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Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents.

This program is furnished by the Government and is accepted and used
by the recipient with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the
accuracy, completeness, reliability, usability, or suitability for any
particular purpose of the information and data contained in this pro-
gram or fumished in connection therewith, and the United States shall
be under no liability whatsoever to ony person by reason of any use
made thereof. The program belongs to the Government. Therefore, the
recipient further agrees not to assert any proprietary rights therein orto
represent this program to anyone as other than a Government progrom.

The contents of this report are not to be used for
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9, publication, or promotional purposes. mstrl\’“‘“
Citation of trade nomes does not constitute an 1ability Codes
official endorsement or approval of the use of Av?‘ Avaii ‘and/er
such commercial products. \ spe cial




- -
Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE pEs EAD INSTRUCTIONS

FTEE?SF??UEEEE 2. GOJT AC 1ON NG 3 NT'S CATALOG NUMBER
Instruction Report K-84-10 i @

4. TITLE (end Subtitte) 5. TYPE OF REPORT & PERIOD COVERED
USER'S GUIDE: A COMPUTER PROGRAM FOR STRENGTH Report 2 of a series
ANALYSIS OF NONHYDRAULIC CONCRETE STRUCTURAL
ELEMENTS; Report 2, STRENGTH DESIGN OF REIN- 6. PERFORMING ORG. REPORY NUMBER

(PCALIC)

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(s)
Clifton C. Hamby
Deborah K. Martin

3. PERFORMING oncm:u?n%n NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS

Automation Technology Center
US Army Engineer Waterways Experiment Station
0 X s -0631

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Engineer Division %ﬁl&%

Lower Mississippi Valley

Vi Ekﬁh.l-ltg- Mississippi 39180 37
. MONITORING AGENCY NAME & ADDRESS(/! different from Controlling Otfice) | 1S. SECURITY CLASS. (of this report)

US Army Engineer Waterways Experiment Station Unclassified

Automation Technology Center

PO Box 631, Vicksburg, Mississippi 39180-0631 | = SEwkdjre CAT/ON/COWNGRADING

16. DISTRIBUTION STATEMENT (of thls Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 1f different from Report)

18. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 221ol.

19. KEY WORDS (Continue on reverse side if necessary and identily by block number)

I
) RS
PPN [ TR

it a e et
i s AR
'l. -' I‘_l' l. ‘

I3

T
e

A
P

~- 4
Columns, concrete--testing—-computer programs (LC)
Concrete beams--testing-~computer programs (LC)
PCAUC (Computer programs) (LC)
20. ABSTRACT (Contime an reverse ofde i ond ty by block number) 1
) Strength investigation on nonhydraulic beams and columns and strength ~ 1
design of nonhydraulic columns define the program described in this user's N
guide. "Lhe prograﬂl"Sttength Design of Reinforced Concrete Column Sections '_‘.-:
(PCAUC)*™ obtained from the Portland Cement Association and adapted to Corps =9
of Engineers usage, applies a fundamental theory and, therefore, is not :-:.1
code-dependent. )
’ 4.7 Y
(Continued) ~ 9
Fonm e
DD e m EDITION OF ! NOV 65 1S OBSOLETE Unclassified
SECURMITY CLASSIFICATION OF THIS PASE (Wien Date Entersd) e
oo
-
s
‘N
C A SN I O P I P N RIS S S S I G DI R P P PSP IR A SN,




L B N O A T——_— L mm———— T T T Y P T 7=y —%
MR R R N S L AL PO A D S R A e N . ~ PR R gt AR

e N

~ - -
b .

y

3

PR
LS
W

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Wnhen Date Bntered)

~..] 20. ABSTRACT (Continued).

)This program, Portland Cement Association's PCAUC, and another program,
Concrete General Strength Investigation (CGSI), complement each other in their
capabilities and their equipment requirements.

Program PCAUC may be used to design and/or investigate reinforced con-
crete compression members. There is no graphics output for results from this
program.

Program CGSI investigates the strength of a reinforced concrete member
with cross sections subjected to combined axial load and biaxial bending.
Results are presented in graphical form.

Neither of the programs considers shear.

//{/é/ m‘i / JJT/»J— ,' /l"f/L_ZM m}‘? .7'. f'/J-"

~~
.
o
b -
L .
"
-
- -
- . ..‘
Unclassified et o
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

O Y P
L T I PR S APUL
Sw e ~ e ).

. et
-----a‘\.-_.g. PO )




[ . S AR i S e it e nar I P B T R T e — LA AN s e N -
S I S N S A A A AR e A A I I N e it Beat e At s

| ELECTRONIC COMPUTER PROGRAM ABSTRACT
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A. PURPOSE OF PROGRAM

Investigation or design of reinforced concrete compression members subjected
to axial force and biaxial flexure. Basic use of the program conforms to
ACI 318~83 or AASHTO 1980.

The concrete section may be rectangular or circular. Reinforcement may have
any pattern for the investigation mode or may be in circular or rectangular
symmetrical patterns in the design mode.

B. PROGRAM SPECIFICATIONS

Program is written in FORTRAN IV language.

C. METHODS

In the design mode, the program finds the number and size of bars required to
. satisfy all loading conditions. In the investigation mode the user has the

“ option of generating interaction data or computing the relationship between

applied loading and design strength, holding a constant Mx/Hy ratio.

D. EQUIPMENT DETAILS

Timesharing remote terminal with printer.

A G S .

E. INPUT-OUTPUT

Input - From a previously saved data file.

Output - Alphanumeric terminal (no graphics).

CR A An Akl o

F. ADDITIONAL REMARKS

T vy Y

User's manual is published by Portland Cement Association.

This user's guide is available from the WES Technical Information Center,
Engineer Computer Programs Library (FTS 542-2581).

A version of this program has also been converted to run on the Harris 500.

WES . :3:':0 2205 REPLACES ENG FORM 2863 WHICH IS OBSOLETE.
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PREFACE

This user's guide describes a computer program for strength investiga-
tion of nonhydraulic beams and columns and strength design of nonhydraulic
columns. It is not code-dependent because of the fundamental theory. The
program was obtained from the Portland Cement Association and adapted to Corps
of Engineers usage. .

The work in converting this program and preparing the final user's guide
was accomplished with funds provided to the US Army Engineer Waterways Experi-
ment Station (WES) by the Lower Mississippi Valley Division (LMVD) of the
Corps of Engineers. This is part of a project to establish a library of
available programs for strength design of concrete throughout LMVD.

Program PCAUC (CORPS X0062) was obtained from the Portland Cement Asso-
ciation and adapted to WES time-sharing by Mr. William E. Galyean, formerly
with ORHED-DS, now retired. It was enhanced and new documentation was pre-
pared by Mr. Clifton C. Hamby, formerly with the Engineering Applications
Group (EAG) of the WES Automation Technology Center (ATC), now with LMKED-DS,
and Mrs. Deborah K. Martin, WES.

The work was coordinated by Mr. William A. Price, Chief, EAG, under the
direction of Mr. Paul K. Senter, Research Group, Scientific and Engineering
Application Group, ATC, and supervision of Dr. N. Radhakrishnan, Chief, ATC.
Mr. Victor M. Agostinelli was the point of contact in LMVD.

The Commanders and Directors of WES during the period of this work and
publication of this report were COL Tilford C. Creel, CE, and COL Robert C.

Lee, CE.‘ Technical Director was Mr. F. R. Brown.
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‘ CONVERSION FACTORS, NON-SI TO SI (METRIC)

e UNITS OF MEASUREMENT
Non-SI units of measurement in this report can be converted to SI (metric)
units as follows:

Multiply By To Obtain
degrees 0.01745329 radians
inches 0.0254 metres
pounds (force) per square inch 6894.757 pascals
square inches 0.00064516 square metres
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USER'S GUIDE: A COMPUTER PROGRAM FOR STRENGTH ANALYSIS
OF NONHYDRAULIC CONCRETE STRUCTURAL ELEMENTS

I STRENGTH DESIGN OF REINFORCED CONCRETE COLUMN SECTIONS (PCAUC)

PART I: INTRODUCTION

General Description of Program

1. Computer program PCAUC will design or investigate the strength of

rectangular or circular concrete columns that are symmetrical in shape with

reinforcement about both axes. This program will also investigate the

strength of beams that are symmetrical in shape but not necessarily symmetri-

cal in reinforcement pattern. PCAUC follows the strength theory for shallow
» beams and short columns as described in Chapter 10 of ACI Code 318-83. It is
written in Fortran IV, requires any time-sharing terminal, and does not con-

sider the effects of shear.

Comparison with Other Strength-Theory Programs

2. This program is one of a pair, both of which follow *he same basic
theory and ACI Code references. The other program is Concrete General
ii Strength Investigation (CGSI), adapted from the US Bureau of Reclamation's
(USBR) program G4BIAXU, written by Mr. Michael D. Davister. This program is
described in detail in Report 1 of this series. The two programs, CGSI
(X0061) and PCAUC (X0062), complement each other to furnish the capabilities

. listed below. Both programs will analyze for loadings including axial load

with superimposed biaxial flexure, according to Section 10.2 of American Con-
crete Institute (ACI) Code 318-83. Neither of these programs considers shear.
Part 11 of this report gives full theoretical and input guide information of .
b‘ program PCAUC. l' 1

Member-type criteria

3. Beams are defined as having any reinforcing steel pattern, symmetri-
. cal or not, with a tensile failure. Program CGSI will analyze unreinforced
’ sections as well. Both programs will investigate beams for percentage of

ultimate capacity, along with other information relating to actual strains,
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percentage of balanced reinforcement, etc., and can furnish an interaction
diagram. They each have simplified input for rectangular and circular cross
sections; CGSI also provides for cross sections described by a series of con-
secutive line segments connecting the corners of an irregular polygon.
Neither program will design beams nor investigate shear strengths.

4. Columns are defined as having a reinforcement pattern that is
separately symmetrical about both axes and has a compression failure. Both
programs provide for the strength of the cross section to be calculated ac-
cording to ACI 318-83, Section 10.3.5.1 for spiral columns or Section 10.3.5.2
for tied columns, using the same ratio of Mx to Hy as the applied loading.
Program CGSI will also investigate columns with unsymmetric reinforcement or
no reinforcement. Each program furnishes the percentage of crpacity used,
interaction diagram values, and actual strains when investigating. PCAUC will
design rectangu.iar or circular short columns; CGSI will net. CGSI will, how-
ever, investigate columns with any cross section.

Analysis procedure

5. The two programs follow the same strength theory listed in Sec-
tions 10.2.2 through 10.2.6 and 10.3 of ACI Code 318-83 for shallow beams aud
short columns.

6. Program CGSI uses a trapezoidal approximation and program PCAYUC uses
a parabolic relationship between concrete compressive stress distribution aad
concrete strain, both in accordance with Section 10.2.6 of ACI 318-83. 1In
analyzing rectangular shapes, CGSI predicts moment strengths.

Force/moment interaction

7. Both programs first compute the theoretical strength of a member on
the basis of the strengths of the materials, then reduce the theoretical
strength to the design strength by multiplying by the capacity reduction
factor as described in Section 9.3 of ACI Code 318-83. The interaction
diagram values used to obtain the percentage of design strength of the
factored applied load are arrived at by considering a three-dimensional
interaction surface. This surface is cut by a P-M plane oriented to the same
ratio of Mx to Hy as the applied load. This planar diagram is displayed
by program CGSI and optionally printed in tabular form by program PCAUC.

Equipment requirements

8. Equipment requirements are the same in some areas for the two pro-

grams but vary in others as listed in the following paragraphs.
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a. CGSI (X0061) will run only on a Tektronix 4014 graphics time-
sharing terminal. The entire program will run unattended after
the data file has been named. Hard copies are made automati-
cally so that nothing is lost.

b. PCAUC (X0062) will run on any terminal. While there are no
graphics displays, the printed output can include an optional
table of interaction diagram values for the user to plot outside
the program.
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PART II: DETAILED USER'S GUIDE FOR PROGRAM PCAUC (X0062)

Purpose of Program PCAUC -

9. The purpose of this program is to give engineers an easy to use
tool for design or investigation of reinforced concrete compression members.
The method of solution is based on the strength theory described in ACI Code -
318-83 for reinforced concrete. This manual provides background information

on the technical aspects of the program and instructions on its use.

General Capabilities and Limitations¥®

10. Program PCAUC may be used to design or investigate reinforced con-
crete compression members. The analysis procedure conforms to the ACI 318-83
and 1980 AASHTO codes. (Minimum eccentricity requirements are based on
ACI 318-73 procedures.) Research-oriented variations may also be considered
by inputing appropriate values for allowable concrete strains and strength re-
duction factors into the data file.

11. Members and reinforcement patterns may be round or rectangular. In <.
the design mode reinforcement will always be placed in symmetrical patterns,
while the investigation mode reinforcement may be placed in any general
pattern.

12. Loading conditions may consist of axial loads and u.iaxial or o,
biaxial bending. Multiple load cases are permitted, up to a maximum of 70.

13. All results are in alphanumeric form (i.e., no graphics output is
available).

Design capabilities

14. Under the design option the program will find the size, number, and
distribution of bars that will result in the minimum area of reinforcement
with all bars of the same size required to satisfy all the loading conditions
imposed on the cross section. For tied members the number of bars in the
sides may be different from the top and bottom of the cross section. s

15. The user can control the reinforcement pattern to be used and can iy

* Major portions of paragraph 10 were extracted from "Strength Design of Re-
inforced Concrete Column Sections" by Portland Cement Association. -
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place limits on the number of bars and bar sizes to be considered through the

input given in the data file. If no restrictions are specified, the program ey
will investigate the full range of number of bars and bar sizes until the op-

timum area of steel is found. The program has built-in procedures to eliminate

the checking of obviously inadequate bar patterns. These include:

a. Total area of reinforcement outside the reinforcement ratios
permitted by the specifications.

b. Bar patterns which result in bar spacings where the clear dis-
tance between bars is less than allowed by the specifications.

c. Total area of steel is more than an area which has already been
found satisfactory.

However, the amount of computer time required to solve the problem increases
proportionally with the number of load cases to be checked, and the range of
limits set for the number of bars and bar sizes. The information presented in
paragraph 19 on reducing run time should be considered when using the design
option.

Investigation capabilities

16. At the option of the user, the program has the capability of gen-
erating interaction data or of determining the adequacy of a cross section to
resist a given combination of loads. For the latter case the program will -
hold the eccentricity of the axial load equal to that of the case being in-
vestigated. The strength of the cross section for the eccentricity will then
be computed, and the relationship between the strength and the applied loading
will be reported.

17. Under the investigation option, the program accepts any type of re-

inforcement configuration, including unsymmetrical patterns. If the engineer

desires to compare applied loadings with computed strengths, the input moments
must then be given about the geometric centroid. The concrete cross-section
outline must be circular or rectangular.

Method of solution

18. The design assumptions for the computation of strength are in ac- fijF
cordance with the codes listed in paragraph 9. The method of solution is pre-
sented in PCA Advanced Engineering Bulletins 18 and 20.%* A brief summary of

the method of solutions follows:

* Advanced Engineering Bulletin 18, "Capacity of Reinforced Rectangular Col-
umns Subject to Biaxial Bending," and Advanced Engineering Bulletin 20,
"Biaxial and Uniaxial Capacity Rectangular Columns," published by the Port- . ;_‘J
land Cement Association. IO
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Computations of strength are based on the satisfaction of the
applicable conditions of equilibrium and compatibility of
strains. The stress-strain relationship for concrete is as-
sumed as shown below.

For 0<e<e

E = 33w OJE
C [ 2
f_ = 0.85f] 2(2—) - <§—> (1)
2(0.85fé) (") o
ao = E
' c
o f/ For &€ < &g < eu
@ T £_ = 0.85f
v .85f"' c
a c e c
° “it For € < 0
° Strain,e aco’ £ =0

There are provisions in the input to enable the user to change
some of the parameters which affect the shape of the compres-
sion block. If the value input for EU is less than €, » the

stress strain curve will consist of a parabola with a maximum
height calculated from Equation 1 above.

Concrete displaced by reinforcement in compression is deducted
from the compression block.

Stress in the reinforcement below the design yield strength,
fy , is directly proportional to the strain. For strains

greater than that corresponding to the design yield strength,
the reinforcement stress remains constant and equal to fy

The modulus of elasticity, Es , is taken as 29,000,000 psi,*
unless otherwise changed in the input data.

Stress in the reinforcement is based on the strain at the actual
location of each bar. Reinforcement is defined by the area of
each bar and x-y coordinates referred from the centroidal axis
of the cross section.

All moments are referenced to the centroid of the gross con-
crete section whether the reinforcement pattern is symmetrical
or unsymmetrical.

Computations for biaxial loading are based on three-dimensional
interaction surface. The methou >f solution is presented in
PCA Advanced Engineering Bulletins 18 and 20.**

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

*% Ibid.
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g- The program first computes the theoretical strength of a member
on the basis of the strengths of the materials, then reduces
the theoretical strength to the design strength by the capacity
reduction factor. The capacity reduction factor, ¢ , is from
ACI 318-77 code.

o
S Lt

General notes on design option

19. The engineer can be of great help in increasing the efficiency of
the computer operation, by using proper judgment and previous experience. In-
put data can be prepared to shorten the computer run for solving a given prob-
lem. The several means available include:

a. Minimum and maximum ratios of reinforcement can be input in
Data Group III-Design Data, if it can be predetermined that the
ratio of reinforcement will be within a narrower range than
0.01 to 0.08 used in the program.

-4

The minimum acceptable clear spacing of bars can be increased
in the input if this is a detailing problem.

Kg]

If the approximate number of bars can be predetermined, or if
restrictions can be set for bar sizes, the limits can be input
in Data Group IV-Reinforcement Data.

20. When it is determined that a certain bar arrangement is satisfac-
tory, the program proceeds to compute the strength of the cross section under
flexure and axial load, and compares this to the applied loadings. Each load- o~
ing is checked in the same sequence given in the input. The first time that
one of the loadings is not satisfied, the checking procedure is terminated and
the bar arrangement is rejected. A bar arrangement is accepted only when all
the applied loadings are satisfied. In order to speed up the checking pro-
cedure, the more critical loading conditions should be input first.

21. The program rejects any cross section when the load strength is
less than 0.99 of the applied load. It should be noted that the computed
theoretical strength is reduced by the capacity reduction factor ¢ before
the comparison is made. For axial loads less than 0.10 féAg , the ¢ factor
varies between that for compression members to that for pure flexure, in ac-
cordance with ACI 318-77.

22. The engineer may also wish to set standards for acceptance of a
cross section. For example, a strength overstress of 5 percent may be ac-
cepted instead of the 1 percent programmed. The 5 percent acceptance criteria
can be adopted by inputting larger ¢ factors in Data Group IV-Design Data.

A factor of 0.735 will result in computed strengths 5 percent larger than
those computed for ¢ = 0.70 .
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23. The engineer should be aware that this program computes the
strength of the cross section based on moments about the geometric centroid of
the gross cross section. Therefore, all input moments must also be referenced
to the geometric centroidal areas of the concrete section, and all output data

should be interpreted likewise. The design capabilities of the program are

limited to finding the minimum area of steel for symmetrical reinforcement pat-

terns.

24. 1t should be noted that any reference axis can be used for design,
so long as both the applied moments and resisting moments are referenced to
that axis. The geometric centroid is most convenient, since its location is
fixed and does not depend on the amount or distribution of the reinforcement.
Furthermore, the frame analysis of the structure is usually made by using the
geometric centroid of the gross cross section. The moments thus obtained can
then be used directly as input into the program. If the engineer has computed
applied moments about any other axis, the moments can be easily transferred to
the geometric axis by adding a moment equal to the axial load times the dis-

tance between the two axes.

Data Input for Program PCAUC

25. PCAUC runs in the timesharing mode. The program 1s i1adi 1n the
CORPS library and is identified as program X0062.

26. Data for the program may be input interactively or may be 1aput
from a previously prepared data file. Each line of data sust begin with a line
number followed by at least one blank space and the appropriate data values
All data are read free field, that is, each value is separated by a c(omma and/
or one or more blank spaces. All zero values must be 1ncluded on the line

All data are input according to the following guide.

I. PROBLEM IDENTIFICATION (one line of data)
IDENT

IDENT - Problem identification. The first character after the
line number and space must be an asterisk (*) followed by
up to 72 characters of project information. Any number
of these lines of data may be used.

II. PROBLEM DEFINITION (one line of data)
TYPROB, TYMEM

11

e -\'.-\..\'— '.-." .‘-. '-.."'-'.-.".. '~..'\A..~.'--.‘.-. o -.'-.~'.." . -

B B S e i e e : B A oL
QR SR G, R TR S TR e U RN It R SRR ;;‘-‘x-‘i- PO PR - VDR AT ST SN G

T

. l"
[

W7

o '..""'.
‘e da

s
>
LI P

. . 2
- f. l‘ L
.

“'
i s,

[ 4
[ ]
PR PR N PR

' ‘l"..'.

B

P AT




S~ T T —_— ” M e See Svey e Ban Seae B S pan A Ate 8 Gn St S B dea v 4 v - W Y Ty T -

-4
- o

.4

TYPROB ~ Defines type of problem. Input D if a design problem or B

input I if an investigation problem. e T

TYMEM -~ Define type of member. Input R for round member, that —

is, circular cross section with circular reinforcement
pattern. Input S for spiral member, that is, rectan-
gular cross section with circular reinforcement pattern.
Input T for tied member, that is, rectangular cross sec-
tion with rectangular reinforcement pattern.

ITI. DESIGN DATA (one line of data) ..
B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC, ES, EU © ]

v

B - Dimension parallel to x-x axis in a rectangular cross
section, or diameter of round cross section (in.), see .
l; Figure 1 .-
T - Dimension parallel to y-y axis in a rectangular cross

section, or diameter of round cross section (in.), see ©
Figure I o
. ','4

A. Use paragraph IV-A entitled REINFORCEMENT DATA FOR EQUALLY SPACED BARS if
reinforcement is placed in a circular pattern spaced equally around the .
perimeter of the section or if the same number and size of bars are placed -
on each side of a rectangular pattern and equally spaced on each side.

CLR ! I___ -
1

o
©

Row 1

9
1o

— 46”0} ¢
hoves!

-Row 4 Row definition .
for ail tvres - e

g
°

Row 3 | A

or < 'l

Row 2

(]

—I9

B. Use parsgraph IV-B entitled REINFORCEWMENT DATA FOR UNEQUALLY SPACED BARS
1f reinforcement is placed in a rectangular pattern waith a different aumber
or size of bars in the side rows than in the top row.

: | =

i -

{e-0|0 ol- iy
" '/::.HYA :oment S{gn Convention for all Tvpes: . -‘-.“1
X \ N
Je-o|d.0 |- R

| | i

€. Use paragraph IV-C entitled REINFORCEMENT DATA FOR RANDOMLY SPACED BARS if
reinforcement 1s placed 1n a random psttern.

I o ..
[~] -

o eo°* -
e o

Figure I. Guide for selecting reinforcement R
data paragraph (Figure from original PCA RN
User's guide) ‘
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FPC - Compressive strength of concrete (ksi)
FY - Yield strength of reinforcement (ksi)

PHIC - Capacity reduction factor for compression. If zero, pro-
gram uses PHIC = 0.75 for round or spiral member and
PHIC = 0.70 for tied members.

PHIB - Capacity reduction factor for flexure. If zero, program
uses PHIB = 0.90 for all member types.

Note: For a constant value of PHI, PHIB must be equal to
PHIC.

ASMIN - Input zero for investigation problem. Input the minimum
reinforcement ratio for design. In design, if ASMIN = O,
program sets ASMIN = 0.01.

ASMAX - Input zero for investigation problem. Input the maximum
reinforcement ratio for design. In design, if ASMAX = 0,
program sets ASMAX = 0.08. Refer to Engineer Technical
Letter (ETL) 1110-2-265 for allowable reinforcement
ratios.

CLMRN - Input zero for investigation problem. Input the minimum
clear spacing for design. In design, if CLRMN = 0, pro-
gram sets CLRMN = 1.5.

FCM - Concrete stress intensity at the maximum allowable usable
strain. If zero, program uses FCM = 0.85 FPC.

EC - Modulus of elasticity for concrete (ksi). If zero, pro-

(o —
gram uses EC = 14513 33JFPC where 145 is the unit

weight of normal concrete.

ES - Modulus of elasticity for reinforcement (ksi). If zero,
program uses EMS = 29,000.

EU - Maximum allowable usable strain at the extreme concrete
compression fiber (in./in.). If zero, program sets
EU = 0.003. S

?
1
R
k

IV. REINFORCEMENT DATA. There are three basic types of reinforcement s
patterns allowed and the input guide depends on which of these .
three types is chosen. The diagrams in Figure I identify the
types and refer the user to the paragraph which should be used -
for reinforcement data input.

IV-A. REINFORCEMENT DATA FOR EQUALLY SPACED BARS, SEE FIGURE IA. (One
line of data)

This line of data depends on whether the user is designing or in- .
vestigating a section. Use one of the appropriate lines below:

Design:

RMODE, O, O, CLR, NBMIN1, SIZMIN1, CLR1, NBMAX1, SIZMAX1, O, O,
0, CLR3, 0, 0, O

e .
‘a'atArs Mh
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Investigation:
RMODE, NB, SIZBAR, CLR, O, O, CLR1, O, O, O, O, O, CLR3, O, O, O
RMODE - Reinforcement mode. Imput 1 for equally spaced bars

NB - Number of bars in the section

SIZBAR - Size of bars in the section given in standard bar
notation

CLIR - Clear cover to main reinforcement in inches if cover is
the same for all rows. If cover is not the same input
zero and define cover later in this line of data

NBMIN1 - Minimum number of bars acceptable to user. For circular
steel patterns this is the minimum total number; for
rectangular patterns this is the minimum number in row 1

SIZMIN1 - Minimum size bars acceptable to user in standard bar
notation

CLR1 - Clear cover in inches for row 1. Clear cover for row 2
will be set to this value also.

NBMAX1 - Maximum number of bars acceptable to user. Defined as
in NBMIN paragraph.

SIZMAX1 - Maximum size bar acceptable to user in standard bar
notation

CLR3 - Clear cover in inches for row 3. C(Clear cover for row 4
will be set equal to this value also.

IV-B. REINFORCEMENT DATA FOR UNEQUALLY SPACED BARS, SEE FIGURE IB. (One
line of data)

This line of data depends on whether the user is designing or
investigating. Use one of the appropriate lines below:

Design:

RMODE, O, O, CLR, NBMIN1, SIZMIN1, CLR1, NBMAX1, SIZMAX1, O,
NBMIN3, SIZMIN3, CLR3, NBMAX3, SIZMAX3, O

Investigation:

RMODE, O, SIZBAR, CLR, NB1, SIZBAR1, CLR1, NB2, SIZBAR2, CLR2,
NB3, SIZBAR3, CLR3, NB4, SIZBAR4, CLR4

RMODE - Reinforcement mode. Input 2 for
unequally spaced bars

SIZBAR - Size of bars in standard bar notation
in the section if all bars are of the
same size. If bars are not the same
input zero.

CLR - Clear cover to main reinforcement in
inches if cover is the same for all
rows., If cover is not the same input
zero and define cover later in this
line of data.
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NBMIN1 - Minimum number of bars acceptable in
rows 1 and 2

SIZMIN1 ~ Minimum size of bars acceptable in
rows 1 and 2 in standard bar notation

NBMAX1 - Maximum number of bars acceptable in
rows 1 and 2

SIZMAX1 - Maximum bar size acceptable in rows 1
and 2 in standard bar notation

NBMIN3 - Minimum number of bars acceptable in
rows 3 and 4

SIZMIN3 - Minimum size of bars acceptable in
rows 3 and 4 in standard bar notation

NBMAX3 - Maximum number of bars acceptable in
rows 3 and 4

SIZMAX3 - Maximum size of bars acceptable in
rows 3 and 4 in standard bar notation

NB1 through NB4 - Number of bars in rows 1 through 4,
respectively

SIZBAR1 through SIZBAR4 - Size of bars in rows 1 through 4,
respectively

CLR1 through CLR4 - Clear cover in inches for rows 1 through
4, respectively. These data items must
have a value even if rows 3 and 4 do
not exist in order to locate the corner
bars.

IV-C. REINFORCEMENT DATA FOR RANDOMLY SPACED BARS, SEE FIGURE IC. (One
line of data followed by as many lines as needed to define re-
inforcement)

This line of data can only be used for investigation.
Investigation:

RMODE, NB, O, O, O, O, O, O, O, O, O, O, O, O, O, O (all on
one line)

ABAR1, XBAR1, YBAR1, ABAR2, XBAR2, YBAR2, ABAR3, XBAR3, YBAR3,
ABAR4, XBAR4, YBAR4

. repeat this line of data, placing information for four
. bars on each line until all bars are defined. The last
. line must have enough zeros to make 12 items of input

ABARN, XBARN, YBARN, 0, 0, 0, 0, 0, 0, 0, 0, O

RMODE - Reinforcement mode. Input 3 for randomly
placed steel

NB - Total number of bars in section

ABAR1 through ABARN - Area of bars in sq in. for bars 1 through
N, respectively

15
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XBAR1 through XBARN - X-coordinate of bars 1 through N, re-
spectively, in inches

YBAR1 through YBARN - Y-coordinate of bars 1 through N, re-
spectively, in inches

V. LOAD MODE DATA, SEE FIGURE I. (One line of data)

This line of data is used to define the manner in which the
loadings are given and to request the type of output required.
This line of data also depends on whether the user is designing
or investigating. Use one of the appropriate lines below.

Design:
3, NLC, MINMOMX, MINMOMY
Investigation:
LMODE, NLC, BENDX, BENDY
LMODE - Loading mode. May be 0, 1, 2, or 3 as described below.

LMODE = 0 If no loadings are given. The user is
requesting interaction diagram.

LMODE = 1 If only axial loads are given. The user is
requesting interaction diagram.

LMODE = 2 If axial loads are given as groups of loads,

i.e., each group consists of an initial

value of P, a final value, and an increment.

The user is requesting interaction diagram. —
LMODE = 3 If axial loads and uniaxial or biaxial bend- N

ing is given. The user is requesting a
comparison between the applied loadings and
the strength of the cross section.

NLC - Number of load cases to follow. One line of data per
load case

MINMOMX - Minimum moment applied about the X-axis. Input must be
1 or zero. An input of 1 will cause a minimum moment
to be applied in accordance with the ACI Code 318-73 to
account for minimum eccentricities. If loadings consist
only of axial loads, then a 1 should be input. If the
loading case contains a moment this input item will be
ignored.

MINMOMY - Minimum moment applied about the Y-axis. Input must be
1 or zero as discussed in MINMOMX above.

BENDX - Bending applied about the X-axis. Input must be 1 or
zero. An input of one means that an interaction dia-
gram is requested about the X-axis and that any MX
moments given in the load cases are to be applied.

BENDY - Bending applied about the Y-axis. Input must be 1 or
zero as described in BENDX above. Note that to con- .
sider biaxial bending both BENDX and BENDY must equal 1. -

ol
st
AP DY
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VI. LOAD DATA. There are three types of data depending on the user's
selected value of LMODE.
VI-A. LOAD DATA FOR LMODE = 1. (One line of data per load)
1, AP

AP - Axial load with load factors in kips. Up to 70 loads may
be specified. (Must be +)

VI-B. LOAD DATA FOR LMODE = 2. (One line of data per load group)
1, APINIT, APFINAL, APINCRE
APINIT - Initial value of axial load in kips. (Must be +)
APFINAL - Final value of axial load in kips. (Must be +)

APINCRE - Increment of axial loading between APINIT and APFINAL to
be applied; i.:<., a range of axial loads can be applied
between APINIT and APFINAL each load differing in value
from the preceding load by APINCRE. Up to 70 loadings
can be applied.

VI-C. LOAD DATA FOR LMODE = 3. (One line of data per load set)
1, AP, AMX, AMY
AP - Applied axial load with load factors, in kips. (Must be +)

AMX - Applied moment in kip-feet about the X-axis, with load
factors. (Must be +)

L- AMY - Applied moment in kip-feet about the Y-axis, with load fac-
tors. A maximum of 70 loading sets may be applied. (Must
be +)

Note: For a design problem, it is possible to specify a loading
condition consisting of an axial load and the minimum de-
sign eccentricity. To do this, MINMOMX and MINMOMY must
be input as 1. Then a value of AP must be input and MX
and MY must be zero. The program will then supply minimum
design moments as follows:

If MINMOMX = 1 (bending about x-axis),
MX = 0.05 (T/12) P or P/12, whichever is greater for
round and spiral members
= 0.10 (T/12) P or P/12, whichever is greater for
tied members
I1f MINMOMY = 1 (bending about y-axis),
MY = 0.05 (B/12) P or P/12, whichever is greater for

round and spiral members

0.10 (B/12) P or P/12, whichever is greater for
tied members

If MINMOMX = 1 and MINMOMY = 1 the above moments will be ap-
plied simultaneously as biaxial bending.
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If MINMOMX = 1 and MINMOMY = 1 the above moments will be ap-
plied simultaneously as biaxial bending.

1 VII. RUN INDICATOR DATA
' 1A

IA - Input 1 to process another set of data
0 if no more data are to be read

l Summary data files

27. Sample data files are listed below to illustrate how the various
options are implemented.
a. Design of equally spaced bar pattern
E 900 IDENT
! 1000 TYPROB, TYMEM

1010 B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC,
ES, EU

1020 RMODE, O, O, CLR, NBMIN1, SIZMIN1, CLR1, NBMAX1, SIZMAX1,
o, 0, 0, CLR3, 0, O, O

1030 3, NLC, MINMOMX, MINMOMY
1040 1, AP, AMX, AMY (LMODE = 3 Option shown here)
1050 IA e
Design of unequally spaced spaced bar pattern
900 IDENT

&

ROTAN ) RISCPRL R

1000 TYPROB, TYMEM

i 1010 B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC,
, ES, EU

1020 RMODE, O, 0, CLR, NBMIN1 SIZMIN1, CLR1, NBMAX1, SIZMAX1,
0, NBMIN3, SIZMIN3, CLR3, NBMAX3, SIZMAX3, O

1030 3, NLC, MINMOMX, MINMOMY
1040 1, AP, AMX, AMY (LMODE = 3 Option shown here)
1050 IA

Ke}

Investigation of equally spaced bar pattern
900 IDENT
1000 TYPROB, TYMEM

1010 B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC,
ES, EU

1020 RMODE, NB, SIZBAR, CLR, O, O, CLR1, O, O, O, O, O, CLR3,
0, 0,0

1030 3, NLC, MINMOMX, MINMOMY T

P 1
S AR
e S R

. .
e e B T f o
a'a e e A . -
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1040 1, AP, AMX, AMY (LMODE = 3 Option shown here)
1050 IA

e

Investigation of unequally spaced bar pattern
900 IDENT
1000 TYPROB, TYMEM

1010 B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC,
ES, EU

1020 RMODE, O, SIZBAR, CLR, NB1, SIZBAR1, CLR1, NB2, SIZBAR2,
CLR2, NB3, SIZBAR3, CLR3, NB4, SIZBAR4, CLR4

1030 3, NLC, MINMOMX, MINMOMY
1040 1, AP, AMX, AMY (LMODE = 3 Option shown here)
1050 IA

1]

Investigation of randomly spaced bar pattern ‘i-'
900 IDENT
1000 TYPROB, TYMEM

1010 B, T, FPC, FY, PHIC, PHIB, ASMIN, ASMAX, CLRMN, FCM, EC,
ES, EU

1020 RMODE, NB, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, O, O, O

1030 ABAR1, XBAR1, YBAR1, ABAR2, XBAR2, YBAR2, ABAR3, XBAR3,
YBAR3, ABAR4, XBAR4, YBAR4

. s

PR ST

ot s T T
e e

1040 ABARN, XBARN, YBARN, 0, 0, 0, 0, 0, 0, 0, 0, O
1050 3, NLC, MINMOMX, MINMOMY e
1060 1, AP, AMX, AMY (LMODE = 3 Option shown here) N
1070 1A | i

Description of Output .

28. Output listings are, for the most part, self-explanatory. After
the program identification, the information on the header data lines is
printed out, followed by the problem type option and the type of member. f%i

29. The next line of output contains: -

FC '
EC
ES

Concrete stress intensity (0.85 fé)

Modulus of elasticity for concrete

Modulus of elasticity for reinforcement

STRAIN - Maximum usable allowable strain at the extreme compres- R
sion fiber ﬂ’f
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Pertinent dimension data is given on the next line. This includes:
B - Dimension parallel to x-x axis or the diameter
T - Dimension parallel to y-y axis or the diameter
F'C - Compressive strength of concrete
FY - Yield strength of reinforcement
PHIC - Capacity reduction factor for compression

PHIB - Capacity reduction factor for flexure

30. If the option is investigation, the given reinforcement will be
printed next. If the option is design, the data for the selected reinforce-
ment will be printed after the design is completed. If no suitable reinforce-
ment pattern was found, a message stating this will be printed.

31. The output that follows the reinforcement data will depend on
whether the problem is design or investigation and the type of loading. All
axial loads are specified in kips and moments in kip-ft.

Design option output*

32. For each loading condition, the following data will be printed:
(1) Loading Case Number
(2) The applied loadings as given in the input
AP = Applied axial load
AMX = Applied moment component in the direction of the x-axis
AMY = Applied moment component in the direction of the y-axis

(3) The computed strength under combined flexure and axial load
for the selected reinforcement assuming that the eccentricity
of the axial load remains constant

Up =P

axial load strength

u
UMX = Mx = moment strength component in the direction of the x-axis
UMY = My = moment strength component in the direction of the x-axis
UMY = Hy = moment strength component in the direction of the y-axis 1

(4) The ratio of the axial load strength to the applied axial
load (UP/AP). This ratio will always be larger than 0.990.

Investigation option output

33. LMODE = 0. The control points of the interaction diagram will be

¢
.
.
’

printed for each of the axes requested in the input. Control points are

e , s
S D
[P 37 ¢ s B SN DY

e
P

identified as follows:

* Extracted from "Strength Design of Reinforced Concrete Column Sections"” by
Portland Cement Association.
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34.

PZ = Po = axial load strength of section in pure compression

PB = P, = axial load strength of section at simultaneous assumed
ultimate strain of concrete and yielding of tension rein-
forcement (balanced conditions)

MB = Mb = moment strength of section at simultaneous assumed ulti-
mate strain of concrete and yielding of tension reinforce-
ment (balanced conditions)

MZ

(o]

LMODE = 1 or 2.

M = moment strength in pure flexure (Pu = 0)

Moment strengths will be printed for each axial

load listed in the input (combined bending and axial load strengths). If uni-

axial interaction data were requested in the input, only the moment strength

about the specified axis will be printed.

35.

If biaxial interaction data were requested in the input, the fol-

lowing information will be printed for each axial load:

SN SERPURF G W AP P S ol Soay S )

Loading Case Number

a.
b. UpP =P
= u
UMX = M
ux
UMY =
uy
DXM = M
b
DYM = M
y
DRM
BETA = B
EXP = n

L S U SRy e LIy W

P

axial load strength

moment strength in the direction of the x-axis with
bending considered about the x-axis only

moment strength in the direction of the y-axis with
bending considered about the y-axis only

moment strength component in the direction of the
x-axis when the neutral axis is parallel to the
diagonal axis through the corners of a rectangular
cross section or a 45 deg axis for circular cross
sections

moment strens*h component corresponding to DXM above

the resultant of the DXM and DYM moments defined
abuve. For a circular or a square cross section
DRM is the moment strength for biaxial bending
about the diagonal axis

a coefficient which defines the interaction contour
for the biaxial moment relationship (see reference
cited under Item (f), paragraph 18 Method of
Solution).

exponent used in the biaxial bending design formula:

M— +M =1
ux uy

For the use of this formula refer to the references
cited under paragraph 18 Method of Solution.
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36. LMODE = 3. Under this mode, the output will be a comparison be-
tween the applied loadings given in the input and the computed strength of the
cross section under combined flexure and axial load. The form of the output
will be identical to that printed for the design option output. The adequacy
of the section investigated to resist the applied loadings can be readily
determined from the ratio of UP/AP printed in the last column of the listing.
Limiting axial load strengths are printed to show the maximum axial loads

permitted for zero moments.

Sample Problems

37. 8Six sample problems follow. Problem 1 is the design of a 36-in.-
round column for five applied loading conditions. Problem 2 is an investiga~
tion of a 24- by 42-in. cross section for load versus moment interaction data.
Problem 3 is the same as problem 1 except FCM, EC, EMS, and EU are specified
in the input data instead of using default values. Problems 4 and 2 are the
same except the irregular reinforcement pattern option is used. Problem 5 is

an interactive input for design of a 36~in.-round column. Problem 6 is an

interactive input for investigation of a 36-in.-round column.
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Sample problems 1 through 4 show examples for each problem.
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1 1.7 11.350 1.870 -2.750 T
e 1.2vn =7 500 1.&7 -11.50n ‘o
. 0.730 =11,850 . 0.7an 11.250 -
e g 0.7490  —-11.&9n0 lu.uu‘ 0. 750 11,550 tn,zoe -
ik g.7%0 =11,2594 [~ =L 0.730 11.250 B. 13F "
h 0.7%0  —11.25N 2. 043 0.730 11,250 2. 043 T
" 0,790 —-11.a%0 —c. N3 0.730 11,250 .n4a
- N.790  —-11.250 =t 1ER a.79n 11."= —e.12a
= g.790 —11.&51 =10.209 g. 720 11,75 -10.209
o1, .73 =11.25%0 =14, 232 0,730 11. '”H -14.29"
D S 1 "
[ W, SN, S n
-3 i
23 e
e
i e e e e e e e e e e e T L e N
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Example output

39. Examples of printout follow for sample problems 1 through &.

oFFH MEZLIE-CORPS - =00mSsF

L2 o g g n g o g o g 22 22 B IR TN TN
e CORPS PROGRAM = =006 .
. VERZION # 833-10-01
Lo aaaaa e o o o 0 T2 2R T2 T TN

[HPUT NAME DOF DATR FILE. HIT A CARFIAGF
“ETURN IF DRTR IS TO COME FROM TERMINRL.

=FCRDAT

(HPUT NHME OF OUTPUT FILE. HIT R CRRRIAGE
FETURN IF DUTPUT 1S TD BE WRITTEM TO TERMINAL

ZITRFNGTH DEZISN OF P-F.
CONCRETE COMPREZZION MEMEEFR —FrA-

L d o g 0 g 0 g 00 0 0 o 0 0 o a0 g a0 0 o e 0 e o o e ol o g 0 0 e e oo g o o o o T

HMFLE PRCBLEM mMO. 1 -~ DEZIGN OF 26 IN POUND COLLIMN

DE= IS OF
SOUMHD CUMPRES:IIDN MFMEERS

COM=THNTS — FC= 4,851 EL= 39074, E"= 22000, STRAIN= 0.0N13N0
= HB, 00 T= 35,00 F-C= S.000 Fv= a0,000 PHIC= 0,750 PHIB= 0.90u0

GTE- za pO. @ BARS. AIT = &4.00 Z0.IN. = 2,36 POT. COVER = &.000 IN.

-iAD RFPLIED tORD: COMPUTET  CTREMGTH

TRLE 2l AM: AM uF Ui e =12
@n, 1240, 0. 14, 1443, 0. 1.164

S4n. 1500, 0. Sda, 1S90, a. 1. nog

240, 1eé4n, 0. AT, 1naz, Q. 1.005

1530, 1500, 0. 1591, 1530, . 1.006

2idn, 1420, 0. 2043z,  143:3, 0. 1.0n4

—

% I YR

LIMIT a5 AIAL LORD - DEFMRGD = ISl

24




CTREMASTR DECIGH OF F-F.
COMCRETE CQMPFEZ 3100 MEMBEFR ~-lf-
Adaaaad oo oo a 22 22 2 2 2 2 2 2 X 20 2 2 2 2 2 2 2 o SRR SRS S 2 2 e X

SAMPLF PRUBLEM NO. + - TNYESTIGRTION OF 24 x &4 TIED MEMEBFF
REQUESTING INTERACTION NIRGRAM
PHI = 1.0 FDR THECRETICKL STREMNGTH

INWWESTIGRTION OF
TIED COMPRESSION MEMBERS

CONETHNTS - FC= 4.250 EC= 40749, ET= 2%0ng, STRARIN= 0. 0030
g= 24.0n1 T= «42.090 F-C= S, 000 FY= 20,000 PHRIC= t.000 FHIE= 1,000
WiTH 28 NO. 38 BHRE, RIT = 27.8% ZQ.IM. = 2,77 FCT. COVER = 2000 I
ROW 1 ROW & rOW = ROW 4

ERRY 5 NO.1D 5 MU.ID 3 ND. 2 3 MO. ®

COVER 2. 000 2. nan . 0o Z.0nnn

UHIMXIARL INTERARCTION RECUESTED

Ln

=

F A 14 54
0. 2454,
200, 86T,
4ng, 2455,
son, 012,
300, 3145,
1o, =258,
1200, 3341,
1400, 2401,
1601, 3439,
1800, 3446.
2u0n, 3329,
220, 32295,
2400, 3193,
14 2600, 2097,
1= 2=00, &919,
1R 3Innu.  2873.
17 300, S7a2.
1= Idn.,  ehlE.
8] 300, 2950,
F=0.,  22w3.
g, 110,
4z0n, 1912,
330N, 1599,
S 00, 1485,
$z0, 1287,
Snon, 1043,
Sang. 215.
Sa0u, S520.
S50, 32e.
T=0n. So.

R I WO O (]

- s =
Wl e @ O 0O

o Moo fu Pu Py no Do

(1)
O TSt B AR RV R (IR

wr fu
= &

LT AXLAL LOADS = NP IMNXY = 4h71 .,

Ty

' oo,
® Ll
SRR RN

e et T e T et e e e a4 e m o ey el ml el e e e el e e e e N . -
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ITREMTH LESIGN OF FoF.
COMCFETE COMPREZZIGN MEMEEFR -FrRA- .
PP OO PPPOPI PP OP TIPS P L ELEIEOP PO PP L PGS EP S04 0060000004 . ...T .

TRMPLE FPROBLEM MHO. 3 - IAME RS SAMPLE PFOELEM NO. 1
dxING OFTIONAL INFUT VYARIAELES

DES156M OF
SZUND COMPRESSION MEMEERS

CONSTRANTS — FC= 4,850 El= 4074, Es= 3000, FTRAIM= 0, 0020 N
Bz 6.0 T= 3IR.00 F<C= S.000 Fy= &0,000 PHIC= 0.750  FHIE= 0,900 f
1E- 24 MO, 2 BARI, AT = 24,00 30.IM. = &.36 PIrT. COVFR = 2.010 IN, -

LORD AFPL IED LORDE COMFUTED  STRENGTH e
CHSE HF M Ak F I3 K Uy P - /F o es

2. 1240. 0. 104, 13473, 0. 1.1¥4 e
S4u.  13uD. 0. S544. 1506, 0. 1. 004 -—a
D, 14, . ER AT -1 1= . 1,008

[ R ORI

1520, 180, o, 1531, 1810, a. 1. noe N

i, 13420, 0. cnda, 1437, 0. 1.004 o
LIMITIMNG RETRAL LORDE - HPMEXI= Tell. A:}
i, ‘,' .

L
-
)
V.-
e
¥
-
- . -
N -
e LT
NP
ot
"
At
-
LI
26 S
-
-
o
A
. -
[
. RPI - N
D T T w e .'._-.'. R T AT R T N i ST P R S R N T U TSR SE VA SRR SR UL IR UL P DN ".".". o

[P P BRI I e SR T Y RN R I S T . AR, R AT T iy ~
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R Mt Bt BT AT e i S S Ak S i Al A S o B aan 2

ITRFM:TH LEZIGN OF R-F,
COMCRETE COMPREZZIDM MEMEEF -7 A—-
Ll o aaa a0 g o o e o o a o o oo oo 22 oD oo 2 o oo g oo g oo o 2 22 LD 2 S

TFMPLE FRUBLEM NO. 4 - SAME A SAMPLE PFOELEM NOD. &
UiInG [RREGULAR RE INFDRCEMENT PRTTEFRN OFTION

INWWESTIGRTION OF
TIZD COMPREZSION MEMBER:

COMNSTHNTS — FO= 4,250 EC= 4074, El= 23000,  STRAINMS 0. Q030

E= 24,00 T= 42,00 F-'C= S.nin Fv= a0, 000 PHIC= 1,000 FHIB= 1,000 -f

- o
WITH @3 MU. 0 BARZ. HET = #7.88 I0.IM, = 2,77 PCT. S COVER = 0. In. "
EFR ARERT AND X.Y COORDINKTFS A :

GIVEN

UHIRATRL [NTERRCTION FECGUESTED

%
Qo

L ] TR
0. &955.
2no. 2ehE, o
4n0, 285, S
snD. 3013, e
200, I1dn,
100w, 320,
1zon.  z318.
1400, 29402,
1700, 2340,
1=0n, 3447,
2000, 3390,
2800, Z29s,
24060, 3199,
Se0n. 3093,
2agn, 2990,
" 3u0un. 2374,
3200, &749,
2300, #nla.
3edu.  e9sl.
3200, 2294,
4non, 2111,
4701, 1912,
43001, 1700,
S0, 1346,

¢ ooy, .

VRO S N NV (o

LR L G Py e

D 5}

TR

o ber Pu Ty Ju v 7 e s s e bt s e
o Py - =

I3
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S,
S0,
S,
S3040,
Seoun,
S0,

—

[P WD O ]
T RARCEIr A
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LIMITIMS Rr<IRL LORDE

*>e

EMD OF PLNE ee

- UPiMRX»=

AP A S e S A )

28

4571,
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Example interactive runs T
40. The following examples, 5 and 6, show the actual computer runs. fi}ﬂ

-

(Example 5) Q o

oFRN WESLIB-CORFPS-X0062sR

a2 2 DR S S R
o CORFS PRDGRAM X004z
g VERSION = 83-/10-01
e s e e S e S 2 o

INPUT NPME DF DRTA FILE. HIT A CARFRIRSE
RETURN IF DATAR IS TO COME FROM TERMINAL.

IMPUT NHME OF FILE DATA IS TO BE WRITTEN TO
HIT A CRRRIAGE RPETURN IF yOU DO NOT WANT TO ZAVE
THIS FILE.

=DRTCOL

FILE ALRPERDY EXISTS.

IMPLUT NRME DOF FILE DRTR IS TO BE LRITTEN TOD

HIT A CARRIAGE RETURN IF YOU DO NOT WANT TD ZAVE

THIS FILE.

=DRTCOLZ

I'PUT R ? IF MORE INFORMATION IS NEEDED REOUT DARTA BEINS REGQUESTED
INPLUT PROBLEM IDENTIFICATION - IDENT

=7?

ITENT - AN o FOLLOWED BY UP TN A5 CHARARCTERS OF PROUECT INFORMATION
=e EXAMPLE

IHPLT PROBLEM IDENTIFICRTION - IDENT. HIT R CRRRIRGE
RETUMN IF ND MORE IDENTIFICATION

= . 1

IMPUT PROELEM DEFINITION - TYFPOBs TYMEM

=7

TYPROE = D IF DESIGN PROBLEM OR I IF INVESTIGATION R

TYMEM = R FOR ROUND MEMEEF »
S FOR SPIRAL MEMEER S
T FOR TIED MEMBEFR NI

=D P e

29
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. A

)]

RGO

.......
.......

.................................
...........

IMPUT DESIGN DRTRA — BsT+FFC«FYsPHICsPHIRsASMINS

ASMARXy CLRMNs FCMy ECs EM3y EUY
=7

B — DIMENSION PRRALLEL TO X-X AXIS IN RECTRANSULAR CROSS SECTIDN
DIRMETER OF ROUND CROSS SECTION
T — DIMENISION PARRRALLEL TO Y-Y AXIZ
DIRMETER
FFC — COMPRESSIVE STRENGSTH DF CDONCRETE
FrY — YIELD STRENGTH OF REINFORECEMENT
PHIC - CRPREITY REDUCTIOM FRCTOR FOR COMPPESSION
IF ZErRD., PRDGRPAM SETS PHIC TO 0.7S5
PHIE - CAPRCITY REDUCTION FRCTOP FOF FLEXURE
IF ZEFD.PRPOGRAM SETS PHIB TO 0.70
RZMINM - INFUT 0 FOF INVEZTIGATIOM PROELEM
MINIMIM PEINFORCEMENT RATIO FDR DESIGHN
IF ZEFO IN DESIGN ASMIN IZ ZET TO 0.01
AZMAX — INPUT O FOR INYESTIGARTION
MAXIMUM REINFORCEMENT RATID FOR DEZIGH
IF ZErRO IM DE=IGMN IT IS 3ET TD 0.08
CLRMN — IHPLT ZERQ FOR INVESTIGATION
MINIMUM CLEARR SPACING FOR DEIIGH
IF ZEPO IM DESIGN 1T IZ SET 7O 1.5
FCM — CONCRETE STREZZ INTENZITY AT MAXIMUM ALLOWAELE USRELE STRAIH
IF 0 PROGPAM USES 0.85FPC
EC - mODULYE DF ELRSTICITY FOR CONCRETE
EMZ —- MODULUS OF ELRITICITY FOR REINFORCEMENT
EU - MAXIMUM ALLOLAELE USHBLE STRAIN AT ExXTREME- COMFRESSION FIBER
=35,0 36.0 S.0 0.0 .75 .90 0 0 9 0 0 O .DD3
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[ 0]

IHPUT TYPE OF REINFORCEMENT — RMODE

=7

FMODE = 1 FOR EQURALLY SFPACED BARS
2 FOR UNERURLLY SFRCED BRRE
3 FOR RANDOMLY EPACED BART
=1

FEIMFORCEMENT DATA — Qs s CLRsNBMIN1sSIZMINL«CLR1 s NBMAX 1> SIZMAX 1
U2 0« DsCLRZy s 09 0

-
=r

LR ~ CLERR COVER TO MRIN REINFORCEMENT (IN>
IF SAME FOR #ALL ROWLE
IF COVER IS NOT SAMEs INPUT ZERO

NEMINM1 — MINIMUM NUMEER DOF BRRS

FOR CIRCULAR FRTTERNS. MINIMUM TOTAL NUMBER

FORF RECTRANGULAR FARTTERMZs MINIMUM NUMEER IN RON 1
SIZMING - MINIMUM SIZE OF RRRS
CLFr1 — CLERR COVER FDOR ROW 1 CIN:
MEMAX1 - MRXIMUM NJOMBER- OF ERRS
SIZMR1 — MAXIMIM ZIZE OF BARE
CLRY - CLERR CTOVER FOP PO =3 (IN>
=000 2,022 025100000000

31
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IHPUT LORD MODE DARTHA — NLC»MINMOMXs MINMOMY

=7?

.‘ MLC - NUMBER OF LORD CRSES
MINMOMX — MOMENT ABOUT X-RXIS
=1 FOR A MINIMUM MOMEMNT TO BE APPLIED IN
RCCORDANCE -WITH RCI 318-73 CODE
0 ERCH LOAD CASE HAS A MOMENT
MINMOMY — MOMENT ARBOUT Y-AXIS. MUST BE 1 DR 0

' =5 1 0
- LOAD DRATA — 1:APsAMXs AMY
HIT CARRIAGE RETURN IF ND MORE DATH

— AF — APPLIED AXIAL LOARD WITH LORD FACTORS <k IPS)
o RMX — APPLIED MOMENT COMPONENT IN X-DIRECTION <KIP-FT»
: AMY — APPLIED MOMENT COMPOMENT IMN Y-DIRECTION <KIP—FT)
=1 45.0 620.0 0.0
LOAD DATA — 13 FAP»AMXsAMY
- HIT CARRIAGE RETURN IF MO MORE DATH
> =1 270.0 TSO0.0 0.0
LORD DRTR — 1sRPsHMXs AMY
HIT CARPIAGE RETURN IF NO MORE DARTA
=1 430.0 20,0 0,0
o LORD DRTR — 1. FAf P, AMY
. HIT CRRRIRGE RETURN IF NO MURE DIRTH
=1 200.0 200.0 0.0 jﬁﬁ
- LOAD DATRA = 1+AP»AMY s MY
i HIT CRRRIAGE RETURN IF ND MORE DATH -‘1
. =1 1040.0 7I0.0 0.0 -
LOAD DATA = 1sAPsAMX s AMY =
HIT CARRIRGE RPETURMN IF NO MORE DRTR >
2 - Y
b FI)N IMDICATOR — IA -
:'_5'. IfA = 1 TO PPOCESS ANMOTHER SET OF DRTA
0 IF HO MOFE DATA I TO EE RERD "
- =|:’ 4
» .
. "y
» - -9
S - :_1
5 ]
o 32
»
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e T YERTTY Y %N, %W
e LN IALIE R
) Catelel

RS

t
\

MBS ROt an o St a0 ren S ees Ses e g ek e MR aNe ~ At i it i e i ot R diuts. Seatiu Shed BntiE AL S AT A A I

IMNPUT NRME OF DUTPUT FILE. HIT A CARRIAGE

RETURN IF DUTPUT IS TO BE WRITTEN TO TERMINAL

STRENGTH LESIGN OF R-F.
CONCRETE COMPRESZION MEMEEF i W e b

E#RMPLE

DEZIGN OF
RCUND COMPRESSION MEMEERS

CONSTANTS - FC= 4,250 EC= 4074, EzZ= &=20n00., STPAIN= 0, 0030

B= 35,00 T= 36.00 F-o= S.00n Fy= &0,000 PHIC= 0,750 PHIE= 0,300
UZE- 23 NO. 8 BARS. AST = 18.17 s@.InH. = 1.79 PCT. COVER = 2.000 IN.
LURD AFPLIED LOARDE COMPUTEL STRENGTH
CARZE fAF fAMx farne UF UM UMy WP -AF

1 45, 6c20. 0. 83. 11%5e. 0. 1.859

2 a2v0. S0, 0. 457. 1874, 0. 1.698&

3 q4q1q, azo0. 0. 254. 142%, g. 1.740

4 800. 800. a. 146%. 1470, 0. 1.3%6

S 1040, 720. 0. 1851. 1331, 0. «TET

LIMITING AXIAL LORDSE - UPMRX> = 3404,

oo END OF PLINS ee

\\3 3
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- (Example 6)
e OFFRH WMEILIE-COFFT s eF
h o o2 oo o2 oo g D e 2 D o X
& + CORFE PROGREAM 32 =00 -
= A VERLIOH @ 3a-10-01 €
O PPV S PPDO PP PP
!PT MHME OF DIHTH FILE. HIT & CHRPIRGE
FTIRM JF DHTH TS 7O COME FROM TEFMIMAL.
I"PUT MRME OF FILE IRTAR I= 7O BE WRITTEHN TD
HIT A CREFIAGE FETURM IF w00 DO HOT WRET TO ZRVE
TRIZ FILE.
=DRTCOLL
DEUT R T OIF MORE INFOPMATION 12 MEFLDED AROUT DATR REIMA FEGUESTED
IrPUT PRDOELEM I[LEMTIFICRTION — TDEMT
ITEMT ~— AM e FOLLOWED BY (P TO &S CrRAFRCTERE DF PROJECT INFDPMRTION
e ENAMFLE
coRT PROELEM ITDEMTIFICATION - IDEMT. HIT R CHRRIRGE
SETHRM IF o0 MORE IDEMTIFICATION o
TTPUT PROELEM DEFIMITION ~ TYFRDB.TYMFM
TWPROE = D IF DEZIGH FPOBLEM OP I IF IMWEITIGATION
TYMEM = R OFUR RPOUNMD MEMEBER
T FC& ZPIFRL MEMEER
X T FOR T!ED FEWEFF
. .
o
1:---:;
- NS
~. ‘\‘.-AJ
~ L
\-_::
4
. E "A‘
R
2 o
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3 o
r 5
L :.

IMPLT DEZIGH LATA = BeTFFCsFYsFRICsPHIEsAZMIM

REPMHX s CLEMNs FUMSEC«sEMEsEL
=36.0 ZE.0 S0 B0, 0 LTS Ls0 o0 00 o000 003 -
IMPUT TWPE OF PEINFORCEMENT - FMOLDE

FIODE = 1 FOR EQUMLLY SPACED EART
& FOR UMERQUALLY SPRCED BRRE "
3 FOR RANDOMLY SPRCED BRRS o

=1

FEIMFORCEMENT DRTR — MBsSIZERPCLFEs Do NeCLRP L1« 0s O s O Do ZLR e Din N1a 1

ZIZRRk - ZIZE OF EBARET IH ZECTIOH
LR — CLEAR CRVYER TN MAIN PEINFORCEMENT CIM:
IF ZAME FOR ALL ROME
IF COwErP TZ MHOT ZRME. IMPLT ZERD
CLR1 — CLERR COvYER FOR RO 1 I
CLRPZ — CLERR COVER FDR REDW 3 CIH>»
h =232 Z.0 0 0 0000 0N a0 0N

&_ HE -~ MUMBER OF EARS IM SECTION
|

IrP0IT TYPE OF LURD mMOLE DATHA — LMODE

_MOLDE = IF HO LCADIMG=E ARPE SIVEM o
Oy \ATAL LOARDE ARE SIVEM -
RATRL LORDS GIVYEN RS SROUPS OF LOMDE

AATAL LOADE AMDL UNTAXIAL OF BIAXTIAL EENDING

(U (UL

= 1 0

IMPUT LORD MODE DRTA — HMLCs EEMD:= e EEMDY
=i 1 0

Fiy INDICATOR - IH

[HPUT MRME OF DUTPUT FILE. HIT R CRRPIAGE
PETUIRIM IF OITPUT IZ TO RE MRITTEN TD TERMINAL

................. e e e T LI A N S T Te "
Do e KPR JUNE WAL WD W YT DD W WO I ARRg WP SR PRI, PSP ) 3 et e mdatadcade oo Aokl
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gy
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L
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STRENGTH DEZIGMN OF R-F.
COMFRETF COMPPRESZION MEMBER —PR -
L s S L e D D T D S D T S e o o o o s s o s e s o s s o ] o T

EURMPLE

THWESTILRTION OF
FOUND COMPREZZION MEMEBEFR:

COMZTHMTE - FC= 4,.2Sn Ef= a07s, Ei= Zwonn, ITRRINM= O, N3N ' ‘j
= asL, 0 T= s 00 Fro= S.000 Fes g0, 000 PHIG= 0,750 PHIE= n.oaqrre

CTHE 22 MU, 2 BRRID. 0 RET = 12017 6L INM, = 1LF9 FPCT. COVER = 2,000 I, - ;

INTERRCTICN CUNTRCL POINTZ RECUEITELD

FZ FE MF Ms
A SR 1T 1251.5  183k.7 11055

LIMITIMG RAIAL LOADE = UPMAX:= 3304, e

™ -vvw,;-vj
L B
L]

oo £ LIF RPUMNE ee

e
v
«
o
e el

4
'

L s e s a0 4
.
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