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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM PROGRAM NO.
Concrete General Flexure Analysis - CGFAG (X8008) 713-F3-R0010
PREPARING AGENCY U, S, Army Engineer Waterways Experiment Station, Automatic
| P 31, Vicksburg, MS 39180-
AUTHOR(S) DATE PROGRAM COMPLETED STATUS OF PROGRAM
E. T. Gates, SWGAD PHASE STAGE
H. L. Miller, NPS December 1974 MOD oP

A. PURPOSE OF PROGRAM

Elastic analysis of combined axial load plus biaxial bending on a cracked
section, with stress always proportional to strain. Reinforcing steel is
optional; bars in compression may be evaluated separately from bars in tension,
enabling analysis of general surfaces-in-contact problems as well as reinforced
| concrete. ’

B. PROGRAM SPECIFICATIONS

The program is written in FORTRAN 66 with the Graphics Compatibility System.
The CORPS system library time-sharing file name is X8008. Output includes
optional graphics display.

C. METHODS

o Working from an initial assumption that the neutral axis is on the coordinate
'L ) X-axis, the program adds the correction terms to the stress equation until the
neutral axis is located precisely enough to compute stresses within the
specified precision (default precision is 0.l percent). \

D. EQUIPMENT DETAILS 1

Time-sharing computer (Honeywell level 66, CDC Cyber, or Harris 500) Remote
terminal:

Tektronix 4014, if graphics display is desired;
any printing terminal if graphics display is not desired.

E. INPUT-OUTPUT

Input (from saved file or interactive) consists of problem name, concrete out=~
line and steel pattern 1.D. Nos., x and y coordinates of corners of concrete

outline and of single bars or end bars of rows, bar areas, loading values of P,

Mx, and My, n = Es/Ec, r = fs/nfc, precision. Output (at terminal or into
file) includes data echo, stress equation and neutral axis location, optional
tables of stress at each coordinate point and bar row end, and optional
raphics picture of section with neutral axis location,

F. ADDITIONAL REMARKS

1. Program origin -~ Seattle District, 1967.
2. Manipulation of input data values of n and r will permit analysis of base
plates, contact bearing, and homogeneous materials.

. 3. Documentation can be obtained from Engineering Computer Programs Library,
. e WES, P. 0. Box 631, Vicksburg, MS 39180-0631.
i 4. Program is part of the CORPS and is available on several computer systems.

WES . jS:‘:o 2205 REPLACES ENG FORM 2883 WHICH S OBSOLETE.
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PREFACE

This user's guide documents a computer progfam that performs a service-
load working-stress analysis of an irregular cross section of concrete, rein-
forced or not. This is an enhanced version, with graphics, of a program ori-
ginated in 1967 in the US Army Engineer District, Seattle. The work on the
enhanced version was accomplished using funds provided to WES by the Direc~
torate of Engineering and Construction, Office, Chief of Engineers, US Army
(OCE), under the Computer-Aided Structural Engineering (CASE) Project.

This program was first written in the North Pacific Division by H. L.
Miller, E. T. Gates, et al. The work in modifying the original program was
then done by Mr; William A. Price III, Chief, Engineering Applications Group
(EAG), Scientific and Engineering Applications Division (SEAD), Automation
Technology Center (ATC), US Army Engineer Waterways Experiment Station (WES),
and Mrs. Marjorie L. Waites, Computer Assistant, EAG.

Dr. N. Radhakrishnan, Chief, ATC, and Mr. Paul K. Sentei, Research Group,
SEAD, coordinated work on the program. :

Commander and Director of WES during the publication of this report was

‘tw COL Robert C., Lee, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
inches 0.0254 metres
“square inches . 0.00064516 square metres
kip/square inches 6.894757 pascals




USER'S GUIDE FOR COMPUTER PROGRAM CGFAG, CONCRETE
GENERAL FLEXURE ANALYSIS WITH GRAPHICS

- PART I: INTRODUCTION

'l Background

1. This program is a product of 17 years of evolution, which began in

the US Army Engineer District, Seattle. The revisions incorporated in this
E: latest version have broyght the original Concrete General Flexural Analysis
(CGFA) into the contemporary world of flexible time-sharing, equipped with
optional graphics display and control of the amount of output detail. The
updated version is named CGFAG, that is CGFA with graphics. The 198§'revi-
sions separated the stress tables from the rest of the printout and made them
an optional page 2. The graphics and a new, brief, stress summary were added
E;: to the problem data echo and called page 1. So that the program ¢an be run
:,' from nongraphics terminals, the graphics output on page 1 is optionsl
i (paragraph 27).

o Purpose and Capabilities

Ei 2, The program is designed to perform a cracked-section working stress
analysis of a concrete cross section, reinforced or nonreinforced, of any
shape. The cross section may contain a number of voids and/or composite ex-
ternal aress. The (optional) reinforcing steel may be arranged in any pattern
&i and may act at a modular ratio of zero, n , or Zn  when in simultaneous com-
pression with a tensile modular ratio of n . Thus, {t can analyze nonrein-

forced concrete, reinforced beams, reinforced columns, or bolted bearing plate

pads. Applied service loads may include axial loads plus biaxial moments.

Limitations

.
)

. "l
W
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3. The concrete cross section is described by a series of successive

straight-line segments connecting the corners of the outline. Thus, a curve 2
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is approximated by a series of short segments. The number of corners between

segments is limited to not more than 99 (paragraphs 19 and 20).

4, Reinforced steel, if used, is described in rows where a row may con-‘

- tain any number of bars that are of the same size and equally spaced. A row
i; may contain one or more bars and may have any orientation relative to the

-E coordinate axes. The number of rows is limited to not more than 100

% (paragraph 21).

5. Each loading con;ains one axial force, assumed to be applied at the
coordinate axes' origin, plus superimposed moments about the two coordinate
. | axes. The superimposed moments must include the moments caused by translating
&: the axial force from its actual location. There is no limit on the number of
loadings that may be applied. There is no provision for combination loads;
each force and moment set is analyzed separately. (Paragraphs 22 through'24

present more information on loading data lines.)

U P S




PART II: COMPUTER PROGRAM

6. This program was designed to determine the location of the neutral
axis and the stresses in a given section of concrete or reinforced concrete
subjected to certain conditions. These conditions could be any combination of
axial load, P , applied at the intersection of the x-y axes in a direction
perpendicular to them, and the moments Mx and M_ about the x-y axes. The
concrete section is defined by coordinates; the reinforcement by center bar
coordinates; rows of uniform sized bars by end bar coordinates, the number of
bars, and their size. The program gives the equation of the neutral axis, the
stress at each point om the concrete section defined by a set of coordinates
and the stress in each single bar or for the end bars in rows. This program

is written in ANSI FORTRAN with the Graphics Compatibility System.

Analysis and Method of Solution

7. The program computes the stresses in cross sections of concrete sub-
jected to any combination of axial loads and bending in accordance with the

general flexure formula:

r. o r— —
I I
M = M )I(°y° M, - M, Xo¥o
P 0 o ¥olx 470 o ‘xg v
forr O | T .2 |
*oYo xoYo)
IX - I - I
0 Yo Yo X5 _J

which can be written f = a + bx + cy , the equation of the neutral axis when
f =0 . This simplified equation is written in the program output. The

method followed in the computation is one of successive iterations to find the

neutral axis that satisfies the above equation. Nomenclature in the above

equation and the computation are described in a publication by the California
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: State Highway Department.* The computation is in accordance with AASHO** and
E - Saville.t
& 8. The values necessary for this general flexure formula are obtained by ;' )
5 summing the properties of the section's subdivisions. The section is sub- :'._
. divided by dropping perpendiculars from each end of a bounding line segment to ﬂi;a
the X-axis, Section ABCDEFGA. Points v _“
h must be listed clockwise around the A [
section and each subdivision is as- :
sumed to consist of a rectangle and a
triangle. The area of thé triangle
may be zero, 4EF5; the area of the E £ »
rectangle may be zero, ABl, or both ] {f
may be zero, GA. For each triangle : ;3f
and rectangle, the area, the coordi- B : S
nates of the centroid, x and y, and ' ; »
the moments of inertia of the area ! . !
about the X, Y, and XY-axes are com- : J’X
puted. The areas and moments of iner-~ 1 A 2 3 4 G 5
tia are accumulated to obtain totals for the section, the values of Ax and i -
Ay are also accumulated to determine the centroid of the total section. A
similar computation is carried out for the reinforcement to obtain the prop-
erties of the transformed section. The principal difference is that the gen-
eral term is evaluated for a row of bars, instead of the series that would be i“-‘
generated by taking them one at a time. »>_
9, Normally, the first iteration is computed on the assumption that the i{%
entire section is in compression. This assumption will give a first location i:
of the neutral axis. With the location of the neutral axis, only the subdivi- >
sions which have concrete in compressive stress will be computed. The L
* California State Highway Department. '"Reinforced Concrete Columns Subject ff;
to Unsymmetrical Bending and Direct Stress," Bridge Design Practice, Sec- "

tion 5, Appendix A.

** American Association of State Highway Officials. 1949, "Concrete Design
Columns Flexure and Direct Stress," Standard Specifications for Highway
Bridges, Article 3.7.10(d).

¥ Saville, William G. S. 1940. "Analyzing Non-Homogeneous Sections Sub- e
jected to Bending and Direct Stress," Civil Engineering, Vol 10, No. 3, ‘

pp 170~172, New York, N. Y. s




intersections of the section with the neutral axis are computed each time
there is a reversal of the sign of stress between points of the section. The
tensile area is then subtracted, leaving the concrete area in compression only
as part of the transformed section. The sign of the stress in each bar of
steel is checked and a value for use in computing the transformed section is

assigned to it as previously determined by the designer who developed the

data.

10. After the first iteration, a table of the concrete stresses is
developed. As the stress at each point is computed, it is compared with the
value of the difference of the stresses and compared with the desired accuracy
read into the computer.. When the change in successively computed stresses for

o all points on the concrete section is less than the desired accuracy, itera-

tion will cease and the results of the last iteration will be printed. When
the number of iterations exceeds 200, the computer will type out each itera-
tion number, and continue computing.

11. Three items are placed with the loadings on the load case line which
provide great flexibility and control over the program. Supplied for each
case is n , the ratio of the modulus of elasticity of the steel in tension to
that of the concrete in cohpression. This ratio governs the development of
the transformed area of the reinforcement in tension. The ratio "r" which
governs development of the transformed area of reinforcement in compression is
also given, This value is actually the ratio of the effective modulus of the
reinforcement in compression to that of the reinforcement in tension. The

values of n and r may be shown by the expressions

ES (compression)

Es (tension)

and

ES (tension)

n= Ec (compression)

The ACI 318% code allows a value of 2 to be used. For further discussion of

the use of variable r , see paragraph 13. The third item is listed as limit i%?

.
PR

* American Concrete Institute. 1977. Commentary on Building Code Require- S
ments for Reinforced Concrete," ACI 318-77, Detroit. AT
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of accuracy desired. This is the maximum allowable value of the change of
stress in the concrete between successive iterations and, as such, sets the
accuracy of the computation.

12. The computed values are printed in fixed decimal format, except for
the neutral axis intercepts on the coordinate axes, which are in a format
similar to that of a scientific pocket calculator. The accuracy of the input
and its value (0.001 is recommended) will determine the accuracy of the
printout.

13. The program has been used for many applications through the manipu-
lation of the ratio r . A bolted bearing plate was analyzed by using
r = 0 . This removed the bolts from the compression area while those in the
tension area remained fully active. With r = 1/n , walls containing untied
steel have been analyzed. With these values of r and n the compression
area appeared to be solid concrete.

14, The program, as written, will analyze nonreinforced sections. This
phase of the program has been used to analyze the pressure on footings and
make stability analyses. If the loading places the entire section in tension,

N a solution will not be obtained and excessive iterations will result. The
'E; solution does not allow tension in the concrete, and if the material being
analyzed can sustain tension, it will be necessary to code a hypothetical net-
work of bars. This network must cover the possible tensile zone and use an n

value of 1 and an r value of zero so that these hypothetical bars will act

like concrete. Such a network could be rows of bars on l-in.* centers and a

bar area of 1 in.2

15. Hollow sections can be analyzed without program modification. The ' ::lﬂf;
hollow shape is regarded as an enlarged cut into the outline, leaving a saw -
cut (of finite, small width) into the void and an enlarged cavity forming the T
void. Points are clockwise around the outside outline and counterclockwise : .
around the void space(s). Thus, the outline area is added in summation, while
the void(s) are subtracted. The two sides of the "saw cut" must not touch,
but may be very close (approximately #0.0l in.). The coordinates must be
arranged along one continuous line, closing on the starting point. The start-

ing coordinates must also be the last set.

* A table of factors for converting non-SI units of measure to SI (metric) R
units is presented on page 3. R




Data Preparation

16. Input data are in standard FORTRAN free-field format, with a comma
or at least one blank space between values. Integer values must not show a
decimal point; real numbers with whole values may be entered without the deci-
mal point. Every line must start with a line number of less than 999,999,
The program will read, but ignore, the line numbers. Several data sets may be
placed in sequence in the data file, and will be described later. One set 1is
described below. A complete input guide, in outline form, is shown in
paragraph 26.
Label line

17. Up to 66 columns of alphanumeric problem identification begin after
the first blank character (space) following the line number. Characters
beyond column number 66 will be ignored.
Header line

18. There are four integer numbers in this sequence: 1line number, at
least one blank space; the number of concrete data points (including the re-
quired repeat of the first set); the number of steel data lines; and the num-
ber of load data lines, If the concrete outline is to be repeated from the
previous problem, there should be no concrete data given for the repeat.

Concrete data lines

19. Use as many lines as are needed (up to 100), but each line must have
the following arrangement: 1line number (integer), at least one blank space;
concrete outline identification number (integer, 6 digits maximum, the value
from the last concrete data line will be used in the printout); three sets of
coordinates: X-coordinate (decimal), Y-coordinate (decimal). Coordinates
must be less than 100,000 in. If the previous problem had the same concrete
outline, the concrete data lines may be omitted if shown as such on the header
line,

20. The concrete coordinate point sets are placed in ascending sequence
around the concrete outline, three sets per data line, proceeding clockwise
around the outside and counterclockwise around any void(s) inside. No more
than 100 points may be coded. A square includes five sets of coordinates ac-

cording to the need to repeat the first set at the end:

10

............................
.......................................
................................
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Steel data lines
h 21. One line of steel data may define one bar or one straight line of .
y equally spaced bars. All of the bars on one data line must have the same »
- o
- cross—-sectional area. No more than 100 lines of steel data may be used. Each

line is coded thus:

a. One bar on the line: the line number; at least one blank space; L
a steel pattern identification number (integer, eight digits »
maximum, the value from the last steel data line will be used in :
the printout); the cross-sectional area of the bar (decimal);
the X-coordinate of the bar location (decimal, must be less than .
100,000.0); the Y-coordinate of the bar (decimal, must be less e
than 100,000.0); and a numeral "1" (for one bar). "

b. A row of bars on the line: the line number; at least one blank ..-.
space; a steel pattern identification number (integer, six e
digits maximum, the value from the last steel line will be used
in the printout); the cross-sectional area of one bar in the row
(decimal); the X-coordinate of end number 1 of the row (decimal,
must be less than 100,000.0); the Y-coordinate of the row (deci-
mal); the number of bars in the row (integer); the X-coordinate
of end number 2 of the row (decimal); and the Y-coordinate of
end number 2 of the row (decimal). '

Loading data lines

22, The loading data are described by an axial force (concentrated), the

moment about the Y-axis (the sum of both the effect of the concentrated force T
and of any other applied moments), called Mx , and the moment about the ?;}
X-axis (the sum of both the effect of the concentrated force and of any other sﬁg
applied moments), called My . The sign convention is that positive indicates ;:7

compression by the axial force and compression in the first quadrant (X and Y

both positive) by the moments., Lengths and distances are in inches. Force

may be in kips or pounds, as long as consistent units are maintained through-
out the problem. Each loading condition is listed on a separate line and the

number of loading cards must be as shown on the header line.

11
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23. Action of the program in assigning stress ratios to the steel is
ontrolled by two variables on the loading data line. The ratio Ex/Ec , "n,"
is as defined in ACI 318. The ratio "r" is as defined and discussed in para-
graph 11. Typical values of these two items are illustrated:

USE n__ —r
Normal reinforced concrete beam Es/Ec
Column with increased modular Es/Ec 2.0
ratio for compressive steel
Bolted bearing plate, bolts Ebolts/Ec 0

take tension only

Concrete section with bars in Es/Ec 1.0/n
compression at concrete stress
(no ties) (Para 13)

No reinforcing (Para 14) 1.0 1.0

24, Each load data line is made up as follows: the line number, at
least one blank space, a load case identification number (integer, six digits
maximum) that will be printed in the load description table, the axial load
(decimal), the moment Mx about the Y-axis (decimal), the moment My about
the X-axis (decimal), the modular ratio "n" (decimal), the ratio "r" (deci-
mal), and the desired accuracy of the final concrete stresses (decimal, same
units as the output stresses). There is no limit to the number of loading
data lines.

Special lines

25. Following the last problem, there should be a special pair of lines
in the data file, so that the program will end without error messages. The
first line of the pair should have a line number with at least one blank. The
second line of the pair should have a line number, no less than one blank, and
three zeroes separated by a comma or at least one blank space. Failure to do
this will cause an error message "OUT OF DATA IN SREAD," but causes no actual

errors.

Input Guide

26. Paragraph references cite the narrative descriptions within this
report. A thorough study of paragraph 16 is important before beginning
preparation of a data file.
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a. Label line-~reference paragraph 17, As many as 66 characters of
text will be printed at the beginning of each analysis. Subse-
quent problems must start with this line.

b. Header line--reference paragraph 18 for details.
LN NP NSL NLL
where

LN = Line number.

NP = Number of concrete data points; 100 max, including
the required last point that is a repeat of the first
point. Use a value of zero and omit the concrete
data lines if the outline is to be repeated from the
previous problem in the data file.

.NSL = Number of steel data lines; 100 max. Use a value of
zero and omit the steel data lines if the section is
to be unreinforced.

NLL = Number of load case description lines, no limit.

c. Concrete data lines--reference paragraphs 19 and 20. Use number
of lines needed to define NP points, three points per line.
LN IDC xn Yn xn+l Yn+1 xn+2 Yn+2

L where .

.LN = Line number.

';' IDC =

Concrete outline identification number, 6 digits
maximum. This is shown in the printout.

X = X-coordinate of the first point described in this
line of data. Maximum value = 100,000 inches, must
be positive.

Y = Y-coordinate of the first point on the line.

The line should be stopped here, or the rest of the line
should be all zeroes, if point n was the last point needed
to complete the outline description (including the repeat
of the first point).

Xn+1 = X-coordinate of the second point on the line.

Yn+1 = Y-coordinate of the second point on the line.

The line should be stopped here, or the rest of the line
should be all zeroes, if point n+l was the last point
needed to complete the outline description (including the
repeat of the first point),.

X = X-coordinate of the third point on the line.

n+2
Yn+2 = Y-coordinate of the third point on the line.
d. Reinforcement data lines--reference paragraph 21. Use one line Lff}i‘
per row of bars, one or more bars per row where all bars in one ® 1

row are the same size and are equally spaced. If the section is
unreinforced, use zero for NSL in the header line and omit the

13
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reinforcement data lines. A row of bars may have any orienta-
tion and rows may cross each other.

LN IDS ABAR X, Y, NBAR X, 6 Y

1 1 2 2
where
LN = Line number.
IDS = Steel pattern identification number, 6 digits
maximum. This is shown in the printout.
'ABAR = Area of one bar, square inches. If more than one

bar in the row, all bars must have the same area
and be equally spaced.

Xl = X-coordinate of end number ! of a row or, if only
one bar, of this bar. 100,000.0 inches maximum.

Yl = Y-coordinate of end number 1, inches,
100,000.0 max.

NBAR = Number of bars in the row.

If NBAR is one, stop the data line here.

X2 = X-coordinate of end number 2 of the row, if
NBAR > 1. 100,000.0 inches maximum.

Y2 = Y-coordinate of end number 2 of the row, if
NBAR > 1. 100,000.0 inches maximum.

e. Load case data line--reference paragraphs 22 through 24. One
such line per load case, no limit on number of lines, but number
used must be the value of NLL on the header line.

LN IDL P M M n r ACC
X y
where
LN = Line number.

IDL = Load case identification number, 6 digits maximum,
will be printed in output.

P = Axial force, kips, compression positive.

M = Moment about the Y-axis, including that caused by P
and its location relative to x=0., Inch-kips,
positive to cause compression in the cross section.

M = Moment about the X-axis, including that caused by P
and its location relative to y=0. Inch-kips,
positive to cause compression in the cross section.

KN O
. L T R

B 4 [
Y P P i w Py

n = Ratio of modulus of elasticity of steel in tension
to that of the concrete in compression, E /E . See :

s ¢ -,

paragraphs 11 and 23. AR

’
2




r = Ratio of modulus of elasticity of steel in compres-
sion to that of steel in tension. See paragraphs 11
and 23.

ACC = Desired minimum accuracy of stress computations. If
zero, a value of 0.001 ksi will be used.

Jrn
.

Another problem may be placed here, beginning with the label
line.

g- Last line, after the last load case data line of the last
problem-~two lines:

LN 2B
IN O 0 O
where

LN = Line numbers.
2B = At least two blanks.

0 = Three zeroes, separated by at least one blank, after
the line number and its blank space.

Qutput

e

27. All output values and input data will be in the same units with the
sample problems illustrating output. The tables of stresses in concrete and
steel are optional; the maximum values of each are always shown. When running
the problem from a Tekfronix 4014 graphics terminal, the text output is con-
trolled to avoid lost or overwritten printoﬁt, and a picture of the cross

section is shown, indicating the neutral axis.

Error Messages

28. Several error messages are built into the program. These messages
and the problems they refer to are listed below.
a. "FILE READ ERROR" -- self-explanatory.
b. Concrete Data:

"Y"(n) MISSING" -- an X~coordinate was found, but no
Y-coordinate; n 1is the sequence number of the data point.

"ERROR IN DATA FOR CONCRETE LINE n" -- an empty data line (line AN
number only) was encountered in the data file. S




< O TN

c. Steel Data:

g "BARN(n) MUST READ ZERO OR 1" —- both X and Y coordinates for
' end Number 2 coordinates were missing but more than 1 bar was
' indicated in the bar quantity variable "BARN."

"X2(n) MUST BE ZERO FOR ONE BAR IN ROW" -- if there is only one
. bar in a row, there is no end Number 2 for coordinates to

- define.

II "ERROR IN DATA FILE FOR STEEL LINE n" -- more than seven or

: fewer than four data items on the line, follow the line number.
The value of "n" denotes the sequence number of the line in the
steel data line group.

d. Loading Data:

Ei "ERROR IN LOAD DATA LINE" -- the next data line following last
line printed had line number with no data to follow.

Remarks

29, Program X0009 -- CGFARD, 713-F3-R00l1l, will generate part of the xﬂ{
data file for one or more circular cross sections. An abstract of this ‘fﬂ
, SO
program is included as Appendix A and its use is illustrated in sample e

problem 4. -

Sign Convention >
30. The sign convention for this program is presented in Figure 1., The

s symbols denoting variables are for clarity and do not represent actual ’ :ﬁi
: variable names in the program. }i}

Illustrations

31. The following illustrations are shown to exemplify the program and

they appear as sample problems 1 through 4.




LI S S

¢ |

The axes may be placed anywhere on or off the section. The axial
load, P , must act at the origin, Mx and M must include

the effect of moving P from its actual point of application. A
positive moment will cause compression in the +X , +Y quadrant.

Figure 1. Sign convention

17
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32, Sample Problem 1. Baseplate. Structures Port Arthur H-F

Protection, closure structure at sta 1453420,

4 i
. ‘ ' 1
< 10.5" ]
. AR
2 3 — X
r ' 2 J7.5%3 17.5 1
S y tho" ]
i : ‘
lud ' ok ‘
: =] = 24.0}_< / '0k® 4"
b 9 (v® R /
(AN B ise —2_»
. (\' (k? g ) /B.Ok ‘_r f/?Je
® M N © 2nchor bol#s
3 ol 4 0
I-- 0 . *
1N /,5 4 - X .
i . \‘)_.0\\ ) | ~oa
% /6.0" LEGEND:
__ 215" ' ® = Looking at Tail
= - » o End of Force
‘ vector

Bottom Hinge-Gale Opewn

_ (vovt y Axis) My = 16.0(10.5) +2 4.0 . 0)

= 183.0+264.8

| | = 453.0"K

@bovt x Axig My =18.0 (19.625) - 17.50 (11.0)
- 353,5 -192.75 '
X = 16075 K

: P =180k

it
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PR
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Rt e Angh Mt aam Jealh sees

XLIST CGFAD1

2000 CGFA TEST PROBLEM 1 ~-- TAKEN FROM HINGE BASE PLATE, PORT ARTHUR
2

2010 S 4
2020 1 © © o 32.75 21.5 32.75
| 2022 1 21.5 @ © ©
| 2030 2 1.41 S 4 1
| 2032 2 1.41 5 28,75 1
2034 2 1.41 16 28.75 1
2036 2 1.41 16 4 1
2040 3 18 453 160.75 9.2 0 0,01
2042 4 18 453 160.75 9.2 0 @.e01

XFRN WESLIB/CORPS/X8008,R

ENTER @ IF USING GRAPHICS TERRMINAL,
OR 1 IF NOT.
-Q

COMPUTER WILL PAUSE TO ALLOW QUTPUT COPYING.
HIT CARRIAGE RETURN TO CONTINUE.

ENTER 1 TO GET DETAILED STRESS TABLES,
OR @ TO GET MAXIMUM VALUES ONLY.
«1

T MAME OF DATA FILE.
}ngUDg“‘EQTSPQSS/FILENAHEIPGSS' ONLY, NO USER ID
IF yOU UISH TO INPUT DATA FROM TERMINAL, ENTER A
CARRIAGE RETURN.

? CGFADL

19




PROGRAM CORPS.X8008

T T ——

CONCRETE GENERAL FLEXURE ANALYSIS REV 82

CGFA TEST PROBLEM 1 -- TAKEN FROM HINGE BASE PLATE, PORT ARTHUR

t* INPUT LOADING AND PARAMNETERS x2
LD. CASE P Y-AXIS MOM. X-AX1S MoOm. N R ACCURACY
3 18.90 453.09 160.75 9.20 @. 9.010
STRESS EQUATION AND NEUTRAL AXIS:
UNIT STRESS = 9.03187? X + -0.00546 ¥« -9.37519

AT ¥ = @, NEUTRAL AXIS CROSSES X-AXIS AT X s  11.772075
AT X = @, NEUTRAL AXIS CROSSES Y-AXIS AT ¥ =  -68.675287
v
Iy
| .
/
14
2 /i 3
[
301 e .
’
/
I ’
Naot /
c '
H I STRESS
E / TYPE
S (o0t . - ,
/ b
. ' .
/
/
o < S - h /'
1 )
’ I c
— d ~— & X
° 10 20
CINCHES)

----- NEUTRAL AXIS (T=TENSION, C=COMPRESSION)

MAXIMUM CONCRETE STRESS =
MAXIMUM STEEL STRESS .

9.31 AT POINT 4
3.43 7

CCMPRESSIVE STRESS IS SHOWN PLUS, TENSION MINULS (CCNC. & STEEL)

CONCRETE STRESSES FOR OQOUTLINE 13
CCMPRESSIVE
POINT  x-COORD VY-COORD  STRESS POINT X-COCRD Y-CQORD
1 Q. 9. ] Q. 3e.75
g 21.5@ 32.7% 9.131 4 21.50 0.
STEEL STRESSES FOR PATTERN NO. e:
AREA OF QUAN. OF ROUY X Y STRESS
ONE BAR BARS/ROJ END COORDINATE COORDINATE IN BAR
1.410 1 5.000 4.000 -2.187
1.410 1 5.000 28.7590 -3.431
1.410 1 16.000 28.750 -9.205
1.410 1 16.000 4.000 .
20

cemP.
STRESS

0.319

1
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PROGRAM CORPS.X8008  CONCRETE GENERAL FLEXURE ANALYSIS REV 82
CGFR TEST PROBLEM 1 -- TAKEN FROM HINGE BASE PLATE, PORT ARTHUR
213 INPUT LOADING AND PARA METERS =%

. < P v-AXIS MOM. X-AXIS moM. N R ACCURACY e
. P E 18.00 453.900 169.75 9.20 o. @.001 *
STRESS EQUATION AND NEUTRAL AXIS: L
UNIT STRESS = 9.03187 X +  -0.00546 Y +  -0.37518 W
AT ¥ = @, NEUTRAL AXIS CROSSES X-AXIS AT X = 11.772975 e
AT X = @, NEUTRAL AXIS CROSSES Y-AXIS AT ¥ =  -6B.675287 w7
o
v .
¢ Co
: ] '
! .
’
)
, -
30 . -/ ®
1
! .
1 ' .
N2eft j e
c -
H ! STRESS _
E / TYPE §
Sy ! T { ®
l ’ N
. ’ - /
0 } s ! b ; .
/ b -
’ ) C
£ + - X
) 10 20
(INCHES)

----- NEUTRAL AXIS (TsTENSION, C=COMPRESSION)

MAXIMUN CONCRETE STRESS = 0.31 AT POINT 4
MAXIMUR STEEL STRESS . 3.43 7

TIMPRESSIVE STRESS 1S SHOWN PLUS, TENSION MINLS (CONC. & STEEL)

R
A I

CINCRETE STRESSES FOR JUTLINE 1
COMPRESSTVE comp. °
POINT  X-COCRD Y-COORD  STRESS POINT X-COORD Y-COORD STRESS g
1 °. 2. 2 e 32.75 o
3 21.se  32.75 0.131 i 2150 e. 0.310 o
5 e, °. el
STEEL STRESSES FOR PATTERN NO. 2: L
AREA OF GQUAN. OF ROU X v STRESS . .
ONE BAR BARS/ROW END COORDINATE COORDINATE IN BAR .
1.410 1 5.000 4.000 -2.187 e
1,410 i 3.000 28.750 Sl AN
1,410 1 16.000 28.750 -0.205 O
1,418 1 18,000 4. 000 X A

¢« . "
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DS ASTIN Ger R w ]
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*FRN WESLIB-/CORPS/X3008sR

411

ENTER 0 IF USING GRAPHICS TERMINAL.
OF 1 IF NOT.

=]

ENTER 1 TO =ET DETRILED STREST TRELES,
OF O 7O GET MAXIMUM VALUES ONLY.
=0

INPUT NAME OF DRTR FILE.

INCLULE ~CRTSFRSS.FILENAMESFASS - OMLYs ND USER ID
IF ¥OU WIZK TO INFUT DATA FREM TEFMINALY ENTER W
CARRIAGE FETURM,

? CIBFADY

ENTER NEW OUTFUT FILE NAME—CHRRFIABE RETURN PRINTS
OUTPUT AT TERMINAL.

?

_—

FROGRAM CORPS-XZ0u8 CONCRETE GEMNERAL FLEXURE ANRLYSIS REV =&
CeFA TEZT FROELEM 1 -~ TAKEN FROM HINGE ERSZE PLATE. FORT ARTHUF
s I NP U T LORDINMNDG RNTD PRRRMETERS s+o

LD. CHEE P YeR/EIE MOM, X-R<Is MOmM, M R ° FRCCURACY
2 12,00 452,00 160,75 Q.20 0. 0.1

TREZ = EQUARTIOHN ANL NEUTRAL R X 1IS:

UHIT ZTREZS = 0.02127 X+ -0, N0SHE ¥+ ~1

ot

37519

AT % = 0y HEUTRAL AXIE CROISES H-AXIZ AT = = 11.77207S

RT = = 0s HEUTREL RIS CROSIES Y-AXIS BT % = -£2.B7SE8T7
METMUM CONCRETE STRESS = D.21 AT POINT 4
MELTMIM STEEL STREZS = T84T

FROGRAM COPPS-®z008 CONCRETE GENERPRL FLEXLURE AMALYSIS FREVY =22
CoFR TEZT FROBLEM 1 —- TREEN FROM HIMGE EBRAZE PLATE. FORT APTHUR

*» I NP UDT LOrRDINIRR AN PHRHRAMETERSZ e

LD. CRZE F Y-RATE MOM. «-AXIZ MOM, M F ACCURRALCY
4 12,00 453, 00 120,75 S.20 0. 0. 001
STRE = = EQUDRTION A NL NEUTRRARL /R X I s

Ll

UNIT ZTREZS = 0.N31s? X+ ~0, Q0548 v+ -, Zr519

AT % = 1y HEUTRAL RAIZ CROSIES X-AXIS AT X = 11.772075
RT « = us MEUTRAL AXIZ CROZIEZ Y-AXIS AT ¥ =  -~6B.673287

MAXIMUM CONCRETE ZTRESS = 0.31 AT POINT 4
MAXIMUM STEEL STRESS = 3.43 T

22

oo
Lo
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]
T
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33, Sample Problems 2 and 3. Coding a void.

Yo | h . .

Eoch Load = 10k

- Load 30! - 9,7 °

A

((nches)

”

| Y2
4 6
6ches)

Startirg ond Lines 11,2.01 -8,2.0! and
enc/;,zj, /90:‘/7-/- 8,3—”,2 must hot
(erbiirary) coincidde, The space
7 between the twe may
be made arbitrarily
small , however.

23




AT NRea— Ll R St " i

$LIST CGFAD2
R\ IESTaPRgBLEH 2 -~ UITH 3 LOAD CASES

Jace 191 6 @ 4 S g9 ?
3Je22 191 11 2.91 8 3.01 8 4
3024 101 ? 7 3 8 3
3026 101 11 2 & @
3030 261 1 ? 2 1
3032 201 1 6 4 1
3034 20t 1 8 5 2 9 3
3040 2301 10 80 SO 10 2 e.01
3053 382 10 60 10 10 2 @ .
3060 303 10 60 30 10 2 0.91 .-
:g?g ;ES; PROBLEM 3 -~ REPEAT PROBLEN 2 UITHOUT STEEL, 1 LOAD CASE

1 L
4200 401 10 80 SO 10 2 o0.01 L
SFRN UESLIB/CORPS/X8008,R v R

oY tem

ENTER @ IF USING GRAPHICS TERMINAL.

OR 1 IF NOT.
=0

COMPUTER WILL PAUSE TO ALLOW QUTPUT COPYING.
MIT CARRIAGE RETURN TO CONTINUE.

ENTER | TO GET DETAILED STRESS TABLES,

OR 3 TO GET MAXIMUM VALUES ONLY. T
2y .7' ..:
INPUT NAME OF DATA FILE. T
INCLUDE ’CATSPASS/FILENAMESPASS’ ONLY, NO USER ID
IF YOU UISH TO INPUT DATA FROM TERMINAL, ENTER A
CARRIAGE RETURN.
2 CGFAD2
.'~':
24 o
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PROGRAN CORPS/X30€8  CONC RAL FLEX
TEST ReBLEn 2 i CRETE GENERAL FLEXURE AMALYSIS REU 82

31 NPUT LOADING AND PARAMETERS 13
LD. CASE P Y-AXIS MON, X-AXIS MoM, N R A A
301 19.00 80.00 50.00 10.00 2.00 cgug‘gv

STRESS EQUATION AND NEUTRAL AXxTtTs:
UNIT STRESS - 0.04013 X ¢ 9.11904 v -9.64624

AT ¥ = @, NEUTRAL AXIS CROSSES X-AXIS AT X =  16.10
AT X = @, NEUTRAL AXIS CROSSES V-AXIS AT ¥ . s.4as§ggg

Y

v

e.25 6.2% 10.25
: 4.25 8.25 12.2%

C(INCHES)
w==== NEUTRAL AXIS (T+TENSION, C=COMPRESSION)

MAXIMUM CONCRETE § . .
MAXIMUM STEEL STREGS > o 9-55 T PoInT 3

b S.40 C

COMPRESSIVE STRESS 15 SHOWUMN PLUS, TENSION MINUS (CONC. & STEEL)

CONCRETE STRESSES FOR OUTLINE 10t

COMPRESSIVE comp.
POINT  X-COORD VY-COORD STRESS ' POINT X-CQORD Y-COORD STRESS
1 6.90 e. 2 4.00 5.00 9.110
3 . 9.00 7.00 0.548 4 11.09 2.1 9.035
S 2.90 3.01 ?.033 6 8.20 4.00 9.151
? 7.00 4.00 9.111 8 .00 3.00
9 8.09 J.00 0.032 10 11.00 2.0 °.033
11 6.00 9.

STEEL STRESSES FOR PATTERN NO. 201%

AREA OF QUAN. OF ROM X A STRESS
ONE BAR BARS/ROM END COORDINATE COORDINATE IN BAR
1.000 1 7.000 2.000 -1.272
1.000 1 . 6.000 4.000 1.415
1.000 2 1 8.000 5.000 S.401

2 9.000 3.000 1.442

25
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PROGRAN CORPS-X8008 CONCRETE GEMNERAL FLEXURE ANALYSIS PREV 82 Jel “
TEST PROBLEM 2 -~ WITM 3 LOAD CASES .
8% I NPUT LOADING AND PARAMETERS 32 ’

LD. CASE P v-axXIS MOM. X-AXIS MOM, N R ACCURACY
392 10.00 60.00 10.00 18.00 2.08  ©.010
STRESS EQUATION AND NEUTRAL AXTIS: 3
UNIT STRESS »  -0.13771 X +  -0.23104 .Y + 1.84825 e
AT ¥ « @, NEUTRAL AXIS CROSSES X-AXIS AT X « 13.421667 s
AT X « 9. NEUTRAL AXIS CROSSES Y-AXIS AT ¥ «  7.9996486 - -
v ;
4 )
8 } :
6} ..
! -
c4 A
H STRESS .
€ TYPE R
s
e T -
~. !
\\
e ~.
c ]
-+ + > + +— X
.25 6.25 10.25 )
4.25 8.25 12.25 por
(INCHES) .
----- NEUTRAL AXIS (TsTENSION, CeCOMPRESSION)
MAXIMUM CONCRETE STRESS = 1.02 AT POINT
MAXIMUM STEEL STRESS = 4.09 7

. 8.44 C

CCMPRESSIJE 3TRESS IS SHOUN PLUS, TENSION MINUS (CONC, & STEEL)

CONCRETE STRESSES FOR OUTLINE 101:

SOMPRESS IVE corp.
POINT  X-COORD Y-COCRD §$Rssg POINT X-COORD Y-COORD STRESS _
. 2 4.90 5.00 0.142 '
5 g:gg % 00 1.022 4 11.00 2.01
s g8.00 3.0! 9.05¢ 6 3.00 4.00
? 7.09 4.00 8 2.00 3.00 0.191 >
9 8.00 3.00 9.053 10 11.09 2.00
1 .00 e. 1.022

STEEL STRESSES FOR PATTERN NO. 2ot .

UAN, OF Yy STRESS -

oﬂéﬁsg; gQRS/ROU END COORDINGTE COORDINATE IN BAR o

. 1 7.000 2.000 8.444 : Y

L, g fm aw =
1.000 g 2 9.000 3.000 -9.842 -

26
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PROGRAM CORPS,XB0@B CONCRETE GENERAL FLEXURE AMALYSIS REV 82
TEST PROBLEM 2 -- WITH 3 LOAD CASES
58 INPUT LOADING AND PARANETERS s

. P Y-AX1S MOM. X-AXIS MO, N R ACCURACY
L 3(.:355 19.90 ! 60.00 30.00 10.00 2.00 0.010

STRESS EQUATION AND NEUTRAL AXI1S:
UNIT STRESS = -0.11550 X ¢+  -0.03640 v "¢ 1.66525

AT ¥ « 9, NEUTRAL AXIS CROSSES X-AXIS AT X «  9.2226509
AT X o 0, NEUTRAL AXIS CROSSES Y-AXIS AT Y « 29.26473S

v
4
8
sh
N
c4
H STRESS
E TYPE
Sat T3
\
1]
et \
\
¢\
——— -+ > x .
2.2 6.25 19.25

) ' _ 4.35 8.25 12.25
'I;r (INCHES )
~=e== NEUTRAL AXIS (T=TENSION, CoCOMPRESSION)

PAXIMUM CONCRETE STRESS « 9.42 AT POINT 2
PAXIMUR STEEL STRESS . :.gg z

COMPRESSIVE STRESS IS SHOWN PLUS, TENSION MINUS CONC. & STZ:EL:

CONCRETE STRESSES FOR OUTLINE 101:
COMPRESSIVE comp,

POINT  X-COORD VY-COORD STRESS POINT X-COORD Y-COORD STRESS
1 6.00 Q. .37 2 4.00 5.00 0.421
3 9.900 7.09 4 11.00 2.0
S 8.00 J.01 0.032 6 8.00 4.00
? ?7.00 4.00 e.111 8 ?.00 J.e0 9.148
9 8.00 3.00 0.032 10 11.00 2.00
i1 6.00 9. 0.372

STEEL STRESSES FOR PATTERN NO. 201t

AREA OF QUAN. OF ROY X Y STRESS
ONE BAR BARS/ROV END COORDINATE COORDINATE IN BAR
1.000 1 7.000 2.000 3.678
1.000 1 6.9000 4.000 4.513
1.000 e b 8.9000 S.000 -9.408

2 9.000 3.000 -9.835




o PROGRAM CORPS/XBOOE CONCRETE GENERAL FLEXURE ANALYSIS REV 82
. TEST PROBLEM 3 -- REPEAT PRODLEN a UITHOUT STEEL, 1 LOAD CASE
s INPUT LOADI AND PARAMETERS sx

LD. CASE P Y-AXIS MOM. X-AXIS MOM. N R ACCURACY
401 10.00 80.00 50.00 10.00 2.00 0.010

STRESS EQUATION AND NEUTRAL AX1S:
~nj UNIT STRESS = 0.10647? X ¢+ 0.30871 ¥ + -1.632M

y AT ¥ = @, NEUTRAL AXIS CROSSES X-AXIS AT X « 15.334591
AT X = @, NEUTRAL AXIS CROSSES Y-AXIS AT ¥ = S.2887872

- Y

STRESS
TYPE

WOMIOZe

<+
3
o
3

2.25 6.25 10.25
4.25 8.28 12.2%

(INCHES)
====~ NEUTRAL AXIS (T=TENSION, C=COMPRESSION)

PAXIMUM CONCRETE STRESS = 1.49 AT POINT 3

COMPRESSIVE STRESS IS SHOUN PLUS, TENSICN MINUS (CONC. & STEEL)

CONCRETE STRESSES FOR OUTLINE 19::
COMPRESSIVE core,

POINT  X-COORD VY-COORD  STRESS POINT X-COORD v-COORD STRESS
b 6.00 Q 2 4,00 S.e0 0.337
k) 9.29 7.9 1.487 4 11.00 .91 9.159
S 8.0 3.01 0.148 6 8.0@ 4.00 0.454
? 7.00 4.00 e.347 8 7.00 J.00 9.039
9 8.0@ J.co 0.145 1e 11.00 2.e0 9.156
11 .00 . 12 . 0. .
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34. Sample Problem 4. Round section,

Y -

0,18 Coordinates
Bar No.l: X=0,Y=13.247"
_—Radius =18"

& of Bar Paltern,
Radius = 13.247",
10 Eors Eqguoiiy Spaces
All The Samz Size :

(7\==/.f5£§CQ)

Above data generated by Program [713-G1—M3190], using these data:
X0009

Center at coordinates X = 0.0 , Y = 0.0
Radius of outline = 18.0

Radius of void = 0.0

No. of reinforcing bars = 10

Clear cover over reinforcing bars = 4.0
Bar size = No. 11

29
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XLIST CGFAD4
- 1013 ngf PROBLEHQJ -~ DATA GENERATED BY PROGRAM CORPS./X@009
i

103 1

R 1040 401 9. 18.80  3.13  12.73  6.16  16.91
1042 401  9.90  15.59  11.5?  13.79  13.79  11.57

' 1044 401  15.53  9.20  16.91  6.16  17.73  3.13

1046 401  18.00 -0.80  17.73  -3.13 16.31  -6.16
1048 481  15.53  -9.00  13.79 -11.57  11.57 -13.79
1050 401  9.89 -15.59  6.16 -16.31  3.13 -17.73
1052 401  -0.60 -18.00  -3.13 -17.73 -6.16 -16.81
1854 401  -9.00 -15.59 -11.57 -13.79 -13.79 -11.57

~ 1056 401 ~15.59  -9.00 -16.91  -6.16 -17.73  -~3.13

al 1958 401 ~18.80 .09 -17.73  3.13 -16.91  6.16
1060 401 -15.59 9.8 -13.79  11.57 -11.57  13.79
1062 401  -9.00  15.59  -6.16 16.91  -3.13  17.73
1064 491 0. 1300 o, e. a. X
1080 402 1.56 9. 13.29 1
1082 402 1.56 7.81 10.76 1
1084 405 1'ce 12.64 41 1
1086 402  1.56 12.64 -1 1

- 1088 492 1.56 7.81  -10.76 1

] 1690 402 1.56 -0.80  -13.29 1

: 1092 482 1.56 -7.81  -10.7%6 1

g 1094 402 1.56  -12.64 -1 1

S 1096 492 1.56  -12.64 411 1

b 1098 403  1.56 -7.81 10,76 1 ‘

i 1100 403 1060 © 4800000 9.2 1 i

- 1610 © ° 0

o 1620 0@ ° e o

- LFRN WESLIB/CORPS/X8008,R

o ENTER @ IF USING GRAPHICS TERMINAL.
- OR 1 IF NOT,
.0

':i COMPUTER WILL PAUSE TO ALLOW OUTPUT COPYING. R
. HIT CARRIAGE RETURN TO CONTINUE. o

. ENTER 1 TO GET DETAILED STRESS TABLES,
-‘ OR @ TO GET MAXIMUM VALUES ONLY.

. =1

NPUT NAME OF DATA FILE,

%NCLUDE “CATSPASS/FILENAMESPASS ONLY, NO USER ID
IF YOU WwilSH TO INPUT DATA FROM TERMINAL, ENTER A
CARRIAGE RETURN.

? CGFRD4
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PROGRAM CORPS-X8008 CONCRETE GENERAL FLEXURE ANALYS1S REV 82
TEST PROBLEM 4 -- DATA GENERATED BY PROGRAMN CORPS-/X2009
¢t INPUT LOADING AND PARANETERS 2

LD. CASE P v-AXIS MOM. X-AXIS MON. N R ACCURACY
493 1960.29 9. 4800000.00 9.20 1.99 1.000

STRESS EQUATION AND NEUTRAL AXT]S:
UNIT STRESS » -0.00000 X ¢+ 176.96829 Y ¢+ -1306.35483

AT ¥ » 0, NEUTRAL AXIS CROSSES X-AXIS AT X « -0.20807982¢ 10
AT X = ©, NEUTRAL AXIS CROSSES Y-AXIS AT V ?7.3818538

v
-
20 1
10 T
1
s
{
He STRESS
E TYPE
S
10t ¢
;
-2t
-’ + u —— s - X
20 -0 6 10 20
C(INCHES)

----- NEUTRAL AXIS (TeTENSION, C=COMPRESSION)
MAXIMUM CONCRETE STRESS » 5279.:8 ?T POINT 1

MAXIMUM STEEL STRESS * 33656.902
' ~ 9619.10 C

3




i

COMPRESSIVE STRESS

CONCRETE

POINT

- s b
NNWee O VNLe

STE

.560
.560
.560
.560
.$60
560
.569
.560

1
1
1
1
1
1
1
1
1.560
1.569

X-COORD Y-COORD

0.

-17.73
-15.59
-11.57
-6.16
Q.

EL

18.00
16.91
13.79
9.00
3.13
-3.13
-9.00
-13.79
-16.91
-18.90
-16.91
-13.79
-9.90
-3.13
3.13

STRESSES

AREA OF GUAN. OF ROU X
ONE BAR BARS/ROUW END COORDINATE

0 ot s 2 P s P Pma b GeB

STRESSES F

OR OUTLINE

IS SHOUN PLUS, TENSION MINUS (CONC. & STEEL)

401:

POINT X-COORD Y-COORD

.13
9.00
13.79
16.51
18.00
16.91
13.79
(14

3.13
-3.13
-9.09

-13.79

PATTERN NO.

COMPRESSIVE
STRESS
1879.075 e
1686.180 4
1134.039 6
286.361 8
10
12
14
16
18
2o
ac
a4
e6
c8
30
286.361 2
1134.039 34
1686.180 36
1879.075
FOR
Y
COORDINATE
0. 13.29¢
7.81¢ 10.760
12.640 4.110
12.64@ -4.110
7.810 -10.760
Q. ~13.29@
-7.810 -10.760
~12.640 ~4.110
-12.640 4.110
-7.819 10.760

32

STRESS
IN BAR

9619.102
5499.988
-5326.932
-18709.982
-29536.902
~33656.016
-29536.902
~187@9.382
~5326.932
5499.988

17.73
15.59
11.57?

6.16

402!

s A Saay Shats B B s ey

come.
STRESS

1831.294
1452.582
741.169

741.169
1452.582
1831.294
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35. Problem 2. Interactive input.
oFFN WEILIB-CORPI-HI003sR s

EMTER 0 IF USING GRAPHICS TERMIMNAL. : SRR
OF 1 IF HOT. : S
=1

EMTER 1 TO GET DETAILED STRESS TRELES, : >
Ok 0 TO GET MAXIMUM YALUES OMLY. :

[HPUT MAME OF DRTH FILE. ' .

IMCLUDE “CRTBFPREZS-FILEHAMESFASS  OnL'Ys MO LEZERP ID

IF «Qu mlzd 7O INFUT DATA FROM TERMIMAL. EMTER A [}
CARREIRGE RETURN. ik

ENTER NEW NRME FOF DATR FILE TO BE CREATEDs OF

TYFE CAFRIASE RETURM IF YOU DO MOT WIZH TO SAYE DATR.
7 CGFADS '

EMTER MEW OUTFUT FILE NHME—CRRRIAGE RETURN PRINTS »

OUTPUT AT TERMIMAL. Cos

*

Sk e v
DRTA RRE EMTEFED IN GROUP: THRT WILL EE DESCRIBED _
IM THE ORDER OF THEIR EMTRY—=ALONG WITH AN o

| Y IIEMTIFYIMG SvMEDL FOF EACH GROLP.  SEPRRATE 2
DATA On EACH LIME EY COMMSS OR AT LEAST ONE v
ZFACE.  YOU MeY PEOLEST SKOFT CHES FOF IDENTIFYING
SYmBOL= OHLY.  EZvMEOLS ARE:

e = TITLE LIME ST
# = HERLEF LINE SO
¥ = CONMCRETE DATA LIMES . e et
% = SIEEL DrTA LIMEZ L

! = LURDIMG DEHTH LINES i

ZHORT QF LOMG CUET? eI OR LDO>
+ L0

SROLP -
» )

: ENMTER TITLE FOR THIZ FROGFAM,
TEZT FFOELEM & FEFERATED ’

Lo wO wAnT Tiys . o
“LOGK - = WIEW DRTA IM THIZ GROUF . S
“CHRAMGE » IM THIZ GROUF .

CORFECT IRTH LINME S

“FETRYY - DIZCRRD DATR EMTERED IM THIS GFOUP R ENTER IT RGARIM S
TEML = De=Tr I THIZ GRDOUF 15 CORRELT <=AYE AMD CONTIMUE)> "

EMTER cLOOKs CHAMGEs FETRYsENID 7 END .
TKIZ DATA GROUP COMFLETE -~ COMTIMNUE 2]
LR 9
. )
e e e T




T R —— " -

GROUP & : ENTER MUMBER OF CONCRETE DATA POINTS
(FOR FIPST FPROBLEM ~ 0 — MEANS MO CONCRETE DRTR POINYS
FOR ADDITIONAL FROBLENS — 0 — MEANS RETAIN CONCRETE DARTR

POINTS FPOM PRECEEDING PROBLEM) s
NUMEBEF OF STEEL DATA LINESs AMD NUMEER OF LORD
DRTH LIMES.
@ 17 11s 3. 3
ENTER (LOOK: CHANGE » RETRYyENDY 7 END
THIZ DATH GROUP COMPLETE - CONTINUE
6FOUF $ : ENTER CONCRETE I.D. NUMBER.
k 1 7 101
EHTER <LDOKs CHANGE s PETRY s ENDD 2 ENMD
THIZ DRTR GFOUP COMPLETE ~ COMTINUE
ENTEF 11 ZETZ OF ¥ AMD ¥ COORDIMATES
TO DEFIHE CUMCRETE GEOMETRY. <ONE ZET FEF LINE>
3 1 F as 0
B 27T 4. 5
3 2 F S, T
) 47 11, 2
B s 3
‘B ) te 3
k3 VOF Ve 3
‘5 2 T 3
kS = =
10T 1. 2
3 11 v 0
ENTER <LOOKs CHRNGE s RETRY s ENID 7 CHRNEE )
EMTER ITEM MO. TO BE CORPECTED .
EHTER =3 TO TEFMINRTE CHRMNGES -
4
EMTER CURFELTED DATA STRING
T o1le 201
ErHTEP MEXT ITEM NO.
ENTEP CLFFECTED DATA STRING
Tome ol
ENTER MEXT ITEM ML.335
T oA
ENTER cLOOK s CHAMSE s FETRYENLID 7 LOOK
ITEM DRTA ITRIMS RS ENTEFED
MUl
1 -]
I 3 5
= Qe T
3 11s 2.01
5 e o300
[ e 4
7 Te o4
3 raRE
= Se 2
i 11y &
11 B 0
ENTER (LODOKs CHANGESRETRY»END> 7 END
i)
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»
?

RN LR T TP R N e}
RN WISy

LA LAY I )

THIS DATRA 6ROUP COMPLETE - CONTIMUE »

GROWP % ¢ ENTER ONE LINE DOF STEEL DRTAR FOR

ERCH ROW., FOR ROWS OF ONE BRAR»> ENTER STEEL DRTR
I.D. NUMBERs THE CROSS-SECTIONAL RREA OF BARS. THFE
X-COORDIMNATE OF BAR LOCATIONs THE Y-CDORDIMNATE DF
THE BARs RND & NUMERAL “1-. FOP ROWS OF MORE THAN
ONE BARs ENTER STEEL DRTA 1.D. NUMBER. CROSS-SECTIONAL
ARER DF ONE BRR- IN THE ROWy X-CODORDINGTE OF END
NUMBEF 1 OF THE ROWs Y-COORDINATE OF ROWs NUMBER
OF BARS ON THE ROWy X-COORDIMNSATE OF END NLUMEER 2
OF rROWs 4D Y-COORDINARTE OF ENB NUMEER 2.

1 7 201, 1.00y 7 2y 1

27 201y 1.00s B9 3y 1

37 201y 1.00s 39 S» 25 9 3

R

ENTER <LOOKs CHRANGEsRETRYyENID 7 END

THIZ DATA SROUP COMPLETE ~ CONTINUE

6ROUF ! 3 ENTER THE LDADING DATA OMNE LINFE

AT A TIME IN THE FOLLOWING ORDEF: LDAD CARSE I1.D.
NUMBER. THE AXIAL LBARD. THE MOMENT MX ABOUT

THE Y-RAxII» THE MOMENT MY AEROUT THE X-AxISs THE
MODULARR RRTIO “NM-°s AMD THE DESIRED RACCURACY OF
THE CONCRETE STREZSES.

1 7 301y 10+ 30 S0s 10s 2y 0.01

S 7 302s 10s 20s 10 L0 29 0O

3T 303s 10 &0 20 10 29 0.01

ENTER (LOOKsCHANGEsRETRY,END> 7 END

THIE DRATRA GROUP COMPLETE - CONTINUE

DO wOL WANT TO ENTER ANOTHER PROBLEM RS PRRT 0OF THIS
DATR FILE <vEx OR NO> 7 YES

GFOUP o t ENTER TITLE FOR THIS PPOGFRAM.

- 1 7 TEZT PROBLEM 3 -— PROB. 2 WITHOUT =TEEL

EMTER LOOK:CHANGEsRETRYENDD 7 END

THIZ DATR GFROUP COMPLETE - COMTINUE

BROLP & @ ENTER NUMERER DF CDNCRETE DRTA PDINTS

(FOF FIRST FRDBLEM - 0 — MEANS NO COMCRETE DATRA PUINTS

FOR ARDDITIONARL PROBLEMS = 0 — MEANS RETAIN COMCRETE DRTA
POINMTS FROM PRECEEDING FPROBLEM) «

NUMEEF DOF ZTEEL DATA LIMES, AND NUMEBER OF LOAD

DARTAR LIMES.

£ 1 7 0s 00 1

EHMTER <LOOKs CHANGEs FETRYSEND) 7 END

THIZ DRTR G6ROUP COMPLETE - CONTIMNUE

6FROUF ¢ ¢ ENTER THE LORDING DATA ONE LINF

RT A TIME IN THE FOLLDWIMNG DRDER: LORD CRSE I.D.
NUMBEFs THE RXIAL LORD. THE MOMENT MX . ABOUT

THE Y-AxIZs THE MOMENT MY REOQUT THE X~RXISs THE .
MODULAR RATIO “N’« AND THE DESIRED RCCUPRCY OF

THE CONCRETE STREZSES.

H 1 ? 301y 10s 305 505 10» 2» 0.0}

ENTER <LOOKs CHANGE»RETRYEND> ? LOOK

35
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P -*

R
)
R
2 ITEW  DATA STRINE AS ENTERED -
& NU. . - '._t_. -_.'l
1 3uls 10> 80s SO0s 10> 2y 0.01 BN
‘ ENTER <LOOKs CHANGE yRETRY »END> 7 END )
3 THIS DRTHA SROUP COMPLETE - CONTIMNUE
g DO YOU WANT TO ENTER ANOTHER PROBLEM AS PART OF THIS
5 DATA FILE <(YES OR NOY> ? NO
ﬁi
."l
S ) fi
r s
i PROGRAM CORFS-X2008  CONCRETE GEMERAL FLEXLRE ANALYSIS REY &2 j o
. TeST FROBLEM & REPERTED , :
es INPUT LORDING RAMND PARAMETERS oo .
LD CHSE P Y=RX1S MOM. X~RAXIZ MOM. M R ACCURFACY e
301 10,00 80.00 Sn.00 10,00 2,400 Q.10 ST
' RO
STRESS= EQUARTION AND NEUTRAL AXIS: >

UMIT ZTREZE = 0.04013 X + 0,114 Y + -1, 54524
Al ¥ = Oy MEUTRAL AXIZ CROSZES X-RAXIS AT X = lﬁ 191320
AT ¥ = sy NEUTEARL AXIEZ CROSSE: Y-AXIZ AT Y = 4225039
L Y
MRLIMUM CONCRETE STREESS = 3.55 AT POINT = .
MR IMIM STEEL STRESE = 1.27v 7T
= S.40 C
..
FROLRAM CORFS 2008  CONCRETE GEMERAL FLEXURE AMNALYSIS FREY =@ -
TEZT FPROBLEM & FEFPERTED _ -y
o I MNP LT LORDING RMNTD PRRAMETERS e fﬁ
. . . .'_'."
L. CARZE F Y-HAIS MOM, X=-RAXIZ MOM. 5] = ACCLIERACY »
cqTr i, un &0.00 10,00 10,00 2,00 0.010 oo
ZTRES = EQURTIONMN #HNHD HEWTRRAL R X I 3: K
UNTT ZTREZZ = 013771 X o+ -0.2z1nd ¥ 4+ 1.24225%5 - N
RT % = 1y HEUTRAL A<IZ CROSSES X--AXIS AT X = 13.42160? | R
Al 2 = s HEUTRAL RXIZ CROSZEZ v-RXIS RT ¥ = 73046
MHXIMOM CONCRETE STRESS = 1.02 AT PDINT 1
MExIMUM STEEL STRESS = 4.09 T
= 3.494 C
r
N
36
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3
PROBAAN CORPS/%000W CUNERETE GENEWAL FLEXURE ANARLYSIS REV 92 o
TEST PROBLEM 2 REPERTED e
o I MNP UT LORABDLtPRE6 ARMND PARAMETERS o o
LD. CASE P Y-AXIS MOM. X-RAXEIS MOM, N R RCCLURACY {
303 10,00 5N, 00 30.00 10.00- 2,00 0.010 -

STRES ¥ EQQURTION A MD NEUTRARARL AX1S:

UNIT STREZS = -0.11550 ¥+ -0.03640 ¥ + 1. 06525
AT ¥ = iy NEUTRAL RXIS CROSSES X-AXIS AT ¥ = 3, 2226509
AT X = 0« HEUTRRL RXIS CROSSES Y-AXIS AT ¥ = 29, 264735

MAXIMIM CONCRETE STRESS
MRXIMUM STEEL STRFSS

0.42 AT POINT ¢
6.83 T
4.53 C

PFOGRAM CORPS-Xz003 CONCRETE GENERAL FLEXURE AMNRLYSIS FREY 32
TEZT FROBLEM = —-- PROB. 2 WITHOUT STEEL
o I NPULT LORDING ARRD PRRAPMRETERS oo

LD. CHZE P Y-AxIS MOM. X-AXIS MOM. N 5] RCCURACY
301 10.00 20.100 S0.00 10,00 2.00 0.010

STREZS = EXURTIONM AN NEUTRAL A X I S:

UMIT STREZ: = 0.10647 X+ 0.30271 ¥ + -1.63271

AT v = 0s NEUTPRL RxIZ CROSSES X-RXIS AT < = 15.334591

RT = = 0O HEUTPAL RAxIS CROSSES Y-RAXIS AT Y = S.223787e

ME<IMgm COMCRETE STRESS = 1.49 AT POINT =

SLIZT CRFADS
2000 TEZT PROEBLEM 2 REPERTED
3010 11 ] ]
2020 1 E. 0N 0. 4,00 S.00 3,00 7.an
3020 101 11. 00 2.01 2.00 3.1 2. 00 4, 0n
300 101 V. $.00 F.0n 2.00 2,00 2,00
3050 101 11,00 2.00 6. 00 a.

20 201y 1,00 Te & 1

307N 201 1,00 Be s

30E0 2uls 1.00e Zs S 2y 30 3

330 301 10y 20e Sne 1ie 2¢ N.01

3100 302s 10s S0 10s 100 2o O

3110 303e 1us BOs 20 10y 2 0,01

3120 TESZT PrROELEM 2 ~- FPOB. 2 WITHOUT ZTEE!L

3130 0 1] 1
3140 3ule 10s =00 SO 10« 29 O
3150

3160 Oeliv 0

37

.
’ -
l- . 4
P
-
Ty
had 1
.- 4

- e
. .
.
. -
L
IR
e
.
N
LA
MY
S
. C.
.




)
APPENDIX A: ABSTRACT ON PROGRAM X0009 .
_CATEGORY. B
ELECTRONIC COMPUTER PROGRAM ABSTRACT
TITLE OF PROGRAM CGFARD - Round Data Generator for Program|PROGRAM NO. ’ il
713-F3-RO010 (CGFA) (X0009) 713-F3~R0O011 ’ .
PREPARING AGENCY US Army Engineer Waterways Experiment Station, Automatic .
Data Processing Center, PO Box 631, Vicksburg, MS 39180 S
AUTHORI(S) DATE PROGRAM COMPLETED STATUS OF PROGRAM TS
William A. Price III, Struct Engr PHASE STAGE >
FTS 542-3645 December 1974 oP -
A. PURPQOSE OF PROGRAM )

To generate concrete outline and/or steel pattern data cards for use with
Program 713-F3-R0010, "Concrete General Flexure Analysis' (CGFA), working
from the usual parameters used to describe reinforced concrete construction x
or by defining radii and bar sizes and locations.

8. PROGRAM SPECIFICATIONS

The program is written in G~6000 FORTRAN, for Timesharing.

C. METHODS -

.<. 37 coordinates sets are generated for the concrete outline circle; if the
radius of a concentric void is coded, a total of 74 coordinate sets are

generated for the complete concrete outline description plus a repeat of the ) .
first set. The specified number of reinforcing bars are equally spaced in a | LT
concentric circle, with one bar on the +y=axis. ’

D. EQUIPMENT DETAILS

G-635 Computer.

Remote terminal (asynchronous)

E. INPUT-OUTPUT .

Terminal Input: x and y coordinates of center of cross-section radii of

R concrete outline and concentric void (if any), quantity and size number of
= reinforcing bars, clear cover over the bars, and identification number codes
for the concrete and steel lines to be generated.

OQutput: Writes a data file to which the load data lines are added to make a -
complete data file for CGFA (X0008 in CORPS). e

F. ADDITIONAL REMARKS -':3“.

1. The concrete lines can be omitted, for a circular steel pattern to be }“,j
, added to a non-circular outline. e
+. 2, By computing two concrete outlines and discarding half of each set of o
concrete points, a rounded-end wall outline can be generated.

3. This is the time-sharing version of program 713-G1-M3170.
4. Program is available through CORPS,

T T
LN
LTt

WES |, :8:&;,, 2205 REPLACES ENG FORM 2883 WHICH 1S OBIOLETE.

L e S R R 0 RS S S N Tat IR oot e me et - P P BRI
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CYBERNET System

i ol g M SR

The log-on procedure is followed by a call to the CORPS procedure file

OLD, CORPS/UN=CECELB

to access the CORPS library. The file name of the program is used in the
command

BEGIN, ,CORPS, X8¢@8

to initiate execution of the program. An example is:

84/12/05. 16.41.88. AC2FSDA o -
EASTERN CYBERNET CENTER SN9¢4 NOS 1.4/531.669/20AD T
FAMILY: KOE :

USER NAME: CEROXX

PASSWORD -

XXXXXXXX

TERMINAL: 23, NAMIAF

RECOVER/CHARGE: CHARGE, CEROEGC, CEROXX
$CHARGE,

12.49.07. WARNING

11/29 FOR IMPORTANT INFO TYPE EXPLAIN, WARNING.
OLD, CORPS/UN=CECELB
/BEGIN, ,CORPS, CORPS, X80¢@8

Harris 500 System

The log-on procedure is followed by a call to the program executable file,
with the user typing the asterisk and file description

*CORPS , X808
to initiate execution of the program. An example is

"ACOE-ABLESVILLE (H500 V3.1)"
ENTER SIGN-ON
1234ABC, STRUCT

**GOOD MORNING STRUCTURES, IT'S 7 DEC 84 08:33:12
AED HARRIS 500 OPERATING HOURS 0700-1800 M-S
*CORPS ,X800¢8

How to Use CORPS

The CORPS system contains many other useful programs which may be catalogued
from CORPS by use of the LIST command. The execute command for CORPS on
Honeywell systems 1is:

........
...................
. NI PEIC I SRR I M I AE AR




PROGRAM INFORMATION

Description of Program

CGFAG, called X8008 in the Conversationally Oriented Real-Time Program-
Generating System (CORPS) library, is a general-purpose computer program for
the working-stress analysis of reinforced concrete flexural members and base
plate pads. The concrete section or base plate contact surface may be any
polygon with no more than 100 sides.

Coding and Data Format

CGFAG is written in FORTRAN and is operational on the following systems:

a. Division office Honeywell DPS. L

b. District office Harris 500 systems. o

c. Cybernet Computer Service. -f,
-

Data can be input‘interactively at execute time or from a prepared data file €
with line numbers. Output will come directly back to the terminal. A :
Tektronix 4014 graphics terminal is required if the optional graphics display RONEY
is used. : A ‘

How to Use CGFAG

A guide for accessing the program on each of the three systems is provided

below. It is assumed that the user can sign on the appropriate system before

attempting to use CGFAG. In the example initiation of execution commands A
below, all user responds are underlined, and each should be followed by a SR
carriage return. i

Honeywell Systems ;}-:

After the user has signed on the system, the time-sharing command FORT brings B
the user to the level to execute the program. Next, the user issues the run o
command. -

RUN WESLIB/CORPS/X800¢8,R e

to initiate execution of the program. The program is then run as described in j{f{
this user's guide. The data file should be prepared prior to issuing the RUN

command. An example initiation of execution is as follows, assuming a data -
file has previously been prepared: :

HIS TIMESHARING ON $#3/@4/81 AT 13.3@1 CHANNEL 5647 Tff(

USER ID - R@PKACASECON N
PASSWORD - XXXXXXXXXXXXXX A
*FORT -

*RUN WESLIB/CORPS/X8@¢8,R
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RUN WESLIB/CORPS/CORPS,R ,
ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP)
*?LIST

on the Cybernet system, the commands sre: -4
OLD , CORPS /UN=CECELB PR
CALL,CORPS ]
u ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP) R
*7LIST ® |
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WATERWAYS EXPERIMENT STATION REPORTS
PUBLISHED UNDER THE COMPUTER-AIDED
STRUCTURAL ENGINEERING (CASE) PROJECT

Technical Report K-78-1
Instruction Report 0-79-2

Technical Report K-80-1
Technical Report K-80-2

Instruction Report K-80-1

instruction Report K-80-3
Instruction Report K-80-4

Instruction Report K-80-6

Instruction Report K-80-7

Technical Report K-80-4

Technical Report K-80-5
Instruction Report K-81-2

Instruction Report K-81-3

Instruction Report K-81-4

instruction Report K-81-6

Instruction Report K-81-7

Instruction Report K-81-9

Technical Report K-81-2

Instruction Report K-82-6

instruction Report K-82-7

Title
List of Computer Programs for Computer-Aided Structural Engineering

Users Guide: Computer Program with Interactive Graphics for
Analysis of Plane Frame Structures (CFRAME)

Survey of Bridge-Oriented Design Software

Evaluation of Computer Programs for the Design-Analysis of
Highway and Railway Bridges

User's Guide: Computer Program for Design Review of Curvi-
linear Conduits/Culverts (CURCON)

A Three-Dimensional Finite Element Data Edit Program

A Three-Dimensional Stability Analysis'Design Program (3DSAD)
Report 1. General Geometry Module
Report 3: General Analysis Module (CGAM)
Report 4. Special-Purpose Modules for Dams (CDAMS)

Basic User's Guide. Computer Program for Design and Analysis
of Inverted-T Retaining Walls and Floodwalis (TWDA)

User's Reference Manual: Computer Program for Design and
Analysis of Inverted-T Retaining Walls and Floodwalis (TWDA)

Documentation of Finite Element Analyses
Report 1: Longview Outlet Works Conduit
Report 22 Anchored Wall Monolith, Bay Springs Lock

Basic Pile Group Behavior

User's Guide: Computer Program for Design and Analysis of Sheet
Pile Walls by Classical Methods (CSHTWAL)
Report 1. Computational Processes
Report 2; Interactive Graphics Options

Validation Report. Computer Program for Design and Analysis of
Inverted-T Retaining Walls and Floodwalls (TWDA)

User's Guide: Computer Program for Design and Analysis of
Cast-in-Place Tunnel Linings (NEWTUN)

User's Guide: Computer Program for Optimum Nonlinear Dynamic
Design of Reinforced Concrete Slabs Under Blast Loading
(CBARCS}

User's Guide: Computer Program for Design or Investgation of
Orthogonal Culverts (CORTCUL)

User's Guide: Computer Program for Three-Dimensional Analysis
of Building Systems (CTABS80)

Theoretical Basis for CTABS80: A Computer Program for
Three-Dimensional Analysis of Bullding Systems

User's Guide. Computer Program for Analysis of Beam-Column
Structures with Nonlinear Supports (CBEAMC)

User's Guide: Computer Program for Bearing Capacity Analysis
of Shaliow Foundations (CBEAR)
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