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-) This HP-41C Solution:; book was written to ,~elp you get the most from "your calculater. The programs were chosen to
..., provide useful calculations for many of the common problems encountered.

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to
programming techniques for writing your own customized software. The comments on each program lis!i.'lg describe the approach
used 10 reach the sululion and help you folla"..' the pr09r;:lmmer's logic as you become and expert on your HP calculator.

There are several things that you should keep in mind while you are keying in prograrTlS from the program listings provided
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings. you will lind this method simple and fast. Here is the procedure:

1. Ai the end of·each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation reqUired, Before you begin keying in the program, press ~l ALPHA I SIZE \ ALPHA I and speCify the ajlo-
cation {three,digi!s: e'-g.. 10 should be:sDecl~ied as 010).

Also included in the status information is th~ display format and status of flags important 10 the program. To ensure proper
execution. check to see that the display status of the HP-41 C is set as speCified and check to see that all applicable flags
are ~et or clear as specified

2. Set the HP-41C to PRG~/l mo(ie (press the ~ key) and press 8@I§J8GJ 10 prepare the calculator for the new
program.

3. Begin keylng:n the program. Foilmv;I·lg is a list of hints that will help you when you key in your programs from the program
listings in this handbook .. ,

3. When you see·· (quote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To ,l<eythem In, simply press I ALPHA,. key in the characters, then press.tK:@again.So"SAI'lPLE··would
be keyed in as (ALPHA !'·SAl"lPLE··j ALPHA l.
The d:amond in front of each LBL instruction is only a visual aid to help you locate labels in the orogram listings.
When you key In a program, ignore the diamond.

c. The printer indication of divide sign is /. When you see i in the program listing, press GJ.
d. The printer indication of the multiply sign is:%: When you see :f· in the program listing, press 0.
e. The f-- character in the program listing is an indication of the IAPPENDI function. When you see ~-, press _'APPENDI in

ALPHA mode (press. and the K key)

All operations requiring register addresses accept those addresses in these forms:

nn (a two·digittlumber)
IND nn (INDIRECT: • ,followed Iy a two-digit number)
X, y, Z, T, or L (a STACK address: 8 followed by X, 'I, Z, T, or L)
iND X, Y, Z, Tor L (INDIRECT stack: .8 followed by X, Y, Z, T, or L)

Indirect addresses are specified byyr,yssing • and then t~e indjmc~.a{j~rds~.~t?(;~.!'i.ddress~s are .,speG,ified by
pressing Gfanawed by X, Yo' ~"~;' Qr<J-;IID9irftct$tack a~9(ess;es a·re.'~p~Cill~dby W~~,$ing .••. 8 and X, V,Z. T,'or L.

Prinler Li'.:iihlg KeJSfrokO!s ,.; .Display:

Ol+LBL ··81=11'1
PLE··

6'2 ·'THIS IS
R .•
03 ·'1-3Al'lPLE

• lIE] I ALPHA I SAMPLE I ALPHA I
I ALPHA I THIS IS A I ALPHA I
I ALPHA I.IAPPENOI SAMPLE
• AVIEW I ALPHA I
6
IENTER' I
2@@
G
~I ALPHA I ASS I ALPHA I
@2].8 L
I ALPHA I R3= .~ 03
.IAVIEWI
[ALPHA I
.@B

01 LBL'SAMPLE

02'THIS IS A

03' f- SAMPLE
04 AVIEW
056
06 ENTER I
07 -2
08 I
09 ABS

10 STO INO L
11TR3=
12 ARCL 03
13 AVIEW
14 RTN

RVIEW
6
ENTERt
-2
/

·'R3=··
I=lRCL,e3
RVIEW
RTN





STRUCTURAL
DESIGN
"Structural DeSign" prOVides a group of programs that can be
used to solve prat'2ms frequently encountered by structural de-
signers and engl~ee[s. Prob:ems involving steel, reinfNced con-
crete, and some rn~scelianeoL.ls areas are addressed.

The devices reqUired to use the group of programs consist of an
HP-41CV or a calcLOlalor/rnemory ROM configuration with equiv-
alent memory and an HP 8216lA Digital Cassette Drive. A pfinler
is highly recommE.'lded, but not required. In addition, the pro-
grams may be used in cO:ljunctlon v:ith the HP 00041·15021
'Structural Analys.s Pac'

The programs are .',fllten !e: allow the user to move easily from
one to another. ,':'1:,~,'2 end ci each VDgram, the user is asked if
another program '5 :eslred "so. the speCified program IS load-
ed Into the calcu~::.-.:r and tagins e.•.~cution. If the current pro·
gram IS!O be use: =.;3In, It .s b~gun oy pressing [RISJ.

In orde to creaie =.- c3S:/·!;:"''..lse pa:~age, all of the programs
use the same type :i prom;;;:ng:respoflse techniques that can
be characlerized t. ~.~f.user s response. For numeric data input.
the user mustlnp : ~ '.;a!ue =-.)13 chOice between numeric input
and a prOGram . ::erj. de"E.u!t \.'alt,e. the user either Inputs a
value o~presses ~j to Ins:~.Jclthe Drogram to use the default
value The final 'Jf prcr~·2.t requires a yes/no response. All

'Ies·' responses 2'':: -:13dG.t:: presslr:; "y [R/Sj" and a "no" re-
sponse \S Indical-e~":'./ press;""g only IRiS]", though "N [RfS]"
Wlil '>'larKalso

The program "STL50L" (Steel Solver) analyzes steel columns
and beams based ~n the A.I.S.C. (American Institute of Steel
Construction) 1980 specifications for steel construction.
"STLSOL" utilizes a file based steel section table containing 226
sections, each of wruch contains 10 properties required for the
analysis of 8. beam or column. For a description of the recqrded
properties, refer to page 2. All of the W, S, and M shapes are re-
presented. Each file IS accessed using the section name, e.g.
"W12X120" A rout,ne is prOVided to create data files for other
sections that must CAused to complete an analysis.

Fivf·progran:s\: '.'r·,~;',G".,"UL2CON", "CIRCON", "CONBM",
and'''REBAR' , are ~rovlded for concrete beams and columns .
All follow the "Building Code Requirements for Reinforced Con-
crete" IA.C.I. 318-77).

"MAG'· calculates fne Moment Magnification Factor for the case
of slender columns i: is based on the approximation procedure
given ·In section 10.1i of "Building Code Requirements for Rein-
forced Concrete" (A C.I. 318-77).

"UL2CON" compu!~s the ull!rnate capacity using the ultimate
strength design method for a. rectangular concrete section sub-
ject to a given axial compression load and moments about two
perpendicular axes. The concrete section may be squarE: or rec-
tangular with up to 43 reinforcing bars. "CIRCON" computes the

ultimate capac!ly using the ultimate strength design method for
a circular ccncrete section subject to a given axial compression
load and moments about two perpendicular axes. The section
may rlave up to 12~1reinforCing bars placed in either a circular or
square pattern.

The beam solution program, "CONBM", consists of two modes.
design and an?,lysis. The design mode allows the user to calcu
late the requij'-~d reinforclf1g steel area for tenSion and, if neces·
sary, for compression. Analysis mode determines the ultimate
moment capacity. The section being analyzed may contain ten,
sian and compression reinforcing, The strain on the compression
reinforclnq is checked to det'2rmine if the reinforCing has yielded
and the aopropriate steel stress IS used to cc,"":"·putethe ultimaie,
moment c:ontribu.led by the compression reinforCing

"REBAR :omputes the deveJopmenllength for remforclng steel
in concreie elements according to the "BUdding Code Require·
ments tor ,qeinforced Concrete" (A.C:, 318·77)

. RIGIO·' computes the coefficients for I."e de-(I,ection and
of masonry or concrete walls and piers for distflbution of
forces cantilevered as determined by the USE-,

'·TRUSS·' IS a design aid to a user familiar With structural deSign
methods and engineering mechanics. The program calculates
up to two unknown forces in a joint. Known forces are Input as
vector quantities. For output forces, negative and pOSitive val·
ues indicate compression and tension respectively.

Toa-void any problems that could arise due 10destruction or loss
of media., 'Ne suggest th.i3.tyou make a 'backup of the cassette
tape, Also. you .may wary.l !O :nake a casse.tle tape :ontaining a
subset of the section propertIes flies for dally use to Increase the
life of the '·Structural Oesign" tape.



)ing the 1980 A.I.S.C, "Specifications for th~ Design, Fabricn·
"on and Erection of Structural Steel for BUildmgs", "STLSOL"
provides a ready solution for the analysis of structural steel
beams and columns of W, 1,H, S, and M shaped cross sections. I
and H sections must be keyed in as special sections, though the
information may be saved if desired. The program calculates the
following information,

1. The actual axial stress.
2. Allowab:I2' bending stress according' to 'A,1.3.C. 1980 re-

quirements considering., c.ompactn~.ss.-sr.ld. h::.~,kniling VDl.-.l

ues of unsupported length ,between lJr,atiGQ..about· the x-
axisFb~" _. -- - .
Allowable bending stress according to A.J.S.C_1980 re~
quirements con.sidering compactness and the ii'liitirrg val-
ues of unsupported length about the y-axis, Fby

4. Actual bending stress fo~and f~
5 Solution of the interaction equations for combined stresses

of compression and bending about 1 or 2 (x,y) axes

i Allowable bending. stress according to A.I.S.C 1980 re-
quirements considering compactness and the limiting val-
ues of unsupported length aboulthe x-axis, Fb~'

2. Allowable bending stress according to AI.S.C. 1980 re-
quirements considering compactness and the limiting val·
ues of unsupported length about the y-axis, FbY'

3. Actual bending stress fb~and foY'
4. Percent of stress under or over expressed in terms of ·unity

for uniaxial or biaxial bending. For biaxial bending the
A.I.S.C. equation for interaction is used.

Included in this documentation -are tables for determining the
values K~, Ky,Cm~,and CmY'The value K is a coefficient which de-
termines tile effective column length. The value em is a moment
reduction factor as exprained in the A.LS.C, specification. The
value Cb is a coefficient used in determining the allowable bend-
ing stress.

1. For compression members in frames subject to joi.,t !ra.r;sla·
tion (sidesway) Cm ~ 0.85.

2. For compression members in frames braced against joint
translation and not subject to transverse loading between
their supports in the plane of bending"Cm = 0.6 - 0.4 Ml/M2
but not less than 0.4. Where Ml/M2 is the ratio of the smaller
to larger moments at the ends of that portion at the member

.) unbraced in the plane of bending under consideration, M1/
M2 is positive when the member is bent in reverse curva-
ture, negative when bent in single curvature,

3. For compression members in frames braced against joint
translation in the plane of loading and subje,te-d tattans-
verse loading between their supports, the value of Cm may
be determined by rational analysis. However, in lieu of such
analysis, the following values may be used'

2 STLSOL

where M1 is the smaller and M2 is the larger bending moment at
the ends of the unbraced length, taken about the strong axis of
the member where M-j l~l'2, tr,e ratio of end moments is positive
~henMi and, ,~2 ,tl~ve the :sa.m~ SiGn (reverse curv8ture) and

; ilt;'gatll;ewheri if"re'}"ale.'~1 tile·9'pp<...;;:te 31gn (single curvature)
\N~lerf ttle beridlng rolGl',ienl ftt ari:y point within the unbraced
length is larger than that at both ends of this length the value of
Co shali be taken as unity, For frames braced against JClnt trans
laticn, Cb = 1,0

Section properties for 226 steel sections are contained on the
tape s\ciCige medium Properties eXist for all of the W. S, and M
sections. as listed In the AJSC. Steel Manual The also
allows the user to create additional files for sections are not
already represented. if deSIred, the properties may be saved as
a file on the mass storage medium

Due to the 7 character limit for data file names, eight files use a
truncated form of the actual cross section they represent The
correspondence IS

FILE NAME
S5X1401
S6X172
S10X25
S12X31.
S12X40.
S15X42.
S18X54.
M12Xli

ACTUAL CROSS SECTION
S5x1475
S6x1725
S10x254
S12x318
512x40.8
S15x42.9
S 18x54.7
MI2x118

Note that if the entire cross section name is keyed in. only the
first 7 characters will be used; hence the correct file will be read
In.

A = Area in inches2

d = Depth of section
bt = Width of flange
I, = Flange thickness

tw = Thickness of web
S~ = Section modulus, x-axis
rx =:= Radius of gyration, x-axis

Sy = Section modulus, y-axis
ry = Radius ot gyration, y-axis
rl = Radius of gyrJtion 01 a section comprrsed of the

compresSion !l3nge plus one third of the compres·
sion web area

It should be noted that the moments of inertia of the sections are
not stored in the data files. Only the properties required for the
beam and column solution programs are stored, For use in other



prograrY1S,the moments o'f inertia are eas,;ly computed from the
siored pro?e~tles according.to th~ following

A directory listing of the programs and data files can be found in
AppendiX 8,. Note that the data files have been secured so that
no file modification can accidentally occur

OPERATING LIMITS AND
WARNINGS

IS advised to at least familiarize himself, with the
specifications regarding allowable stj"2sses in

beam and column deSign due to the complexdy in conform.
to the '-:1anyCGt,dlt!Qns

2. ~'Qt'-'alid tor /\514 slee: type'members, ao-
gles, ch.:3Gr,els. or tees.

Flanges srall be contlnuqusly connected to the web
Slenderness ratlos KUr > 200 \\'111give an error message.
Section 1 10 requirements for very slender webs IS not ad-
dressed c:- the program
When WldUl·th:ckness ratios exceed SEction 1,9 the meso
sage "APF:::NOiX CGOVERNS' is displayed '

A = C~::.sssectiof)al area. Inches2
A., "" ':'.~ca compressivl"l fl.ar,gc

en = 8c'ldlllg coeffiCient dependent upon moment
cr:;d:ent

t), = F .':."ge width of section, Inches
C"T''' = /'.'o,Tlent reduction coeffiCient

= O:::oth of section. Inches
E = ,'.'.::.dulusof elasticltyof s·teel at 29· 106 psi
fa = Ccmputed axial stress

Fa = Allowable compression stress
r:J( = Ccmputed bending stress "x"

Fn~= ,t..i1owablebending stress x-axis
f:::. = Computed bending stress ''y''

F1T1 = Aliowable bending stress y-axis
F'ey = Euler stress for a prismat:c member divided by a

factor of safely
FYor Iy = Specified minimum yield stress of the type of steel

being used (kips per inch2)
K, = Effective length factor "x"
Ky = Effective length factor "y"
L ~ Length

Lb = Ur.braced length, compression flange
lc; = t/axl~um unbra~ed length of compression flange

al ,.,.hIChailowable bending stress may be taken at
Q,66Fy

L, = Unbraced length "x"
ly = Unbraced length "y"

M, = '·Aoment about x-axis corrseponding to y direction
M, = Moment about y-axis corresponding to x direction

P = DeSign axial (Dad
rl = Radius of, gyration of a 3ection comprising the

compreSSion flange plus one third of the compres-
Sionweb ar~a, taken about an axis In the plane of
Ir,s-web

r, = RadiUSof gyration about x-axis, inches
r/ = RadiUSof gyration about y-axIs, inches

S, = Section modulus about x-axis, inches3
5y = Section modulu£ ab.:wt :'-axis, inches3
i1 = Flange Hlickness, incne:;

T" = Web thickness, inches

C~' ~
e VW

11 - _J~~;:---lFY

F,. ~. --.:::-._- --.-.--.-----~- __ . (1.5.1)

~+~_ (KUrI3

3 8Ce 8Cc;3

b, 652t, > VFY (15.141.21

b 190
~> VFY (Section 1.9)

d 257t ~VFY (15-4b)

640 ( 1 - 374F~)

VFY

L_ ~ Lb > 76b, '1 5 1 4 -, VFY \ ..... 1.0.)



127f2
F"e~----E

23(KLt/fbl'

F" ~ F{79 - .002 ( *,) vFY ] (1.5-53)

Fe, ~ FY11.075 -005 (~. ) VFyJ (1.5-5b)L 2\,.

~+
F, (, --~)

Fe,

l+~+~$1.0 (1.6-1b)
.6FY Fb, Fby

If an eXlslllng section does not satisfy A IS.C. compact require-
ments (i.e., ;t IS nct partially compact) of section I 51 4 1 the
display "PART CC"'~PACr' will momentartly appear and :1 a
printer 1$ attached oe printed out

A simply supported beam with a
span of 20 II. carries a uniform
load of tK/ft. including its own

weight A concentrated oblique
load at midspan acts through the

centroid as shown. Use A36 steel
with no intermediate supports

(trya W12x53)

Use the Structural Analysis Pac
(HP 00041·15021) interactively to

solve the moments

Design Data
FYlD = 36 ksi

lb. = 240 in
Iby = 24Qin



To begin example 2,
press [R/S]. The
display "COLUMN?"
will appear,

·Pres~jng on~y[A/S] also indicates a "no" response.
Hlf prtnter IS In use, you need not perform this keystroke

Analyze the column. W14x90 as
shown with the following design
data

Designation = W14x90
FYLD = 36 ksi (A36 sleel)
K, ~ 12
Ky = 1.0

L, = 288 in
Ly = 288 In

Lb = 288 In

M~ = 120x 12 = 1.44QKin
M1 = 00
P = 260 -i- 2 = 262 Kin.

(
100 )em. = 0.6 - 0.4 __

~027 120
(use 04)

Cmy = 0,0

Co = 10 (Co should be known In
case asked for)

Load "STLSOL" If it is
not in the calculator.

If the message
"SIZE> =30"
appears, set size ~
30 and press [A/S}.

"COLSOL" printed out
if printer in use.

NEW SHAPE?
DESIGNATION?
NEW DESIGN? Properties are read

from lape into the

calculator. If a printer is
in use, they are printed
oul.

DESIGN DATA
FYLD~
KX~
LX~
KY~

LY~

COMBINED?
MX~
MY~
P~
CMX~
CMY~



Input Function Display Comments manner. The review will

0 [RIS] Lb~
start over after !asl

288 [RiS] Lc EXCEEDED value. REVIEW?

) Fa=15.59 Fa, the allowable 5d. To skip review N [RIS] MAKE FILE?

compression stress 6. To make a data file on

[RIS]' Pa=413.25 the casselle, press Y [R/S] FilE NAME?

[RIS]" Fa =9.89 fa, the computed axial Then key in desired

stress name. file name [R'S] NEW DESIGN?

[RIS]" FbX~22.00 Fbx, allowable bending 7 For beam solution go to

stresses step 11. COLUMN

[RIS]' FbY~2700 Fby
SOLUTION

[RIS]' F8X~10.07 fbx, computed bending B. If new design or 151 run,

stresses press y .{RiS] DESIGN OATA

IRIS]' F8Y~O.oo Iby
else press N°·' [R,S]

[RIS]" 0.91<=100 Column stress okay and go to step 12

[RIS]' CHANG:':S? 9 Key In desicm d.ata FYLD~

N [RIS] NEW PRG~.A? Input yieldslrength (ksilfYLQ' [RiS] KX=

--
N [RIS) 0.00

Input effective length

factor, x K. [RS; LX~

·If printe/ls in 'use~you need not p€::io'rm this keystroke Input unbraced length,

x (in) L, [R S· KY=

USER INSTRUCTIONS
Inout effective length

lac tor. y K, [R S· LY~

SIZE: 30
Input un braced length.

Step Instructions Input Function Display
y (in) L, [R S' COMBINED?

lOa. H combined axial load
and bending press fR S~ MX=

Loce 'STLSOL" Input moment about x

BeGin [X EO] (K-in) M, [R S1 MY=

'STLSOL" COLUMN?' Input moment about y

32 If column solution (K·in) M, [R S· P~

des:~s-d .Y [RiS{ COLSOL Input deSign axial load

3b If beam solution desiredN·· IRIS] BMSOL (kips) P fR S' CMX=

NEW SHAPE? Inp'Jt moment redlJctl011

'a If ne ,', shape or first run Y [RIS] DESIGNATION? coeffiCient. x em. [RS: CMY=

~b If nc: press N [RIS] Input moment reduction

the .....go to step 7 .coefflclent. y Cm, [R S- Lb~ ....

:'a If des,red section Input un braced

properties file exists, compression flange

kej In name file name [RIS] If a printer IS length (in) L, [R S;

attached Go to step 12

properties are 1Gb. If axial load only .N [R S]

output Only F~, Pa will be

Go to step 7. output

50 For a speciat section Go to step 12

press only . {RIS] A=? BEAM SOLUTION NEW DESIGN?

Then key in properties: 11a. If r't' design or 1st run,

cross sectional area
p( ss _ _ .Y . [RiS] FYLD~ I(in2) .. A ... [RIS] .d~ ana key in design data

depth of section (in) .d . [RIS] .... BF~ Input yield strength (ksi)FYLD . [RISJ L~

width of flange (in) .b, . [RIS] . · TF~ Input length ("tn) L [R!S] Lb~ I
thickness of flange (in) tt . [RIS] TW~ Input unbraced length

thickness of web (in) 1. . [RIS] SX- of compression flange

section modulus, x-axis
("in) .L, [R,S] MX=

x-aXIs (inJ) .5. [RIS] RX~ Input moment about x

radius of gyration, x-
(K-in) M. IRIS] MY=

axis (in) I, . [RIS] · SY~ Input moment about y

section modulus, y-axis
(K-in) .My . [RIS]

(in3) _ .Sy [RIS) RY~ 11b. Else press. N . [RIS]

radius of gyration, y.
12. Fa. Pa me the only

axis (in) .ry .. [RIS] · RT~ outputs for the uniaxial

radius of gyration for
column case_ Fb~, Fby,

compression flange
fb" fby are the only

plus 1/3 of compression
ouptuts lor beam

web I, . [RIS] REVIEW? solution allowable axial

) 50 To review [RIS] · A=nn? stress (ksi) Fa=nn

If the value is correct,
maximum axial load

press only . [RIS] d=nn? (kips) . [RIS] •• ••• Pa=nn

If the value is in error,
ac!u'3.l axi2.! ~lress (I'si) . [RIS) •••• • la~nn

key in .new value [RIS) BF=nn? allowable be~c:r:!;

All properties will be
stress, x (ksi) . [RISI •••• • FbX~nn

displayed in this

6 STLSOL ••



~.

Step Instructions Input Function Display REGISTERS, STATUS, FLAGS
allowable bending
stress. y (ksl) [RIS]"···· FbY~nn

Data Registers Status

)
actual bending stress. x

('O') [RIS ]".... FBX ~ nn 00 A SIZE 030 TOT. REG 267

actual bending stress, y 01 d ENG FIX 2 SCI

(ksl) [R/S]"···· FBY=nn 02 br DEG RAD GRAD

Interaction equation [R/Sr···· N.nn« or » 03 If

~1.00 04 t""

[RiS] •• ••• CHANGES? 05 S. Flags

13a If you desire to rerun the 06 r~

same problem with a 07 Sy # SET INDICATES CLEAR INDICATES

different section or sel 08 (y 00 New section or design

of design parameters. 09 (I 01 Non compact section Compact section

press Y [RIS] NEW SHAPE? 10 FY 02 Ln or Lc exceeded L.y<l;:andlu

and go to step 4a 11 K. 03 faiFa > 0.15

13b Else press N [RIS] NEW P~qM? 12 L •. L 04 fa/Fa < 0.15

14a If a IJ~\·.· program 13 Ky 05 Combined loading Axial solution

recorded on the 14 Ly.Lt: 06 Beam solution Column solution

cassetle IS desired 15M, 07 Review spec, section Spec. section input

press y [RS] PHGM NAME? 16Mf data

then key In the program 17 p 12 Double-wide print Single-wide print

na:':le fl\e name [R 51 18Cm, 13 Print lower'case Print default case

l~b Else press N [R'S] 000 19Cmy 21 Printer enable Printer disabie

15 To begl~ 2 new proolem 20 F, 23 Alpha data entered No alpha data entered

requiring STLSOL 21 Pa 25 Error ignore on No error ignore

press [RS] COLUMN? 22 fa 55 Printer attached No printer

and go 10 slep 3 23 Fb<

'If the disp!a'( . SIZE> =30' appears. set size to at leas! 30 and
24 Fby

pcess fR SI
251b,

··P~es~lng ?nly [R.iS] also indicates a "no" response,
26 foy

···Ii a b~n~~ t~e~~onse IS given at steps 4a and 8, the program
27 CI1

28 Counter

L; IS exceeded. Co will be prompted for
29 /'v1iscellaneous intermediate values

1 • .• ··If prrnter IS In use. you need not perform this keystroke.

PROGRAM LISTINGS
01+LBL "STL 24 FS? 136

SOL" 25 -BMSOL ..
02 CF 21 Print outpuls if printer in use 26 AVIEW Display solution type

03 FS? 55 27 PSE
04 SF 21 ~ 28 CF 12
05 .0137 29 ADV

I 06+LBL 32 Cleal Ilags 0-7 3e+LBL 131
07 CF IND X 31 CF 132

I 08 ISG X 32 CF 133
09 GTO 32 33 AON Ask if new shape

10 RI"v' 34 CLD
11 "SIZE)=3 Size check 35 -NEW SHA

I
0" PE?""

12 SF 25 36 STOP
13 RCL 29 37 XEQ 37 Places response in Y, "Y" in X

14 FC"C 25 Display minimum size if necessary 38 X~Y-:>
i5 PROMPT 39 GTO 02 If nol, go 10 label 2

16 SF 12 413 CF 131
17 '"COLUMt~? 41 SF 1313 Clear flags here lor change feature

" 42 CF 23
18 RON 43 -DESIGNA Gel section file name

J 19 STOP TION?"
20 XEQ 37 Places respQnse in Y, "Y" in X 44 STOP If unspecified

21 X~Y?
If beam, sel lIag 6 !

45 FC? 23 go. to-.special.input

22 SF 136 46 GTO 33'
23 "COLSOL'" 47 FS? 21

• STLSOL 7







279 SQRT 340 GTO 22

280 X>Y'" cc> KL/r? 341+LBL 27 Compute allowable bending stress

281 GTO 06 342 65

282 X< >y 343 RCL 10

283 X1'2 F = 12n-2E 344 SQRT

284 l/'X • 23(KL/')' 345 /'

285 PI 346 RCL 02

286 X1'2 347 RCL 03

287 '" 348 2

288 12 349 '"
289 '" 350 /'

290 29 E3 351 X>Y? bi21, > 651 VFY ?

291 '" 352 SF 01

292 23 35~;; "PHRT CO

293 ./ l"iPI=IC-r"

294 STO 20 Allowable axial stress Fa 354 FS? 0:; Display "Partial Compactness"

RVIEW if needed
295 GTO 07 35:5
296+LBL 06 Calculate Fa by equation 1.5-1 356 190

297 STO 20 Where faclor of safety 35'1 RCL 1~I

298 X1'2 equals denominator 358 SQRT

299 2 359 / l
300 '" 360 X< >y

RCL 21 361 2301
382 X1'2 362 '"
303 X<>Y 363 X>Y'" b/l! ~ 1901 v'i:-y ?

304 /' 364 GTO 99 Oisplay "APPENOIX C GOVERNS"

385 1 365 257 ,
386 X<>Y 366 RCL 16 ,
307 - 367 SQRT

388 RCL 10 368 /' ~
309 '" 369 RCL 17

310 5 370 RCL 00 ,
311 ENTER1' 371 /' i312 3 372 RCL 10

313 /' 373 /'

314 RCL 21 374 3.74 ~,

315 .375 375 '"
316 '" 376 1

317 RCL 20 377 X< >y

318 /' 378 -
319 + 379 640

320 RCL 21 380 '"
321 X1'2 381 RCL 10

322 LRSTX 382 SQRT

323 '" 383 /'

324 8 384 X<=Y'"
640 (1 - 374 i}vFY :S 2571VFY?

325 /' 385 X< >y

326 RCL 20 386 RCL 01

327 X1'2 387( RCL 04

328 /' 388 /'

329 LRSTX 389 X>Y? d/tw > value in Y ? If so, setllag 2.

330 SQRT 390 SF 02

331 /' 391 RCL 02

332 - 392 76 76b,/vFY

333 /' 393 '"
334 STO 20 394 RCL 10 I335+LBL 07 Allowable axial stress 395 SQRT

336 RCL 00 for allernate formula 396 /'

337 '" 397 FS? 06 Beam solution?

338 STO 21 398 GTO 08

339 FC'" 05 Exit if not combined 399 "Lb="

10 STLSOl
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400 PROMPT 458 RCL 10
401+LL-L 08 459 '"
402 FS? 06 460 LRSTX
403 RCL 14 461 1.5
404 STO 28 462 /'

405 X>Y? III > 76btl V:FY ? 463 X>y",

406 SF 02 464 X< >y
407 "Le EXCE 465 GTO 13
EDED" 466+LBL 10 101',

408 FS'" 02 467 RCL 28
409 RVIEW 468 RCL 09
410 RCL 01 469 /'

411 RCL 02 470 STO 25
412 /' 471 102 E3
I~': :] PCi.._ 03 47;~ "Cb="

~lO'G,.•. ~: 001-
20· 101

473 j"ROMPT
.-~1.~5 RCL 10

FY
(d/A,IFY

474 RRCL X
416 '" 415 FS'" 21
417 2 E4 476 RVIEW
418 >« >Y 477 CLD
419 /' 478 STO 27
420 X<>Y 479 '"
421 X>Y'"

20, 103 480 RCL 10
I" = {d/atiFY ?

422 GTO 10 481 /'

423 FS? 02 482 SQRT
424 GTO 11 Fl. ~ .6FY 483 X<=Y? yl.02' 105G,

425 FS'" 01
F" ~ FY [79 - 002 (-,,-,\ FY) 484 GTO 10

--F-Y - .::s It/rl?

426 GTO 12 485+LBL 11 F,. ~6FY
42~/ RCL 10 21, 486 .6

~ ) 42t::2 F~. ,= ~ FY 487 RCL 10
429 '" 3 488 '", 430 "', 489 FIX 0

i
431 /' 490 RND
432 GTO 13 491 FIX 2

'433+LBL 99 .,APPENDIX C GOVERNS" message 492 GTO 13
434 RDV 493+LBL 10 yS.1' lOsG,

435 SF 12 494 51 E4 FY

436 "RPPENDI 495 RCL 27
X-C" 496 '"437 RVIEW 497 RCL 10
438 PSE 498 /'

439 -GOVERNS 499 SQRT.. 500 RCL 25 !tIf,
440 RVIEW 501 X<=Y'"
441 PSE 502 GTO 10
442 CF 12 503 17 E4

F~1.7'105G,

443 GTO 24 Go to exit routine 504 RCL 25
" ~(1.5'6b)

444+LBL 12
[ (b) l 505

X1'2
445 RCL 02 F,. ~ FY .79 - .002 ~ vFY j 506 /'

446 RCL 03 21, 507 GTO
14 [ ]447 /' 508+LBL

2 FY(L/',)'10 F" ~ -;;- ---- FY (1.5,6a)

448 2

lit
509 X1'2 o 1.53. 106G,

449 /' 510 RCL 10
450 RCL 10 511 '"
451 SQRT 512 153 E4

) 452 '" 513 /'

453 2 E-3 514 RCL 27
454 '" 515 /'

455 ..79 516 2
456 X< >Y 517 ENTER'!'
457 - 518 3

ST1_S()!. 11



519 ./ 580 '"520 X<>Y 581 LRSTX
521 - 582 .75 75FY
522 RCL 10 583 '"523 '" 584 X>Y"
524+LBL 14 585 X< >Y
525 12 E3 586 STO 24
526 RCL 27 587 FS" 06
527 '" 588 GTO 28
528 RCL 28

F _ 1.2· 10'Cb (1.5-7) 589 GTO 16
529 ./

b'-~

590+LBL 17 Begin interaction equations
530 RCL 01 591 .6
531 ./ 592 RCL 10
532 RCL 02 593 '"533 '" 594 FIX 0
534 RCL 03 595 RND
535 '" 596 FIX 2
536 X<=Y" 597 STO 24
537 X<>Y 598 FS? 06
538 RCL 10 .6FY 599 GTO 28
539 .6 600+LBL 16
540 '" 601 RCL 17
541 FIX 0 Use largest of two values. 602 RCL 00
542 RND but not greater lhan .6FY 603 ./

543 FIX 2 604 STO 22
544 X>Y" 605 RCL 20
545 X<>Y 606 ./

546+LBL 13 607 STO 28
547 STO 23 Store Ft, 608 .15
548 FS? 01 Ft}~ calculation compacl? 609 X<>Y
549 GTO 15 610 X>Y? G 15
550 RCL 10 611 SF 03 S
551 .75 612+LBL 28
552 '" 613 RCL 15
553 STO 24 F

by
~ .75FY 614 RCL 05

554 FS? 06 615 ./ M,:'S, = fD,

555 GTO 28 616 STO 25
556 GTO 16 617 FS? 06
557+LBL 15 bl/211 618 GTO 29
558 RCL 02 619 RCL 23 f"

559 RCL 03 620 ./ ~
560 ./ 621 STO 27
561 2 622 FS? 03 I,IF, > 0.15?
562 ./ 623 XEQ 18
563 RCL 10 624 SF 04
564 SQRT: 95/ v'FY 6-25 S-T+ 28
565 95 626+LBL 2.9
566 X<>Y 627 RCL 16
567 ./ 628 RCL 07
568 X<>Y 629 ./

569 X>Y? b,J21, > 95/ v'FY ? 630 STO 26
570 GTo 17 Fby ~ .6FY 631 FS? 06 -.
571 5 E-3 632 GTo 30
572 '"

Fby ~ F{ 1075 -005 ( i,-) v'FY ]
633 RCL 24

573 RCL 10 634 ./

574 SQRT 635 ST+ 27
575 '" 636 FS" 03
576 1.075 637 XEQ 18
577 X<>Y 638 ST+ 28
578 - 639 RCL 22
579 RCL 10 640 RCL 10

12 STLSOL
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tr; 64' .6
J)ii:: 642 '"
~?'i:'- 643 FIX 0
"j 644 RND
..•. 645 FIX 2

646 ./
647 RCL 27
648 +
649 RCL 28
650 X<=Y"
651 X<>Y
652 STO 28
653 GTO 22
654+LBL 18
655 XEQ 19
656 RCL 22
657 X< >Y
658 ./
659 1
660 X< >Y
661 -
662 FS? 04
663 RCL 19
664 RCL 18
665 FS" 04
666 RDN
667 X<>Y
668 ./

669 '"
670 RTN
671+LBL 19
672 PI
673 X't2
674 29 E3
675 '"
676 12
677 '"
678 23
679 ./
680 FS"C 04
681 GTo 20
682 RCL 11
683 RCL 12
684 '"
685 RCL 06
686 ./
687 X't2
688 ./
689 RTN
690+LBL 20
691 RCL 13
692 RCL 14
693 '"
694 RCL 08
695 /'
696 X't2
697 ./
698 RTN
699+LBL 21
700 RDV

701 -KL/'R>20o .. KLir > 200 display

702 PROMPT
703 GTO 01
704+LBL 22
705 RDV
786 20.026
707 STO 29
'708 FC? 55
709 SF 21
710 ooFa=oo
711 XEQ 22
712 -Pa="
713 XEQ 22
714 FC? 05
715 GTo 24
716 SF 13
717 ooFa=oo
718 XEQ 22
719 -FbX="
720 XEQ 22
721 -FbY="
722 XEQ 22
723 SF 13
724 -FBX=oo
725 XEQ 22
726 SF 13
727 -FBY="
728 GTo 22
729+LBL 30
730 l=lDV
731 RCL 25
732 RCL 23
733 ./
734 RCL 26
735 RCL 24
736 /'
737 +
738 STo 28
739 23.026
740 STo 29
741 FC? 55
742 SF 21
743 -FbX="
744 XEQ 22
745 -FbY=-
746 XEQ 22
747 SF 13
748 -FBX=-
749 XEQ 22
750 SF 13
751 -FBY="
752+LBL 22 Output control subroutine
753 l=lRCLHID

29
754
755
756
757
758

RVIEW
CF 13
ISG 29
RTN
CLR



759 CLD 778 X y?
760 RRCL 28 779 GTO 01 New program?
761 1 780 -HEW PRG

.~ 762 RCL 28 Output lor interaction M?-
763 X<=Y? compare to unily 781 STOP
764 GTO 23 782 XEQ 37
765 -1-->1.00·· 783 X..,Y? If not. clean up and quil, else
766 R•.•.•IEW 784 GTO 36
767 GTO 24 785 -PRGM HR Gel new program name
768+LBL 23 ME?··
769 -1--<=1.00 786 STOP

787 RERDP Read in new program
770 RYIEW 788+LBL 37 Question subroutine.

789 r~STO v Slore response in Y, "Y" in X771+LBL 24 ,
772 CF 21 -?9C ....~...
773 CLD 791 ASTO X
774 ROH 792 RTH
775 -CHRHGES Slart over for new deSign 793+LBL 36
?". or section jf desired 794 ROFF Clean up display
776 STOP 795 CLX turn off alpha and stop

777 XEQ 37



··,."t~G>· computes Moment Magnification Factors for the case of
slender columns. IT MUST BE RUN BEFORE USING THE CON.
CRETEPROGRAMS "UL2CON" OR "CIRCOW. even II slender.
ness is not considered. The appropriate program will be loaded
by MAG" at its completion

According to the "Bullding Code ReqUirements for Reirjorced
Concrete" (A.C.I. 318-77), slenderness effects In compression
members must be considered. AnalysIs must lake into account
Influence of aXial loads and variable moment of inertia on mem-
ber stlflness and fixed end moments, effect of deflections on mo-
rr,ents and forces. and duration of load. Section 10.10.2 stales
that slenderness effects may be evaluated by an approximating
procerJuredescribed in section 10.11. This program is based on
that procedure

Thed8sIgner must establ:sh vvhether the seetlor .s a slender col.
umn bj e'valu3tlng the parameter KI1I'r. The eifecls of slender'
ness '"'lay De '-;:nored when the, section :S Jl"aced against
sldc;s: 31 and

The eHecti,ve ier;gth of compreSSion members IS 8etermined by
the modifYing member length by the factor K. Ihhen compres-
sion members are braced against sidesway, K wd! bt? taken as
100 unless analysIs shows that a lower value may be used. For
compression members not braced against sidesy.ay, K shall be
determined eonsldenng cracking and reinforcement on relative
stiffness and shall be greater than 1.00. See Appendix A, page 77
The radius of gyration r may be taken as 0.30 times the overall
dimenSions in the direction stability is being consKjered for rec-
tangular sections and 0_25 times the diameter for circular sec-
lions.

For moment magnification, compression members shall be de-
signed using the factored load Pu trom the conventional analysis,
and magnified by

ofwhich 10·10 is said to beconservalive. This appears 10 be rela-
live to the value of O.lFe' times Area gross_ When this is com-
pared to Pu, it provides a dividing line where

1 P<J > 0.1Fe'Ag compression governs
2. P11 < 0, 1Fe'Ag tension governs

When 2 exists, A.C,!. provides that .p (capacity reduction factor)
may be increased from 0.7 for columns to 0.9 for beams by linear
interpolation.

When.p is modified in this way, equation 10-9 becomes the con-
servative equation producing extremely high magnification fac-
tors. Therefore, this program uses the largest value of EI
determined by equations 10·9 and 10-10 to compute the magnifi-
cation factor (see reference 1)

but not less than 0.4. For all other cases, Co"'"]shall be taken as 1,0,
If no moment eXists at both e"ds of a compression member or
end eccentricities are less man (0.6 + O.03h) in. M2, M2 =
Pu(O,6 + 003h) about the x· and/or y-axes when computed and
eccer)tricltles are less than above. Computed end moments may
be used to evaluate MlIM2 in section 10-11

OPERATING LIMITS AND
WARNINGS

Ag = Gross COncrete area
b = Width (side parallel to x-axis) inches

3d = Ratio of maximum factored dead load moment
to maximum factored total load moment (always
positive)

em = Factor related to moment diagram
E = Modulus of elasticity

Ee = Modulus of elasticity for concrete at 57,000
sqr(F,') PSI

Es =-Modulus of elasticity for steel at 29·106 psi
Fe = Concrete strength

Fe' = Ultimate concrete strength, psi
I = Moment of inertia

19 = Gross moment of inertia of member inches4
lse = Moment of inertia of reinforcing about centroid of

concrete section = Ay2 inches4
K = Effecti'Je length factor
lu = Un braced length in feet

Me = Factored moment used for design of compres-
sion member

MFX = Moment magnification factor, x-axis
MFY = Moment magnification factor, y-axis

Mu<D.L.> = Ultimate dead load moment
Mu<al> = Ultimate applied moment (vertical and lateral be-

ing considered depending on loading
considered)

M1 = Smaller computed end moment
M2 = Larger computed end moment
Pe = Critical buckling load
Pu = Factored uilimale ioad, kips

r = Radius of gyration
rx,y = Radius of gyration x~!y-axes

T = Depth (side parallel to y-axis), inches
<P = Capacity reduction factor
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1
'2,0 .• :1.0'0. "'~

L\ol'" /2.. - 2.0/1;L ~ IO.33H.

KI'/e' 1(,O.")('2.)h(161
, ~'.3

3" - '2(,) -Cl.1..' ~L3

> Determine the moment magnlfi·
cation factor for the 10" x 10" col·
umn sho:m with the following
data

!j = 2(2.37)(2.59)2 = 31,796 in4

'.lu<DL.> = 50A K'

'/u<al> = 183.60 K"
K = 1.0
C" ~ 1.0
l, ~ 1033'
Coiumn is subject to one way
bending

Fe = 3,000 psi
Es = 29' 103ksi
Pu = 234 kips

Load "MAG" Load program "MAG"
Begin (XEO] "MAG" RECTANGULAR? If the display

"SIZE> = 16" is
shown. set size ~ 16,

press [RIS1.
[R!S] SLENDER

COLUMN? If a printer is in use
copy of the inputs is
made and the outputs
are recorded

Y [RIS} MAG FACTOR
X AX'S
b~

10 [RIS] T~
10 [RIS] PU~

);~4 [RIS] MU<OL>=

[RIS] MU<aL> =

1836 [RISI 'S~
31.79£ [RIS] K~
1 [RIS] lU~ 8a.
10.33 [RIS] FC~
3000 [RIS] CM~

18 MAG

'~'-"'-~-

Input Function Display Comments

[RIS) 1 WAY BEND?

[RISI MFX=1.78

[RISI" MFY= 1.00

[RISr OKAY? Are the magnilication
factors okay?

[RIS) Ul2CON Indicate a yes
response

"MAG" has been replaced by "UL2CON . which would complete

the solution.

-If a printer is in use. you need not perform these keystrokes

[XEO)
"MAG"

[RS]
[R 51

3a II rectangular. pres:; Y
3b If circular, press N
4a If column IS slende~

press
4b If not, press

and continue at slec 3

Input for magnlllca'I':-
faclors, x-axIs
Input width (side
parallel to x·axls)
Input depth (side
parallel to y-axis) ,',n

Input factored ulll("a"e
load. (kips)
Input dead load
moment (klp·ft)
Input applied mamer::
(k'lp·ft) Mu<aL>
Input moment of inerlla
of reinforcing Is
Input effective length
factor

Input unbraced lena:h
In feet ~ lu
InpJ1 ultimate concrete

stretgth. psi ." Fe
lnpL1t factor related to
moment diagram

6a. If one way. press
go to step 8b

6b If not, press

RECT~"GUlAR'·
SLENDER COL?
SlE."DER COl?

VAX'S
b = nn

T = nn
Pn = nn

MU<DL> =

Input dead load
moment, y-axis .Mu<O.L.> [R/5] Mu<aL> =

Inpul applied moment.
y·axls Mu<aL> [R/5J 15=
Input moment of inertIa
of kinforcing .Is [R/S] K=
Input effective length
facIo( .. K [RIS] lU~
Input unbraced length
in re~1 [R/S] CM=
Input tactor related to
moment diag. . .em [R/S]

Output for nonslender
columns MFX = 10
go to slep 9 [R/Sr"" MFY = 1 0



OulPUI for 1 way REGISTERS, STATUS, FLAGSbendmg MFX=nn

go to step 9 [R·S!"·· MFY= 10 Data Registers Status

Oulput for 2 way
bending MFX=nn 00 b S'ZE 16 TOT REG 91

IR.S!"·· MFY=nn 01 T ENG FIX 2 SCI

9a [RiSr·· OKAY? 02 P" DEG RAD GA/.e'

II factors are adequate. 03 Mu<O.L.>

press [RSI • 04 Mu<al>

"CiRCON" or 051s Flags

. LU2CON'" will load 06 K

9lJ If factof IS 100 large Of 07 Lu # SET fNDICATES CLEAR INDICATES
modification of column 08 Fe 00 2 way bend 1 way bend

IS desired press [R S] RECTANGULAR? 09 Eelg/5 + Is 04 Rectangular Circular

~o to step 3 Es. Ee1g/2.5 12 Double-wide print Single· wide print
10 Jr2EI 21 Printer enable Printer disable

"If the dlspla~ ·'SIZE > = 16" appears, set size 2. 16, press 11 Control 25 Error ignore on No error ignore
fR·S] and continue 1219 55 Printer attached No printer
:"Presslng only [R'S} wil! also Indicate a no response. 13 MFX

··"It a pnnter IS In use. you need not perform these keystrokes 14 MFY

15 Used/scratch

PROGRAM LISTINGS
01+LBL ··MI=lG 35 I=lDV

36 1 E3
02 CF 21 Prinl outputs if printer allached 37 FS? 00
03 FS? 55 38 ST/ 02
04 SF 21 39 "y" Identify axis input

05 FIX 2 40 FC? 00
06 CF 00 41 '·X"
07 CF 04 42 "1- RXIS··
08 "SIZE>=1 Check for minimum size needs 43 I=lVIEW

6·' 44 PSE
09 SF 25 45 .008
10 RCL 15 46 STO 11
11 FC?C 25 D"lsp\ay minimal size if necessary 47 FS? 04
12 PROMPT 48 GTO 01
13 I=lON 49 RCL IND
14 "RECTRNG Ask if rectangular column. 11

ULRR?" No indica les circular 50 "D=" Data input

15 STOP 51 FC? 00
16 XEQ 00 LBl 00 sets up response and 52 PROMPT
17 X=Y? "Y" for comparison 53 XEQ 03
18 SF 04 SF04 il rectangular 54 ISG 11
19 1 Initialize moment magnification 55 GTO 02
20 STO 13 coefficient registers 56+LBL e1
21 STO 14 57 RCL IND
22 "SLENDER 11
COL?" 58 "b="
23 STOP 59 FC? e0
24 XEQ 00 6e PROMPT
25 ROFF II nol slender column 61 XEQ 03
26 Xo<Y? 62 RCL IND
27 GTO 05 go display moments 11
28 SF 12 magnifica lion laclors (= 1) 63 "T=-
29 -MRG FRC else beo:;1in :1p'Jr~ f'J :aJs;'Jiale 64 Fe? 00

TOR" -':i-':-~: ~;::;n",:.2»~'~:-j)':::'i' 65 PRONPT
38 RYIEW ::~':~.: : ....,:7,~

66 XEQ 03
31 PSE 67+LBL 02
32 CF 12 68 RCL IND
33 CLD 11
3-4+LBL 81 69 -pu="



70 FC? 00 127 STO 12
71 PROMPT 128+LBL 04
72 XEQ 03 129 RCL 08
73 ooMU<DL>= 13~ SQRT Compule EI

" 131 57 E3
74 PROMPT 132 >I<
75 XEQ 03 133 '"76 o'MU<aL>= 134 STO 09

" 135 2.5
77 PROMPT 136 /

78 XEQ 03 137 RCL 09
79 -IS=" 138 5
80 PROMPT 139 /

81 XEQ 03 140 RCL 05
82 -K=" 141 29 E6
83 PROMPT 14 '"84 XEQ 03 143 +
85 "LU=" 144 X<=Y"
86 PROMPT 145 X< >y
87 XEQ 03 146 STO 09
88 RCL IND 147 RCL 03

11 148 RCL 03
89 "FC=" 149 RCL 04
90 FC" 00 150 +
91 PROMPT 151 /

92+LBL 03 Conlrol routine for input 152 1
93 RRCL X 153 +
94 FS? 55 154 /

95 PRR 155 PI
96 STO IND 156 X1'2

11 157 '"97 ISG 11 158 STO 10
98 RTN 159 RCL 06
99 1 E3 Change 10 appropriate units 160 RCL 07

188 ST'" 02 161 '"101 12 162 X1'2
102 ST'" 07 163 / P,
183 >I< 164 STO 15
104 ST>I<03 165 \XEQ 06
105 ST>I<04 166 RCL 15
106 FC? 04 167 '"H~7 GTO 83 168 l/X
188 RCL 00 169 RCL 82
189 RCL 81 170 >I<
118 FS? 08 171 CHS 1 - (Pj<j>P,)
111 X< >Y Compute gross inertia reel. 172 1
112 3 173 +
113 Y1'X 174 "CM=" Input em
114 >I< 175 PROMPT
115 12 176 RRCL X
116 / 177iFS? 55
117 STO 12 178PRR
118 GTO 04 179 X<>Y
119+LBL 03 Computes gross I circular 180 /

128 RCL 88 181 1
121 4 182 X<=Y?
122 Y1'X 183 X<>Y
123 PI 184 FC" 80
124 '" 185 STO 13 •
125 64 186 FS? 00
126 / 187 STO 14



·t'tm.~,.}, ..'.( ..
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FS" 00 226 RSTO XGTO 05 227 RTN
RON 228+LBL 06

191 "1 WRY B 229 FC? 04
END?" 230 GTO 07
192 STOP 231 RCL 88
193 XEQ 00 232 RCL 01
194 X=Y? II one way, go 10 output, 233 '" Ag {reclangular}195 GTO 05 eise go back for y-axis information 234 GTO 88 4>faclor magnification196 SF 00 235+LBL 07
197 ROFF 236 RCL 80 Diameter198 GTO 01 237 X1'2
199+LBL 05 Output magnification factors 238 PI28l.'\RDV 239 4
281 SF 21 240 /
282 "MFX=" 241 '" Ag (circular)283 I=lRCL13 242+LBL 08
284 RVIEW 243 RCL 08285 -MFY=" 244 '"286 RRCL 14 245 .1
207 RVIEW 246 '" 0.1 fc'Ag288 ..OKRY?" Are factors acceptable? 247 RCL 02
209 RON 248 X>Y?
210 PROMPT 249 GTO 09
211 XEQ 00 250 RCL Y P < 0.1 f,'A, Modify <j>212 X",Y" II", ;. start over 251 X<>Y
213 GTO ,oMI=lG 252

253 X< >y
214 FC" 55 254 /
215 CF 21 255 5
216 CF 00 256 /
217 "MRG" C,:::-.: value in "UL2CON" and 257 .7
218 RSTO X ··Ct'1CON" 10 make sure "MAG" 258 +
219 "UL2COW' ',~as executed 259 .9
220 FC?C 04 LoaJ correct program name 260 X>Y"
221 -CIRCON"' 261 X<>Y lPu < 0.1 fc'Ag222 RERDP Read In program 262 RTN223+LBL 00 Alpha Y/N response subroutine 263+LBL 09224 RSTO Y 264 .7
225 ..y ..

265 RTN



"UL2CON" computes the ultjmate capacity for a given rectan-
gular concrete section subject to a given axial compression load
and moments about two perpendicular axes. The concrete may
be square or rectangular with up to 43 reinforcing bars. The
method of analysis is based on the ultimate strength design
method following the "Building Code Requirements for Rein-
forced Concrele" (A.C.1. 318·77).

The program generates data for an ultimate moment capacity
"moment interaction diagram" at the given axial load (factored).
Values are computed at specified intervals of neutral aXIs (N.A)
direction. The neutral aXIs is rotated between 0° and 90° in mcre-
ments specified by the user.

The relationship between concrete compressive stress dIstribu-
tion and concrete strain IS assumed to be rectangular. The con-
crete stress is taken as 085 fe unIformly distrrbuted over an
equIvalent compressive zone bounded by edges of the cross
section and a straight line located parallel to the neutral aXIs of a
distance a = {3' c from the fiber of maximum compressive strain
The maximum concrete strain. f. is assumed to be 0.003. wIth a
linear relatIonship for strain distribution across the cross section.
It is also assumed the concrete has no strength In tension and a
perfect bond exists between concrete and reinforcement. Short
columns only. Moment MagnificaUon factors should be used If
slender. Refer to the program "MAG" for further information
about Moment Magnification factors.

Inputs conSist of general material properties. the size of the can·
crete section. area of reinforcing bar used, and the quantity. The
deSIgn condllions Pu, M~.and My are al~o input. The user is
prompted lor all Inputs whIch are echo printed If a printer IS at-
tached.

The interaction data for the section is printed as computed and
represents the intersection of a horizontal plane on the three di-
mensional interaction diagram. The horizontal plane is the level
of constant axial load. The intersection is the Mx. My interaction
curve.

The output values of Purt, Mx ult. and My ull contain the capacity
reduction factor <1>,which is increased linearly from 0.7 to 0.9
when Pu < 0.1 fe'Ag. A subroutine is included to check the per-
centage 01 reinforcing and will not execute if less than 1% nor
greater than 8% a.ccording to the A.C.I. code.

1. The input Puis divided by rp to obtain a magnified axial load
Po, according 10 A.C.1. 9.3.11 slales Po ~ Pj<l>.

2. Using this magnified load, the corresponding ultimate mo-
ment capacities are computed.

3. The values of axial load and moments in (2) are then multi·
plied by lfl and printed out. The results represent the capac-
ityof the member reduced by fP.

As = Steel area
b = Width of section

Fe = Compressive concrete strength
Fy = Yield strength of steel
n = Empirical exponent (see reference 1 and 2)

N.A. = Angular orientation of neutral axis
P = Ultimate load computed and should be equal to

the input load
¢M~ = Ultimate load capacity
<pMy = Ultimate load capacity, y-axis
Sll. ~ Skew angle ~ ATAN (MyM,) (Compuled

moments)
BL = Angle .A.TAN(M<.;,..Mu~)(input moments)

T = Thickness

The user has the option to compute only unIaxial moments about
eact' aXIs "x" and "y" If deSIred The approXimation method
equ2:ion IS

To oetermlne the capacity of the section from the output. the val-
ues may be interpolated between the Interaction plot pOInts
whIch will always be conservative between pOints and more ac·
curate at the point itself The user can manually plot the ,nterac-
Hon ::urve 'Nith the output

Eacih point will take about 2.5 to 6 minutes to compute for aver-
age sections and rebar. The time increases as the number of re-
bar increase.

The program mechanics rotates the position of the neutral axis in
a counterclockwise direction at user-specified angles. The initial
position of the neutral axis is parallel to the x-axis

At each specified direction of the axis, the position is first located
at the balance point and the balanced load capacity Pb is com-
pared to the input Pn. If the load Pn IS greater, the neutral axis
must be incremented, if Pn is less, the neutral axis must be de-
cremented. At each position of neutral axis, the axial forces on
the section due to the strain in the concrete and rebar are
summed and compared to the input axial load. If the summation
of forces does not agree with the input load, another pOSItion of
neutral axis is located using the same neutral axis angle. Finally,
when the computed and input loads agree, moments are
summed about the x- and y-axes and output. The angle is then
incremented and the process repeated until the interaction dia-
gram is complete.

fc = Concrete stress
a = Depth of concrete stress block
c = Location of neutral axis

Pu = Factored ultimate load
M~ = Ultimate load capaclly about x



My = UltImate load capacity about y
NA = Angular orientatIon of neutral axis

P = Ulllmate load computed and should be equal to
the input load

1'M~ = Ultimate load capacity
¢My = Ultimate load capacity, y axis.
Sll. ~ Skew angle ~ ATAN (M/M,) (Compuled

moments)
B6. = hngle ATAN (Mu/Mux) (input moments)

! = ThIckness
rt> = Capacity reduction factor

fe' = Ultimate concrete strength
Ag = Gross concrete area
Pn = MagnIfied axial load
Pb = Balanced ultimate load
mx = Actual moment about x
my = Actual moment about y

n = AmplIfied nominal coeffiCient per 1/<f) (see "Ap·
plication of Phi Factor")

P",a< = Actual maximum aXial load placed on column not
conSIdering bending

a2
A1=----

2COSOSII-:O

b2TANO
All =-2-

M", = C" ( f _bT;NO)

A21 ~ [a - (P, - poll BJCciSo

C2
[M21~ = 2' T- (

a-(p,-P2) )]coso + bTANO

A22 ~ [a - (P, - P4)~J
SINO

Mo·, = ~[b - (a - (P, - P4) T)]
Cc, 2 2SINO + TAN8

Case 3

A" = [bl - [(P, - P,) - aJ2]
2COSOSINO

M = 0.851 ,[[(P, - P,) - aF] [T «P, - P,) - a)]
", '2COSOSINO' "2 - 3COSO

M"y = 0.851,' [[(P' - P,) - aF], [~ _ (P, - P,) - a)]
2COSOSINO 2 3SINO

~sn = C - (Pt - Ln~
6c



L
"-Global I\xes

Neutral aXIs is computed to a 0.001- accuracy and P may vary
slightly with input Puo

Input l'o'\Ol'YlcZ.htS o.'Y'tZ. .shouJl'\ o.j, VlZ.c+or

o.h)k:; (lccordin3 to t.h~ ri~h\.n(lnu rule.



P..•.1-M~ ll'\ta:ro..c.tion
dia.5rQm

Vo..lul2. MI'"I2. COhSQ.rvo,:ti\lQ.
(~Q,.tw<l.a.n plot poin'\:~)

p\c.*. pciht

?>t.. wh<l.r<l.
S.i.2-) ~..L. ') 54...3

Plana. M';k.-N'j i""+l.Z.rSQ.c..t"lOl"\.
0:1:. c..OV"l5to.Yl'l 'Pu.

Plo.n<l. M7:-MlJ hori.z.o\"\to..l
intcz.ro.ction a.t COh:5ta.\'\"l Pu...

Thf'~Q. dimrz:.n,SID\"l),j iv,fcY'D.ctlon
dio.srQlV\..



OPERATING LIMITS AND
WARNINGS
1. Program does not solve for axial tension.
2. Program does not solve for Pu = O.
3. If Pu > PmaK, "NO SOLUTION" is printed. If c ::5 centroid of

1st rebar when tension controls, "NO SOLUTION" is
printed

4. User should be familiar with concrete theory

'Oeslgn Criteria for Reinforced Columns Unde" AXial Load and
Biaxial Bending", A.C.!. Journal Proceedings. V, 57, No.5,
1960.

Meek, John L "Ultimate Strength of Columns ..•.I\h Blaxially Ec-
centriC Loads", A.C.!. Journal Proceedln-;;s. V 60. NO.8,
1963

Mattock, AH , L.B. Kriz and Hognestad. "ReC:c:igular Concrete
Stress Distribution in Ultimate Strength Design" A.C.I.
Journal Proceedings. V. 57, 1961.

Furlong, Richard W'o "Ultimate Strength of Square Columns un·
der Biaxially Eccentric Loads", A.C.1. Jour'lal Proceedings,
V.57,March,1961.

Heimdahl, Peter O. and Bianchini, Albert Co, "Ultimate Slrength
of Biaxially Loaded Concrete Columns Reinforced with High
5lrenglh 5leel", 5P-50 A.C.I., 1975.

Furlong, Richard W., "Concrete Columns Under Biaxial Eccentric
Thrusl", A.C.1. Journal Proceedings, V. 76, No. 10, October,

1979.

I
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j .~ - 2.4 UL2CON
~,.

A 22'· x 22" concrete column is
selected from the C.R.S.1. design
handbook. The capacity for un·
iaxial bending as recorded in the
table is Pu = 621k at an (DRAW·
ING) eccentricity of 8" Verify this

C·7 eccentricity
Data:
F y = 60,000 pSI (Grade 60)
Fe = 4,000 psi
b ~ 22'
T ~ 22'

AS1 = 100in2

Pu = 621 k
M.=414k'

My = a
INC ~ 0

Since M, = My being symmetrical
check the eccentricity

Input Function Display Comments

Load MAG··

Begl~ [XEQI . MAG' RECTANGULAR? ;:;:ectangular Column?

Y [RISI SLENDER
COLU\~N?

N [RIS] MFX= 100 :v\anual magnification
!aclors = 1 00

[RiSr MFY= 100

[RISr OKAY?

[RIS] UL2CON UL2CON'" is loaded
and begins running

UNIAX 'X,Y? Uniaxial bendIng abo'.;:

x·, y·a"es?

[RiSI FY= Yes response
60004 [RIS) Fc=
4000· [RISI b~

22 [RIS] T~

22 IRIS] ASI~

I IRIS] N~

8 [RIS] SIZE> ~46.00 If size IS already

[XEQ] ·'SIZE·· SIZE ___ adequate, this step IS
skipped

046 [RIS) P~

621 [RIS] MX~

414 [RIS] MY~

0 [RIS) INC~

0 [RIS) RE8AR
COQRDINATES Enter X.y coordinates

in a clockwise
sequence

8.56 [ENTERIJ X ENT Y

8.56 [RIS] X ENT Y

8.56 [ENTERIJ If printer is
atlached values
will be recorded

0 [RIS] X ENTY
8.56 [ENTERIJ
-8.56 [RIS] X ENTY

0 [ENTERtI Be sure to enter
rebar coordinates
beginning in the

upper right hand
corner

-8.56 [RIS] X ENT Y

-8.56 [ENTERIJ
-8.56 [RIS] X ENT Y
-A.56 [ENTERlJ



Input Function Display Comments

0 [R 5] X ENT Y ;-856 [ENTERIJ

856 [R·SI X ENT Y II0 [ENTERtJ

856 IR,SI COMPUTL'.G Compulalio~ lakes
about 2 1/2 to 3
minutes

N A ~90 Cf.)

[RSr P=621,OO
[R 51' MX=414 i6
[RISr MY=2,6B ;::-8
[R/Sr S4=371::-9
[RSI" 84 ~O 00
[R'SI" COMPUTi·'·~3

NA=
-l00E-~

[RS!, P=62100
[R 5)' MX=292:::-8
[R 51' ,~,.1Y=41...l i6

[R Sr S2.,.= -9(; :':.
[R 51' B~ =0 C::;
[R SI" '\E'~'f ;:::qG':-

[RS] PRG'.' ~."'.'=' Yes, let's run example
2

MAG [R 51 RECi':"NGL~';R?

f-.--~~'~----t
., 2.6i"

6,36"
18' j ~

HoriLOhta.\ I.nre.fD.c.tion

S•.·.<.5".57, I'k < 300.75'
[3"-' 1'-.13
SA.' q.3/ , M. °3~O, (,3

Pu = 664.15 K

M, ~ 32636 CDS IS 13
~ 315.04 K'

My ~ 32636 SIN 1513
~8518K'

The section is obviously overde.

signed Reduce section or rern·
forcing.

If continuing from

example 1, "MAG" IS
loaded from
'UL2CON" exit

routine
q.3b" Begin [XED] "MAG' RECTANGULAR?

Y [RIS] SLENDER COL? Indicate "yes"

Determine the ullimate moment
M", ~ '1'(129.82)2 + (271.29)2 N

response~.~
capacilyof the 18" x 24· concrete

[RIS]' MFX~1.oo Indicate "no" response
t - 30075 [RIS]' MFY-I.OOcolumn with 4,#10 bars vertical.

[RiS] OKAY?subject to biaxial bending >,lIth
MR2 ~ '1'(5512)2 + (336.14)2 IRIS] UL2CONlhe following design conditions

~ 340.63 UNIAX./X,Y?
N IRIS] FY~ Inputs echo printed if1513-9.31,.

Dala MR.;) = 340.63 printer is being used25.57 - 9.31 60000 [RIS] Fc="*: FY = 60.000 psi (Grade 60)
4000 [RIS] b~

F: '" 4,000 psi 18 [RIS) T~
b - 18" (34063 - 300.75) 24 [RIS] AS1~NC ~ 22.50

1.27 [RIS] N~
T - 24' MAO = 326.36 4 [RIS] P-AS1 = 1.27 in2 56.25.571 If size display Occurs,

N-4 MR ~ 300.75 664.15 [RIS] MX-
adjust size, press [RISJ

Py - 664.15 k 84 ~ 15.13 41.15 [RIS] MY-M, -41.15k' 54 ~ 9.31 11.13 [RIS] INC~ 22.50 incrementsM,. 11.13 k· MR = 340.63 22.5 [RISI RE8AR

CQQRDINATES
X ENT Y Coordinates will be

momentarily displayed
or printed out if a

9.36 [ENTERfJ
printer is in use

6.36 [RIS] X ENT Y
9.36 [ENTERfJ



Input Function

-636 [RIS]
-936 [ENTER I]

) -6.36 RIS]
-9.36 [ENTERI]
6.36 [RIS)

[RiS)'
[RIS)'
[RIS)'
[RiS)'
[RiS)'
[RIS)'

[RSI"
[R/SI"
[R SI"
[R SI"
[R S)'
[R S)'

[R SI"
[RS)'
[R·SI"

IR SI"
[RSI"
[R SI"

fR SI"
[R SI"
[R SI"
IRS)'
[R SI"
iR Sj'

IRS)'
IR/SI"

IRSI"
IRiS)'
IRiS)'
[RiS)'

N [RiS]

Display

X ENT Y

COMPUTING Computation tokes
several minutes for

each output
NA=90.oo
P~664.1S
MX~361.07
MY=175E-B
S,,~278E-9
8,,~lS13

COMPUTING Compulation takes
several minutes

N A.~67 50
P~664 15
MX=336,14
MY~SS12

5~ =931
B...'.:.=15,13

COMPUTING
NA=450
P=66<:l 15
MX=27129
1I.'.Y=12982
54 =2557
8", ~15 13
COMPUTING
NA-2250
P=64415
MX=i3931
1'0'','(=21652

5L =5724
8L = 15.13
COMPUTING
NA =

-1.00E-8
P=644.15
MX~ -4.08 E-8
MY~260.40

S,,~ -9000
8,,~lS13

NEW PRGM?

0.00

For uniaxial solution
(Solution about axes x
and v), press ... y
If interaction solution is
desired, press .N·
Input materia! and
section properties Yield
strength (psi) . . .Fy
Compressive concrete
strength (psi) .. Fe
Width of section (in) . b
Thickness (in) . T

UL2CON
UNIAX./X,Y?

[RIS] FY~

IRIS] FY~

[RIS] Fc=

[RIS] .b~

[RIS] T~

[RIS] AS1=

Area of I reinforCing bar
(in2) AS,
Number of rem forcing
bars N
If prompt for larger sIze
appears. set size 10
indicated amount
press [A,S]
Inpul deSign loads and
momenls. Input
moment will be
magnified t)y "MAG'
determined coefficients
Input uilimale aXial load

(kips) P"
Ultimate moment about
x (K·lt) ~.~,
Ultimate moment abolil
y(K·lt) M.
Input ang!e ~nCierne~,r
of neutral a~'s 1") ti'~Cor C'
(Ii unlaxlal Input
INC~O)

Input rebar coordinates X, n

Y, "
WARNING :nput the
upper nqhl h,111ri('('rn('1
coordmates fllsl 11K;"
nmllfltlc III ,I cln("\\I~,C

dllccllon

Output solution at CJch
specified :ntervaluntd
Iflteractlon curve hZlS
neen comDi<~:'.>d

8a To begin a new programY
Key In program name .name

New program begins
8b. If a new program is not

desired. press N

To use "UL2CON"
again, you MUST load
and execute "MAG"
first.

C06RDi~ATES
X EI\:T-;;

Xl
X E,'~T Y
CO~l;JUTING

MX=
\AY=
S,,"~
Bll.=

NEW PRGM?
PRGM NAME?

REGISTERS, STATUS, FLAGS
Data Registers Status

00 F, •
at Fe '
02 b
03 T
04 ASI
05 N
06 Conlrol, P
07 aElbc
08 a
09 Ey

to ST
llc

SIZE 30+2n
ENG

DEG X

# SET INDICATES

00 Balance solution
01 N.A.4 > ATAN Tb

02 Sar under block
03 B;l( in tension

TOT REG 230+2n
FIX 2 SCI
RAD GRAD



iiG,
'3M,
14M,
151,..,
16Pc(max)

17PlI

lBPu/
198{NA)

3JB~
- 2\1>

22''"C
Z3 !A,~

"'Mr..

04 UnI8xlaL·x.y solution
05 P equll. found

07 P > Po
21 Prmter enable Pflnter disable
55 Pflnler attached No printer

25 ContrOl
26 PI
27 P2

28 P3
29 P~
30 Sty
31 B,x
328zy
3382X

34 Bw
35 BJX

368ny

37 B"x

01+L8L "UL2
CON"

02 CF 21
03 .• MHG" Make sure "MAG" has been run
04 RSTO Y
05 "RUN MRG
1ST'"
06 X"Y-C'
07 PROMPT
08 F S? 55 Printil pnnler altached
09 SF 21
10 DEG
11 RIoV
12 SF 12
13 '"lIL2CON" Display IllIe

14 RVIEW
15 RIo\'
16 .013
17+L8L 00 Clem Ilags 0-13
18 CF I ND X
19 ISG X
20 GTO 00
21 CLD
22 •• UN I RX. /. Uniaxlal/x-, y-axis solution desired?

X, '(~ ,.
23 RON
24 STOP
25 RSTO Y
26 '"Y'"
27 RSTO X
28 ROFF
29 X=Y? If so, seiliag 4
30 SF 04
31 .005
32 STO 06
33 "FY='" Oaiainpul

34 XEQ 01
35 "Fc="
36 XEQ 01
37 "b='"
38 XEQ 01
39 "T='"
40 XEQ 01
41 "RSl = '"
42 XEQ 01
43 "N="

44+LBL 01
45 PROMPT
46 RRCL X
47 STO IND

06
48 FS? 21
49 RVIEW
50 ISG 06
51 RTN
52 30 Calculale minimum size
53 RCL 05
54 2
55 '"56 +
57 "SIZE>="
58 RRCL X
59 1
60
61 SF 25 Jf necessary,
62 RCL IND inform need to adjusl size

X
63 FC'''C25
64 PROMPT
65 RCL 06 Move counter 10 R25
66 STO 25
67 RCL 04
68 RCL 05 Check min, max reinforcement
69 '"78 RCL 82
71 RCL 03
72 '"73 /'

74 .01
75 "P<l%MIN

76 X>Y?
77 GTO 13
78 RDN
79 .88
80 X>Y?
81 GTO 87
82 "P<8%MIN

83+LBL 13 If out of limits, display error and exit
84 RVIEW
85 PSE

. ::,en~J 27
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86 PSE 142 ISG 25 j87 ··R.C. I. 143 GTO 82
CODE" 144 XEQ 12

;) 88 RVIEW 145 XEQ 22
89 PSE 146 RCL 21
98 GTO 23 147 ST/ 06 <I
91+LBL 07 Continue 148 RCL 88
92 RDV 149 29 E6
93 "P=" 1513 /

94 PROMPT 151 STO 09
95 X<=13? 152 1 E-8
96 GTO 18 Input design data 153 STO 19
97 STO 136 154 1 E3 I98 RRCL X 155 ST'" 06
99 FS? 21 156 RCL 02 ,

188 RVIEW 157 RCL 83 t181 "MX=" 158 '"182 PROMPT 159 XEQ 139

I
183 RCL 13 168 STO 16
184 '" 161 RCL 85
185 STO 13 162 RCL 134
186 RRCL X 'it 63 '"187 FS? 21 164 RCL 813
108 RVIEW 165 XEQ 19
109 "MY= .. 166' '"118 PROMPT 167' ST+ 16 Prr-'l'
111 RCL 14 168- RCL 16
112 '" 169 RCL 86 I113 STO 14 178 X>Y?
114 RRCL X r~.A. angle increment input 171 GTO 18 \

115 FS? 21 172+LBL 25 !
j

116 RVIEW 173 CLD
117 ..INC=" 174 CF 21
118 PROMPT 0.00 input for uniaxial 175 -COMPUTI Display "COMPUTING"

119 STO 22 NG" for long calculation

128 RRCL X 176 RVIEW
121 FS? 21 177 RCL 82
122 RVIEW 178 2
123 RDV 179 /

124 XEQ 27 1813 RCL 83 Compute concrete
125 "REBI=lR.. 181 2 corners coordinales

126 "l-COORDI Input rebar coordinates 182 /

NRTES" 183 XEQ 28 -.
127 RVIE,", 184 STO 26
128+LBL 82 Coordinates routine 185 CHS
129 ·X EHT Y 186 STO 28

187 RCL 02
138 PROMPT 188 2
131 "X=" 189 /

132 RRCL Y 198 CHS
133 ..l-Y="" 191 RCL 03
134 RRCL X 192 2
135 RVIEW 193 /

136 FC? 21 194 XEQ 28 Determine ATAN(T/b)

137 PSE 195 STO 27

) 138 STO IND 196 X<8? If negative. set flag 1

25 197 SF 01
139 X<>Y 198 CHS
148 ISG 25 Compute conslants and parameters 199 STO 29
141 STO IND 280 87 E3
25 281 RCL X

28 Ul2CON



I
)

f:~-,:

282 RCL 88 263 GTO 88
203 + 264+LBL 83 Stress block case 1
204 / 265 RCL 08
285 STO 12 266 X'1'2
286 RCL 38 267 RCL 19
207 RCL 31 268 SIN
208 XEQ 28 269 LRSTX
209 RBS 278 COS
210 RCL 28 271 '"211 - 272 2
212 ReL 12 273 '"213 '" 274 /

214 STO 12 275 XEQ 89
215 STO 11 276 STO 18
216 SF 88 277 FC? 85
217 FC? 81 Change concrete corners if 278 GTO 88
218 GTO 26 N.A.4 < ATAN(T/b) 279 RCL 08
219 RCL 27 280 3
228 RCL 29 281 /

221 STO 27 282 RCL 19
222 X<>Y 283 COS
223 STO 29

Determine location of stess block
284 /

224+LBL 26 285 CHS
225 RCL 11 286 RCL 03
226 FS? 08 287 2
227 RCL 12 288 /

228 RCL 18 289 +
229 '" 290 X< >Y
230 RCL 26 291 '"231 RCL 28 292 STO 23
232 - 293 LRSTX
233 X>Y-C' 294 RCL 88
234 X<>Y 295 3
235 STO 88 296 /

236 RCL 26 297 RCL 19
237 RCL 27 298 SIN
238 - 299 /

239 X>Y? 388 CHS
248 GTO 03 301 RCL 02
241 RDN 302 2
242 RCL 26 303 /

243 RCL 29 304 +
244 - 305 '"245 X>Y? 306 STO 24
246 GTO 84 387 GTO 08
247 RDN 308+LBL 04 Stress block case 2
248 RCL 26 309 FS? 01
249 RCL 28 318 RCL 83
258 - 311 FC? 01
251 X>Y? 312 RCL 02
252 GTO 85 313 X'1'2
253 RCL 02 314 2
254 RCL 83 315 /

255 '" 316 RCL 19
256 XEQ 89 317 TRN
257 STO 18 318 FS? 81
258 FC? 85 319 /

259 GTO 08 320 FC? 01
268 . 321 '"261 STO 23 322 XEQ 09
262 STO 24 323 STO 18



324 FC? 05 38ft-GTO 08
325 GTO 04 385 STO 25
326 FS? 01 386 RCL 08
327 RCL 03 387 RCL 19
328 FC? 01 388 FS? 01
329 RCL 02 389 COS
330 3 3913 FC? 01
331 /' 391 SIN
332 RCL 19 ,392 FS? 01
333 TRN 393 RCL 03
334 FS? €II 394 FC? 01
335 /' 395 R~t,-02
336 FC? €II 396 '" '
337 '" 397 -
338 CHS 398 RCL 19
339 FS? 01 399 FS? 01
34!3 RCL 02 4!3!3SIN
341 FC? 01 4!31 FC? €II
342 RCL 03 402 cos
343 2 403 /'

344 /' 404 CHS
345 + 485 FS? €II
346 RCL 18 406 RCL 03
347 '" 407 FC? 01
348 FS? 01 408 RCL 82
349 STO 24 409 RCL 19
35!3 FC? 01 410 TRN
351 STO 23 411 FS? 01
352 FS? 01 412 /'

353 RCL 03 413 FC? 01
354 FC? 01 414 '"355 RCL 02 415 -
356 6 416 FS? 01
357 /' 417 RCL 02
358 RCL 18 418 FC? 01
359 '" 419 RCL 03
360 FS? 81 428 +
361 STO 23 421 2
362 FC? 81 422 /'

363 STO 24 423 RCL 25
364+LBL 04 424 '" \365 RCL 08 425 FS? 01
366 RCL 26 426 ST+ 24
367 RCL 27 427 FC? 01
368 - 428 ST+ 23
369 - 429 GTO 08
370 FS? 01 430+LBL 05 Stress block case 3
371 RCL 03 4;31 RCL 26
372 FC? 01 432 RCL 28
373 RCL 02 433 -
374 '" 434 RCL 08
375 RCL 19 435 -
376 FS? 01 436 X't2
377 SIN 4371 RCL 19
378 FC? 01 438 COS
379 COS 43~ LRSTX
380 /' 440 SIN
381 XEQ 09 441 '"382 ST+ 18 442 2
383 FC? 05 443 '"



444 /' 503 RCL IND
445 STO 25 25
446 CHS 584 XEQ 28
447 RCL 02 505 RCL 08
448 RCL 03 586 RCL 26
449 '" 507 RCL Z
450 + 508
451 XEQ 09 509 X<=Y?
452 STO 18 510 SF 02
453 FC? 05 511 RCL 11
454 GTO 08 512 X< >Y
455 RCL 25 513 -
456 XEQ 09 514 RCL 07
457 PCL 26 515 '"458 RCL 28 516 STO 15
459 - 517 X<0?
460 RCL 08 518 SF 03
461 - 519 RBS
462 3 520 RCL 09
463 /' 521 X>Y?
464 RCL 19 522 X<>Y
465 COS 523 FS?C 03
466 /' 524 CHS
467 CHS 525 29 E6
468 RCL 03 526 '"469 2 527 FS?C 02
470 /' 528 XEQ 19
471 + 529 RCL 04
472 '" 530 '"473 STO 23 531 ST+ 18
474 RCL 25 532 FS? 05
475 XEQ 09 533 GTO 11
476 RCL 26 534 ISG 25
477 RCL 28 535 GTO 10
478 - 536 GTO 14
479 RCL 08 537+LBL 11
480 - 538 1
481 3 539 ST- 25
482 /' 540 RDN
483 RCL 19 541 RCL IND
484 SIN 25
485 /' 542 X<>Y
486 CHS 543 '"487 RCL 02 544 ST+ 24
488 2 545 ISG 25
489 /' 546 LRSTX
490 + 547 RCL IND
491 '" 25
492 STO 24 548 '"493+LBL 08 Determine forces in rebar 549 ST+ 23
494 XEQ 27 550 ISG 25
495 RCL 11 551 GTO 10
496 .003 552+LBL 14
497 X<>Y 553 RCL 3!3
498 /' 554 RCL 31
499 STO !37 555 XEQ 28
5ee+LBL 1!3 556 RCL 26
501 RCL IND 557 X<>Y
25 558
502 ISG 25 559 RCL 11 If a < 1s1 rebar, go 10

"NO SOLUTION"

Ul2CC,'i 31



5613 X<=Y?
561 GTO 18
562 RCL 18
563 FS?C 05 II flag 5 s.l. compul' momenls
564 GTO 15
565 FS?C 013
566 GTO 16
567 FS? 07 Modify location of N.A.
568 GTO 21
569 RCL 17
570 RCL 06
571
572 RCL 17
573 RCL 18
574
575 /
576 RCL 12
577 RCL 11
578
579 '"
580 CHS
581 RCL 12
582 +
583 RCL 11
584 RBS
585 X<>Y
586 STO 11
587 RBS
588 X>Y?
589 X<>Y
590 if P found. compute moments.
59 1 • 08 1 inilial modify location at N.A
592 X>Y?
593 SF 05
594 GTO 26
595+LBL 16
596 STO 17
597 RCL 06
598 X>Y?
599 GTO 17
600 RCL 12
601 .8
602 '"
603 STO 11
604 GTO 26
605+LBL 17 Modily local ion of N.A.
606 SF 07
607 X<>Y
608
609 RCL 16
610 RCL 17
611
612 /
613 RCL 12
614 *
615 LRSTX
616 +
617 STO 11
618 GTO 26
619+LBL 21

620 RCL 06
621 RCL 17
622
623 RCL 18
624 RCL 17
625
626 /
627 RCL 11
628 RCL 12
629
630 '"
631 RCL 12
632 +
633 RCL 11
634 RBS
635 X<>Y
636 STO 11
637 RBS
638 X>Y?
639 X<>Y
648
641 .881
642 X>Y?
643 SF 05
644 GTO 26
645+LBL 15
646 SF 21
647 RDV
648 1 E3
649 ST/ 18
658 12 E3
651 ST/ 23
652 ST/ 24
653 RCL 21
654 ST* 18
655 ST* 23
656 ST* 24
657 RCL 19
658 CHS
659 98
668 +
661 -N. R. ="
662 RRCL X
663 RVIEW
664 RCL 18
665 -P=""
666.RRCL X
667jRVIEW
668 -MX='"
669 RCL 23
670 RRCL X
671 RVIEW
672 -MY="
673 RCL 24
674 RRCL X
675 RVIEW
676 X<>Y
677 /
678 RDV
679 RTRN



688 "S,(-'" 7413 RTN
681 RRCL X 741 CHS
682 RVIEW 742 X< >Y
683 RCL 14 743 +
684 RCL 13 744 LRSTX
685 x=e? 745 /

686 X< >Y 746 5
687 / 747 /

688 RTRN 748 .7
689 '"B,(="" 749 +
690 RRCL X 758 .9
691 RVIEW 751 X>Y?
692 RDV 752 X<>Y
693 RCL 19 753 STO 21
694 98 754 RTN
695 X<Y? 755+LBL 18 "NO SOLUTION" routine
696 GTO 23 756 RDV
697 FS? 84 , 757 FS? 55
698 GTO 24 758 SF 21
699 RCL 22 Increment N.A. angle 759 SF 12
708 ST+ 19 768 TONE 9
701 GTO 25 761 -NO SOLU

I

702+LBL 24 TION'"
703 ST+ 19 762 RVIEW
704 GTO 25 Next loop 763 PSE

I 785+LBL 12 764 CF 12
786 .85 Compute J 765 GTO 23
787 STO 18 766+LBL 89
788 4 E3 767 .85
789 RCL 81 768 *
718 X<=Y? 769 RCL 81
711 RTN 778 '"712 X< >Y 771 RTN
713 - 772+LBL 19
714 1 E3 773 .85
715 / j 774 RCL 131
716 INT 775 *
717 .85 776 -
718 * 777 RTN
719 ST- 18 778+LBL 27 Control set for sleel rebar location
728 RCL 10 779 RCL 85
721 .65 788 2
722 X<=Y? 781 '"723 X< >Y 782 29
724 STO 18 783 +
725 RTN 784 1 E3
726+LBL 22 Compute ~ and modify for

;
785 /

727 .7 Pu .:5 0.1 fe'AI} 786 38
728 STO 21

1 787 +
729 RCL 02 788 STO 25
730 RCL 83 789 RTN
731 * 798+LBL 28 Locale bars on N.A. perpendicular
732 RCL 81 791 R-P
733 '" 792 X< >Y
734 .1 793 RCL 19
735 '" 794 X>Y?
736 RCL 86 795 X< >Y
737 1 E3 796 -
738 '" 797 COS
739 X>Y? 798 '"



799 RTN
888+LBL
881 RDV
882 CLD
883 RON
884 -NEW
M?··
885
886
887
888

STOP
RSTO Y
.•y ..

RSTO X

Wanl new program?
If not, go clean up display

889 X"Y? Elsegelname
818 GTO 86
811 -PRGM NI'l
ME?··
812 STOP
813 ROFF
814 RERDP Readinnewprogram
815+LBL 86
816 ROFF
817 CLX
818 .END.



"ORCON'- computes the ultimate capacity for a given concrete
circular section subject 10 a given axial compression load and
moments about two perpendIcular axes. The section may have
up to 124 remforclng bars placed In either a circular or square
pattern. The methods of analysIs are based on ultimate strength
deSign following the "Building Code Req14irements for Rein-

lorcedConcrele-lAC! 318-77) J
The user chooses o~e of two solution me tho .tS available. the "P"
solution and the "e ' solution. The "P" solutt'pn will solve for the
moment capacity Mx and M,. for the specified input ..p" The "e"
solution solves for "e" (Mr,P) for the specified P, M" and My in·
put The capacity of the section at the design eccentricity is out·
pu1 and may be compared to the design mput condltlon. The
column may have ties or spirals

.; (ifCu')r concrete column ':"'Ith circular pattern or square
pa.:ter,. :elnforclng subjected to axial compressior and mo-
rnents about two perpendicular axes
;',,1!houChIntended to be a biaxial solution, a uniaxial solu-
!:or: ca~ be be closely approximated. When inpultlr.g My =
o 1he program inserts 1 00 . 10--8 (0 not permitted and
C3;JSes a divISion by OJ and continues execution, ,=or a un·
la·,a! solution about the y·axls, rotate the section 9'Jo

SO!~JtIOr]for Pu = 0 may be found by mputtlng PL: = 0 and
aP" solution. When 0 IS Input, the prograrl Inserts

.\ ~ich produces a more accurate solution With :"'18algo-
rdr.~ l;sed Do not use the "e" solution for this oroblem
Slr,,::ee approaches Infinity
;. C: provides that '.'.'hen Pu '_ a 1f,.'Aq. the value of 'I> ca·
pa.:::1.' reduction factOr) may be Illcreas'ed allowln';:J greater

A subroutine IS Included in the program ftH this
ror pat terns, reinforCing rebar coordinates are auto·
mat~c2tij computed 1
If deSired. values may be computed when spiral reinforcing
IS usec
A subroutine IS Included to check percentage of reInforcing
and ",,'111not execute If less than 1% or more than 8% accord-
ing to o4.C.1. code

The program structure rotates the neutral axis in a counter-clock-
WIsedirection as determined by the input moments M, and My
by a rectanguiar to polar conversion. The initial neutral axis is as-
sumed at balanced equations, From this position, the axial
forces on the section and the computed moments correspond-
ino to the strain in the concrete and steel are summed and com-
pared to the Input design load ("P" solution) or the input design
eccentricity as determIned by Mr/p ("e" solution) if they do not
agree. A new position of neutral axis is assumed using the same
t3 angle. When the values agree, the capacity of the section is
output.

Y - d[ SIN30 ]
o - 3(0 - CaSOSINO)

4>1 = ~ + O·1fc'Ag O·1fc·Ag

(0.9 - <1»



MomQ.nt:. M,c. uV'ld M)' o..'f"<z, s.now."
as 1JQ.c.i:O'f JY"\o~Q..nt5 o..c..co'(d-!I·'~-l:-a
th~ r'J"t hQnd re<k.

P"'y- t1 y "h'\t lr.-fo..cJ: ion
di"3""""'-

P\o.",~ M"I'\) ().t p••.

HOl'"iz..oY\to.l I"t.z.ro.c1:.\on

3 DimahsionC\\
IntQ.ro,c\·ion DiQ5rarn



a = Depth of concrete stress block
A = Segmental area 01stress block

Ag = Gross concrete area
As = Area of steel

J4. = Rotated angle due to resolved moments M., My
cR = Locatlorl 01 neutral aXIs corresponding to

rotation
cbR = Location of balanced neutral aXIS, rotated axis

(in)
Cs = Compression force in compression steel

d = Depth from compression face 10centroid of far-
ther-most reinforcing bar

o = Diameter of column
01 = Location of reinforcement from face of concrete

of rebar centroid
ecR = Calculated eccentricity corresponding to axis

rolation
ebR = Eccentricity at balance condition (In)

fe' = Ultimate concrete strength
F. = Yield strength of steel
L~ = Location of bar n .
L1 = Location of bar 1

MbR = Balanced moment on rolated axis (kip in)
M, = Momenl about x-axIs
M..= Moment about y-axis

P = Axial load
PbR = Balanced axial load on rotated axis (kips)

(I = See sketch
r = 02

Rt, = Radius of section to centrOid of relnforcmQ
T = Steel tension

-...:.08 C-P"'d' = Tile maximum concentriC ultimate aXial load
(kips)

OPERATING LIMITS AND
WARNINGS
1 Program does not solve for axial tenSion
2 Pu = a must be solved by a 'po solution
3. All rebar must have same Individual area

Determine the capacity of a 16-
jlameler concrete column with 8-
;:"10 subject to to biaXial bending.
'or the following design condl"
:ions.

::>IJ = 210 K

.~. ~ 140 K·

SOLUTION:
Input Function

_oad MAG·'

3egln [XEOI "MAG"
[RS]~ [R!S]
[RS]'
IRIS]'
IRiSI

[RIS]
N [RIS]
60000 [RIS]
4000 IR/S]
16 [Rlsl
2.51 IR/S]
1.27 IR/S]
8 [R/S]

[XEO] "SIZE"
032 [Rls]
210 [R/S]
140 [R/s]
50 [Rls]

C [R/s]
0 [R/s]

[Rls]'

[Ris]'

[Rls]'

[RIS]'

[Rls]'

My = 50 K·ft
slenderness no! a factor

Fy = 60,000 pSI

Size = 24 -:- 8 = 32

Fe" = 4,000 pSI

D = 16in
AS1 = 1.27 in2
N~8
Use a "p" solutIon



Input Function Display Comments Input Function Display

4~225.00 .79 [A/SI N=

[A/S)" Ab~549 4 [A!SI P~

4~270oo 450 [A/51 MX=

[A/S]" Ab~5.49 150 [A/51 MY=

4~315oo 0 [A/S) REBAR

[A/S]" <.8>PMAX=i04.B5 COOADINATES

[A/S]" ebR=12.15 C 5'

[AIS]" nbA ~ 1929.63 5 IA'SI X ENT Y

[A!S]" PbA~ 158.78 539 [ENTEA! I

[AiS]" cbR=7.79 539 [AiSI X ENT Y

[A/S]" B4 ~ 1965 539 [ENTEA!]

[AS]" COMPUTING The compulation takes 1 -539 [AIS] X ENT Y

several minutes -5.39 [ENTEAt[

P~21O.99 -5.39 [RISI X ENT Y

IA 5]" MX= 147.40 -539'f [ENTEA! I

[AS]" MY ~ 52.64 539 [A:S} < ~_"tl'l~X",B-4635

IA 5]" cR=8.27 eb?=829

[R 5]" eCR=O 74 '-/bR = 235688

'R S]" NEW PRGM? pt=:=28433

[R 51 PRGM NAME? Yes reSDonse ::::=1=91 i

'/,L.G 'R 5] _oad·,'}t.G for Be ~) 82
;:.;amole 2 ;:::_0

P=::,8i 87

'if printEr S In use. you need not perform :-s keystroke
':1. = 193 73
~!'(= i 29

.. -8

SAMPLE PROBLEM #2: cF=1388
ec;:; =0 33
,:::, PRGI/I

'" N IR 51 0,:':t M,

USER INSTRUCTIONS
SIZE: 24+n

Step Instructions Input Function Display

Program IS calfed frc""l
'MAG' CIACON

P or e?
1. Select solution type Pie [A:S] SPIRAL?

2. If spIral reinforcmg Y [A:S)

It not N" [AiS] . FY=

3. Input material and
action properties. (pSI) FY [A/S] D~

Diameter of column (In) 0 ·IA/S) D1~

Rebar centroid 10

concrete face distance
(in) 01 [A/S] AS1=

Area of a reinforcing bar
(in2) AS, [AiS) N~

Number of bars N [A/S] P~
Input design values P . [A/S)

M, [A/SI

M, [A/S] AEBAA
COORDINATES

CIS?

5. Select circular or

square pallern

Sa. If circular C [A/S] FIRST BAR?

Input angle of first bar 4 [A/SI Rb=nn 6.=w

Polar coordinates lor n
bars will be computed Rb=nn

!:l.=vv 1,

5b. ]fsqfre: .5 [A/S] X ENT Y 1" [ENTER!]
PromplS for n

rectangular y, IR/SI . X ENT Y

J

DETERMINE: The ultimate capac-
Ity of a 20' diameter column with
4·#8 placed In a square patlern
subject to uniaxial bending with
the following design condItion.

My=O
Fy = SO,COO psi

Fe' = 5.000 psi
0= 20 in
01 = 2.38 in
AS, = 0.79 in2

N=4
Use "e" solution

RECTANGULAR? Display from "MAG"

SlENDEA COl?
MFX~1.oo
MFY~100
OKAY?
CIRCON
P OR e? 3e sure to press
SPIRAL? [SHIFT] (0 get an "e"
FY~

Fc=
D~
D1~

AS1~

N [A'S]

60000 IAIS]
5000 [AIS]
20 [AIS]
238 [RIS]

J8 C:RCON



)1,

1
J

r
)

Coordinates Will be
displayed

6 Ou!plJl
6<1 Gcll,lnccd condilion

To soi\oc anolher

oroblem
::nter pr09ram neeued nare
~~'0f"JLJI"'i '5 10Cl;Jcd (lnd

~-';;:'q;nsc(cclJllon
-: €;~C sess;or:

ebR =nn
IR:Sr"
IA'Sr'
IRSl"
IASI"
IA 51"'
IASI""
If<SI"
[A SJ"
[R'SI""

IR Sr"
IA 51"

[R 51

iR 51

MbR=}m
flhR =nn

GhR=nn
R '-"
COMPUTING
P=nn
MX=nn
MY=nn
cR=nn

ecR =nn
NEW PRGM?

REGISTERS, STATUS, FLAGS
Data Registers Status

020
0301
04 ASl

05 N
06 (,/
07 B\
08 C, ell

09.:w·Jc
10 a
It Es"

12 P
13M,. Mil
14My

15eR,ed - P
168l\.

17 counter
18 counler
19 counter
20 scratch
2111
22 Rj)

231'1'
24 C\
25 C2

26 C3

27 C4

CLEAR INDICATES
DeSign solulion
Tie relnf

# SET INDICATES
00 Balance solution
01 Spual relnf
02 Bar unrjer block
03 Bar In tenSion
05 Genera! purpose
06 General purpose
07 p·solution
21 Printer enable
55 Printer attached

e·solutlon
Printer disable
No pnnter

el+LBL "'CIR
COtoj"

132 CF 21
83 .. M H G .• Make sure "MAG" has been run
134 i=lSTO Y
135 "'RUN Mi=lG
1ST"
136 Xo<Y?
137 PROMPT
138 FS? 55 Prio1 if prioler all ached
139 SF 21
113 DEG
11 i=lDV
12 SF 12
13 ..C IRCON" DISplay IllIe
14 i=lVIEW
15 PSE
16 CLD
17 i=lDV
18 FIX 2
19 .013
20+LBL 00 Clear lIags 0-13
21 CF IND X
22 ISG X
23 GTO 1313 ~
24 i=lON W
25 " P 0 R e? P or e solulioo?

26 STOP
27 i=lSTO X
28 "p"
29 i=lSTO Y If P, Se1 flag 7
30 X=Y?
31 SF 07
32 VIEW X
33 CLD
34 "SPIRi=lL? Spiral reinforcing?

35 STOP
36 i=lSTO Y
37 "y ..
38 RSTO X
39 X=Y? If so, set flag 1
413 SF 01
41 ROFF
42 .005
43 STO 06 Data input
44 "FY=""
45 XEQ 01
46 ""Fc=""
47 XEQ 01
48 "D=""
49 XEQ 01
50 "D1="
51 XEQ 01
52 ..i=lS1="'



53 XEQ 01 112 X>Y?
54 "N=" 113 SF 87
55+LBL e1 Control routine for data input 114 RDN
56 PROMPT 115 RCL 13
57 ARCL X 116 1 E-8
58 STO IND 117 "'MX='"

86 118 PROMPT
59 FS? 21 119 X>'8?
6e AV IEI,J 128 X<>Y
61 ISG 86 121 RDN
62 RTN 122 '"63 24 Size check 123 XEQ 83
64 RCL 85 124 RCL 14
65 + 125 R1"
66 "SIZE>=" Display minimum size 12~ "MY='"
67 ARCL X requirement if necessar,.. 12 PROMPT
68 1 128 X>'8?
69 - 129 X< >y
78 SF 25 138 RDN
71 RCL IND 131 '"X 132+LBL 83 Conlrol for da~~ -,:Jul
72 FC?C 25 133 l=lRCLX
73 PROMPT 134 STO IND
74 CLD 17
75 RCL 86 Move counter from R6 Ie S 17 135 FS? 21
76 STO 17 136 l=lVIEW
77 RCL 88 137 ISG 17
78 29 E6 138 RTN
79 /" 139 12
88 STO 86 Computety 148 '"

,
81 _85 141 RCL 13
82 STO 07 142 12
83 4 E3 143 :+:

84 RCL 81 Check concrete strength 144 R-P
85 x<=y? I,' > 4000 pSi 145 x<>y
86 GTO 82 146 STO 16 limit angles 0"" < t:.. =5 90'-'
87 X<>Y 147 X=8?
88 - 148 GTO 18
89 1 E3 Oeducl .05 from B for each 149 98
98 /" 1000 psi > 4000 150 X=Y?
91 INT 15!! GTO 18
92 .85 152 RDN
93 '" 153 X<>Y
94 ST- 07 154 RCL 12
95 RCL 07 but nolless Ihan :065 155 STO 88
96 .65 156 FC? 87
97 X<=Y? 157 /"

98 X< >Y 158 STO 15
99 STO 87 159 XEQ 29 Prepare for rebar data

1e8+LBL 82 Data inpul 168 ADV
1e1 12.014 161 "REBl=lR "

1e2 STO 17 162 -f-COORDI
103 CLX Nl=lTES'"
1e4 .81 163 l=lVIEW Coordinate inpUI
185 -P=" 164 CLD
106 PROMPT 165 RCL 82
HI7 X=8? 166 2
188 X< >Y 167 /"

109 XEQ 83 168 RCL 03
110 FC? 07 169 -
111 _1 17'" STO 22



171 -C/"S?" Circular or square? 228 -
172 AON 229 COS
173 STOP 23e '"174 ASTO X 231 RTN
175 "S" • 232+LBL e7 Compute concrete force
176 ASTO Y 233 ADV
177 X=Y? 234 RCL e1
178 GTO e4 If square, go to 04 235 .85
179 CLD 236 '"18e l=lOFF 237 PI
18l -FIRST 8 Circular input 238 4
l=lR.<:?.. 239 /"

182 PROMPT 24e RCL e2
183 STO 23 241 X1"2
184 36e Automatic bar placement 242 '"185 RCL 05 243 '"186 /" 244 STO 12
187 STO 2e 245 RCL e5
188+LBL 25 246 RCL e4
189 FC? 55 247 '"190 SF 21 248 STO Y Check sleel percentage
191 RCL 23 / 249 PI
192 RCL 22 250 4
193 "Rb=" 251 /"

194 ARCL X 252 RCL e2
195 "f- .<:=.. Print polar coordinales 253 X1"2
196 ARCL Y 254 '"197 l=lVIEW 1 255 /"

198 XEQ 06 256 .e1
199 STO IND 257 X<=Y?
17 , 258 FS? e0
200 RCL 28 259 SF e5
2lH ST+ 23 26e RDN
282 ISG 17 261 .e8
2e3 GTO 25 262 X>Y?
284 CLD 263 FS? e5
285 GTO 87 264 FS? ee
286+LBL 84 265 GTO 17
287 l=lOFF 266 -P>8%I'1AX
288+LBL 26 Rebar square coordinate input ..
289 "X ENT Y 267 FS?C e5..

268 -P<l%MIN
218 PROMPT ..
211 -X=" 269 l=lVIEW If P > 8% max or P < 1% min of
212 l=lRCLY 27e PSE code, then display warning and exit
213 -f- Y=" 271 "A.C.I.
214 l=lRCLX CODE"
215 l=lVIEW 272 l=lVIEW
216 X< >Y 273 PSE
217 R-P 274 GTO 21
218 XEQ 06 275+LBL 17
219 STO IND 276 RCL Z
17 277 29 E6
220 ISG 17 278 RCL e6
221 GTO 26 279 '"222 GTO 07 28e RCL el
223+LBL 06 Control routine lor input 281 .85
224 X< >y 282 '"225 RCL 16 283 -
226 X>Y? 284 '"227 X< >y 285 ST+ 12
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286 .7 344 *
287 ENTER't 345 RCL X

288 .75 346 SIN

289 FC? 81 347 -
298 X< >Y 348 RCL 82

291 .8 349 X't2

292 * 358 8

293 ST* 12 351 /

294 1 E3 352 *
295 ST/ 12 353 XEQ 139

296 SF 21 354 STO 12 p

297 "<.8>PMI=l Print 80% Pmax 355 RCL 21

X=" 356 SIN

298 RRCL 12 357 3

299 RVIEW 358 Y1'X

388 CLD 359 LRSTX

381 RDV 368 ./

382 SF 138 361 RCL 21

3133 .1383 362 RCL X

384 STO Y Compute balance condition 363 COS

385 RCL 86 364 RCL Y

3136 + 365 SIN
3137 / 366 *
3138 STO 88 Cb 367 -

389 XEQ 29 368 /

310 RCL IND 369 RCL 02

I 17 378 *
I 311 ISG 17 371 RCL 12

I 312+LBL 27 Determine most distant bar 372 *
313 RCL IND 373 STO 13

17 374 GTO 138

314 X>Y? 375+LBL 05

315 X< >Y 376 STO 113

316 ISG 17 377 PI

317 GTO 27 378 4

318 RBS 379 ./

319 RCL 02 380 RCL 02

320 2 381 X1'2

321 / 382 *
322 + 383 XEQ 139

323 STO 213 Store distance 384 STO 12 MR

324 ST* 08 385 8
325+LBL 28 Analyze seclion 386 STO 13

326 RI=lD 387+LBL 88

327 RCL 08 Compute stress block area 388 DEG

328 RCL 137 and incremenl 389 XEQ 29

329 * 398 XEQ 113

338 RCL 132 391 XEQ 22

331 X<=Y? 392 RCL Z

332 GTO 85 393 ST'" 13

333 2 394 ST* 12

334 / 395 RCL 15

335 STO Z 396 RCL 13

336 X< >Y 397 RCL 12

337 STO 113 398 /

338 - 399 1 E3

339 X<>Y 488iST/ 13

340 / 481'ST/, 12

341 I=lCOS 482 RDN
342 STO 21 403 FC?C 08

343 2 484 GTO 11



405 SF 21 Balance condition output 465 DSE 18
406 -ebR=" 466 GTO 16
407 RRCL X 467 SF 21
408 RVIEW 468 TONE 9 Tone if solution found

409 -MbR=" 469 CLD
418 RRCL 13 478 ADV
411 RVIEW 471 RCL 16
412 -PbR=" 472 RCL 13
413 RRCL 12 473 12 Convert resolved moment to x and y
414 RVIEW 474 /'

415 "cbR=" 475 P-R
416 RRCL 88 476 STO 13
417 RVIEW 477 X<>Y
418 "B.<:=·· 478 STO 14 Output solution
419 RRCL 16 479 -P="
4213 RVIEW 488 I=lRCL12
421 RCL 15 481 I=lVIEW
422 FS? 137 482 -MX="
423 RCL 12 483 I=lRCL13
424 STO 19 484 I=lVIEW
425 X>Y? 485 -MY="
426 CHS 486 I=lRCL14
427 2 487 I=lVIEW
428 ./ 488 -cR="
429 ST./ 19 489 I=lRCL08
438 3 498 RVIEW
431 STO 18 491 RCL 14
432 CF 21 492 RCL 13
433 "COMPUTI Display lor long caicuiallpn 493 R-P
NG" 494 RCL 12
434 l'1VIEW 495 ./

435 GTO 15 496 -ecR="
436+LBL 11 497 RRCL X
437 RCL 12 Check P ~ 0 498 I=lVIEW
438 1 E-8 499 29 E6
439 X>Y? 5138 RCL 86
448 GTO 14 501 *
441 RDN 582 STO 00
442 RDN i 503 GTO 21 Exit
443 FS? 07 584+LBL 16
444 XEQ 28 585 RCL 19 Increment or decrement
445 RCL 19 586 ST- 88
446 x<ep 587 2
447 GTO 12 508 RCL 18
448 RDN 509 X••••Y?
449 X<=Y? 518 GTO 16
458 GTO 14 511 2
451 GTO 15 512 ST/' 19
452+LBL 20 Rouline lor P search 513+LBL 16
453 RCL 12 514 1 E1
454 RCL 15 515 ST/' 19
455 RTN 516 GTO 15
456+LBL 12 517+LBL 10
457 RDN 518 .003
458 X>Y? 519 RCL 88
459 GTO 14

Increment or decrement c\ 520 /'

460+LBL 15 521 STO 89
461 RCL 19 (neutral axis) 522 GTO 31
462 ST+ 08 523+LBL 89
463 GTO 28 524 .85
464+LBL 14 525 *



526 RCL 01 58~IRCL 02
527 * 585 X1'2
528 RTN Indirect conlrol for steel 586 *529+LBL 29 587 RCL 01
530 RCL 05 588 *
531 23 589 .1
532 + 590 *
533 1 E3 591 1 E3
534 /' 592 /'

535 24 593 RCL 00
536 + 594 X>Y?
537 STO 17 595 RTN
538 RTN 596 RCL Y
539+LBL 31 Compute bar force and moments 597 X<>Y
540 RCL 10 598 -
541 RCL 02 599 X< >Y
542 2 600 /'

543 /' 601 5
544 RCL IND 602 /'

17 603 +
545 - 604 .9
546 X<=Y? 605 X>Y?
547 SF 02 606 X< >Y
548 RCL 08 607 STO Z
549 X< >Y 608 RTN
550 - 609+LBL 18 Error routine

551 RCL 09 610 BEEP
552 * 611 CF 21
553 STO 11 612 .. ERROR
554 X<0? ..
555 SF 83 613 AVIEW
556 ABS 614 PSE
557 RCL 06 615 GTO 21
558 X>Y? 616+LBL 19
559 X<>Y 617 .85
560 FS?C 03 618 RCL 01
561 CHS 619 *
562 29 E6 620 -
563 * 621

1
RTN

564 FS?C 02 622+LBL 21 Exit routine

565 XEQ 19 623 ADV
566 RCL 04 624 CLD
567 * 625 CF 21
568 ST+ 12 626 AON
569 RCL IND 627 "NEW PRG See if user wants new program

17 M?"
570 * 628 STOP
571 ST+ 13 629 ASTO Y
572 ISG 17 630 .. y"

573 GTO 31 Reiterate 631 ASTO X
574 RTN 632 X""Y? Ir not, exit. else get new program

575+LBL 22 Compute ~ 633 GTO 23 name and read in

576 .7 634 -PRGM NA
577 ENTER1' ME?"
578 .75 635 STOP
579 FC? 01 636 AOFF
580 X<>Y 637 READP
581 PI 638+LBL 23 Clean up display and quit

582 4 639 AOFF
583 /' 640 CLX



r~~~:~~::;:,:~~"0;::1:0 ~";~:~;;;",:.::~,::;
" . tangular shaped concrete beam with any compressIon/tension

reinforcing Whether or not compression reinforcing is needed .
When compression reinforcement is included but not required,
the program checks the strain on the reinforcemenllo deterrriine
if a yield condition eXists. If the reinforcement has not yielded,
the actual stress is computed and used. This is accomplished by
locating the neutral axis to equate the tension force to the com-
pression force and solving the resulting quadratic equation.

I •Design mode uses the Ultimate Strength Method to compute the
reqUIred steel areas and cross sectional parameter, Kma~, which
determines bdZ from a given moment. The program uses the
methods of "Building Code Requirements for Reinforced Con.
crele" (ACt 318-77)

Special Fealures

1. Oeslgr and analysis mode
2 Minim!.:;:] reinforcement check by A.C I code

Optlon:o Ilm!t reinforcement percemage 10 O.18Fc'iFy. Un.
like the Structural Analysis Pac program. a message
"RHO>O 18c/FY" ISdisplayed if the computed percentage
IS greater. Instead of computing the reinforcement. This al.
lows the user to change bean dimensions or use As as
O.18Fc . bd"'Fy and add, if deSired, compression reinforcing.
In analysIs mode, a section is easily checked for capacity
Afler a completed run in deSign mode. an analysIs check
may be executed us!ng the reinforCing selected by the user.
Depth to compression steel cen[rOIO d 1, IS automatically
prompted for when compression sleells required in the de-
sign mode an.d always prompted for 101 the analysis mode
An Inpu~ of 0 IS allowed If no compress:on remforcement is
being used.
For T beams the neutral aXIs is always located. If it falls with-
in the flange, the section will be deSigned and analyzed as a
rectangular beam with the width equallo the 11angewidth .

M" ( 1 ~K~--=pF 1--pm
~bd2 y 2

M,~(COrT)(d-f)

p~;;(1-0)
(CorT)a~---
0.85F,·b

200
Pmin =--

Fy

_ a 85BrF,' ( 87000 )Pb----
I, 87000 + Fy

B, ~ 085 _ 0.05 (F,· - 4000)
1000 2: 0_65

Me ~ C, ( d - B~C) + C,(d-dl)

C ~ ( 87000 ) d
b 87000 + Fy

c = Mn - Mnc

, d - d1

A' = C,
, Fy - 0.85 F,"



·It is noted that the components of the compressive force nomi·
nally are the portions carried by the steel and by the concrete,
respectively. For the convenience of knowing the point of action,
however, the compressive force in the concrete is taken larger
than the real amount by stressing O.85Fc· over the steel area,
whereas the compressive force in the steel is taken less by the
same amount. The total compressive force is correct. The com-
ponents Cc and Cs will be computed this way in the program
(See NOTE.)

\;0;= This method was not used ""! the Structural Analysis Pac
See reference in Structual Anal': s;s Pac Manual For this pro·
gram see Wang and Salmon, 3rd ::d:llon 1979

'.,-'Jilr. '\A. vvithin the flange (deter""-:ined by program) see rectan·
;;ular sections

, (b - b1)t . 0851,
r'sl=

Fy

M" ~ A"Fy ( d -+ )
K = Mn - Msf

bd2

".€s<~
E,

·-B + VB2 - 4ACC~------
2A

-B + \'B2 - 4AC
C~------

2A

Fy
€s~ E:" use Fy



a~~
o 85F .. b

min, c.\<2.0..,..- dirnlZ-nsion
+ tia... dio..'I"o\a..1'<2.'('

t YL dio., .•.••.a.rcz.'C o~ OOy 0("'
di.::.tO,Y\c"-<2. -to (,;2.nt"("oid o~ \:o.r :jYou...p

(b - bl)t . O.85F,· ( t )
F

y
.Fy d-2

~bl ---i

T ",,-dien wit\-, N.I\.
wit"", f\a",~<Z..
tXS\9na.d a.~ 0.. n,c.-tal'\~ulo.r
Slz-ctlon WIth '0\::: b.

A \ tlZ.ns\oV\

n.\nfoY"ciY'l'J

T s,,-d"on wHo.\-, N,I\.
b<.low f \a\"\5~'



a = Depth of concrete stress block
A 1 = Total tension reinforcing
A2 = Compression reinforcing
As = Steel reinforcing, tensile stress only

A's = Area of compression. sleel reinforcing
As! = EqUivalent steel area to balance force :n T beam

flange
b = Beam Width (flange width of T beam)

b 1 = Stem width of T beam
c = Location of neutral axis

Cb = Location of neutral axis at balance
Cc = Compression force In concrete
Cs = Compression force in compression 51;;;021
d = Beam depth from compression face :,) centroid

of tenSion reinforcing
d1 = Location of compression relnforce;-ent from

COlT·preSSlonface to steel centroid
~s = Moculus of elasticity for steel

F_. = UI~:;-.ate compressive strength of cc- :'ete
F'( = Yle':; slreng:h of steel

K = Fle.-ural coell'Glen!
= Fie· Jral coefficient al 75% Ph
= Des gn moment (= Mu <P:done Will'" - :.ragram,;

Mu = U!t1"nate design moment
\l,A = Ne~,ral aXIS

P = Ste02iratio A" bd
: :"5 Pb = 75:: balanced steel percentage

{c = S:r,w in concrete equal to 0 003
's = Stra,n in steel eQual to FY E\
T = Ter.slon force
t = Tt"' :m8SS 0: 'Ia'~';je
¢ = CacacJly reduction faclor: = 09 lor' sxure

OPERATING LIMITS AND
WARNINGS
1. The program deals with flexure only. A complete design re-

quires that shear, deflection (short term and long term), tor-
s!on, and reinforcing development length (see program
',qEBAR-') should be considered,

2. The program does not check span ?epth ratios
3. A thorough understanding of the pnnclples of concrete and

ultimate design is suggested.

D•.: ,']r" ,1 :,~nc·.-'t(' t~C!~~ lor fI,,',
,)1':: "S''''': 'ens ~': r€:-',;'cprnent
c, s'":~c:~".~'E!m:,fe:; ·,;·,nforc·
~ ~ ,:'"::; _~:::.':)Z ::':' ~0~ ': ;;rovtd12

a~::,"C'~3: s;,f:r-ess ~-:: support
',-' . ~.-. ~' -, ICS ~-1;1'r :'11' :1111'

rT'2~-E:::;C3C'T .. I':H t,,·- "'i~el pro

""ese

Input Function Display Comments

L-:J.d ::::'\G'.'
8e,;::'\: [XeCI CC\5~A COr--,5"

A?D? "'nal'/sl$ or Design?

0 [R S1 REC~ :- C~oose rectangular 0'

T section

[.R 51 FY~ [R S] chooses
rectangular section

40000 lA-S] Fc=
3000 [R 51 75Pb~003 Number of digits

shown depends on :.'-
display setting

[RS]" 9KMAX=78341

[R·S]" Wl0T!-!=

10 [R'S] OEPTH=
2000000 [ENTERil 2.000.C.<J0,00 Calculate deplh
10 [71 200.00000 "

783.41 [71 255.29

l\xl 1598 Use 16
16 [R 51 LMT R::JN? ,
N [R 51 MO~/=\lT=

2000 [RSI" K~868 06
[RSI" A1=444

[RSI" CHK U·OM?

[R'SI DEPTH COMP= Use 6 #8 at 4.74 in2.
add 2 #4IopA's "",04

in2

25 [R'SI Al=
474 [R 51 A2~., IR SI M=2i58.J4

[" SI" NE.'A ~'qGM'

N [R 51 0.00



2-#8
A',·A2' 1,58;n'

'"1-#11

A~=AI=6.2'iin,~

':"0a"/2: the capac,:, of the ',:.',
26' C;:"l(:rele beam .\'llh ,:. :: 1.

2G::Ci.- ana 2 #8 '.:-: Since :::11.;'
a,. ':",5 ·ess Ihan :.. = 9 .:: 'n:

'.-.s ':,;~press:on .;;:"':::: dc.cs _,):
1,:::la

F: = 5000 PSI
dl=3"

Computed moment
~ 786521 K'
= 65543 K'

M'f"' ...= ~M~ = 728,26K

iF< S]
[g 5]
[n 5]

I" SI
[R S]"
[R SI'
[P SI
[R SI

[R 51
[R Sj

[R SI
[R SI"
[R·S]

'.2~
'.~=7 865.21
X.'fW?RGM?
000

-5P[ -"-003
9KI",:,X= 111710

,',':0:,-1=
:JE?TH=

SEP'TH COMP=

Je:ermlne thE: reinforc:.'1g for the
foiJoomng "T" beam

FY = 60.000 psi
Fe = 3.000 psi
b ~ 47.0'
b' = 11 O~

d ~ 2000'
d 1 = 2.50 (if required)
T = 3.0 in,
Mu = 6,400 Kin.

Then provide reinforcing
check capacIly

SOLUTION:
Input Function

Load "CONBM"
Begm [XEQI "CONBM"

D IRSI
T [RiSI
60000 [R/SI
3000 [RiSI

[RiSI"
[RSI'

47 IR 5]
11 [R'SI
20 [R SI
3 [R 51
N [R 5]
6400 IP 51

[P S]"
(R 5]"
[R 51

0 [P 31
64 [R 51
0 [R SI

[R S]"
N IR SI

CONBM
A?/O?

RECT/T
FY~

Fc=
75Pb~0.02
9KMAX = 702.54

WIDTH~
STEM WIDTH~
DEPTH~
THICKNESS~
lMT REIN?
MOMENT~
K ~4S8 23
A1 ~646

CHK MOM?
DEPTH COMP~

Al=
A2~
M=6,35100
NEW PRGM?
000 ".'lome::l is slightly less

than cesign moment,
add different

reinforcing and re-

analyze the beam or
say Cr< Since moment
variation IS a 8%

SIZE: 21
Function Display

Choose analysis of
deSIgn mode

If analySIS .A
If design .0

Choose section type
If rectangular .. R
If T T

5. Input steel yield

strength (psi) .. FY .
Input ultimate

compressive concrete
strength (psi) .Fe

6. Output 75% balanced
sleel ratio

Output phi times
flexural coefficient

11 = 0,9 for flexure,
7. Input section

dimensions

For rectangular section
Input width (in) b

Input depth (in) .. ,d
For T section
Input width (in)

. [XEO]

"CONBM" CONBM
A?/O?

[RIS]
. [RiS] RECT/T?

[RIS]
[RIS] FY~

" [R/S] Fc=

[RIS]

· .75Pb=nn

.. IRIS)" · .9KMAX=nn
[RIS]" · WIDTH~



I Instructions InputStep Function Display Step Instructions Input Function DJsplay

Input slem width (in) b1 . [RIS] DEPTH~ Input selected
Input depth {in} .d [RIS) THIGKNESS~ CjmpreSSlon slee! area A2 [RIS] M=nn

I Input flange thickness NEW PRGM?

(in) T [RiS] 16 If you desire a new
8. For design mode, go fa program [RiSI PRGM NAME"

slep 11 DEPTH GOMP~ Key in name 01 prograr. ::ame IR/S]

9 Inpul depth 10 If you do not, " IR'S] 000
compression

reinforcement d1 [RISI . A1~ Press [R S) 10 begin
J Input tension "CONS1\.1] reinforcing area A1 [RIS] A2~ ·If printer 15 In use. you ne~d nol perform thiS keystroke.

~
10 Input compression

reinforcing area A2 [RIS] M=nn

~ 11 Go to step 15 REGISTERS, STATUS, FLAGS
DeSign Mode LMT REIN?

12 To Iiml1 reinforcement
Data Registers Status

percentage to 018 Fe 00 F\ SIZE 02' TOT R!:G 165

F, Y 'e5] 01 F ENG F!X 2 SCI
OR give a '·no·· 02 b DEG R.:.: :;~.'\,D

response ~ ',51 MOMENT= 03 bl

13 Input deSign moment 04 d Flags

(klp·ln) \~u ' 51 05 d1 K - ~._ •.•

14 OUlouts flexural 06 T # SET INDICATES CLEAR INDICATES t

C08it:Clent K = nn jf 07 At 00 T bec- Rec'""gular beam icompreSSion 08 A2 01 t..naly,= :: """"1ode Des'c::n mode

rein!orcement reqUired 09 Asf 02p'-C':=:F, p<C\8Fc;F,

DEPTH COMP- Will be to bd2 03,. (~ =:: F. E,-, Iprompted far afler 11085

oulD~JI of K '=51 Al =nn 1281
CHK rvl0M" 13 M, o 85F,

15 To compute ultnnate 14075 P,_ !calJ.;.clty using selected ~5 K.,..,a.

reinforcement Y .= 51 DEPTH CO'.'D "'" 16 caunlE:' tInput death to 17 used

comoress. rein 01 :e 51 Al= 18 A t..
Input selected tenSion 19-t3 c

~steel area Al :~ SI A2~ 20c<J,f5 '.jlPROGRAM LISTINGS ,I01+LBL "COt-! 24 "RECT/T-:> Rectangular or Tee section

BM" ..
02 CF 21 25 STOP

..
'"

03 FS? 55 26 RSTO Y
04 SF 21 27 "T"
05 SF 12 28 RSTO X If Tee section, sel Ilag 00

06 "CONBM" 29 ROFF
07 RVIEW 30 X=Y?
08 PSE 31 SF 00
09 CF 130 Initiaiize flags 32 RDV

~,

I
10 CF 01 33 FC? 55

ji 11 CF 02 34 SF 21 Size check~
re 12 CF 133 35 "SIZE>=2

!~ 13 CF 12 1..

14 CLD 36 SF 25
15 "R/D?" Analysis or Design mode? 37 RCL 20
16 RON 38 FC?C 25 If necessary,

17 STOP 39 PROMPT prompt lor minimum size

18 ASTO Y 40 .006 \.

~
) I 19 "R" 41 STO 16 l20 ASTO X 42 0

21 X=Y? II analysis, seiliag 01 43 SIO 07 ~
22 SF 131 44 S1"O 08 j23 ADV 45 STO 05

50 GONBM



- ""FY"46 106 '"XEQ 01 107 ".9KMRX=47 Flexural coetticienl
"Fe" ..48

" 49 XEQ 01 Input material properties 108 RRCL X

< 50 RDV 109 RVIEW
51 .85 110 RDV
52 STO 11 Compute 81 at 0.85 less 111 "WIDTH" Section property input
53 STO 12 .05 lor each 1000 psi> 4000, 112 XEQ 01
54 4 E3 but not less than 0.65 113 RCL 02
55 RCL 01 114 "STEM WI
56 X<=Y-:> DTH"
57 GTO 02 115 XEQ 00
58 X< >y 116 "DEPTH"
59 - 117 XEQ 01
60 1 E3 118 ISG 16
61 ./ 119 "TH ICKNE
62 INT SS"~ 63 .05 120+LBL 00•

! 64 * 121 FC? 00, 65 ST- 12 122 GTO 00

! 66 RCL 12 123+LBL 01 Control lor input, 67 .65 124 "1-=",
\ 68 X<=Y-:> 125 PROMPT,

69 >;<>y 126 RRCL X

I I 70 STO 12 127 FS? 55,
71+LBL 02 Compute p~ and r:'T'a. 128 PRR
72 RCL 00 129+LBL 00
73- RCL 11 130 STO IND
74 ,..-- 16
75 RCL 01 131 0
76 .' 132 ISG 16

~
77 STO 13 133 RTN
78 1/X 134 RDV
79 RCL 12 135 RCL 02
80 '" 136 RCL 04
81 RCL 00 137 X1'2
82 87 E3 138 *
83 ./ 139 STO 10
84 1 140 RDV
85 + 141 FC? 00
86 l./X 142 GTO 00
87 '" 143 RCL 02
88 .75 144 RCL 03
89 '" 145 -

I
90 STO 14 146 RCL 06
91 STO 18 147 '"I 92 ".75Pb=" Balanced steel ralia 148 RCL 13I 93 RRCL X 149 /

94 RVIEW 150 STO 17
95 RCL 00 151+LBL 00
96 '" 152 FS? 01
97 ENTER1' 153 GTO 03
98 X1'2 154 -LMT REI
99 1.7 N?"

100 ./ 155 RON
\.

1 101 RCL 01 156 STOP~
l

,;/ 102 ./ 157 RSTO Y
103 - 158 ..y"

~ 104 STO 15 159 RSTO X

j 105 .9 160 ROFF

GONBM 51



J;,

161 X=Y? 2213 PROMPT
162 XEQ 138 221 ~RCL X
163 ~DV 222 FS? 55
164 ~MOMENT= Input design moment, Mu 223 PRR

..<.... 224 X< > 135
165 PROMPT 225 FS? 131
166 ~RCL X 226 GTO 131
167 FS? 55 227 RCL 113 Compule com presion reinforcing
168 PR~ Mu 10 Mn by Mu/O.9 228 '"169 •9 229 RCL 134
1713 / 2313 RCL 135
171 1 E3 231
172 '" 232 /

173 STO 16 233 STO 213
174 FS? 1313 If Tee beam, 234 RCL 130
175 XEQ 139 check local ion of stress block 235 87 E3
176 RCL 134 236 +
177 X1'2 237 LRSTX
178 RCL 133 238 /

'1· 179 '" 239 RCL 135
1813 STO 113 2413 '"181 / 241 RCL 134,

"l 182 "K=" Corr,pule K = MU/bd2¢ 242 /

183 ~RCL X 243 CHS
184 ~VIEW 244 1
185 RCL 15 If K < K",a•. compute A 1 for 245 +
186 X<=Y? single reinforcemenl 246 87 E3
187 GTO 133 24(' '"

f
188 RDN 248 RCL 130
189 RCL 13 249 X<=Y-:>
1913 '" 2513 >::< > 'y'

I 191 2 251 RDN
192 '" 252 RCL 131

Ii 193 RCL 1313 253 .85

II 194 / 254 '"
I 195 CHS 255
d 196 1 256 /i: : 197 + 257 STO 08 A2

198 SQRT 2S8 RCL 15
199 CHS 259 RCL 03
213131 260 '"2131 + 261 RCL 134
2132 RCL 13 262 '"2133 / 263 87 E3
2134 RCL 18 264 RCL X
205 X<Y? 265 RCL 00
206 GTO 11 266 +
207 RDN 267 /

2138 RCL 03 268 RCL 12
2139 '" 269 '"210 RCL 04 270 .375
211 '" 271 '"212 STO 07 272 CHS
213 GTO 134 273 1 !214+LBL 03 Double reinforcemenl required 27~ +

) 215 FS?C 02 27 /
./ 216 GTO 11 276 RCL 213

"217 277 +
STO 135218 278 RCL 013

l219 "DEPTH C 279 /

OI'1P=" 280 STO 07 Al ~

"i52 CQNBM

~~
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281+LBL 04 340 -
282 RCL 17 341 RCL 02
283 FS? 00 Add to A 1 equivalent 342 RCL 03
284 ST+ 07 Tee beam flange reinforcement 343 -
285 RCL 07 344 RCL 06
286 RCL 03 345 '"287 RCL 04 346 RCL 13
288 '" 347 / If As! > A1,
289 200 348 STO 17 analyze as a rectangular section

290 RCL 00 349 RCL 07
291 / 350 STO 09
292 '" 351 X<=Y?
293 "~MIN=" 352 GTO 10
294 RRCL X 353 RDN
295 X>Y? 354 ST- 07 Else subliact As! from A 1
296 ~VIEW 355 '"297 "~1 =" 356 RCL 00
298 ~RCL 137 357 '"299 RVIEW 358 STO 16
3130 RCL 138 359 RCL 07
301 X<=0? 360 RCL 03
3132 GTO 013 361 RCL 04 Check P ~ A l/bd
303 "R2=" 362 '"3134 ~RCL X 363 /

I 305 ~VIEW 364 RCL 14I
I 3e6+LBL 013 365 X<=Y? If < 0.75 Pb, check strain on

3137 "CHK MOM Aller se-:'::!ing relnlorcement, 366 GTO 05 compressive reinforcement if it
?. chec~ uitimate moment if desired 367 RCL 01 exists. If fs > F/Es, go to 05

3138 ~ON 368 RCL 11
3139 PROMPT 369 '"310 ~STO Y 370 STO 13
311 "y" 371 RCL 03
312 ~STO X 372 '"313 l=\OFF 373 RCL 12
314 X",Y-:> II not, e-~,I 374 '"315 GTO 06 375 STO 18 A
316 1 Set up slack tor label 3 relurn 376 RCL 05
317 ENTER1' 377 RCL 08 Compule 8
318 0 378 '"319 ~DV 379 29 E3
3213 SF 01 380 '"321 GTO 03 381 RCL 13
322+LBL 01 382 RCL 08
323 "R1=" 383 '"324 PROMPT Input sUDolied reinforcemenl 384 -
325 ARCL X 385 RCL 07
326 FS? 55 386 RCL 00
327 PRR 387 '"328 STO 07 I 388 -
329 "~2=" 389 STO 19 Siore B
330 PROMPT If Tee beam, compute eqUivalent 390 RCL 05
331 ~RCL X moment and As! 391 X1'2 Compute C
332 FS? 55 392 RCL 08
333 PRl=\ 393 '"334+LBL 12 394 29 E3
335 STO 08 395 '"336 RCL 04 396 CHS
337 RCL 06 397 STO 20 Siore C
338 2 398 RCL 19
339 / 399 X1'2.'



488 RCL 18 459+LBL JSolve quadratic equation 85 Compute Lilimate capacity if

481 RCL 28 468 RCL 07 compress:lQn sleel yields or check :~

402 >I< 461 RCL 00 yield and use actual f's if nol

4133 4
,.

462 >I<
484 >I< 463 LRSTX
485 CHS 464 RCL 20
406 + 465 FS? 83
487 SQRT 466 X< >y
488 RCL 19 467 RDN

I 489 CHS 468 RCL 01
';.f 410 + 469 .85:. 411 RCL 18 470 >I<

412 2 471 STO 13
:i1; 413 >I< 472 -

414 / 473 RCL 08
'1 415 STO 19 C (neutral aXIs) 474 >I<
.- 416 RCL 12 475 STO 18 C.

417 >I< 476 -
418 RCL 06 Cc~pare A Ie T il ' ':;<.1$15 477 RCL 13
419 X>Y? 478 RCL 03
4213 GTO 10 479 >I<

421 RDN 480 /

422 STO 20 481 STO 20 C,

423 2 482 LRSTX
424 / 483 >I<
425 CHS 484 RCL 04
426 RCL 04 485 RCL 20
427 + 486 2
428 RCL 18 C, 487 /

429 RCL 19 488 -
430 >I< 489 >I<
431 >I< 490 ST+ 16
432 ST+ 16 491 RCL 18
433 .003 492 RCL 04
434 RCL 19 493 RCL 05
435 / 494 -
436 LRSTX 495 >I<

437 RCL 05 496 ST+ 16
438 - 497 FS?C 03
439 >I< 498 GTO 07
440 29 E6 499 RCL 20
441 >I< 500lRCL 12
442 RCL 00 Fs or FY 501 /

443 X<=Y? 502 .75 Check compressive steel yield

444 X< >Y 503 /

445 RDN 504 .803
446 RCL 13 505 X< >Y
447 - 506 /

448 RCL 08 C, 507 LRSTX
449 >I< 588 RCL 05
450 RCL 04 509
451 RCL 05 510 >I<
452 - 511 29 E6
453 >I< 512 >I<
454 ST+ 16 513 RCL 00

) 455 13 514 X<=Y? I456 X>Y? 515 GTO 07
457 GTO 12 516 SF 03
458 GTO 07 517 X< >Y If not yielding, go to 05

54 r:'":~I8M ,~
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518 STO 28 566 /
,
4519 0 567 - ,",

5213 STO 16 568 RCL 17
521 GTO 05 569 >I<

. ;".:/ '522+LBL 07 570 RCL 00
523 .9 571 >I<
524 ST>I<16 572 -
525 1 E3 573 RTN
526 ST/ 16 Oulpul ultimate momenl, Mu 574+LBL 10 Set Tee beam to rectangular beam
527 "M=" 575 RCL 02
528 l=lRCL16 1 i 576 STO 03
529 l=lVIEW I 577 CF 80
530 GTO 86 Exit 578 RCL 16
531+LBL 08 579 FC? 01
532 SF 132 COfT':pute 0.18 I:'/l~ 588 RTN
533 .18 581 0
534 RCL 01 582 STO 06
535 >I< 583 RCL 09
536 RCL 00 584 STO 07
537 / 585 RCL 08
538 STO 18 586 GTO 12

i
539 RTN 587+LBL 11 Reinforcing limit message
54e+LBL 09 588 -RHO>.18
541 RCL 04 Ask for Tee beam FC/FY"
542 RCL 06 589 l=lVIEW
543 2 590 PSE
544 / 591+LBL 06 Exit rouline
545 - 592 RDV
546 RCL 130 593 CLD

} 547 >I< 594 CF 21
548 / 595 RON
549 RCL 02 596 -NEj.lPRG Ask if new program desired
5513 RCL 04 M?"
551 >I< 597 STOP
552 / 598 l=lSTOY
553 RCL 04 599 -y"
554 >I< 680 l=lSTOX
555 RCL 13 601 X""Y?
556 >I< 602 GTO 12 If not, exit, else gel name and read in
557 RCL 12 603 -PRGM Nl=l
558 / ME?"
559 RCL 06 Check location 01 "a" to flange 604 STOP
5613 X>Y? 685 ROFF
561 GTO 10 606 REl=lDP
562 RCL 16 607+LBL 12
563 RCL 04 688 l=lOFF Clean up stack and quit
564 RCL 06 609 CLX
565 2

I f CONBM 55



"MWALL" uses the evaluation of forces based on static eqUilIbri-
um of?:F = 0 and LM = 0 to analyze a reinforced masonry shear
wall.

The necessary input describing the wall properties are deter-
mined by the user, The basis of analysis is to equate tension 10
compression of internal and external forces and moments to
compute the location of the neutral axis, When the neutral axis
has been calculated by using the quadratic equation, the indi-
vidual forces may easily be computed and hence the required re-
inforcing steel area. A check must be made on the computed 1m

(actual masonry stress) to determine If the allowable stress has
been exceeded.

F,~02f{ - ( :~~) 'J

K~~
d

A ~~
, f,

v(+ tfm (I - d') ) 2 - 4 ( +tfm )

2 ( +) Imt

P
I~~

r-J:" ~

1 1 ""i"r-
t
i

:t-d' ! l-,*

A = Area of reinforcIng steel required (in2)
C = Compression force (kips)
d = Distance to steel centroid from compression

face (tn)
d1 = Distance to steel centroid from tension

(cracked) face (in)
fs = Steel stress (pSt)

fm = Mas'onry stress (psi)
K ~ Un braced length
L ~ Length of wall

M ~ Moment (klp·lt)
n = Modular ratio Es/Em
P = Axial load in kips
T ='Tenslon force In kIps
t = Thickness of wall



F·2 f"m = 3.000 pSI

k = 134 k
n = 10
WaliNo 1

fs = 20.000 pSI max

aa:a
'':" - '::~I,na~block
'.J = -;:.J ~

Lea:: ')\;'J,:..l.L'·

Se<:-: [XEO! '/W";LL' MWALL

SIZE> = 17

[XEOj SIZE"' SIZE ___
!R 5] WALL NO
[r:. S] ·~O 1

T~
~:.,; ~R5J L~

[R 5) d1 =
;;4 Sj H"'"

" [H S] P~
,~ '::{S] M~

'): " S: FM=

:-x( "e SI N~

'0 [R Sj A=254
[R S)" F = 1104,86
[R Sj' Kd=3369
IRSI' FS~17.80907
[R'S]" C~ 17924
IR Sr T~4S24
IRSI' INPUT NEW F?
[R Sj NEW PRGM?
IRS] 0.00

StJp Instructions

load program

Begin

Step Instructions Input Function Display
3 Input walt number .n . [RiS] T~

Input wall thickness (in) t IRiS) L~
Input wall Jenglh (It) L [RS] d1=
Input distance from
tenSion lace to steel
centrOid (in) dl [R S] H~
Input height H [A S] p=
Inpul axial load (K) p [R'S] .\1=
Input moment (K It) M .[RS] FM=
Input masonr/ stress
(psi) 1m .fA Sj N~
set size SIZE>=17
then press [R S) WALL NO
Input modular rallo (Es'
Em) [A 5j
Outputs

Area 01 requ,'ed
reu"lforcing steel ":"=n .•
Aclual masc,~ry stress fR 5!- =: =nn
NelJ~ral aXIS fR Sj' -<.d=r:n
Steel stress [R ':. ::S=r,n
Compression 'orce IR S,' :=r,n
TenSion lorce- [A S(

[A S,· \PUT NEW F?
If C<Por Is IS higher
than allowable stress,
try a lower va,ue lor f I {R Sj
or simoly press fR S! \:'W PRGM?

6a If you desire a new
program [R Sj P=iGr,,1 ~JM.-1E?
Input name name [R 5]

6b Or press
"

(R SI GOO

REGISTERS, STATUS, FLAGS
Data Registers Status

001
01 L

02 dl
03 H
04 P
OSM
06 FM
07 n
08 d

091
10 a
11 b,k
12 fs
130211 - (12b/40t)J]
14 fa
15 counter, c
16 T

SIZE 017
ENG

DEG

TOT R:'G 73
FIX2 sel
RAD GR:.O

# SET INDICATES
12 Double-wide print
13 Print lower case
21 Printer enable
25 Error ignore on

55 Printer attached

CLEAA INDICATES
Single-wide print
Print default case
Printer disable

No error ignore
No printer







"TILTUP" is a program for thedeslgn of cast in place concrete or
precast concrete tilt-up walls using the Ultimate Strength De-
sign method. With tilt-up walls, the presence of latera! loads and
high end eccentricities together with the influence of variable
moment of inertia and effects of deflections presents a complex
problem for analysis. By the use of numencal methods, this pro·
gram provides a solution to the problem, Slenderness limitations
are

The wall panel is considered h:ngec along ~s loaded edges and
free along Its vertical edges. Latera~ restra"l otfe~ed by the floor
slab depends on construction details bet ,',.een wall panel and
slab. It adequate restraint is deve10ced bJ :'1e slab the reduced
unrestrained height of the wall ma: oe ao ,antageously used

f~ =~
Kd

Kd=~
fe + fy

J ,-'d (. () ,
Me = bfc' 2.3 2) xdx ~ 1.35 2 xdx

~=o ~c, ~o

500 of:: (07(-, - 168 a(,:~l(K'J)::'

500 ble (1 :':': - 225 f(2)(Kjl

~ A,f, (d -~) + [~ - Kd (_44_0,,_-_2 -1 ')
2 2 587tc - 3

[
h (·440,,-2 )J]+ - + Kd ---- - 1 Fc

2 587" - 3

"(KI,,j' (p", + f)
MA = M, +



r y"

TM
"

c:J <i-r- R.
I

I

!q,.u. !

i ,,~
p~

t:::::l

TAjF
J

t
II
II J- h/,-

~
I h/-K,'J I

dl 1 ~----- d---

~--" ----

.::.,= ::mplrlcal coefficient
":"S = Steel area required
b = Unit 'Nal! ·t.'ldth, 1 foot
d = Distance to steel centrolej
e = Eccentriclt'l to center line ot ','.'311
': = Eccentricity to center line at wall (In)
": = S!:~S"';:'SS S:'2:" 'So eo :~~':: -.; e;';:~
" = :~~ ::-~:.:. :':'':::','~ ,=::.~'., _2::;'2"

t = S[eel s!ra:n
F~ = Stressf: = Stress of concrete at any pOint
fc' = Ultimate concrete strength (ksl)
I.,.= Yield strength of steel (ksl)
h = Totallhlckness (in)

K: = Depth of stress block
KI, = Lateral unbraced length (lrl)
,'0\ = ApplIed moment
,"1. = Internal moment
M, = Resisting moment
Mc = Concrete moment
PO = Additional moment caused by axial load x wall

(jetlect:on

~

d"-11-- _ Maximum

-- ....., COmprE.55\OI'\ b\oc..k..
, 1

1 I
I

I I I

c.ompt'"<Z.~):)ion re.bo.r
ncz~la:.ctll.d.

Pu1 = Live load + dead load, top of 'Nail (kips)
Pu2 = Dead load, top of wall
qu = Lateral uniform load, if it exists (kif)

o = Internal rotation
OMr = Resisting moment (k-in)

(p = Capacity reduction factor

OPERATING LIMITS AND
WARNINGS
1. For <p< 0.7 increase H, d, or eo
2, For €e> 0.002 increase H, d, or e.
3 For KVh > 50 increase H. d, or e.



Determine ;' the lilt-up wall
shOwn is ade-:'Jate for the follow·
ing given date.
Pul = 1.101-:
Pu2 = 0.963 •.

h = 55 (in)

d = 2.75 (in)

e = 625 (in)

q" ~ 0028 kif
Klu = 240 (in)
Fe' = 4 kSI
Fy = 60ksi

loadTlU:...::

Degln \}.~:-: TtlTUP· TilTUP
SIZE =17

Ii,:. 'SIZE SIZE ---
C,'7 [" PU1=

10 [~ PU2~
963 I" H~

.j S - [= d~

2 15 it: e~
"' <325 1= OU~

:28 '0 KlU=
E ;:.,::] I" FC=

[e FY=

60 [" t.S"'019<Ozg",,>
[F EC~8 25 E-4

.' IP MR~3051

Ii [P MA~30 22

[F NEW PRGM?

N [R 000

. [XEO]
"T1LTUP" TllTUP

PU1=

Step Instructions Input Function Display

Input live load -7- dead
PU2~load (kips) Pc' [R/S]

Input dead load, top
H=half of waU (kipS) Pu2 [RIS]

Input total thickness (In)h [R'S] d=

Input distance to sleet
centrOid (in) [R'S]

Input eccentriCity to
::'U=center line of wall (In) e [R'S]

Input lateral uniform
;'::lU=load (kips:llneat It) qu [RISI

Input lateral un braced

length (In) KI [R 51 =c=

Input ultimate concrete
={=strength (ksl) L [R 51

InplJt Ylcld strenqth of
steel (ks1) [R 51
Outputs
steel arca rCQUIrerj ':'S=nn

IR Sr ::C =nn

f<2S,SiInU moment ~k I', [R 51" '.';:;=nn

appi1ed momen1 fk [R Sr '.'';=nFl

[R Sr '.='N PRG\'

'.f a new orogrRrr .~

desired fR 51 ::::>G,'vlNN.'::"

~e, In deSirr:u p')0rarn
na~e [R
::''3e press \; [R S1 - :D

REGISTERS, STATUS, FLAGS
Data Registers Status

00 P

01 ?,;"
02
03 h
04 d

05 e
06 qo
07 kl"
08 Fe
09 F.
10 As

11 Et
124>

13M,
14 Fc& MA

15
16 control, <PMR

SIZE::1!
ENG

DEG

TOT R:::':' 92
FIX 2 SC
RAD GP'~

# SET INDICATES
12 DOtJble-wide print
13 Print lower case

21 Pnnlcr enabte
22 Daia entry
55 Printer atlacl1ed

CLEAR INDICATES
Single-\'.tce pllnt

Print default case
Printer disable
No data entry

No printer



81+LBL "TIL
TUP"

(:12 C F "2 1 In',t~alize
83 FS? 55
84 SF 21
85 F n, 2
86 HDV
(:17 SF 12
88 "TILTUP"
89 HVIEW
18 PSE
11 CF 12
1 2 .. S I Z E >= 1 S oe check

13 SF 25
14 PCL 16
15 FC?C 25
16 PROMPT
17 HDV
18 1.889
19 STO 16
28 "PU1="
21 XEQ 81
22 ··PU2:;;:·'
23 XEQ 81
24 SF 13
c..._' "H="
26 XEQ 81
27 "cj="

28 XEO 01
29 "e="
38 >,EQ 81
31 "QU="
32 XEQ 81
33 "KLU="
34 XEQ 81
35 "FC="
36 XEQ 81
37 "FY="
38+LBL 81 Input control routine
39 PROMPT
413 STO IND

16
41 HRCL :x:
42 FS? 21
43 HVIEW
44 ISG 16
45 RTN
46 CLD
47 CF 13
48 58
49 RCL 87 Check il Kljh > 50
58 RCL 83
51 /

52 X>Y?
53 GTO 85
54 RCL 81
55 RCL 1212 Calculate and slore P1I

56 +
57 STO 88
58 6
59 /

6121RCL 88 Calculate and store ,p = 0.9 - ~
61 / 6lc'h

62 RCL 83
63 /

64 CHS
65 .9
66 +
67 STO 12 Store ,j,

63 .7
69 X<='{? If 'I' ~ 7, displa/
78 GTO 82
71 ··PHI<8. 7

72 HDV
73 HVIEW
74 PSE
75 "INCREHS

E H.d.e"
76 AVIEW
77 PSE
78 GTO 1216
79+LBL 1212
8121RCL 1216
81 RCL 1217
82 X1'2
83 '"
84 96
85 /
86 RCL 81
87 RCL 85
88 '"
89 2
913 /
91 +
92 STO 13
93 1.25
94 '"
95 RCL 89
96 /
97 RCL 1214
98 /
99 STO 18

1ee+LBL 88
1131 RCL 1121
11212RCL 1219
1133 '"
1134 RCL 121121
11215RCL 12
106 /
107 +
108 STO 14
109 RCL 09
110 SQRT
11..-1 '"



112 18788
113 /'

114 RCL 84
115 /'

116 RCL 88
117 /'

118 15 E-5
119 +
120 STO 11
121+LBL 89
122 RCL 11
123 .002
124 X>Y?
125 GTO 83
126 ··Ec>0.00
2"
127 RDV
128 RV IE~ol
129 PSE
130 -INCRERS
E H, d ..e"
131 RVIEW
132 PSE
133 GTO 06
134+LBL 03
135 RCL 11
136 1. 15
137 '"138 RCL 11
139 X1'2
140 225
141 '"142 -
143 RCL 08
144 '"
145 6 E3
146 '"147 XEQ 04
148 '"
149 RCL 14
150 X<>Y
151 X>Y?
152 GTO 10
153 5 E-5
154 ST+ 11
155 GTO 09
156+LBL 10
157 RCL 11
158 440
159 '"160 2
161
162 RCL 11
163 587
164 '"

) 165 3
166
167 /'

168
169

64 TILTIIF

170 XEQ 04
171 '"

Same iteration 172 RCL 03

F \ FY
173 2

€ci = 1Sc;OOl:'d (empirical) 174 /'

175 +
176 RCL 14
177 '"RCL 04

RCL 03
2

178
179
180
181 /'
182
183 RCL 10
184 '"
185 RCL 09
186 '"
187 +
188 RCL 12
189 '"
190iSTO 16
191' RCL 11
192 RCL 07
193 X1'2
194 '"
195 RCL 02
196 2
197 /'
198 RCL 01
199 +

200 '"
201 9 _6
202 /'
203 XEQ 04
204 /'
285 RCL 13
286 +
287 STO 14
288 RCL 16
289 X>Y?
210 GTO 11
211 .82
212 ST+ 10
213 GTO 88
214+LBL 11
215 I'lDV
216 FC? 55
217 SF 21
218 RCL 10
219 RCL 03
220 /'
221 12
222 /'
223 1 E2
224 '"

[ ( ) ]

225 "I'lS="

~ +k, ~~~:: = ~ - 1 Fe ~~; ~~C~ .. 10

228 I'lRCLX
229 '.1--%>"



230 I'lVIEW 254 I'lV.IEW
231 "Ec=" 255 PSE
232 I'lRCL11 256+LBL 06
233 I'l•.•..IEW 257 CLD
234 -MR=" 258 I'lON
235 I'lRCL16 259 CF 21
236 I'lYIEW 268 -NEW PRG
237 -MI'l=" M?"
238 I'lRCL14 261 STOP
239 I'lVIEW 262 I'lSTOY
240 GTO 86 263 -y"
241+LBL 84 K<: subroutine = --"-'- 264 I'lSTOX
242 RCL 11 tc + f/29E3 265 X••Y?
243 RCL 04 266 GTO 07
244 '" 267 -PRGM NI'l
245 RCL 09 ME?·'
246 29 E3 268 STOP
247 /' 269 I'lOFF
248 RCL 11 278 REI'lDP
249 + 271+LBL 07
250 /' 272 I'lOFF
251 RTN 273 CLX
252+LBL 05 Klan:> 50 display
253 -KLU/'H>5
0"



"RIGID" computes the coefficients for deflection and rigidity of
masonry or concrete walls and piers for distribution of lateral
forces in a box-type structure. The walls or piers may be consid-
ered cantilevered or fixed as determined by the designer.

The user may choose to use default values for P, the unit lateral
force (1 10S),and E, the modulus of elasticity (1 . 106) or use
other values

Conc..ft2:.+1Z,. or-
rnaso\"'lrj

8 rna.sonr'j wo.lll
,(

~ d, ~ 1

Using the program default for P
and E, compute the deflection

and rigidity lor piers 1, 2, and 3,

and compute the summation of ri·

gidity. Consider the piers fIxed al
their top and bottoms.

Load "RIGIO"
8eg1n [XEO] "RIGID" RIGID

SIZE> ~05

f ' 'It .
, I I II I I'"

j..-O

Co!"\c.re.te. Of"

rf'o.5o'flrj

[XEO] "SIZE"

[RIS[

[RISJ
[RiS]

[RIS]
[RiS]
[RIS]

IRIS]
[RiS]

IRIS[
[RIS[
[RIS]

IRIS[
[RIS]
[RIS]

[RIS]
IR,S[

IRIS]

IRiS]

SIZE _
SELECT P,E? No, use default values

H~
D~
T~
FIXED WALL?
DEF~O 450

R~2.22
OUTPUT ~R?
H~

D~
T~
FIXED WALL?
DEF~0.67
R~1502

OUTPUT ~R?
H~

D~
T~
FIXED WALL?
DEF ~O 098

R=1016
OUTPUT ~R?

~R~2740
NEW pRGM?

0.00

1

J



1 )

J f

~~l" Ifl (;:11] laleral force P
rc:> Illcc"fulus of
:;:3s1Icil)

3D It 'TaU want to use
·:::2:aui; values
;:J~'1x10SE=lX106)

:':'<:SS N'
• In ,,",:Iil or PI,;(

lIll H
. , d1 :.2;' :ength or

IX~O[
RIGIO· RIGID

SELECT PE?

8b If complete [RIS) ~R=nn
NEW PRGM?

9a. II you deSire a new
program [RIS) PRGM NAME?
Key in program nam6- name . [RIS]

9b II yOll do nOI destre
anolher program N [RIS) 000
To begin a new
problem, press IRIS] RIGID
then go 10 step 3

REGISTERS, STATUS, FLAGS
Data Registers Status

00 P
01 E
021
03DH
04 ~R

SIZE OCO
ENG
DEG

TOT REG. 46
FIX 2 SCI
R':"D GR:.D

# SET INDICATES
01 Canl~:-:::'. e.r wall
12 Ooub ~. ,',Ide print

21 Pnnte- ~"abie
25 Error ;-:;re
55 Prlnte," =-t~ached

CLEAR INDICATES
Fixed wall
Single-wide print

Printer disable
No error Ignore
No orln.:er

PROGRAM LISTINGS
01+LBL "RIG 27 ROFF

IIi" 28 X=Y? rr nOl,use defaull value
02 CF 01 Initllllize flags 29 GTO 01
03 CF 21 30 1 E5
04 FS? 55 31 STO 00
05 SF 21 32 1 E6
06 FIX 2 33 STO 01
07 "R IG ID" Display name 34+LBL 04 Input section
08 SF 12 35 RDV
09 RVIEW 36 "H="
10 PSE 37 XEQ 03
11 CF 12 38 STO 03
12 RDV 39 "D="
13 "SIZE>=0 Check Stze 40 XEQ 03

CoO 41 ST/ 03.J CalculateD/H
14 SF 25 42 "T="
15 RCL 04 43 XEQ 03
16 FC?C 25 11necessary, prompt for 44 STO 02
17 PROMPT minimum size, inHialize~R register 45 "FIXED W
18 0 RLL?"
19 STO 04 46 RON
20 CLD 47 STOP
21 RON 48 RSTO Y
22 "SELECT See if user wants to specify P and E 49 ..y ..

P, E-:>" 50 RSTO X
23 STOP 51 ROFF
24 RSTO Y 52 XoOy? If not fixed, set lJag 01
25 ..y .. 53 SF 01
26 RSTO X 54 RCL 03

RfGID 67
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55 RND ::·;r-o..JE :c-~r:" 95 GTO 66
56 .3 96 GTO 64
57 '(1";< 97+LBL 61
58 4 98 -P="
59 FS? 01 99 XEQ 133
613 * 1813 "E="
61 FC? 81 181 XEQ 133
62 RDN 182 STO 131
63 RCL 133 183 RDN
64 RND 184 STO 1313
65 3 105 GTO 134
66 * 106+LBL 133 Control for input roulines
67 + 1137 PROMPT
68 RCL 1313 1138 RRCL X
69 * 1139 FS? 55
713 RCL 131 1113 PRR
71 RCL 132 1 1 1 RTN
72 * 112+LBL 136 EXll routine
73 / 113 "l:R="
74 FIX 3 114 RRCL 134 Display sum of rigidlt~,

75 SF 21 115 RVIEW
76 "DEF=" Output deflection and rlgldi1y 116 RDV
77 RRCL X 117 CF 21
78 ENTER"!' 118 CLD
79 l/X 119 RON
813 FIX 2 1213 "NEW PRG Ask If :'le',v program ces~rej

81 "f- R=" M""
82 RRCL X 121 STOP
83 RVIEW 122 RSTO Y
84 ST+ 134 123 "y"
85 CF 131 124 RSTO X
86 CLD 125 X",Y? :~ net. ext!,

87 RON 126 GTO 135 else get program naiT'e and read i"

88 "OUTPUT 127 "PRGM NR
l:R?" ME?"

89 STOP 128 STOP
913 RSTO y 129 ROFF
91 -y" 1313 RERDP
92 RSTO X 131+LBL 135 Clean up display and quit
93 ROFF 132 ROFF
94 X=Y? II output, exit, 133 CLX

else go back for more values I



"REBAR" computes the development lengths for reinforcing
sleelln concrete elements according to the "Building Code Re-
quirements for Reinforced Concrete" (A.C.1. 318-77). The baSIC
lenglh. Id• IS first computed The program prompts for data input
corresponding to several modifying factors specified in the
code

Id~ld (2_6~0:0)

AD = area of single bar
As = area of steel
db = diameter of bar
FG = compressive concrete strength
Fy = yield stress of reinforcing steel
Id = required development length

Bar# Diameter (in)

2 0250
3 0.375
4 0500
5 0.625
6 0.750
7 0.675
8 1.000
9 1.128

10 1.270
11 1.410
14 1.693
18 2.257

Area (in')

0.05
0.11
020
0.31
0.44
0.60
0.79
1.00
1.27
1.56
2.25
400



For F: = 3,000 pSI and Fy =
60.0m psi. compute the develop·
ment length for a ,=5 bar in ten·

sian located at the lap of a
member. All other factors nOl reo

quired.

For r:; = 4.000 pSI and Fy =
60.0CO pSI. compute the develop·
mentlength for a #4 bar bottom

bar with spacing> 6" with exceS
slve reinforcement of AsRiAsP =

085

[XEO] "Size'

;:'')6 [R'SI
6DOe [R·S]
300(. [R S]

IR SI

6000J [R,S]
4000 [R/S]
T [RiS)

5 [R/SI
N [R/S)

[R/S)

[R/SI
85 [RiSI
N [R'S]

[RiSI
[RIS]

N [R'S]

SIZE _

FY=
FC=
C T'

Db=
TOP'
TOP
LTWP
SPf.>=::""'

EX RE~-
SPIRAL -
GROUP <3.1>
Ld=2i
NE'II Pf:-:;'~.P
000

REBAR
FY=
FC~
GIT?

T
Db=
TOp?
LT.WT?

SPA> =67

EX REF?
SPIRAL?
GROUP? <3.4>
Ld~ 1200
NEW PRGM?

0.00

SIZE: 6
Function Display

[XEO)
"REBAW REBAR'

FY ~

Step Instructions Input Function Display

Key In yield slress::f
reinforcing steel F, [R'SI FC~

Key In compressive
concrete strength F, [RiSI CT'

For compression C [R'51
For tenSion T fR 51 Db=

6 Key I:"'. bar dlamete' In)db [R51 TCP'

7a If top bar y [RSI

7b If botlcm bar N" [R 5j IT\\'-:-~

8a If lightweight conc,=1e
Input fraction of
lightweight aggrec:::.~'2. frac [RS)

8b If regl:lar we'~tll c-'''ss
only IR 51 5P.\·~"'6'

9a If spaCing ~ 6" y [R 51

9b II spac,ny . G' N fR S! [X R:'::

lOa If neeced Irout fe:'- ~..•j

A, 'ec,--:'ed :c ,;
plO\ J'~'J

lOb if '"'::: ::'855
l1a If SO'-3' reln'o'ce:---='-'
1H) If no sc·,al

'relr~;o!cerner.t ;~
l2a Fer 3 :;ar gro~p. ".".

oro-;'a~1
14 'To e.'O"cute

ag21-

'If the (1:S;:',"1'y 31Z:': . =06· appears set SI7.E: '.0 ;;' .-:.~ l".;, 2.;;0

press (R Sj to contlr_7
··Presslng only [R 3 j " 50 indicates a ·no respons,:;

REGISTERS, STATUS, FLAGS
Data Registers Status

004<'
01 co'nlrol

02 F,
03 Fy I

04 FYiVF,_

05 Db

SIZE C':~
ENG

DEG

TOT REG 81
FIX 2 SCI
RAD GRAD

# SET INDICATES
02 IIi..! 3mJ #18 burs

12 OOljc·le,wlde print
21 Pm'!::?! enable

22 Data entry
25 Error Ignore on
55 Pnnt~r attached

CLEAR INDICATES
Not It 14 or If~:'

Single,wide pr,,'

Pnnter disable
No data entry
No error Ignore
No printer



t
if'..
i
t

)

,~~
1

81+LBL "REB
Hr;'..

82 CF 02
03 CF 21
04 FS" 55
05 SF 21
06 SF 12
1'17 "REBf=W"
08 HV IE~j
09 PSE
10 CF 12
11 "SIZE >=8

to
12 SF ....• c::'.c.. ._J

13 RCL 85
14 FC"C 25
15 PROMPT
16+LBL 21
17 ::iD\'
1c· "FY="
1'3 XEG! 81
20 STO 83
21 "FC="
22 XEQ 81
23 STO 02
24 SQRT
.:::. .~I /

2t::":, STO 04
27 "C"
21":::iSTOY
29 "I-/T""
30 HON
31 PROMPT
32 HOFF
33 RSTO X
34 VIEW X
35 X=Y"
36 GTO 02
37 "Db="
38 XEQ 01
3'3 1 6
40 X<>Y
41 ><:>y"
42 XEQ 00
43 FS"C 02
44 GTO 12
45 STO 05
4/S 4 E-4
47 >t<

41":ReL 03
49 >t<

50 RCL 05
, 51 >(1'2

,J 52 PI
53 4
54 /

55 >t<

56 RCL 04
57 >t<

Inilialize t'ia-;s 58 .04
59 >t<

60 X<Y"
61 X<>Y
62+LBL 12 Basic bar development length
63 STO 00
64 TOP? Ouestions 10 modify basic length

HSTO Z
RON
PROMPT
R'O'TOY
•• 'y' ••

RSTO X
HOFF
X=Y?
XEQ 05
6 E4
ENTER'!'
RCL 03
X>Y"
XEQ 06

LT.WT"

80 RSTO Y
81 CF 22
82 PROMPT
83 FS" 22
84 XEQ 07
85 "SPR>=6" Spacmg .2: 6"?

86 RSTO Z
87 RON
88 PROMPT
89 RSTO Y
90 '.y..
91 RSTO X
92 ROFF
93 X=Y"
94 XEQ 01":
95 "EX REF? If needed, key in As provided/As

required ralio

96 RSTO Y
97 CF 22
98 PROMPT
99 FS? 22

180 XEQ 09
un "SPIRRL? Spiral reinforcing

102 HSTO Z
103 HON
104 PROMPT
Hl5 HSTO Y
106 ..y.'
107 RSTO X



188 ROFF
189 X=Y?
118 XEQ 18
111 CF 22
112 .,GROUP?
<3,4>"
113 RSTO Y
114 PROMPT
115 FS? 22
116 XEQ 11
117 GTO 84
118+LBL 88
119 2
128 X<>Y

,121 X>Y?
"'''122GTO 88

123 RCL 84
124 .885
125 '"
126 SF 82
127 RTN
128+LBL 88
129 RCL 84
138 .11
131 '"
132 SF 82
133 PTN
134+LBL 85
135 XEQ 83
136 1.4
137 ST'" 88
138 PTN
139+LBL 86
140 XEQ 83
141 /
142 2
143 X<>Y
144
145 ST'" 88
146 RTN
147+LBL 87
148 XEQ 83
149 .15
158 '"
151 1.3
152 X< >Y
153
154 ST'" 88
155 RTN
156+LBL 08
157 XEQ 03
158 _8
159 ST* 00
160 RTN
161+LBL 09
162 XEQ 03
163 ST* 00
164 RTN
165+LBL 10
166 XEQ 03

167 .75
168 ST", 88
169 RTN
170+LBL 11 3 or 4 bar group alleration

If 3 or 4 bar group 171 XEQ 12'3
rather than single. key In group 172 3

173 X=Y?
174 GTO 11
175 .9
176 ST/ 88
177+LBL 11
178 1.2
179 ST* 88
180 RTN
181+LBL 03 v'cw rC'IJL:1C

182 VIEW Z
183 PTN
184+LBL 02 ::yn~F":3;on CJse ,-':!' Cli):r\?:;;' :.....8ul

185 "Db="
186 XEQ 81
187 STO 05
188 13 E-4
189 '"190 RCL 83
191 '"192 RCL ~J5
193 ..02

Top bar alle;allon 194 '"
195 peL 04
196 '"197 X< y·c,
198 X<>Y

Fy >- 6E4 aller:"lion 199 STO 08
200 "EX REF? As required/As provided ratio

if necessary

201 ASTO y
282 CF 22
203 PROMPT
204 FS? 22
205 XEQ 89

light aggregate alteration 206 "SPIRRL? Spiral remforcing?

207 ASTO Z
288 AON
289 PROMPT
218 ASTO Y
211 "Y"
212 ASTO :x:
213 ROFF
214 X=Y?
215 XEQ 18
216 GTO 04
217+LBL 01
218 PROMPT
219 ARCL X
228 FS? 55
221 AVIEW
222 RTN
223+LBL 04
224 12



225
226
227
228
229
238
231
232
233
234
235
236
237
238
239
M?"

RCL 08
X<=Y?
X<>Y
FIX 8
RND
FIX 2
"Ld="
RRCL X
SF 21
AVIEW
CLD
RON
CF 21
ADV
-NEIolPRG

248 PROMPT
241 RSTO Y
242 -y"
243 ASTO X
244 XoOY?
245 GTO 14
246 -PRGM HA
ME?"
247 PROMPT
248 ROFF
249 RERDP
250+LBL 14
251 AOFF
252 CLX



This subprogram is a design aid to a user familiar with structural
design methods and engineering mechanics. The program ap-
plies the laws of statics LF~ and 1:Fy applied at each JOInt and
solves for the unknown forces. Only two unknown forces are al-
lowed per JOin!' Where the truss is a compound lruss. or If three
unknown forces occur at a jOin, consult anyengineeflng mechan-
ics or elementary structural analysis textbook, for arriving at a so-
lution.

All forces acting at a joint are input as vector quantities with
forces and angles being positive. Unknown forces are identified
by the program by the use of flag 22, therefore. when the un-
known force IS to be Input simply press (R:S] wilh no keyboard
entry. Compression force IS output negative (-) and tenSion
force is output positive (+) The unknown forces should be Input
last and assumed ac!,ng away from the JOtnt (t)

F,. I -~F']~B
F21 J ~ ~F

-F. ]
<' provided IAI" O.F,.

[ F'] 1 [ F,;
F, ~ [AI -F,/

-F2.][ ~F. ]prOVidedIA1" O.
F,x ...•Fy

'tkf
2-rFI

(]) ~O!S-

[XEO] "SIZE"

[R!S]
[R!S]
[RIS]
[RIS]
[R/S]
[R/S)
[R/S]
[R/S]

IRiSI
[R/S]

[RISI
[RiS]
[RiS]
IRIS]
[RIS]
[RIS]
[R/S]
[RIS]
[RISI
[R/S]
[R/S]
[RIS]
IRIS]
[R/S]
[R/S]
fRISI
[R/S]

IR/SI
(RISI

44.=
F4=,,3~
f3~,,2~
F2.~
6.1~

Fl =
F2.~ -3000
Fl ~25 98
NEW PRGM?

000
TRUSS
N~,,5~
f5~
44.=
F4~
6.3~
F3~
6.2.~

f2~
6.1~
fl~
f2.~ -2000
F1.=-1O.00
NEW PRGM?

000



REGISTERS, STATUS, FLAGS
Data Registers StatusSIZE: 10

Function Display
TOT. REG, 55

FIX 2 SCI
RAD GRAD

00 Fl.
01 F?

02 Fly

03 F2y
{)4 Fl

05 F2
06 1/ of 100ces

counler
07 # of

unknowns
counter

08 ~Fx

09 'fy

SI2E OlD
ENG
DEG

[XEOj
muss" TRUSS

IRS] 4n=

(R SI Fn=

[R SI 4n-(=

[R 51 Fn-I=

[R 5]
F2=nn

'" 51
Fl =nn

:n 5] NEW PRGM'}

l~ 5] PRGrA r--JAME'7

;R S1

[R SI 000
[R S] TRUSS

# SET INDICATES
00 Compute forces
01 Compute inverse
02 Unknown force
12 Double·wide print
21 Printer enable
22 Dala entry
25 Error ignore on
55 Printer attached

CLEAR INDICATES
Go to output
Gel inputs
Know force
Single-wide print

Printer disable
No data entr/
No error Ignore
No printer

on jOinI N
Inrul veclor
.l!I~lI0S 4n

~ln(1forces F
il1PUt unkno-.."n forces
\\Ith knO'M1 a.ngles last. .::.n --I

S:gnlfy by no data Input
::"utpul

np:l program nar1;e name
.' .L1IJ do nOI •••,,'anl

ar~C',her I\l
To sc,l',c ano!her JOint

JO 10 ::le:) 3

PROGRAM LISTINGS
al+LBL "TRU 313 FIX a

~3S.. 31 ., £. .. input L
132 CF 131 1~'!lalize 32 I'IRCL06
03 CF 02 33 "1-=.,
134 CF 21 34 XEQ 01
05 FS? 55 35 CF 22
06 SF 21 36 FIX 0
07 SF 12 Displayor prinl tille 37 "F"
08 "TRUSS" 38 I'IRCL06
09 I'IVIEW 39 ""1-=""
113 PSE 413 XEQ 01
11 CF 12 41 FS?C 02
12 I'IDV 42 GTO 133
13 "SIZE>=l Size check 43 X<>Y Check for negalive values,

0" 44 X<13? if negative, call error
14 SF 25 If size too small, prompl 45 GTO 139
15 RCL 139 46 X<>Y
16 FC?C 25 47 X<0?
17 PROMPT 48 GTO 139
18 DEG 49 P-R Compute l:Fx, ITy
19+LBL 013 50 ST- 08
213 0 Initializeunknown, ::::F registers 51 X< >y
21 STO 07 52 ST- 09
22 STO 07 I 53 DSE 06
23 STO 138 I 54 GTO 136
24 STO 139 ,

55+LBL 01 Control routine for input display
25 CF 131 I 56 FIX 2
26 ""N="" Gel number of forces iat joinl 57 PROI"lPT
27 XEQ 01 lnputloree 58 FC? 22
28 STO 06 59 XEQ 07
29+LBL 06 60 FS? 22



61 l=lRCLX
62 FS? 55
63 PRl=l
64 CLD
65 RTN
66+LBL 07
67 ~f-?"
68 SF 02
69 RTN
78+LBL 03
71 1
72 ST+ 07
73 RCL 07
74 3
75 X=Y?
76 GTO 09
77 RDN
78 RDN
79 P-R
80 FS? 01
81 GTO 04
82 STO 00
83 X<>Y
84 STO 02
85 SF 01
86 DSE 06
87 GTO 86
88+LBL 04
89 STO 01
90 X< >y
91 STO 03
92 RCL 00
93 RCL 03
94 *
95 RCL 01
96 RCL 02
97 *
98
99 l/X

180 RCL 80
181 RCL 03
182 STO 00
183 RDN
184 STO 83
185 RDN
106 1
107 CHS
188 ST* 01
189 ST* 02
110 RDN
111 SF 80
112 .005
113 STO 06
114 RDN
115 XEQ 05

) 116 XEQ 05
-" 117 XEQ 05

118 CF 88

78 TP~ ,r:~

119+LBL 05
120 ST'" INTI
06
121
122
123
124
125
126
127
128 X< >y
129 RCL 01
130 '"
131 +
132
133
134
135
136

ISG 06
FS? 00
RT~I
RCL 09
RCL'08
RCL 00

*

STO
RCL
RCL
RCL

*137 X<>Y
138 RCL 03
139 '"
140 +
141 STO 05
142 l=lDV
143 SF 21
144 ..F2="
145 l=lRCL04
146 l=lVIEW
147 ..F 1="
148 l=lRCL05
149 l=lVIEW
150 GTO 08
151+LBL 09
152 BEEP
153 *ERRO
R"'"
154 l=lVIEW
155 PSE
156~LBL 08
157 CLD
158 l=lON
159 ~NEW PRG
M?"
160 STOP
161 l=lSTOY
162 ..y ..
163 RSTO X
164 X""Y?
165 GTO 89
166 -PRGM Nl=l
ME?"
167 STOP
168 ROFF
169 REl=lDP
178+LBL 09
171 l=lPFF
172 cLx



Compuled
moments
mamnumalend;
tv'nllranslatJon
.'lOtprfvenled

C:"npuled
rro:Jmen!s
r..ax,muma.tend:
"Olransverse
'o.:;drng;jo,nl
Ira'1slallorl
pte-vented

1 - 0.3-1;

I 1-0.4A

I
I
I

I 1-0.~

i

i I-OAf.;,
,

!
1--

M,<M:: ~negal"e3S
shown CheckbothFDrf1"Ulas

! 1 5·1a)& (16·1Q\

.. --_.._---
-M. -J,':~

(4 ~,:------LP [

Cr'S'Ck bOlh Formulas
" 5·1a)& (1,6·10'

I
-0.2. t-I

~
j-U2-.~

-0.4

-1 I

~.
-06

I
TABLE C 1.8.1

''I 10) ,,' (d) (el i ,I),
I

•
t

~), ]fir
~

;r 0"1"
I
I

lL:"edsha~olcolumn 1 I
15S"·JNnb\"casheallne I

"II
1

I . II I I I '

~
S

Using
Formula
(16·lbl

-
~~
S

Using
FormUla
(1.6·1ai

j'';':';;',cali\.oalue 05 07 1.0 1.0 20 20

i='~::r:-mendeodeslgn
,e>"':HheniQeaICGMI- 0.65 0.80 1.2 1.0 2.10 2.0
le)"Sareapproxlmaled

G. K G,

'. '0 20,0 '. The suOScripls A ~l(j Bieler to the
100.0 10,0 WO.O Join!s at lhe 1'",,'0:~cs 01 the column
50.0 50.0 seclion being consso=re<!, Gisdelined

30.0 5.0 30.0 "20.0 4.0 20.0 ~!;-
G=~

'"-"
10.0 3.0 10.0

In which ~ Indicates a summation of
all members ngidly cOIlI"lected to that
joint 2nd lying in 1/'le plane inwhicl1 the-
bUCkling of the cc"..cm is being con·

50 5.0 Sldered·/cls lhemorrentolineftiaal'(j
Lctrlevnsupportec P.rgthof a column

4.0 2.0 4.0 secttOn.and/qISlr"lI!r.cmenlofiootkl
al1dLgthe~ledJengthola

3.0 3.0
girder or other restrantlg member. Ie
and I~ are lakefl aboJ! axes perperl'
dicwi to the plane "I buckling being
considefed

2.0 20 F~ColurmendS SI.WOfledby but

15
flOt rigidly cornecled 10. a IOOling. Of"
loundalloo. G IS ~ehcalty infirllly,
bul',l.JOIessactuaflyoesignedasatrue

10 1.0
lricll(1(lfreepin.rrraybelakenas
'·to"lor ptaclK;aldesigns.lf thecal·
umn end is rigKlly attached toa plop.
erlydesil;nedfooll'lg.Gmaybelaken
as 1.0. Smaller vaUe'smay be used if
juS1IDedby anarySlS
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