MAXIMLM NULMBER CF LANES TC BE LCADEC SIMULTANECUSLY 4
LIST CF LCAT CCEFFICIENTS CCRRESPONDING TC NUMBER CF LANES LOADED
1 2 3 4 5

1.C0CE GC 1.CCCE 00 9.0CCE~-01 T.500E-C1

TABLE 3 -- LISTS OF STATICAS

MLV CF ALV CF ALV CF NUM MCM NUM SHEAR
LANES STRINGERS SLPPCRTS CCNTR PTS CCNTR PTS
8

TCTAL 4 4 10 11

1 2 2 4 5 6 L 8 9
LANE LEFT 4 34 12 102
LANE RICGHT 34 64 1€Z 132
STRINGERS €.0 25.C 42.0 5.0 17.0 9S4.0 111.C 128.0
SUPPCRTS 14 5C €¢ 122
MCM CCATR 14 25 42 sC €9 117 86 94 111
SHEAR CCANTR 12 1€ 24 48 52 68 84 88 102

121

10

122
120



122

TABLE 4 -~ CAP STIFFNESS, ANLC LAT2 FCR BCTH FIXED AND MCVABLE LOADS

FIXEC-CR-MOVABLE
CONTLC
1F=1

S18
FRCW¥

ST8

1C

COOOO0O0OONOOO0OC) r pet

- = = = « FIXEC-POSITICN DATA = = = - =»
CAP BEAMLING SIDEWALK, STRINGER,
STIFFNESS SLAB LCADS CAP LCADS
{ K=FTeFT ) { x ) ( X}
1.0CCE C5 0 ~5.000€-C1
1.000¢ C¢ 0 -1.00C¢ €O
1.0C0E C¢ 0 -1.000t €O
1.CCCE €5 0 =5.000€~C1
Q 0 ~5.000¢ C1
0 0 =5.000E C1
Y 0 -5.00CE C1
0 0 =5.00CE C1
¥ 0 -5.000E 01
c 0 -5.000E C1
¢ 0 -5.000E C1
0 0 -5.000E C1
4 -5.00CE~01 0
C -£.000E-01 0
¢ -5.00CE-01 0
c -5.000E-0C1 0
¢ 0 0

A5.2

MOVABLE-

POSITION

SLAB LOADS
{ K )

Y
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q
0

-5.000E 0



A5.3

PROE (CCATC)
SCL 1 EXAMPLE CAP - NC SKEW,

STRINGERS PCSITICNEC AT NEAREST WHOLE STATIONS

TABLE 5 -~ MULTI-LANE LCADING SLNMMARY

FCNENT § FT=-K )
AT CEAC LD LANE

14 =1.871E 02

D W N O

25 1.381E 02

2.278E
2.1€4E
1.733E
1.32B2E
4.C2GE

NS WA e O

42 £.388E 01

1.20SE
1.1€8E
2,.58SE
1.E7SE
1.C2¢E

(YOO TN N N - )
-

50 =2.€697E 02

J.443E
2.41€E
1.316E
4.1SCE

WA =0

5¢ €.439E 01

1.527E
1.C82E
2.C12E
2.294E

O WA= O

7 €.439E 01

1.527E
1.C83E
2.C72E
2.254E

(R NN N o)

3.CC4E-

PCSITIVE
STA EFFECT CRDER MAXIMUM

00000

02
02
o1
oC
00

02
02
01
ol
ol

o1
o1
ol
oc

0

02
02
01
00
01

02
02
o1
oc

LCAD AT
LANE STA

Sr2rmwWNO - wHroO WO wsrN=~O

S2NWO

18
14

102
82

29
34
14
102
82

S3
102
82

52
44
12

112

64
12
44
112

LANE
CRDER

osrwN=O oOrwWN=O
L]

oOrwN=O

wrwN~O

NS WN -0

NEGATIVE

MAX I MUM

~1.S41E
-1.641E

-2.110E
-1.183E

c2
02
0
0
o]

01
01

-2.655E-01

-3,C95E~

~T+918E
-2.,C10E

o1
0

01
o1

-€.304E~-01

-T.878E-

~1.427E
~1.422E
=G.6T6E
-2.871E
’10196E

-C.47T8E
-60‘53E
’-01905
-€.069E
-l.EQOE

-5.478E
-606535
-2.190E
'éoC69£

Cc1
0

01

o1
co
Qo

01
o1
01
co

LOAD

123

( =—=CRITICAL NUMBER OF LANE LCADS)

AT

LANE STA

SsWr~NO NS WO NS WO -

wasrN=-O

-wHro

57

112
44

57

112
44

23
14
34
102
82

93
102

14



124

86 ~2.&97E 02
§4 S.388E Ol
111 1.381E 02
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SHEAR ([ K )

AY CEAD LD
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1¢ €.445E Q1
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WA O
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3.443E 01
2.41€¢E 01
1.21SE 01
4.75CE 00

1.20SE 02
1.168E 02
2.Z85E 01
1.876E 01
1.C2¢€ 01

2.278E 02
2.1E4E 02
1.733E 01
7.283E 0C
4.C25E GC

OO0 O

PCSITIVE
FAXINUM

[-X-N-N-N.)

4.50%E 01
4.505€E 01
1.4C¢E Q1
1.242E 0OC
T.32¢E-01

£.1¢5E 00
£.165E 00
1.342E 00
T.22¢E-01
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N WO
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14
34
112
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34
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14
34

LOAD AT
LANE STA

W N

wrNN

14
14
34
102
82

3%

102
82

C&WwNmwO wWhWN=O

CSPUWN~=OD
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~1.840E 00

~1.427€ Q2
~1.4228 €2
~$.6T6E Q1
-2.871E 01
~1.1968 00

~7.5188 C1
-2.010E Gl
~$.304E-01
~T.878E~C1

0

~-2.110€ 01
~1.183E 01
-2,455E-01
-2.095€-C1

e

~1.541E C2
~1.541E €2
0
0
0

MNEGATIVE
FAXINUM

~€.471E C1
0
0
0

-2.655E €O
-¢.150E 00
~€.846E-02
-2.62TE~02

¢

~2.166E 01
~4.1246 C1
-2+150E €O
~¢.646E-C2

WO WO -NrWO

» e

102

59
44
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112
112

LOAD AY
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112
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112



A5.5

48

ée

04

ee
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-8.250E 01

1.675E 01

-71.615€E 01

€.290€ 01

1.C40E 01

-€.445E 01

€.€40E 01

w
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A DN - O NS WR =0 N DW= O WHWN=O NS W N O WA O

O WA= O

2.661E-01

1.513E 00
1.242€E 00
71.22€£-01
2.€661E-01

0

€.C5€E 01
£.271E 01
1.221€ 01
€.718E 00
3.22€E-01

1.124E 01
S.132E 00
€.71€€ 00
2.236€ 00
3.32¢E-01

$.571E 00
€.718E 00
2.236E 00
2.22€¢E-01

0

€.838E 01
€.47¢E 01
2.21%E 01
€.15CE 0C
€.E4EE-02

2.1€€E 01
2.124€ 01
2.15CE 00
€.64LE-02
£.628E-02

£.€S5E 00
2.150E 0C
€ .€4€E-02
£.€27E-02

0

- Wwo S N0= O S2NO=WO Hr= WO -wsr0

W N ~O

WO

93
102

50

12
14
112

68
712
14

112

23
14
34
112

86
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102
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100
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44

72

59

72

WsrWN=O WHrWNN=O NS WN=-O WhrwN=O NS WNN=O NEEWN=O

NESEWNN=O

-$.827E-C2

-¢.838E 01
’6.4765 01
-2.315€E 01
-2.150€ 00
~€.,646E-02

-6.,571€ 00
-£.718E 00
-2,339€ 00
-2,326E-01

0

=1.124E 01
=%.733€ €O
-€.718E CO
-23.339E 00
-2,326E~01

-€.058E 01
-£,371€ 01
-1.321¢€ 01
-€.718E 00
-2.,326€-01

-1.913€ 00
-1.342E 00
-1.3268-01
-2.661E-01

0

-£.165E CC
-5.165E GO
-1.342E 00
-71.326E-0C1
~2.€61E-01

~4,505E 01
~4.905€ C1
=1.406€ C1
-1.342€ 00
=71.3266-C1

SN -ww SEN0=0O -_srNWO -wsrNO -wsr o SPWrENO

N =W
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44

30
34
14

112

93
102
82

23
14
34
112
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14
34
112
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82
14
34
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REACTICGN ( K )

AT
STA

14

50

eé

122

CEAD LD
EFFECT

1.248E 02

1.637E 02

1.€37€ 02

1.248E 02

D WM

LANE
CRDER

W WA M W Hhiven) =0 N DWN -0

N W N s O

¢€.471E 01
¢.471E 01
0
0
0

PCSITIVE
MAXIFUM

1.C03E 02
1.C023E 02
1.40¢€ 01
1.242E OC
7.326E-01

$.CS5E 01
$.CS5E 01
2,587t 01
1.53¢E 01
2.5SCE-01

S.CS5E 01
$.C95E 01
2.587E 01
1.53¢E 01
2.55CE-01

1.C03E 02
1.CC03E 02
1.4C¢E 01
1.342E 0C
7.22¢E-01

LOAD
LANE

-NSWww SPwWwreNN W SN - -

N =Wy

112
112

AT
STA

34
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82
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112
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NSWN-~O NSrWUN~O OPrWN=O
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-%.&55E 00
-¢.150E 00
-€.646E-02
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0

-1.148E 01
~-t.061E 00
-4,.072E 00
~-£.587E-01

0

-1.148E 01
-t.061E CO
-4.,072E 00
-%.9876-01

0

-%.655E CO
~-¢.150E 00
-£.646E-02
~2.627E~C2

0

A5.6

LOAD AT
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s> N O -WwrO NSWO
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57
12
112
44

93
102
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44
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A5.7

TABLE 6 -- BNVELOPES CF MAXIMUM VALLES

STaA

CIST X
{ FT )

-£.000€E-01

0

5.000€E-01

1.0C0E
1.500E
2.000E
2.500E
2.C00E
3.500E
4.C00E
4.5COE
£.000E
£.500E
€.000E
6.500E
7.000E
7.500E
€.0COE
€.500E
$.CO0E
S.500E
1.000E
1.050E
1.100E
1.150E
1.200E
1.250E
1.3C0E
1.350E
1.400E
1.450E
1.500E
1.550E
1.¢00E
1.650E
1.700E
1.750E
1.800E
1.850E
1.S00E
1.550E
2.0C0E
2.050E
2.100€E
2.150E
2.200E
2.250E
2.200E
2.250E
2.400E
2.450€E
2.5C00E
2.550E
2.600E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

MAX + MCM
( FT=-K )
0
0
0
c
0
0
0
4.547E-CH
0
0
0
0
0
0
0
0
0
0
0
1.072€E 01
€.712E C1
1.261E C2
1.907E C2
2.517E C2
2.122€ C2
2,723E C2
4.318E C2
4,226E C2
4.128€ C2
4.026E C2
2.918E C2
2,8C6E C2
2,688E C2
2.5¢¢E C2
2,438E C2
2.306E C2
2,1¢8E C2
2.02¢6E C2
2.878E C2
2.T26E C2
2.5¢8E C2
2.406E C2
2.240E C2
c.0E2E C2
1.2¢1E C2
4,329E C1

QOODOOO0OO0OOO

MAX = FOM

( FT-K )}

-5.095E~-

0000000

08

=1.250€-01

~5.417¢€~

-€.459E
-1.290E
=1.939E
=2.592E
-2,250¢
-32.913E
-304055
=2.903E
-2.405E
-1.912E
-1.425E
-9.424E
~4.649E

-2.237E
-1.352E
-2.530E
=6.743E
-1.101¢
-1.537E
-2.054¢
-2.T06E
~3,526E
-‘03505
-5,197E
-*06055
-4.019E

01
01
02
02
02
02
02
02
02
02
02
02
01
01

0000000000000 00000O

MAX ¢ SFEAR

(K

4.547E-C

0000000 OMWOOOOOO

2.168E Q1
1.286E 02
1.276E 02
1.266E 02
1.256E 02
1.246E 02
1.236E 02
1.226E 02
1.216E C2
1.206E 02
1.196E 02
S.429E 01
4.112€ Q0
3.112€ QO
2.112¢ Q0
1.112€ CO
1.120€-01

CO0O0000000000000000C0O

2.139¢ C1
1l.447E 02
1.437€ Q2

127

MAX = SHEAR

{ XK

000000

-9.095t-08
-1.250E~-01
=5,417€~-01

~6.447E
-1.285E
-1.293E
-1.301E
-1.311E
-1.321E
-1.555E

-2.580E
-2.680E
-2.780E
-2.860E
-2.980E
-3.080E
'301‘05
-3,.280E
-3,380E
-3.480E
°3ose°E
-30680E
-307805
-3.&305
-3.980E
-4.080E
~1.049E
-1.758E
-1.766E
'107765
-1.788¢E
-1.798E
-1.8085
-1.818E
-3,642E

01
02
02
02
02
02
01

00000000000

0000000000000 0000000O000O0O0O
L N N N N N N N e e e e e e e N ol X N~

(- X =/



128

%3
24
33
56
57
58

40
61
42
63
64
65

67
68
€9
10
11
12
13
T4
5
16
"
18
19
80
€1
82
£3
84
85
86
87
e8
89
90
§1
92
$3
S4
95
96
S7
98
99
100
1C1
102
103
104

-105

106
107
1C8
109
110
111
112

2.650E
2.700E
2.750E
2.800E
2.850E
2.900E
2.550E
3.C00E
32.050€
2.100¢
2.150E
2.200E
3.250E
3.3C0¢
2,35QE
2.400€
3.450E
2.500€E
2,550€
2.£00E
3.,¢650E
3.700E
2.750€
2.800E
1.850E
2.500E
2.550€E
4.000E
4.050E
4.100¢E
4.150E
4,200E
4,250€
4.300E
4,350
4.400E
4.450E
4.5C0E
4.550E
4.600E
4.£50E
4.700E
4.750E
4.,800€E
4.850€
4.900€
4.950E
$.CCOE
$.C50E
5.100€
S.150E
£.200E
£.250E
£.300E
5.350E
5.4(Q0E
5.450E
5.500E
2.550E
5.400E

01
01
01
01
01
o1
01
01
01
01
01
o1
01
o1
01
01
01
01
01
01
01
01
01
01
01
01
01
01
0l
0l
01
01
0l
01
o1
01
ol
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
0l
01
01

2.017¢
8.629¢E
1.518¢E
2.171E
2.1€7E
2.158¢E
2.147E
2.123E
2.119E
2. 114¢
2.127€
2.134E
2.127€
2.134E
2.127¢
20 114E
2.119€
2.133E
24 147E
2.158E
2.1¢7E
2.171E
1.519E
€.625E
2.017€

4.335E
1.2¢1E
2.C82E
2.24CE
2+406E
2.5¢68E
2.72¢¢
2.878E
2,02¢E
3.1¢8E
2.3C6E
2.428E
1.5¢8E
2.688E
3,8CEE
3.918E
4.026E
4,128E
4,226
4.318E
3.723¢

OO0

GO
N AN A et g

MHOoOMmD
NN

CIBOOODOOOOMN
NN NN

(2 Xz Xa)
s NI

OO0 O0OO0O0O0DOD

%
NS I N -

€2

aNal-Ne
AN N

A0 M
N AN RS

[ s RaReNaRaly
NN ONNAN

[=_
~N

-2 ,460F
'209285
=2.400E
-1.876E
=1.360E
-8.478E
~3.404E
~2.4T6E
~1+865E
-1-39°E
-GS .649E
-50897E
-206~4E

~2,.644E
-5.897E
-G . 849E
-1.390¢E
~1.865E
-2+476E
=3.404E
~B.4TEE
-1.360E
-1.878E
-2.400¢E
-2.928E
-3o46°E
‘400195
-4 ,605E
~5.197E
~4.350E
-2.526¢
-2.7T06E
~2.054E
-1.537¢
-1.101E
-éa7‘35
-2.530¢E
-1.352E
=2.237E

0OOO000O00O0O0O0OOOOO

1.427¢
1.417¢
1.407E
1.397¢
1.3087E
1.377¢
T.283¢
2.581E
2.481E
2.381E
2.281E
2.181E
2.081E
1.981E
1.881E
1.781E
1.681E
1.581E
1.481E
1.381¢
1.281¢€
1.181¢
1.081E
9.812¢

3.642E
1.818E
1.808¢E
1.798E
1.788E
1.778E
1.768E
1.758€
1.049E
4.080E
3.98CE
3.880¢
3.780E
3.680E
3.58CE
3.480E
3.380¢E
3.280E
3.18CE
3.080¢€
2.980E
2.880E
2.T80¢
2.680F
2.580E

~9.812E
~1.081E
~1.181E
~1.281E
~1.381E
~1.481E
~1.581E
'106815
~1«T81E
~1.881E
~1.981E
~2.081E
~2.181¢
~2.281€E
~2.381E
'20*815
~2.581E
~7.283E
-1.377¢
~1.387E
~1.387E
~1.407E
~1+417E
~1.427E
-1437E
~1.447E
-2.139E

COO0OO0OO0O0O00O0O0OO0O0OO00000

~1.120€-01

~1.112E
-2.112E
~3.112E
-4.112E
~5.429E
~1.196E

00
00
00
00
01
02



A5.9

113
114
115
116
117
118
118
120
121
122
123
124
125
126
127
128
129
13C
121
132
123
134
135
136
127

Se&50¢
5.700E
£+.750E
£.ECOE
£.850E
£.500E
£.550E
£€.0C0E
€.050E
€.100E
€.150E
€.200F
€.250E
€.3C0E
€.350E
€.400E
€.450E
€.500¢
€.550E
€.¢00E
€.E50€E
£.700E
6. 7%0E
€,EQ0E
€. E50E

01
01
01
01
o1
01
o1
01
01
01
cl
01
¢1

01
01
01
01
01
01
01
01
01
01
01

2,122¢
2.517E
1.9C7E
1.251E
€. T12E
1.072E

"54?5'

[a Nl
nN N

[ X -Na¥.]
et g N3 N

9

[cRoRoReReNaRel. BeloloNoRoReRoNoReNela

~4,8649E
-S.424E
-1.425E
-1.912E
~2.405E
~2+.903E
~3.,405E
~3.,913E
~3.250E
~2+592E
*109395
*102905
”604596

~5.417E~-

0

]
01
01
02
02
02
02
02
02
02
02
02
02
01
0l

~1+250E-01
-4.,547E-08

COOOOO0O

1.5585E
1.321E
1.311E
1.301E
1.293E
1.285E
6.447E

5.417!-

COO0OOOOOO0O

o1
02
¢2
02
c2
02
cl
Ccl

1.250€-0C1

4.,547E~-

o8

OO OOoO

~1.206E 0
~1.216E ©
~1.226E O
~14236E 0
-1.246E O
~1,256E 0O
~1.266E O
=1.276E O
-1,286E ©
-2.168E O

-4 S54TE~Q

COOOOOBMOOOODOOO0O0



130 A5.10

TABLE 7 -- PAXIMUM SUPPCRT REACTICNS

STA CIST X MAX ¢ REACT MAX - REACT
FT K K
14 7.000€ 00 2.492E C2 0
50 2.500E 01 2.952¢8 C2 0
ge 4.300¢€ 01 2.952€ (2 0
122 €.1CO0E 01 2.4S2E C2 0
TIFE = S5 MINUTES, 27 ANC 11/60 SECONDS

TABLE & -- SCALES FOR PLCT CUTPLY

CISTANCE 10 INCHES = 100 f7
FCMENT 2 INCRES = 1600 FT-K
SHE AR 2 INCKES = 2€0 K

TIVE = 5 MINUTES, 51 ANC 42/60 SECCNDS



A5.11

PROCRAM CAP 14 - DECK 2 - METLCCK - INGRANM REVISICN DATE = 30AUG 66
PRGE
SCL 2 EXAMPLE CAP - NC SKEw, SAME AS SCLUTICN 1 EXCEPT

STRINGERS INPUT AT FRACTICNAL STATICNS

TABLE 1 -- PRCGRAM~CCNTRCL DAT2
ENVELCPES TABLE NUMBER
CF MAXIMUMS 2 3 4

CPTICAS TC HOLC (IF=1) FRCM PRECEDING PRCE 0 o 0 0
NUMBER CF ADDITICMNAL CARCS FCR CURRENT PRCB 2 14 25
CPTICN (IF=1) TC CLEAR ENVELCPES BEFCRE LANE LCADINGS 0
CPTICN (IF=1) TC PLCT CESIGN VARIABLE ENVELCPES 1
CPTICN {IF==1)TC CMIT CUTPLT TABLE 5 0
ANGLE CF SKEW, DBEGREES 0

TABLE 2 == CCNSTANTS

NLMBER CF INCREMENTS FCR SLAE ANC CAP 136
INCREMENT LENGTH, FT 5.000€E-01
NUFBER CF INCREMENTS FCR MCVABLE LCAC 20
INITIAL PCSITICN CF MCVABLE-LCAD STA ZERC 4
FINAL PCSITION CF MCVABLE LCAC STA ZERD 112
NUMBER CF INCREMENTS EETWEEMN EACH PCSITICN OF MCVABLE LC2D 1
MAXIMUF NUMBER CF LANES TO BE LCADED SIMULTANEOUSLY 4
LIST CF LCAC COEFFICIENTS CCRRESPONDING TC NUMBER OF LANES LOADED

1 2 2 4 5

1.00CE oC 1.CCOE GO 9.0065-01 7.500€~C1

TABLE 3 -- LISTS OF STATICNS

NUVM COF ALV OF NV CF NUM MCHM NUM SHEAR

LANES STRINGERS SULPPCRTS CCNTR PTS CCNTR PTS
TCTAL 4 8 4 10 11

1 2 2 4 ] 6 7 8 9

LANE LEFT 4 34 712 102
LANE RICFT 34 64 1C2 132
STRINGERS 8ol 2562 4243 56.4 76.6 93.7 110.€f 127.9
SUPPCRTS 14 50 eé 122
MCVM CCNTR 14 25 42 5C &9 17 86 94 111
SHEAR CCATR 12 1€ 34 48 £2 68 84 88 102

124

131

10

122
120



132

TABLE 4 -~ CAP STIFFNESS, ANC DATA FCR BOTH FIXED ANDC MOVABLE LOADS

FIXEC~-CR-MOVABLE
CONTD
1F=]

STA
FRCH

25
26
42
43
59
&0
16
11
53
94
110
111
127
128

b4
122
0

STa
1C

COO0DOOOOOOOODOOOOOOOOOD O e rere

STIFFNESS
{ K=FT#FT )

1.CCOE CS
1.0C0E C¢
1.0C0E C&
1.0C0€ C5

ODOODOOOOOODO0OOGOOOCOOO0O

SIDEWALK,
SLAB LCADS
( x)

OO0 O00000TDO0ODOOOOD

-5.000€-01
~%5.000€E~-01
-5.000€-01
~£.000€E~-01

0

FIXEC-POSITICN DATA = = = = =
CAP BENLING

STRINGER,
CAP LCADS
{ K}

~5.00CE-Q1
-1.000E CO
~1.000E 00
~-5.,000E~01
~-4,500E Q1
~-5.000E 00
~4.000FE 01
-1.000E 01
=3.500E 01
~1.500€ 01
~3.000E C1
«~2.000F 01
~2.000€ 01
~3.000FE 01
~1.500€ Q1
~3.500E 01
-1.000E €1
-4.00CE Q1
-5.000E 00O
~-4,500E Q1

A5, 12

MOVABLE~

POSITION

SLAB LCADS
{ K}

DO0O0O0O0OODDOO0O0O0O0O0OODOCLOODOOOOD

~5.000E ©



A5.13 133

PRGE (CCATC)
sCL 2 EXAMPLE CAP = NG SKEw, SAME AS SOLUTION 1 EXCEFT
STRINGERS INPUT AT FRACTICNAL STATIONS

TABLE 5 == MULTI-LANE LCADING SLPMVMARY { e=—=CRITICAL NUFBER OF LANE LOADS)
PCMENT { FT-K )
AT CEAC LD LANE PCSITIVE LCAD AT LANE NEGATIVE LOAD AT
STA EFFECT CROER FMAXINUM LANE STA ORDER FAXTMUM LANE STA
14 =~1.G44E 02
C (] 0 -1.932E 02 1 4
1 0 1 -1.$32€E 02 1 4
2 C 2 0
k] 0 3 0
4 0 4 0
Ce Qe
25 1.348E 02
C 2.35CE 02 0 18 0 -2,162E Q1 0 57
1 2.12%E 02 1 14 1 -1.198E C1 3 72
2 7.7152€E 01 2 34 2 -1.$33E €O 1 4
2 71.372E 00 4 102 3 -32,.,788E-01 4 112
4 4.C22E 0Q 3 82 4 -1.852€-01 2 44
24 Qs
42 4.€682E 01
C 1.251€E 02 0 30 0 -€.049E 01 0 57
1 1.125€E 02 2 34 1 -2,049E C1 3 12
2 2.42¢E 01 1 14 2 -S.841E-0Q1 4 112
3 1.67¢E 01 4 102 3 -4 ,206E-C1 2 44
4 1.C24E 01 3 82 4 0
2 Qs
50 =2.727€ 02
C 3.42CE 01 0 $3 0 -1.408E Q2 0 31
1 2+413E 01 4 102 1 -1.405E C2 2 34
2 1.21¢€ 01 3 82 2 -5,662E C1 1 14
2 4.5¢64E 0C 1 4 3 -2,520E 01 3 T2
4 0 4 -1.240B 0O 4 112
e 3
59 €.C¢4E 01
C 1.4€1E 02 0 52 0 -S.416E 01 (o] 23
1 $+SSSE 01 2 44 1 -€.643E 01 1 14
F} 2.C4¢E 01 3 12 2 -3,.544E O 2 34
2 3.412E 0C 1 4 3 -£.,0608 CO 4 102
4 2,112€-01 4 112 4 -1.704E Q0 3 82
Ce 2¢
17 €.064E 01
C 1.4¢1E 02 0 64 0 -6.416E 01 0 93
1 S.S9GE 01 3 12 1 -€.643E 01 4 102
2 2.C4¢€E 01 2 44 2 -2,544E C1 3 82
2 2.412€E 0C 4 112 3 -£¢.,C60E CO 1 14
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E6 =-2.727E 02
S4 4.€82E 01
111 1.348E 02
122 =1.544E 02
SHEAR ( X )

AT CEAD LD
STA EFFECT
12 -¢.€50E 01
1¢ €.225E 01
34 -1.152E 01

N2 WN =D W2 WA D W WA e O

O WA e O

LANE
CRDER

NI R NN e O D WA=

[ NN Ne)

2.112E-

3.42CE
2.412E
1.31¢E
4.S64E

1.251E
1.125E
2.42¢€E
1.87¢E
1.C24E

2.25CE
2.125E
1.152E
1.372E
4.C22E

01

01
01
01
00

02
02
01
01
01

02
02
01
00
00

O0O0000

PCSITIVE

MAXIMUM

4.E84GE
4 . EASE
1.4CSE
1.240E

T.212E-

4.€6SEE
4,EGCE
1.24CE

1.312E-

00000

01
01
01
00
01

00
00
00
01

1 4
0 23
1 14
2 34
4 112
0 86
3 82
4 102
1 14
2 34
0 98
4 102
3 82
1 14
2 34
LOAC AT
LANE STA
1 14
1 14
2 34
4 102
3 82
2 37
2 37
4 102
3 82

4
2

oOsrwNne—=O OCLrwNnN=O WeHrWN-~O

QOPrWN=O

LANE
ORDER

OLrwWN=O OrwWwN=O

WN=O

-1.704E 00

-1.408E €2
-1.405E 02
-6.0862E 01
-2.520€ 01
-1.240E 00

-£E.049E 01
-2.0498 01
-$.841E-01
-4,206E-01

0

-2.162E 01
-1.198E 01
-1.$33E 00
-2.788E-01
-1.652E-01

-1.932E 02
-1.932€ 02
0
0
0

NEGATIVE
FAX I MUM

-€¢.550E 01
-¢.550E Cl
0
0
0

-2.749¢E 00
-2.178E 00
-€.E886E-02
-2.004E-02

0

=2.236E Q1
-2.1808 01
-2.178E 00
-¢.887E-02

We=NO -NSrWwoO

W N O

S

A5.14

34

8s
82
102

44
T2

59
112
T2

112
112

LOAD AT
LANE STA

NS WO gt

SW=O

57
72
112
44

16
14
T2
112



A5.15

48

52

te

84

1C2

120

124

-B.4C7E 01

7.€57E 01

-7.€57€ 01

€.4CTE 01

1.152E 01

-¢.3235E 01

.50k 01

NS WA =D N SN = O N DWW -0 WHwWN A NS WN=O W WA = ™

O W -0

2.15EE-01

1.50CE 00
1.24CE 00
7.212E-01
c.15€E-01

0

€.54¢E 01
5.2C3E 01
1.22¢E 01
€.70€E 00
3-4465-01

1.17E 01
1.Cl%E 01
€.70EE 00
2.3C4E 00
2.,44¢E-01

«507E 0C
¢.7CEE OC
2,304E OC
2.44¢E-01

C

€.5C7¢ 01
€.58¢E 01
2.215E Q1
<.17€E OC
€.EETE-02

2.23¢E 01
2.18CE 01
Z2.17€E 0OC
€.887E-02
2.CC4E-02

S.T4SE QC
2.178E OC
¢.EEEE-02
3.C04E~02

c

-NSsWo S2N=O SPNN=WO s WNO - w0

W= NSO

WO

S3

102
82

51
44
72
14
112

23
14
34
112

86

102
44

100
102
44

12

59

72

4

WarWN=O WSHrWN=O NSPWN=-O wsrwN~O NS WN=O NE2A2WN—~O

NSDPWN=O

-2,C04E-C2

-€.507E Cl
-€.586E 01
-2.,315¢ C1
-2.178E 00
-¢.8BTE-C2

-5.507€E 00
-€.708E 00
-2.304E CO
-23,446E-01

0

-1.179€ €1
-1.C15E C1
-€.708E €O
~2.304E 00
-2.446E-C1

-..9465 01
-£.203E 01
-1.326€ 01
-€.708E €O
-2.,446E-01

-1.500E 00
-1.340E 00
-7.212g-01
-2.758E-01

: 0

-4.696E 00
~4,896E CO
~1.340€ 00
-7.312€-01
-Z2.158E-01

~4.849€ 01
~4,849E 01
=1.409E 01
-1.340€ €O
-7.3126-01

SN WW SN O -srNWO -wHNO -wro LW NO

N o=

135

44

30
34
14

112

93
102

48

102
82

65
72
44
102

19
9
14
34
112

102
102

14
34
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REACTICN ( K )

AT
S$TA

14

50

Eé

122

CEAC LD
EFFECT

1.229E 02

1.€46E 02

1.€46E 02

1.339E€ 02

YD N O

LANE
CRDER

[TCRN WY NN o ] WA N O A BN e O

N 2N e D

€.550E 01
€.55CE 01
Y

Q
Y

PCSITIVE
FAXIFUM

1.CC3€ 02
1.CC2E 02
1.4CSE 01
1.34CE OC
7.212E-01

$.C82E 01
S.C82E 01
1.GESE 01

«S44E 01
4,135E-01

$.CB2E Q1
S.CE2E 01
2.585E 01
1.544E 01
4.135e~01

1.C02€ 02
1.C03€ 02
1.4CSE 01
1.34CE 00
7.3126-01

LCAD
LANE

- ww F RN R V) N WA

SR BT

112
112

AT
STA

3e
38
14
12
112

78

102
44

112
112
82

34

OLrwWN=O

LANE
CRDER

NESEWN=O NS WA OPWN=O

QP WN O

DOOO00

NBCATIVE
FAX [ MUM

~2.749E 00
~¢+178E CO
-€.EB6E~Q2
~2.C04E~02

0

~1.141€ 01
-E.C4BE CO
-&.035E CO
~£€.204E~C1

0

~1.141E C1
~E.C4BE CO
-4,035E CO
~€.204E~01

0

-£.74%9E CO
~2.178E CO
~€.EB6E~C2
-2.004E~C2

0

A5.16

LOAD AY
LANE STA

HN-O - O ~NswWwO

w00

57
72
112
44

s3
102

23
14

112

59
44



A5.17

TABLE & ~- ENVELOPES CF MAXIMUM VALUES

S1s

o
=R R Y I R TR .S«

NS ot gt Dt b Pl G et o
DD M= WN

RN
W N

24

CIST X
{ FT )

-5.000E-

01
Y

2.CC0E-01

1.C00E
1.500E
2.0C0E
2.500E
2.000E
2.500€
4.0C0E
4.500E
£.000E
£.200E
¢€.CCOE
é.500E
7.000E
T.500E
8.C00E
€.500¢E
$.000E
S.500E
1.CCOE
1.C50E
1.100¢
1.15QE
1.2C0E
1.250¢€
1.3C0E
1.350E
1.400€
1.450€
1.500E
1.550E
1.€600E
1.£50¢
1.700E
1.750€
1.8C0E
1.850€
1.500E
1.650€
2.000¢
2.C50E
2.1C0E
2.150E
2.200E
2.250E
2.30CE
2.350E
2.400E
2+450¢
2.5C0E

«£50E
2.¢00E

00
00
00
00
Q0
00
00
00
00
00
Q0
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
o1
01
01
o1l
01
01
01
01
01
01
01
o1

MAX 4+ MCW

{ FT-K )

2.411E-

1.028E
€.507€
1.2€3E
1.87CE
2.472E
3.06SE
2. 6¢£2E
4.249E
4.2E2E
4.173E
4.056E
2.936E
3.815E
3.6ELE
3.582¢E
1.413€
3. 2¢4S¢E
3.120€
Z.9¢65¢E
2.80¢E
2.642E
2.473E
2426%E
2.121¢€
1.958¢
1.323¢
4.853E

c

OO ODOOO0OMONOPLPODOO

MAX - MOM

( FT=K }

OOVOOOC

~$.095€~08
-1.250€-01

-5 'QITE-

~5.867¢
-1.235E
-1.888E
‘3-2085
-3.878E
-3.378¢
‘20884E
~2+396E
~1.913E
~1.435E
'90618E
~4.937TE
~3.051¢

‘G.‘OOQE
~2.129¢E
’3-3675
~-€.T36E
-1.109¢E
~1.550E
~2.041¢
~2.691E
~3.523E
~4.,360E
~5.214E
~4.,629E
~4.048E

01
0l
02
02
02
02
02
02
02
02
02
02
0l
01
00

000000 OOLOOOOOODO

2.004¢E
1.429¢
1.415¢

MAX 4+ SFEAR
(X))

0

0

0

0

0

0
3.411¢€~C8
0

0

0

0

0

0

)

0

2.054F C1
1.26%E 02
1.259¢ €2
1.24SE C2
1.2389¢ €2
1.229E €2
1.218¢ 02
1.20%€ €2
1.199E 02
1.189E 02
1.179E €2
6.262E C1
1.085¢t 01
1.567¢ €O
5.670E~C1

COOODOROO0OOOO0COCOCOOO0O0

01
1 +¥4
02

137

MAX -~ SHEAR

{ K )

000000

-9,095E~08
~1.250E-01
~5.417€E-01

~5.854E
~1.230E
-1.302E
~1.310E
~1.320¢
=1.330E
-1.693E

~1.478E
"'ZQBSOE
-2.950¢
-3.050¢
-30150E
~3.250€
~3.350€
~3.450E
~3.550E
~3.650E
-3.750E
-3,850E
~3.950E
-4 ,050E
~4.,150E
~4.,250E
-8.624E
~1.571E
~1.791E
-1.801€
~-1.811E
-1.821¢E
-1.831¢E
‘l.BﬁlE
-3.823E

01
02
11 ¥4
02
02
02
01

0000000 OOOO

O0OAOODOVOOOODOOO0ODODOOOOOO0ODOO
P PO IS N RS A I RO b gt P it ot fund ot Db fu pud P hd et funt Pt Pt Pt

o0
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110
111
112

2.650E
2.7C0E
Z.150E
2.800E
2.850E
2.SCOE
2.550E
2.C00E
2.C50E
3.100E
2.150E
2.200E
2,250E
2.300E
2.250E
2.400E
2.450E
2.500E
2.550E
2.6C0E
2.650E
2.700€E
2.750€
2.8C0E
2.850E
2.500¢
3.550E
4.000E
4.050E
4.100E
4.150E
4.200E
4.250E
4.3COE

«250E
4.400E
4.450€E
4.500E
4.550E
4.6COE
4.650E
4.700E
4.750E
4.8C0E
4.850E
4.500E
4.550E
2.C00E
5.050E
5.100E
£.150E
5.2C0E
£.250E
5.300E
$.350E
£.400E
£.450E
£.500E
5.550E
£.600E

1.173¢
T.7C8E
1.422E
2.0¢€8E
€.320€
2.30SE
2.2S58E
2.282¢
2.2¢€17E
2.251E
2.255E
24263
20 265E
2.2€3E
20255E
2.251¢E
2.261E
2.2E2E
2.258E
2.3CSE
2.320E
2.0€8E
1l.422¢
7.7C8E
1.173¢

4.853E
1.323¢
1.958E
2.127E
2.29SE
2.473E
2.642E
2.8C6E
2.9¢5E
2.120E
3.269E
3.413E
3.552¢E
3.686E
3.815E
3.9239E
4.059E
4.173E
4.282E
4.249E
2.662E

000000000

OO ODODDOOODOODOOOHOOOOOOO
NNNRNNNNRDRDRONNNNNNND NN D -

-3.491E 02
-2.966E 02
-2.445E 02
-1.929E 02
=1.419E 02
-6.130E 01
-4.123E 01
-1.585E 01
-%.803E 00
-5.067E Q0
-8.302€E-01

0000DO000OO0

-8.301E-01
-%.067E 00
-$.803E 00
-1.585E 01
-4.123E 01
-$.130E 01
-1.419E 02
-1.929¢E 02
-2.445E 02
-2.966E 02
-3.491E 02
-4,048E 02
-4.629E 02
-5.214E 02
~4.360E 02
-3.523E 02
-2.691¢ 02
-2.041E 02
-1.550€ 02
-1.109¢ 02
~€.736E 01
=3.367¢t 01
-2.129¢t 01
-%.400E 00

0000000000000 O0O0O

1.409E
1.399E
1.389E
1.37S¢E
1.36SE
1.356E
9.711¢E
4.243E
2.514E
2.414E
2.314E
2.214E
2.114E
2.014E
1.914E
1.814E
1.T14E
1.614E
1.514€
l.414E
1.314E
1.214E
1.114E

3.823¢E
1.841E
1.831€E
1.821E
1.811¢
1.801E
1.7S1E
1.571E
8.624E
4.250E
4.150E
4.050E
3.950E
3.85CE
3.75CE
3.650E
3.55CE
3.450E
3.350E
3.250E
3.150¢
3.050E
2.950E
2.850¢
1.478E

0000000000

(o NoNoNaoNa]
NN N -

o000
NN

DO0O0OODOODOODONDOOOODODOODDOOOD
[l ol el el ol o el ol

oo

A5.18

00000000

-1.114E 01
-1.214E 01
-1.314E 01
=1.414E 01
-1.514E 01
-1.614E 01
-1.714E 01
-1.814E 01
-1.914E 01
-2.014E 01
-2.114E 01
-2.214E 01
-2.314E 01
-2.414E 01
-2.514E 01
=4,243E 01
-9.711E 01
-1.359E 02
=1.369E 02
-1.379E 02
-1.389E 02
-1.399E 02
~-1.409€ 02
-1.419E€ 02
-1.429E 02
-2.004€E 01

0000000000000 O0O0ODODOOO0OO0OO

-5.670E-01
-1.567E 00
-1.089E 01
-1.179€E 02



A3.18

113
114
115
116
117
118
116§
120
121
122
123
124
125
126
127
128
129
13¢
131
132
133
134
135
136
137

5.650E
2. 700E
£.750E
£.8C0E
£.850E
£.S00E
£.550¢
€.000E
¢.050E
6.100E
€.150¢E
€.200E
€,250E
€.300E
6.350E
6.400E
€.450E
€.500E
¢.550¢E
¢.600€
6.650E
¢.700E
€.750€E
€ .ECOE
¢.850E

01
o1
01
01
01
01
01
01
01
01
01
01
01
01
01
o1
01
01
01
01
o1
01
01
0l
01

2.069E €2
2.472E (2
1.87CE €2
1.2¢63E (2
£.5C7E C1
1.029¢ C1

2.274E-C

COO0OOO0ODPOOOOOOOOOOND

-3,051€E
~4,937¢E
~G.618E
-1+435E
-1.913E
-2.396E
~2.8B4E
~3.378E
~3.876E
-3,208E
-2,546E
-1.888¢E
‘1.2355
-5.867E

0
00
01
01
02
02
02
02
02
02
02
02
02
02
01

-%5.417E-01
-1.250E~01
-$.09%E~08

COOODOO

OO0OOOOOO0

1.693E
1.330¢
1.320E
1.310¢€
1.302E
1.230E
5.8%4E 01
5.417E~C1
1.250E~-01
9.095E~-08

[ -]
e~

SOOOO
MNNNMNNN

[~-N-N-RoRaRo

~1.189E ©
-1.199E ©
-1.209E ©
-1.219E ©
-1.229€E O
-1.239€ ©
=1.249E O
~1.259E 0O
~1.269E O
=2.054E O

~2.274E~0

0000

DO0OO0O0O0ONOO0OO



140 A5.20

TABLE 7 == FAXIMUM SUPPCRT REACTICNS

STA LCIST X MAX + REAMCT MAX -~ REACY
FT X K
14 7.000E 00 2.4828 (2 0
50 2.500€ 01 2.9¢€1E €2 Q
&6 4.300E 01 2.9¢1E (2 0
122 €¢.100E 01 2.482€ (€2 0
TIME = 8 MINULTES, 20 ANL 22760 SECONDS

TABUE 8 -~ SCALES FOR PLCT QUTIPLY

DISTANCE 10 INCHES = 100 F1
FCMENT 2 INCHES = 1€00 FT-X
SHEAR 2 INCKHES = 200 K

TIME = 8 MINUTES, 41 AN 43/60 SECCNDS



A5.21

PROCRAM CAP 14 - DECK 2 - MATLCCK = INGRAM REVISION DATE = 30AUG 66
PROE
SCL 3 EXAMPLE CAP = SAFE AS SOLUTICN 2 EXCEPT

SKEW = 3C.0 CEGREES

TABLE 1 -- PRCGRAM=CCNTROL DATA

ENVELCPES TABLE NUMBER

OF MAXIMUMS 2 3 4
CPTIONS TC HOLLC (1F=1) FRCr PRECEDING PROE 0 1 1 1
NUVMBER CF ADDITICAAL CARCS FCR CURRENT PRCB 0 0 0
CPTICN (IF=1) TC CLEAR ENVELCPES BEFCRE LANE LCADINGS 0
CPTICA CIF=1) TC PLCT DESICN VARIABLE ENVELCOPES 1
OPTICAN {1f==1)TC CPIT CUTPLT TABLE 5 0
ANGLE CF SKEW, DEGREES 3,000 01
TABLE 2 == CCNSTANTS
LSING CATA FROM THE PREVIOLS PROBLEM
TABLE 3 -- LISTS OF STATIDNS
USING CATA FROM THE PREVIOLS PRCBLEM
TABLE 4 -- CAP STIFFNESS, AND DATA FOR BOTH FIXED AND MOVABLE LGADS
USING CATA FROM THE PREVICLS PROBLEM PLUS

NONE

141
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PRGB (CCATD)

sOL 23

EXAMPLE CAP - SAME AS SOLUTION 2 EXCEPT

SKEW = 30.0 CEGREES

TABLE S == PULTI-LANE LCADING SLPMPMARY

MCPENT ( FT-K )

AY
STa

14

ri]

42

s

7"

CEAD LD
EFFECT

=2.265E 02

1.¢31€E 02

S.4S3E 01

-3.260E 02

6.972E 01

€.972€ 01

LANE
CRDER

WS WwhN O w0 LY NCN NN N o) (o 3¢ NUNENE N e.)

OPrWN=O

a0

PCSITIVE
MAXTMUM

2.713E
2.454E
8.951E
€.512E
4 .E44E

1.44%E
1.29SE
J3.9568
2.1617E
1.182E

2,646E
2.78¢E
1.52CE
5.732€E

1.€87E
1.15%E
€.363E
3.841E

3.595E-

1.687E
1.145E
2.363E
3.S41€

02
02
0l
00
00

02
02
01
01
01

02
02
01
00
01

02
02
0l
00

S r=wWNO - e O Wes=NO WSEN=O

SN WO

LOAD AT
LANE STA

18
14
34
102
82

34
14
102
82

93
102
82

52
44
72

112

712
44
112

{ s—CRITICAL

LANE
ORDER

NS W~ O WhswWN-O OSsrWN=O [- X EVE NN -] CPWN-~O

WN -0

A5.22

NUPBER OF LANE LOADS)

ABGATIVE
EAX I NUM

~2.,231E 02
-2.2318 02
0
0
0

=-3.6518 01
-1.383€ 01
-2.233E 00
~4.374E-01
-1.908E-01

=§5.294E 01
-3.521€ 01
-1.113E 00
-4.0857e-01

0

-1.626€ 02
-1.622¢€ 02
-1.1168 02
-4,327¢ 01
=1.431E 00

-1.0878 02
-7.671E 01
-4.,093E 01
-£.997€ 00
=1.96TE 00

-1.0878 02
-7.671E 01
-4.093€ 01
-€.997E 0O

LOAD AT
LANE STA
1 4
1 4
0 57
3 72
1 4
4 112
2 44
0 57
3 72
4 112
2 44
0 31
2 34
1 14
3 T2
4 112
0 23
1 14
2 34
4 102
3 82
0 93
4 102
3 82
1 14



86 =-3.260E 02

94 S<4S3E 01

111 1.€31E 02

122 =-2.2¢65E 02
SHEAR ( K )

AT CEAD LD

STA EFFECT

12 =~£.T720E 01

16 €.529E 01

34 ~-1.227E 01

\:ANNMO WSRO

NS WO

OrWNEO

L ANE
CRDER

NSO DL WN=OD

WA e

3.565€~-01

2,645E 01
2.78¢E 01
1.52CE 01
S.732€ 00

1.445E 02
1.299€ 02
3.65¢E 01
2.167E 01
1.182E 01

2.7T13E 02
2.454E 02
€.551€ 01
8.512€ 00
4.644E 00

00000

PCSITIVE
VAXIPUM

00000

4 .E84S5E 01
4.849E 01
1.4CSE 01
1.24CE 00
7.212E~01

4.69¢E 00
4.65¢E 0C
1.34CE 00
T.312E-01

N> WO F NN N -]

N > O

LOAD

1.3
82
102
14
34

98
102
82
14
34

AT

LANE STA

[T N NN

whsNoN

14
14
34
102
82

»”

102
82

COdWN=O O,rwNh~=»O WhrWwN~O

OSrwWN~=O

LANE
ORDER

OIrVWN=D OrwWwN=OD

WN=~O

-1.967€ 00

-1.€26E 02
-1.822E 02
-1.116E 02
-1.431E 00

=$.294E 01
-1.921¢€ 01
-1.113E 00
-4,857€-01

0

-2.651E 01
~1.3836 01
-2.233E 00
~4.,374E8-01
-1.508E-C1

~£.231E 02
~2.231E 02
0
0
0

NBGATIVE
PAX ] MUM

-€.550E C1
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TABLE 7 -- PAXIMUM SUPPCRY REACTICNS

STA DIST X MAX + REACT MAX - REACTY
FT K K

14 8.0e3E 00 2.516E (2 0

50 2.8E7E 01 2.022E €2 0

86 4.965E 01 3.022E C2 0

122 T.044E 01 2.516E C2 0

TIME = 11 MINLTES, 8 ANC 4€/60 SECONDS

TABLE 8 == SCALES FOR PLCY CUTPLT

CISTANCE 10 INCEHES = 100 FT
FCMENT 2 INCKHES = 1€00 F1-K
SHE AR 2 INCHES = 200 K

TIME = 11 MINUTES, 20 ANLC 4€/60 SECONDS
TIME = 11 MINUTES, 21 ANC 2C/60 SECONDS

Q0 HCURS, 12 MINUTES, €S SECONDS.
END JCB 08Cé64. 14.05.00

TOTAL NUMBER OF PAGES 051

149



	Preface

	List of Reports

	Table of Contents

	Abstract

	Nomenclature

	CH.1: Introduction

	CH.2: Explanation of Method

	Computer Representation of Bent Cap

	Loadings

	Computer Representation of Skew

	Program Operations

	Results Produced by the Program


	CH.3: Description of Cap Program

	Standard Features of CAP Program

	Optional Features

	Limitations

	Error Messages

	Guide for Data Input


	CH.4: Example Problem

	Solution 1.

	Solutions 2.

	Solution 3.


	CH.5: Summary and Recommendations

	Principal Assumptions and Approxiamations

	Recommendations


	References

	Appendix 1 Flow and Diagrams for Program CAP 14

	Appendix 2 Glossary of Notation for CAP 14

	Appendix 3 Listing of Program Deck of CAP 14

	Appendix 4 Listing of Input Data for Example Problems

	Appendix 5 Computed Results for Example Problems




