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NOTICE 
Hewlett-Packard Company makes no express or impl ied warranty with regard 
to the keystroke procedures and program mater ial offered or t heir 
m erchantability or their fitn ess for any particu lar purpose. The keystroke 
procedures and p rog ram material are m ade ava ilable so lely on an " as is" basis, 
and the entire ri sk as to the ir quality and performa nce is with the user. S hould 
the keystroke procedures or program m ateri al prove defective , the user (and 
not Hewlett -Packard Company nor any other party) shall bear the en tire cost of 
all necessary correcti on and all incidental or consequential damages. Hewlett­
Pac kard Compa ny s hall not be Irabl e for any incide ntal or consequential 
d am ages in connection with or arising out of t he furni shing, use, or 
performance of the keys troke procedures or program m ateria l. 

INTRODUCTION 
T his pac conta ins programs ta ilored for struct ural engineers. 

Two programs dea l with beam analys is. The fi rst computes deflect ion, slope, 
moment and shear at any point for simpl y supported , fixed , propped and canti ­
levered beams. Applied moments, distributed loads, point loads, and trape­
zoidally distri buted loads may be applied in virtually any combination. If 
your HP-4 I C system inc ludes an optional HP 82143A printer, plots of deflec­
tion, slope, moment, and shear are eas ily ge nerated. 

T he second beam analys is program provides so lutions for mu lt ispan­
continuous beams. Over 50 spans, under virtually any load ing, can be 
accommodated with th ree optional memory modules . 

Other programs concern steel columns, reinforced concrete, concrete columns , 
section properties, and continuous frame analys is. 

Each program in this pac is represented by one program in the Application 
Module and a section in this manual. 

The manual provides a descript ion of each program , a set of inst ructions for 
using each program, and one or more example problems, each of which 
includes a list of the keystrokes requi red for its solution. 

Before pluggi ng in your Application Module, tur n your calculator of~, and 
be sure yo u understand the section Inserting and Removing Application 
Modules. Before using a particular program , take a few minutes to read 
Format of User Instructions and A Word About Program Usage. 

You should fi rst fam iliarize yourself with a program by running it once or twice 
while follow ing the complete User Instructions in the manual. Thereafter, the 
program 's prompting or the mnemonics on the overlays should provide the 
necessary instruc tions, including which variables are to be input, which keys 
are to be pressed, and which values will be output. 

We hope the Structural Analysis Pac will assist you in the solut ion of nu­
merous problems in your discipline. If you have technical problems with this 
Pac, refer to your HP -41 owner's handbook for informat ion on Hewlett­
Packard Customer Support. To find this informat ion, look in the index un­
der "technical support" or "programming assistance." 

Note: Appl ication modules are designed to be used in aI/ HP-41 model 
calculators. The term "HP-41C" is used throughout the rest of th is man­
ual, unless otherwise specified, to refer to aI/ HP-41 calculators. 

1 



Introduction 

Contents ... 

CONTENTS 

Inserting and Removing Application Modules 

Format of User Instructions 

A Word About Program Usage 

2 

4 

6 

7 

Section Properties . . . . . . . . . . . 9 
Computes the moments of inertia for polygonal sections. 

Beams ... ... . . . .. .......... 19 
Computes and/or plots deflection, slope, moment and shear for 
simple, fixed , propped and cantilevered beams. 

Simply Supported Continuous Beams . . . . . . . . . . . . . . . . . . . . . . 31 
Computes internal bending moments at intermediate supports lor 
continuous beams. 

Settling of Continuous Beams 41 
Supplements the continuous beam program by providing lor settling 
or uplift at the supports. 

Continuous Frame Analysis . . . . . . . . . . . . . . . . . . . . . . . . 44 
Uses the method 01 moment distribution to compute beam and 
column bending moments at the supports 01 a multispan rigid con­
tinuous frame. 

RPN Vector Calculator 50 
Converts the HP-41 C to a lour high vector stack. Functions include 
plus, minus, cross product, dot product, X exchange Y, roll down, 
roll up, last X, store, reca ll, and change sign. 

Steel Column Formula . . . . . . . . . . . . . . . . .. 54 
Computes the allowable axial compressive load lor steel columns 
using the American Institute 01 Steel Construction lonmula. Option· 
ally solves lor allowable loads lor secondary members. 

Reinforced Concrete Beams 
Follows the ultimate strength design method 01 the American 
Concrete Institute Building Code (ACI318-77). Includes rectangular 
and T beams with tension and compression reinforcement. 

2 

58 

Reinforced Concrete Columns 66 
Follows the· ultimate strength design method 01 the American Con-
crete Institute (ACI 318-77). Calculates the ultimate capaci ty 01 
square or rectangular short concrete columns with reinforcing 
placed about and parallel to ei ther axis. 

Effective Moment of Inertia for Concrete Sections .............. . 
Computes the cracked and effective moment 01 inertia lor T ·sections 
and rectangular sections. 

72 

Appendix A-Pro~ram Data . ... .. . .. ....... .... .. . .. ......... 76 

Appendix B-Program Labels ... ........ , . 82 

3 



INSERTING AND REMOVING 
APPLICATION MODULES 

Before you insert an Application Module for the fi rst time, fam iliar ize yoursel f 
with the fo llowing information . 

Up to four Application Modules can be plugged into the ports o n the HP-41C. 
Whi le plugged in , the names of a ll programs conta ined in the Module ran be 
displayed by press ing . ICATAlDGl 2. 

CAUTION 

Always turn the HP-41 C off before inserting o r removing any plug-in 

extens ion o r accessories. Fai lure to tu rn the HP-41 C off could damage 
both the calcu la to r a nd the accessory. 

To insert Applica t ion Modules: 

I. Turn the HP-4IC off! Failure to turn the 

calc u lato r off co u ld damage bot h the 

Module a nd the calc ul ato r. 

2. Remove the po r1 cove rs. Remember to save 

the port covers : they should be inse l1cd into 
the empty ports when no exte nsion s are 
inserted. 

3. Insert the Applicat ion Mod ule wi th the labe l 
faci ng downward <.I S shown. in to any po rt 
after the liJst Memory Module. For exa m­
ple, if you have a Memory Mod ule inserted 
in pon [ . you can insert an Appl ita lian 
Module in any of ports 2. 3. or 4. (Thc port 
numbers are show n on the back of the cal­
cul ator.) Never insert an Application 
Module into a lower numbered port than 
a Memory Module. 
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4 . If you have addit iooal Appl ication Modules 

to insert , plug them into aoy port after the 
last Me mory Module. Be sure to place port 
covers over unused ports. 

5. T urn the calculator o n and fo ll ow the 

instruc ti o ns g iven in this book for the 
desired application functions . 

To remove Application Modules : 

I . Turn the HP-4IC off! Fa ilure to do so could 

damage bot h the calcu lator aod the Modul e. 

2. Grasp the des ired Modu le hand le a nd pull 

it out as shown. 

3. Place a port cap into the empty ports. 

Mixing Memory Modules and A pplication Modules 

Any o pt ional accessories (sucb as the HP-8 2 104A Card Reader. or the 
HP-82143A Printe r) should be treated in the same ma nne r as A pplication 
Modules. That is, they can be plugged in to a ny port after the last Memory 

Module. Also, the HP-4IC shou ld be turned off prior to insertion or re moval 
of these extensions . 

The HP-4IC allow s you to leave gaps in the port sequence w hen mixing 
Memory and Applica tion Modul es. For example. you can plug a Memory 
Module into port I and an Applicat ion Module into port 4. leav ing ports 2 
and 3 empty. 
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FORMAT OF USER INSTRUCTIONS 

The completed User Instruction Fonn-which accompanies each program­
is your guide to operating the programs in this Pac. 

The fonn is composed of five labeled columns. Reading from left to right, the 
first column , labeled STEP, gives the instruct ion step number. 

The INSTRUCTIONS column gives instructions and comments concerning 
the operations to be performed. 

The INPUT column specifies the input data, the units of data if applicable, or 

the appropriate alpha response to a prompted question. Data input keys consist 
of 0 to 9 and the decimal point (the numeric keys), I EEX I (enter exponent), 
andlcHSI (change sign). 

The FUNCTION column specifies the keys to be pressed after keying in the 
corresponding input data. 

The DISPLAY column specifies prompts , intennediate and final answers, 

and their units , where applicable. 

Above the DISPLA Y column is a box which specifies t he minimum number of 

data storage registers necessary to execute the program. Refer to the Owner's 

Handbook for infonnation on how the SIZE function affects storage config­
uration. 
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A WORD ABOUT PROGRAM USAGE 

Catalog 

When an Application Module is plugged into a POlt of the HP-4IC, the contents 

of the Module can be reviewed by pressing !CATALOGI 2 (the Extension 
Catalog). Executing the !CATALOGI function lists the name of each program or 

function in the Module , as we ll as functions of any other extensions which 
might be plugged in. 

Overlays 

Overlays have bee n included for some of the programs in this Pac. To run the 

program, choose the appropriate overlay , and place it on the calculator. The 
mnemonics on the overlay are provided to help you run the program. The 
program's name is g iven vertically on the left side. When the calculator is in 
USER mode , a blue mnemonic ident ifies the key directly above it. Gold 
mne monics are s im ilar to blue mnemonics, except that they are above the 

appropriate key and the shift (gold) key must be pressed before the fe-de fined 
key . Once again, USER mode must be set. 

ALPHA and USER Mode Notation 

' Thi s manual uses a :-;pecial notation to sign ify ALPHA mode. Whenever a 
statement on the User Instruct ion Form is printed in gold, the I ALPHA I key must 

be pressed before the statement can be keyed in . After the statement is input, 
press I ALPHA I again to return the calculator to its nonnal operating mode, or to 

begin program exec ut ion. For example, I XEQ I SECT ION means press the 
fol lowing keys: 1ii'D I ALPHA I SECTION I ALPHA I . 

When the calculator is in USER mode, this manual will use the symbols 
o - QJ and 0 - ITl to refer to the reassigned keys in the top 
two rows. These key designations will appear on the User Instruction Fonn 
and in the keystroke solu tions to sample problems. 

Optional HP-82143A Printer 

When the optional printer is plugged into the HP-4IC along with this Appli­
cation Module, results will be printed automatically. You may also want to 

keep a permanent record of the values input to a certain program. A convenient 
way to do this is to set the Print Mode switch to NORMAL before running the 
program. In this mode. all input values and the correspond ing keystrokes wiil 
be listed on the printer, thus providing a record of the entire operat ion of the 
program . 
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DownloClding Module ProgrClms 

If you wish (0 trace execut ion. 10 modify. to record on magnetic card:,. or to 
print a program in thi:, Application Module. it mu~t fir~t be copied into the 
HP-4 1 C':, program memory. For infonnation l.'onccrn ing the HP-4 1 C's CO PY 
function. :,ee the Ovonl!r· .... Handbook. It i .... not necc .... ~a ry tacopy a progmm in 
order to run it. 
Program Interruption 

These prograll1~ have beell de~igned to operate properly whe n run from begin­
ning to end . without turning the L'aku lalOr lltT (reml!mocr. the ca lculator may 
tum itself o ff) . If lhe HP-41C i .... turned off. it may be nccc .... :,ary to se t !lag 21 
(SF 2 1) to cOlllinue proper execution. 

Use of Labels 
You should gcndally avoid writ ing programs into thl! calculator memory that 
use program labeb identical to tho .... e in your Application Mod ul e. In ca~e of a 
label conniL' t. the lanel withi n program memory ha ~ priority over the label 
within the Applic<.ltion Pac program. 
Several labels used in the Structural Analys is Application Module are also 
used in ot her modules. If you have this module and anot her plugged into 
your ca lcu lator, you should make sure that the module containing the 
program you want to use is in the lower numbered port. 

You will fi nd a list of all the global labels used in this applicat ion pac at 
the back of this manual in appendix B, Program Labels. The names of 
modules o r accesso ries where duplicate labels occur are also listed. Before 
plugging in two or more modules, check that listing for duplicate label 
connicts. 
Assigning Program Names 

Key a"ignments to key; 0 - QJ and . 0 - . 0 take priority 
over the automatic a~s ignments of local laocb in the Application Modu le. Be 
sure to clear previously ass igned func tions before executing a Module program. 

Incompatible Application Module 

Th is Pac contains a type X Application Module. Type X Mod ules have 
incompatible XROM instructions. Yo u sho ul d never plug two Iype X 
Application Mod ules into yo ur H P-4IC at the same time. Type X 
Modules may be identified by an "X" o n the right side of the Application 
Modu le label. 
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SECTION PROPERTIES 

The properties of polygonal ;cctions (;ee figure I ) may be calculated using thi; 
program. The (x. y) coordinates of the vert ices of the polygon (w hich must be 
located entirely within the fi"t q uadrant ) are input seque ntiall y for a com plete. 
clockwise path around the polygon. Holes in the cross sec tion. which do not 
intersect the boundary. may be deleted by following <.l counter-clockwise path. 

y 
(x" y,) 

(xo, Yo) 

(x" y,) 

2 
o 

'" () 
UJ 

"' 

SECTION (x 
~ "~ V,) 

(xO' YO )~! 
(X3' Y3f~JI 

(x"y,") 

Figure 2 

(x" y, ) 

x 

The keyboard overlay (~~c figurl! 2) define .... th~ ke) .... ;t((nrding to Ihl!ir function 
in iEC N. Thc :-.hifted 0 key can be u .... cd to clear <.In e'(i:-.ting .... ~c ti on and 
re~ t art a Ill!\\ input ~cqUCI1(.T. Thl.' .... hiftcd [[) key rc .... tart .... thl' input .... eque nce 
but doe~ not clear the e'(i",ting ~ection. lb' u .... e all<m .... deletion. addit ion. and 
corrcction of exi~ting .... ection~. 

A :,pecial feature on the ~hiftcd (£] ke) <t llo\\' .... addition or dl!letion of circ ular 
area:... Aftcr the point by point traver:-.e of the .... l!ction ha .... been completed. 
circular dcktion~ or addition .... arc .... pecified by the (x. y) conrd inate .... o f the 
circle ccntc r:-. and hy the circle d iameter ..... If thl! diamcter i .... :-'JX'cified a .... a 
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10 Section Properties 

positive number, the circular areas are added. A negative diameter causes 
circular areas to be deleted. Example 4 shows an application of this feature. 

After all values have been input , the coordinates of the centroid (x, y) and 
the area A of the section may be output using key 0. The moment of inertia 
about the original x axis Ix. about the original y axis ly and the product of 
inertia Ixy are output using []]. Similar moments, Ix. Iy, and Ii{y, about an 
axis translated to the centroid of the section are calculated when [£J is pressed. 

Pressing [[] calculates the moments of inertia , Ix&. and I yl. , about the 
principal axis. The rotation angle L between the princ ipal axis and the axis 
which was translated to the centroid is also calculated. The moments of inertia 

lx', I~: , the polar moment of inertia J and the product of inertia Ix/ may be 
calculated about any arbitrary axis by specifying its location and rotation with 
respect to the original axis and press ing [IJ . 

Equations: 

" 

" 
A = - 2.: (Y' +I - y,)(x, +> + x,)/2 

i=O 

x = 22.: [(Y'+I - y,)/8 J[ (X'+I + x,)' + (X' +I - x,)2/3] 
A i=O 

" 
y = + 6, [( X' +I - x,)/8] [ (y, ,, + y,)' + (Y'+I - y,)'I3 ] 

" 
I, = 2.: [(X' +I- x')(Y'+1 + y,)/24][(y' +1 + y,)'+ (Y' +I- y,)'] 

i=O 

" 
I, = - 2.: [(Y' +I - Y,)(X' +I + x,)/24] [(X '+I + x,)' + (X'+I - x,)'] 

i=O 

Section Properties 

n. - - tan , _ I _,( -21x,;~ 
2 I, - Iy 

I ' x Ix: cos2 () + Iy- sin2 () Ix,; sin 28 

I ' , Iy cos2 
() + Ix sin 2 

() + Ix-y sin 2() 

where: 

] = Ix' + Iy' 

I
, (I, - I,,) . 20. I 20. ,,= 2 sm u + x,;cos u 

7Td' 
ACirde= -4-

Xi+l is the x coordinate of the current vertex point; 

Yi+l is the y coord inate of the current vertex point; 

Xi is the x coordinate of the previous vertex point ; 

Yi is the Y coordinate of the previous vertex point ; 

A is the area; 

x is the x coordinate of the centroid; 

y is the Y coordinate of the centroid; 

Ix is the moment of inertia about the x-axis; 

Iy is the moment of inertia about the y-axis; 

Ixy is the product of inertia; 

11 

Ix is the moment of inertia about the x-axis translated to the centroid; 

Iy is the moment of inertia about the y-axis translated to the centroid; 

IX5" is the product of inertia about the translated axis; 

L is the angle between the translated axis and the principal axis; 



12 Section Properties 

Ix'!' is the moment of inertia about the translated, fOlaled, principal x-axis; 

Iy.!.. is the moment of inertia of incI1ia about the translated, rotated , 
principal y-axis; 

8 is the angle between the original axis and an arbitrary axis; 

Ix' is the x moment of inertia about the arbitrary axis; 

1/ is the y moment of inertia about the arbitrary axis; 

J is the polar moment of inertia about the arbitrary axis ; 

lx:r' is the product of inertia about the arbitrary ax"is; 

d is the diameter of a circular area. 

Reference : 

Wojiechowski, Felix, .. Properties of Plane Cross Sections," M ackine 
Design, p. 105, Jan. 22, 1976. 

Remarks: 

The polygon must be entirely conta ined in the first quadrant. 

Rounding errors will accumu late if the centro id of the section is a large distance 
from the origin of the coordinate system. 

Curved boundaries may be approximated by stra ight line segmen ts. 

SIZE: 017 

STEP INSTRUCTIONS INPUT FUNCTION OISPLAY 
1 Initialize program. ~ SECTION XO- ? 
2 Key in x value at in itial vertex. x ~ YO~? 

3 Key in y value at initial vertex. y ~ Xl ~? 
4 Key in Ix, y) coordinates of next x ®!J YN ~? 

clockwise vertex. y @!J XN~? 

5 Repeat Step 4 for each point of the 
polygon including the initial point. 

6 To delete subsections within the 
section, press . C!J and go to 
Step 2, but traverse in a 
counter-clockwise direction. m XO~? 

7 To add subsections to the section, 
press m and go to Step 2. m XO~? 

B Add any circular areas x I ENTERt I 
y iEmeltl 
d . @J 0.000 00 

or delete any circular areas. x I ENTER.) 

y !ENmlt ! 
d ~a© 0.000 00 

Section Properties 13 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

9 Calculate any or all of the 
following*: 

Centroid and area; 0' CENTROID 
Properties about original ax is; m' ORIGINAL AXIS 
Properties about an axis trans-
lated to centroid; @J' CENTROID AXIS 
Properties about principal axis 
and angular orientation of 0' PRINCIPAL AXIS 
principa l axis: 

OR 
Specify an arbitrary axis and rota-
tion angle and calculate properties x' IENTERtl 

about that axis. y' IEHTEAt l 

e 0' YOUR AXIS 

10 For a new problem, press 0 
and go to Step 2. To modify the 
current section, go to Step 6 or 
Step 7. 0 XO~? 

, If your HP-41C does not have a 
printer, you must press @!) for 
output of each section property. 

Example 1: 

What is the moment of inertia about the x-axis (lJ for the rectangular section 
shown? What is the amount of inertia about the neutral axis through the centro id 
of the section I Ix< )? 

y 

t (0,5) 

5 

I Principal Axis 
I (3,5) 
I 

I 

I Centroid 
- 0 -

I 

I 

I 
I 

Principal and Neutral Axis 

~_ ~ ______ ~I ______ ~~=-~X 
(0,0) 11-' .-- -3·- ---1 (3,0) 



14 Section Properties 

Keystrokes: (S IZE 017) 

I XEO II ALPHA I SECTION I ALPHA I 
o I Ri sl 
o I R I S I 
o I R I S I 
5 ~ 
3 I R I S I 
5 I R I S I 
3 I R I S I 
o I R I S I 
o I R I S I 
o I RI S I 
[!) 

~ * 
~ * 
~ * 
@J 
~ * 
~ * 
I R I S I * 
IRl sl * 

Display: 

XO~? 

YO~ ? 

Xl ~ ? 

Yl ~ ? 

X2~ ? 

Y2~ ? 

X3~ ? 

Y3~ ? 

X4~ ? 

Y4~ ? 

X5~ ? 

ORIGINAL AXIS 

IX ~ 125.0EO 

IY~45.00EO 

IXY~56.25EO 

PRINCIPAL AXIS 

IX~31.25 

IY~ 11.25EO 

IXY= O.OOOEO 

.. ~O.OOOEO 

Since .. ~ 0 we would expect I, I.. to equal I". Press @] to calculate I", 
If, and Ixy and you will see that this pred ict ion is correct. Also, Ix.v is zero 
about the principal ax is. 

Keystrokes: 

@] 
IRIS I * 
I R I S I * 
IR l sl * 

'" Press (]1!] if you are not llsing a printer. 

Display: 

CENTROID AXIS 

IX= 31 .25EO 

IY= 11.25EO 

IXY= O.OOOEO 

Section Properties 

E,ample 2: 

Calculate the section properties for the beam shown be low. 

y 

t(O,14) (16,14) 

111 
~-~-----15'-----==~' 1(16,13) 
(1 ,13) 

14 

L.:('--' ,:....2)~ ______ (:.--," ,2) 
T 

(0,0) 11-1- 10 

Keystrokes: (S IZE 017) 

I XEO II ALPHA I SECTION I ALPHA I 

O ~ O~O~ 14~ 
16 ~14~ 16~ 13~ 
1 ~ 131 RIS I 1 ~ 2 ~ 
ll l R l s l 2~ 11 ~O~ 
o I R I S I 0 I R I S I 

o 
I " I S I * 
I R I S I • 
~ * 

[!) 
~ * 
I " I S I * 
~ * 

'" Press (EI) if you ilfe not using <l printer. 

2 
I • x 

Display: 

XO = ? 

X9 = ? 

CENTROiD 
X=5.194EB 
Y=6.541 E8 
~REH=49.eeEe 

ORIGIHHL RXIS 
IX=3.676E3 
IY=2.256E3 
IXY=1. 8geE3 

15 



16 Section Properties 

Keystrokes: 

@] 

~ * 
IRl sl * 
IRl si * 
[[) 

~ * 
~ * 
@I) * 
I RI S I * 

Display: 

CEIHROIII AXIS 
IX=1. 588E3 
IY=934 .5E8 
IXY=225 .6EiJ 
PRIHCIPAL ~XIS 

IX=1. 651 £3 
IY=863.5E0 
IXY=8.0SSEO 
.=-17.43E0 

Below is a f igure show ing the translated axis and the rotated, principal ax is 
of example 2. Notice that the sign of the angle is ne gative , represe nting a 
clockwise rotation. 

y yl yll 

t 
-----/----------' 

-17.48" (A) 

(5.19, 6.54) 
x ' 

x" 

* Pre:-.s ~ if Y{lll ,ITt.: not w, ing a printcT. 

-

Section Propert ies 17 

Example .1: 

What is the centro id of the section be low? The inner triangular boundary 
denotes an area to be de leted. 

y 

( ;:c3 ,.:..!7)~ _______ ....;.(14,7) 

(t:0 (9'6) 

(4,4) 

(3,1 ) 

Keystrokes: (SIZE 017) 

Input for the outer triangle: 
I XED II ALPHA I SECTION I ALPHA I 

3I R l s I1@I)3@I)7~ 

14 @I) 7 @I) 3 @I) 1 ~ 

Delete inner triangle: 
[I) 

4 ~ 41 RISI 9 @I) 61 RI s i 

4 ~ 6 1RIs i 4 @I) 41 RIs i 

0 
~ * 
~ * 
I RI.S I * 

* Press ~ if you are n('ll using II printer 

x 

Display : 

XO? = 

X4? = 

XO? = 

X4 = ? 

CENTROID 

X= 6.845EO 

Y= 4.940EO 

AREA = 28.00EO 



18 Sectio n Pro pe rties 

Example 4: 

For the part be low. compute the polar moment of inertia about point A. 

Point A denotes the ce nter of a hole about which the part rota tes. The area 

of the ho le must be deleted from the cross section. 

Y 

1(0,2) (5,2) 
1------..

1 (.8,1.4) 

-'_ / A(.4, .6) 
, IX 
H .JI 

(0,0) '- 0.5 r 
(.8,0) 

Keyst rokes: (SIZE 017) 

I XEO II ALPHA I S ECTION I ALPHA I 
0 ~ 0 ~ 0 ~ 2~ 
5I R I SI 2 ~ 5~ 1 .4 ~ 
.8 ~ 1.4 ~ .81 Rlsl 0 IRlsl 
o IRlsl 0 ~ 

Delete hole : 

.4 I ENTER. I .6 I ENTER. I .sl cHs l 
. [£] 

Compute J about (0.4, 0.6) with 8 of zero. 

.4 I ENTER. I .6 I ENTER. I 0 CD 
®Il * 
®Il * 
IRlsl * 
®Il * 

• Press @!J if you are not using a printer. 

(5,1.4) 

x 

Display: 

XO= ? 

X7 = ? 

0.000 00 

YOUR AXIS 

IX = 3.911EO 

IY= 19.54EO 

IXY= 6.930EO 

J= 23.45EO 

• 

BEAMS 

T his program calculates deflect ion , slope, moment and shear at any point for: 

simple beams; 

I 
x = o 

can tilever beams; 

x = O 

fi xed beams; 

x = O 

and propped cant ilever beams. 

x= O 

1 

Beam load ing may include combinations of po int loads. dist ri buted loads, 
applied mome nts and trapezoidally distributed loads. Any number o r combina­
tion o f loads may be used assum ing suffic ient data sto rage regis ters a re 
ava il able. Minimum size mu st be se t according to the formu la below: 

S IZE mi " = 20 + 2 * Number of d istributed loads 

+ 3 * Num ber of point loads 

+ 3 * Number of applied moments 

+ 5 * Number of trapezo ida l loads 

19 

• 
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A size setting of 40 is adequate for most loadings. 
If the size is se t larger than 23 but smaller than necessary for program execution 
the message: 

SIZE > NNN 

will be displayed. This message te lls you that your last input was ignored 
and you must inc rease register size to at least NNN to cont inue program 
execution. 

If you have an optiona l HP- 82 143A thermal printer thi s program will li st and 
plot va lues of deflect ion, angle, moment or shear for e venly spaced points 
a lo ng the beam. 

The program can be divided into four operating functions: input , editing , ca l­
culation, and printing/plotting . The input section is initialized by exec uting 
SIMPLE , CANT , FIXED , or PROPPED . This selec ts the type of beam to be 
analyzed and prompts for the length of the beam. Key in the length and press 
~. The display will prompt RDY A-I. This indicates that the keys are defined 
according to the overl ay below: 

The shifted top row keys a llow input of the bea m variables. The unshifted 
top row keys 0 - ~ a llow computatio n of deflec tion , slope, moment o r 
shear for a given x. Key m provides an edi ting option . The edi ting option 
allows you to rev iew all inputs and change input e rrors. The second row 
of keys provide s printout of beam properties and plotting of beam deflection, 
s lope , moment or shear wi th the optional HP-82 143A printe r. 

Equations: 

For equat ions . re fer to c ited reference. 

Definitions: 

I is the moment of ine rtia of the section; 

E is the modulus of elastic ity of the material; 

L is the le ngth o f the beam; 

Beams 21 

a is the d isplaceme nt of the concentrated load from the le ft end of the 

beam; 
P is the amount of the concentrated load; 

c is the displacement of the applied moment from the left end of the beam; 

M is the amount of the applied moment ; 

W is the amou nt of a uniformly distributed load over the entire beam with 
dimensions force per unit length; 

d is the di stance to the beginning of a trapezoida l load; 

Wd is the initial va lue of a trapezo idal load with units of force per unit 
length; 

e is the d istance to the end of a trapezo ida l load; 

W, is the fin a l va lue of a trapezoidal load ; 

x is the point of interest along the beam (x = 0 a t left endpoint of beam); 

y is the de flec tion at x; 

&. is the slope (c hange in y per change in x) at x; 

M:-,: is the internal be nding moment at x; 

V is the shear at x. 

A simply supported beam with one of eac h type o f load is shown below: 

Yr:==========~C~~L~==========~--~ 
I---------- a------------- I 

I __________ e __________ ~ 
p 
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SIGN CONVENTIONS FOR BEAMS 

NAME VARIABLE SENSE SIGN 

DEFLECTION Y t + 
SLOPE ~ + + 
INTERNAL MOMENT M, (D ) + 

SHEAR V t o t + 
< 

EXTERNAL FORCE OR LOAD P or W t + 

EXTERNAL MOMENT M G + 

Remarks : 

Deflect ion s must no t sign ifi cantly aiter the geometry of the problem . 

Beams must be of cons tant cross sect ion fo r de fl ec tion and slope equations to 

be val id . 

Stresses must be in the clas tic reg ion. 

Programs are not unit dependent. Any mutually consistent sel of units will 
work. 

Reference: 

Roark , Raymond 1. , Young, Warren C . . Formulas for Stress and Strain, 
McGraw-Hili Book Company, 1975. 

SIZE: 040 

STEP INSTRUCTIONS INPUT FUNCTION OISPLAY 

1 Select type of beam. 
~SIMPLE L~ ? 

Or ~ GANT L~ ? 

Or ~ FIXED L~? 

Or ~PROPPED L~? 

2 Key in length. L [!Z!J ROY A-I 

3 If you wish to calculate deflection 
or slope, key in moment of inertia I iENTER' I I 
and modulus of elasticity , other- E . 0 E*t 
wise go to Step 4. 

4 Key in all loadings: 
Distributed load. W • (I) 0.000 00 

Point load location a I ENTER' I a 
and load. P . [£J 0.000 00 

Beams 23 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

Trapezoidal load starting point, d IENTEI' ! d 
starting load, W, IENTEA.I W, 
end point. e I fNTEA. j e 
and ending load . W. . @) 0.000 00 

App lied moment location c I ENTER. ) c 
and applied moment. M . 0 

5 OPTIONAL: Review andlor edit 0 BEAM TYPE 
your inputs (e.g. if you wish to mod- IIill L~ 

ify L, key in a new Land press~ , (L) ~ E*I~ 

otherwise just press ~). (E*I) fEill LOAD 

An " END " signifies that all data has fEill END 
been displayed . Pressing ~ 
again will start the edit routine over. 

6 If you have an optional HP-82143A 
printer and wish to plot, go 10 Step 9. 

7 Key in x to specify th e point of 
interest (x = 0 at left end point 
of beam) and calculate deflection x 0 y~ 

or slope x (I) &~ . 

or moment x [£J MX~ 

or shear. x @) V ~ 

8 For a new calculation with the same 
load ing , go to Step 6. for new 
loads , go to Steps 4 or 5. for new 
section properties, go to Step 3 but 
skip Step 4 if no loads change. 

9 Plot deflection CIJ 
or slope @) 
or moment 0 
or shear. CD 

BEAM TYPE 
L ~ 

E*I= 
LOADS 

X INC~? 
Key in x increment. XING ~ L1ST/PLOT 

10 Go to Step 8. 

. 
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F unple I: 

What is the tota l moment at the center of the beam below? (It is not necessary 
to know the values of E or I to solve this problem.) 

Keystrokes: (S IZE > ~ 31) 

. IENGI 3 
I XEO II ALPHA I S IMPLE I ALPHA I 

70 IRls l 

20 I ENTER. I 400 • © 

50 IENITR. I 1000 © 

37 0 
70 I ENITR·I 1000~ m 

35 © 

Example 2: 

Display : 

L~ ? 

RDY A-I 

0.000 00 

0.000 00 
0.000 00 

0.000 00 
MX~31.66E3 

For the beam be low , what are the values of defi ec tion, slope, moment, and 
shear at an x of I 14 inches? 

w ~ 141b/in 
E=30x1Q ' psi 
1=4.74 in4 

147,000 in-Ibs 

~,Il.---114 inl----<.~I 
~D~~----140 in'-----~.·,~ 

Keystrokes: (SIZE > ~ 25) 

. IENG I3 
I XEO II ALPHA I FIXED I ALPHA I 

140l RIs i 
4.74 I ENTER. I 30 IEEXI 6 . 0 

14 . 0 30 I ENTER. I 

147000 . m 

1140 
1140 

114 © 
114 @) 

Beams 

Display: 

L ~ ? 

RDY A-I 

y~43. 72E-3 

b.~ -3.155E-3 

MX ~ 13.05E3 

V~444.7EO 

Using the edi t featu re, change the loccllioo of the applied Illoment to 50. 

m 
~ 
~ 
~ 
I RI S I 
50~ 

Now calculate the be nding 1110llleni <.11 x = 70 . 

70© 

Example 3: 

FIXED 
L ~ 140.0EO 

E·/~ 142.2E6 

W ~ 14.00 EO 
c ~ 30_00 EO 

M~ 147.0E3 

MX~ -41.07E3 

25 

Repeat Example I , but plot bending mome nt in increments of 2 .5 inches 
along the length of the beam. An optional HP-82 143A thermal printer is 
requ ired for this problem. 

Keystrokes: (S IZ E > ~ 31 ) 

. IENG I3 
I XEO II ALPHA I SIMPLE I ALPHA I 

70~ 
20 I ENTER' I 400 • © 50 I ENTER. I 

1000 . © 37 0701 ENTER '1 
10000 I CHS I . m 

Display : 

L ~ ? 

RDY A-I 

0.000 00 

. 
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Keystrokes: Display : Keystrokes: Display: 

SmLE i.=12. SaEa 
MX=1 8.65E3 

L=7e.aeEB 
E* I=8.eBBEC· ):= 15. baEe 

MX=2 1. b'lE? 

a=28 .00E8 X = I~ , 5eE8 
P=408.8E6 11~=24 , SOEl 

a=58 . e8E8 >:=2(1 , OOE€1 
P=l.88BE3 MX=27 .07E? 

W=37 .m8 X=22 .50Ef 
MX =22 ,4;E, 

<:=78.88E8 
M=-IUBE3 X=25, ('~E~ 

EHD 
~u_').:t C"~1 1"\-,-_ ... 1 ..... _ 

2.5 @Il 
X/Ne? 7: =27 . SeEtl 
X=8 . aaeE 0 

M~=30 . 4iE3 
MX=8, eaSE,1 

X=2 . 58BEB ~: =3e . (u3E0 

HX=4. 193E3 M~;:31.eE,E: 

X=5. eOSES X=32 . 5 ~J EO 

MX=3 . 155E3 MX=31. 48EJ 

X=7,5BBEB 
X=35.eeEe 
tIX=3U6E3 

HX=ll. 39E3 

X=37 . 50E~ 
X= 18.88E0 MX=3i .62E3 
HX=15 . 39E3 

:~= 4e.oeEO 

* May l<lk ..: any v;tlu..: in Ih i .. pltlhkm . MX=3 !.l4E3 

-
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Keystrokes: Display: 

X=42.saE8 
HX=3B.34E3 

X=45 .Bm 
KX=39.18E3 · 

X=4?58E8 
KX=29 . 13E3 

X=5UBEB 
HX=27 .93E3 

X=52 .5eEa 
MX=2UBE1 

X=S5 .Bm 
HX=19 .83E3 

X=57 .5eE8 
H):= 15 . 44E3 

X=68.aBEB 
MX=18 .81E3 

X=62 .5BEB 
HX=S .958E3 

~:=65 . ~BEe 
f'iX =869.6E0 

N7. S8EB 
MX=-4.45BE3 

X=7e.eaEB 
HX=8.088EB 

Keystrokes: 

Beams 

Display: 

PLOT OF BERM 
X (UNITS= 1.) + 
Y (UNITS= E 4. > • 

B.8 
2.5 
S.l) 

7.5 
18 .8 
12 .5 
15.8 
17 .5 
2e.e 
22 .5 

-8.44 3. 1? 
8.88 

1-- --------------- -1 

25. e 1 

~7 . 5 

36.8 
32.: 
35 .8 
37 .5 
46.8 
42.5 
45 .8 
4?S 
58.8 
52.5 
55.8 
5?5 
613 . 8 
62 .5 
65.8 
67 .5 ' 
7B . B ' 

29 

Note that the value of moment at X ~ 70.00 does not equal the applied moment 
of -10.000. This is due to the fact that internal moment is undefined at the point 
of application of an applied moment. Similarly. shear is undefined directly under 
a point load. 
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Exa mple oJ: 

47 In 

35lb/ln 
127 Iblin / 

- 23 In - / 

'/ 
40in I ;; 751n l 

'/ 
E ~ 30 x 10' PSI 

x= o 

Calc ulate deflec tion. slope . moment and shear for the beam above althe point 
x = 40 . 

Keystrokes: (SIZE > ~ 25) 

_ IENG I3 
I XEO II ALPHA I CANT I ALPHA I 
75 I " IS I 
23 I ENml.1 35 I ENml.1 471 ENml. 1 
27 . [II 
51 ENml. 1 30 IEEX I 6 . 0 
400 
40 [I) 
40 @] 

40 ~ 

Display: 

L~ ? 

RDY A-I 

0.000 00 

150.0 06 
y~-87.66E-3 

b.~ 4.006E-3 

MX~-4.785E3 

V~-546.8EO 

SIMPLY SUPPORTED CONTINUOUS BEAMS 

This program, in combination with the beam program SIMPLE , solves for the 
intermed iate couples present al the supports of a continuous beam . 

A---·A'=~.-----.------.----~~ 

Each span of the beam may have a unique length , cross section. modulus of 
elasticity and/or loading. Beam ends may be rigidly fix ed or simpl y supported. 

The program S IMPLE is used to input the length . section moment of inertia, 
and loading fo r eac h span of the continuous bea m. After the data for a part icular 
span has bee n keyed in using S IMPLE , program SPAN is exec uted to transform 

. the data . MOMENTS , which is call ed after all spans have been entered. 
com putes the in ternal be nding moments at each intermediate support . 

If the left end of the continuous beam is rigidly fixed , exec ute FIXL in stead of 
S IMPLE . After some computation time the prom pt L ~ ? will be displayed 
indicating thut the calculator is ready for the: first span. 

If the right end of the continuous beam is rigid ly fi xed. key in the span 
properties as usual. After all spans (includ ing the las t span ) have been 
completed. exec ute FIXR . 

If you find that you have made an error dur ing input of a span or wish to 
modi fy a span afte r in itial computal ion, the NSPAN prog ram may be used. 
Si mpl y key in your data. key in the span numbe r ( I = leftmost span) and 
execute NSPAN . 

The number of spans is lim ited only by the num ber of data storage registers. 

A rule of thumb for the requ ired size is: 

SIZE = 35 + 4 * (Number of spans) 
+ 4 * (Number of fixed ends) 

31 
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A moderately complex problem with 3 spans takes less than SO registers. With 
three optional plug in memory modules, over SO spans could be combined. 

If you set the size larger than 23* but smaller than necessary for problem 
solution , the prompt 

SIZE > NNN 

will be displayed during data input. This indicates that the size should be 
increased to at least NNN. 

Algorithm: 

The program starts by assuming that all internal moments are zero. Based on 
this assumpt ion it calculates the moment across the first intermediate supports 
using: 

The following definitions apply: 

Mo M, M, 

1--' --L, ---,1--, --L,---..j 

/,. , is the slope at the right end of beam one assuming M, = O. 
/,., is the slope at the left end of beam two assuming M, = O. 

After calculation M ] is used in an analogous equation for the nex t support . 
This is repeated unti l the end of the beam is reached. The program repeats this 
procedure unt il all calculated moments remain unchanged within the ENG 3 
display selling for one complete cycle of moment calculations. 

Reference: 

Roark , Raymond J. , Young , Warren C.; Formulas for Stress and Strain, 
McGraw- Hill , 1975 . 

* Size of 30 is req uired to start with the left end fixed . 
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Remarks: 

If a span has no loads, use a po int load of zero located anywhere in the span. 

If a fi xed end is spec ified, the wall react ions are com puted and output as if 
the fi xed end constituted another intermediate support. 

SIZE: >30 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Select a simply supported beam ~ SI MPLE L~? 

or a beam with a fixed left end . ~ FIXL L~? 

2 Key in length of span. L ~ RDY A- I 

3 If you know the moment of inertia, 
key it in (otherwise use 1.00). 1(1) IEHTEFIt I I 

4 If you know the modulus or elastic-
ity key it in (otherwise use 1.00). E(1 ) . 0 E'I 

5 Key in all loadings: 
Distributed load. W . @ 0.000 00 

Point load location a IEHTEA' ! a 
and load. P . m 0.000 00 

Trapezoidal load starting point, d loovu l d 
starting load , W, IEHroI. ! W, 
end po int, e IENlVI' I e 
and ending load. W, . @ 0.000 00 

Applied moment location c I ENrol. I C 
and appli ed moment. M . 0 0.000 00 

6 OPTIONAL: Review and/or ed it 0 SIMPLE 
your inputs (e.g. if you wish to ®.!J L~ 

modify L, key in a new L and press (L) (ill] E' I ~ 

(!ill. Otherwise just press ®.!J .) (E' I) (ill] LOAD 

An " END" Signifies that all data has ®iJ END 
been displayed. Pressing ~ 
again will start the edit routine over. 

7 OPTIONAL: Document your inputs 
on your optional HP-82143A printer. II) 

8 Add this span to the beam ~SPAN L~? 

OR 
Replace a previous span with new SPAN# ~ NSPAN L~? 

data. 

9 Go to Step 2 for next span. Skip 
steps 3 and 4 if the section proper-
ties do not change. 
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STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

10 IIlhe righl end is fixed rather than 
simply supported. (ill) FIXA L=? 

11 Calcu late intern al moments (L and R (ill) MOMENTS INT MOMENTS 
refer to the leN and right sides of (Iill* M1L= 
each support) . ~. M1R= 

!!ill'" M2L= 
~* M2R=' 

12 For a new case, go to step 2. C!® L=? 

... Use @!J if you do not have a 
printer. 

Example I: 

1--- 1-90 in--30 in-1000 Ib 

W = 25 Ib/in 

Compute the couples at the wall and the intermediate support for the beam 
above. Prove that these moment s are correct by matching the slope at the 
left side of the support with the slope at the right s ide of the support. If we 
assume that the section properties are constant a long the beam, they cancel out 
of the equation and we may use: 

Keystrokes: (SIZE ", 34) 

. IENG I 3 

Fixed left end: 
I XEO II ALPHA I FI XL I ALPHA I 

Span I: 
100 @!J 
1 I EHrnl. I 1. 0 
25 . ~ 
I XEO II ALPHA I SPAN I ALPHA I 

E = I =I 

Display: 

L= ? 

ROY A-I 

1.000 00 
0.000 00 

L= ? 

Simply Supported Continuous Beams 

Span 2: 
90 I R I sI25 .~ 0.000 00 

Include canti levered end as an applied moment a t c = 90 in span 2 . 

M = -(30 * 1000) - (30 * (30/2) * 25) 

90 I EHrnl' I 1000 I CHS I I ENTER' I 

300 
I LAST. II ENTER. 10 28 

2508 
• III 
I XEO II ALPHA I SPAN I ALPHA I 

I XEO II ALPHA I MOMENTS I ALPHA I 

I RIS I * 
I RIS I * 
IRl s l * 
IRl sl * 
Check results: 

First compute slope at right end of first sec tion . 
I XEO I I ALPHA I SIMPLE I ALPHA I 

100 IR/51 0 @mA'1 

25.24 IEEX I 3 . 1I1 
25 . ~ 100 IEHrnl. I 
12.03I cH5 1IEExI 3 . 1I1 

100~ 

Compute slope at le ft end of second section. 
I XEO II ALPHA I SIMPLE I ALPHA I 

90 I RIS I 0 I ENTER' I 

12.03 1EEXI 3 . 1I1 
25 (I) 90 IEHrnl' 1 
1000 ICHs11ENTER'1300 1 LAST' I 

I ENTER' I 0 

282508. 1I1 
O~ 

-41 .25 03 
0.000 00 

L= ? 

INT MOMENTS 

M1L = -25.24E3 

M1R = 25.24E3 

M2L =-12.03E3 

M2R = 12.03E3 

L= ? 

0.000 00 

0.000 00 

l. = 220.0E3 

L= ? 

0.000 00 

0.000 00 

l. = 220.3E3 

Since the slopes agree, the moments have bee n correctly balanced. ** 

... Press ~ if you are not using a printer. 

35 

** The term slope is used loosely he re since we do not know E or 1 and thu s have assumed the 
rather arbitrary value of 1.00. The sl ight d ifference in the computed slopes arises because the 
moment s were keyed in as four d igit approx imations of 10 digit numbers. 
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26976 Ibs 

B8.~ 

LOAD DIAGRAM 

15736 Ibs 15736 Ibs 

49.2 1 ~ 49.21 ~ 49.21 ~ 11240lbs 1 BB.5~ 
335 Ibstln ) ! 

5 , 5, 5 , 5, 

117.17' 147.64" 147.64" 47.24" 

Find the moments al point !:. 52 and S;l for the configuration above . A ssume 
the product of EI is the sallle for all scctions and thus cance b out of the 
solutions (usc I for E and I). 

Keystrokes: (S IZE ;;. 39) 

I XEO II ALPHA I SIMPLE I ALPHA I 

177.171 R/ 51 

1 IENT<R. I 1 0 
88.58 IENT<R' I 26976 [£) 
I XEO II ALPHA I SPAN I ALPHA I 

147.64 ~ 
49.21 IEHrnl. 1 15736 [£) 
49.2 1 I ENT<R' I G 15736 [£) 
I XEO II ALPHA I SPAN I ALPHA I 

147.64 ~ 335 (!) 
147.64 IEHrnl' 1 47.24 IEHrnl ' 1 
11240 ICHsl0 (I] 
IXEol1 ALPHA I SPAN I ALPHA I 

I XEO II ALPHA I MOMENTS I ALPHA I 

IRI 51 • 

IRI 51 • 

IR I SI • 

IRIS I • 

... Press I]Z!l if ),ou are nOI using a printer. 

Display: 

L= ? 

ROY A-I 
1.000 00 

0.000 00 
L= ? 

0.000 00 
0.000 00 
L= ? I 

0.000 00 

0.000 00 
L= ? 

INTMOMENTS 
M1L = -720.2E3 

M1 R = 720.2E3 

M2L = - 530.BE3 

M2R = 530.BE3 
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If the concentrated load on span one (26976) were replaced with a load of 
30000. what would the moment s be? 

~ . 

177.171 Rl sl 

88.58 IEHrnl. 1 30000 [£) 
1 I XEO II ALPHA I NSPAN I ALPHA I 

I XEO II ALPHA I MOMENTS I ALPHA I 

IRl s l 

IRl s l 

~ 
~ 

L= ? 

L= ? 

INT MOMENTS 

M1L = - 77B.3E3 

M1R = 77B.3E3 

M2L = -516.3E3 

M2R = 516.3E3 

If you do ha ve the optional HP-82143A thermal printer. plot the Illoment 
distribution for span I . Use an increment of 10. 

I XEO II ALPHA I SIMPLE I ALPHA I 

177.17 ~ 88.58 IEHrnl ' 1 

30000 [£) 
177.17 IEHrnl' 1 

778.3 I CH5 II EEX I 3 (I] 
QD 

10~ 

· May take any value in this problem. 

L= ? 

0.000 00 

0.000 00 

WlPLE 

L=177 .2ES 
E*j=0 _eeOE0 

a=3S.58E9 
P=30 .00E3 

,; =177 _2Et. 
H=-773 .3E3 
END 
XINe? 
X=e .e00EIl 
HX=0.eeOES 

X= lUBES 
HX=10o, lE3 

• 
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Keystrokes: Display: 

X=28.eaEB 
MX=212.2E3 

X=J9 .88E(; 
HX=318.2E3 . 

X= 4e.88EB 
HX=424.3E3 

X=5e.88Ee 
HX=S38.4E3 

X=68. 8m 
HX=636 .5E3 

X=78 .08E8 
MX=742.6EJ 

X=8e.eeE8 
HX=343 .6EJ 

X=·,0 . em 
HX=9t2 . 1E3 

X=18Ij . 8E8 
HX=718 .2E3 

X=11e.eE8 
HX=524 .3E3 

X=128 . 8E8 
HX=33e . 3£3 

X=130 .BE8 
MX=136 .4EJ 

X=14UE8 
HX=-57.S0E3 

~i=15e. BEe 
HX=-251. 4£3 

Keyst rokes: 

I 

• 

Simply Supported Continuous Beams 39 

Display: 

X=168.eE8 
MX=-445 .3U 

X=17e . OE(; 

~IX=-639 . 3E3 

PLOT OF BE M 
X (UNl TS= 1. , 
Y (UHlTS= E • 

-6 .39 9. 12 
e. lj lj 

1-------1---------- ; 
0. 

10 . 
21). 

40. 
50. 
613. 
;:-e . 
SB. 
'3 tl, 

IHil. 
1113 . 
121] . 
138. 
14[;. 
150. 
16B . 
ll8 . • 

, . , 
> , 

-
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SETTLING OF CONTINUOUS BEAMS 

This program accounts for deviations from level in the supports of continuous 
beams. 

The beam' s geometry, section propenies, and loads are deri ved using Contill-
1I0 llS Beams. Then SETILE is run to account for low and/or high supports. 
After SETTLE has been completed, MOMENTS is run to obtain the internal 
bending moments at each intermediate support. 

Equations: 

&' ;lr = .6.. nr + DELTA" DELTA,,_! 

L" L" 

b.~L =6.. nL-
DELTA" DELTA" +! 

Ln + l L n+l 

where; 

A.~r is the adjusted angle at the right end of beam section n; .6..~L is the adjusted 
angle at the left end of beam section n+ I ; DELTA" is the he ight deviation 
of support n re lative to the left-most support (up is positi ve, down is negative); 
L" is the length of span n. 

Reference: 

Roark , Raymond 1.; Young, Warran C.; Formlllas jar Stress and Strain, 
McGraw-Hi li , 1975. 

Remarks: 

Unlike Continuous Beams, actual values for the moment of inertia and the 
modulus of elastic ity must be used. 

SIZE: 

STEP INSTRUCTIONS INPUT FUNCTION OISPLAY 

1 Run Continuous Beams through 
step 10 
of lis listed instructions. 

2 Start Settle. ~ SETILE L1~? 

3 Key in the length of the span. L ~ DELTA N ~? 

4 Key in the height of the support 
re lative to the height of the first 
support (u p is positive, down is 
negative). DELTA ®!J LN~ ? 

41 



42 Settling of Continuous Beams 

SIZE: 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

5 If step 4 resulted in display of 
" END" go to step 6. otherwise go to 
step 3. 

6 Calculate the internal moments (L 
and R refer to the left and right 
sides of each support). (ill) INT MOMENTS 

!Em . M1L= 
~. M1R= 

~. M2L= 
[illJ .. M2R= 

7 For a new case go to step 1. 

·Press fEZ!) jf you are not using a 
printer. 

" 
Calculate the internal bending moments at the supports for the continuous beam 
shown below: 

, ~,, __ 5000 Lb. 

~A-j'~~=-11-0"===:' ''==-80-+---'---- ""~ 
Support 1 

For all three spans 

and 

Support 2 is 
3.6" above 
Support 1 

Support 3 is 
even with 
Support 1 

E = 30 x 10' psi 

I = 5 in4 

Support 4 is 
4" below 
Support 1 

Settling of Continuous Beams 43 

Keystrokes (Size ;;' 040) Display: 

IENG I 3 

Fixed left end : 
I XEO II ALPHA I FIXL I ALPHA I L= ? 

SPAN 1: 

11O~ RDY A-I 
I 5 I ENTER. I 30 ~ 6 0 
I Use dummy load of zero : 

o I ENTER. I O. (£] 
I XEO II ALPHA I SPAN I ALPHA I L= ? 

Span 2: 
80~ 
o I ENTER. I 0 [£] 
I XEO II ALPHA I SPAN I ALPHA I L= ? 

Span 3: 
120~ 
75 IENTER· I 5000 [£] 
I XEO II ALPt<A I SPAN I ALPHA I L= ? 
IXEo l1 ALPt<A I SETILE I ALPHA I L1 = ? 
110 lRISI DELTA2= ? 
3 .6~ L2= ? 

80~ DELTA3= ? 

O~ L3= ? 
120~ DELTA4= ? 
4lcHsl~ END 
I XEO II ALPt<A I MOMENTS I ALPHA I INT MOMENTS 
~ . M1L = 266.8E3 
~ . Ml R = -266.8E3 
~ . M2L= - 265.8E3 
~ . M2R = 265.8E3 
~ . M3L = 21.41E3 
~ . M3R =-21 .41E3 

.. Pre." ~ if )OU are nOi u.,tng ;J printe r. 



CONTINUOUS FRAME ANAL Y<)IS 

Using the method of moment distribution, this program solves for the beam 
and column end moments in continuous frames. 

/ 

Ku, Ku, Ku , Ku, Ku , 

FEM FEM FEM FEM . FEM FEM FEM FEM 

OF Kb, OF OF Kb
2 

OF OF Kb3 OF OF OF OF KbN 

KI, KI , KI, KI, KI, 

Span 1 Span 2 Span 3 Span 4 Span 

SI S2 S3 S4 S,., .. , - Support No. 

Basic Frame 

Definitions: 

FEM is the fi xed end moment (use the right hand rule to mainta in sign consis­
tency within this Pac [(,...is positive]) ; 

K is the beam or column stiffness (K~4EI/L) ; 

Ku is the upper column stiffness; 

KI is the lower column stiffness ; 

Kb is the beam stiffness; 

DF is the moment distribution factor at a joint; 
DF ~ K/(Ku + KI + Kbl. + KbR). 

where: 

K is the beam or column st iffness of any member of the joint. The sub­
sc ripts " L" and " R" refer to the beams left and right of the joint ; 

E is the modulus of elasticity; 

I is the moment of inertia; 

L is the length of the span. 

44 

Continuous Frame Analysis 45 

Remarks: 

The number of spans the program can handle is dependent on the number of 
storage registers ava ilable in memory. The size required for storage is 5N + 3, 
where N is the number of spans being considered. 

# of Spans Memory Modu les Required 

1-1 2 None 
13-24 1 
25-37 2 
38-50 3 

Be aware that expansion joint requirements, bui ldi ng code requirements and 
practicality pl ace limitations on the num ber of span s in the frame. Also, a 
large number of spans will require a long computation time. 

By assumi ng that the far ends of the columns are fixed, beams in one f100r may 
be analyzed without regard to the beams above or below. This allows analys is 
of multistory structures. 

The program may also be used for single or mult ibay , one story frames with 
the far ends pinned . When the ends are pinned , multipl y the st iffness factors 
~075 . 
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46 Continuous Frame Analysis 

The ends of the first and last span may also be pinned or fixed. Use 1.0 for the 
value of the distribution factor at pinned ends and 0.0 at fixed ends. 

///// 

Ku 

.... D.F.~1 

KI 

pinned 

/ //// 

////. 

~ f-L-' 

///// 
fixed 

///// 

The program solves for gravity loads only. Wind and seismic loads must be 
considered independently. 

When calculating the fixed end moments (FEM) use the FIXED beam program 
from the BEAMS section of this applications pac. Change the sign of the left 
end, fixed end moments calculated by FIXED before input to this program. 

After all moments are known, the BEAMS program of this pac can be used to 
compute or plot shear, moment, slope or deflection. Use the computed mo. 
ments as applied moments at each end of the simple beam under consideration. 

References: 

Continuity in Concrete Building Frames, Portland Cement Association, 4th 

Ed, 1959. 

Lathers, John E., Advanced Design in Structural Steel, Prentice Hall, 1960. 

Borg, Genaro, Modern Structural Analysis , Van Nostrand Reinhold Co., 
1969. 

STEP INSTRUCTIONS 

1 Use FIXED to compute fixed end 
moments for all bays. 

2 Compute all distribution factors, 

3 Size memory according to the 
formula : 
SIZE~5N+ 3 (N~ Number of Bays). 

4 Initialize program. 

5 Input number of spans. 

6 Key in the distribution factor. 

7 Key in the fixed end moment. 

S Return to step 6 until all bays have 
been entered. 

9 Key in number of moment distri-
bution cycles and calculate beam 
moments. 

10 Key in the upper column stiffness. 

11 Key in the lower column stiffness. 

12 Return to step 10 for next column. 

13 For a new case go to step 1. 

*Press ~ if you are not using a 
printer. 

**You may need a larger SIZE than 
this for proper execution of FIXED. 
See Ihe User Instructions 01 FIXED. 

Continuous Frame Analysis 47 

INPUT 

N 

OF 

FEM 

CYCLES 

Ku 

KI 

FUNCTION 

~ CFRAME 

~ 

IENTEHI 

~ 

~ 
~* 
~* 
~* 
~* 

etc. 

~* 

IENTERt I 

~ 

~* 
~* 

SIZE: 5N + 3" 

DISPLAY 

NO. OF SPANS? 

OF i FEM? 

OF 

OF i FEM? 

CYCLES? 

BEAM MOMENTS 
Sl. ~ MOM 

S2.~MOM(leK) 

MOM (right) 
S3. ~ MOM (left) 

etc. 
COL. MOMENTS 

KU i KL? 

KU 

KL 
Sl ~ MOM(U) 

MOM(L) 
KU i KL 
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48 Continuous Frame Analysis 

Solve for the moments in the frame below. For all columns K = 1.00. 

1.0 KLF L.L 

W = .20 KLF D.L. w = .20 KLF D.l. 

D.F. ~ K = 2.0 

- -- 20.0' - --10.0' - --20.0'--
F.E.M. + 40.00 - 40.00 + 1.67 - 1.67 + 40.00 - 40.00 

51 52 

Calculate Distribution Factors: 
OF, = 1/(1+1+ I) = 0.333 
OF'L = 1/(1+ 1+ 1+2) = 0.20 
OF,. = 2/(1+ 1+ 1+2) = 0 .40 
OF'L = 2/(1+ 1+ 1+2) = 0.40 
OF," = 1/(1+ 1+ 1+2) = 0.20 
OF. = 1/( 1+1+1) = 0.333 

53 54 

Use the beam program "FIXEO" to solve for fixed end moments. Note 
that bay # 3 is the same as bay # I and thus need not be ca lculated. Also , 
note that the sign convention for the internal bending moments must be 
converted to the right hand rule for use in this application. 

Keystrokes: (Size :;' 024) Display: 

~2 
IXEOII ALPHA I FIXED I ALPHA I L= ? 

20~ 1 ® .2 ® 
O[£J MX= -40.00 
20 (£) MX= -40.00 
I XEO II ALPHA I FIXED I ALPHA I L= ? 
101 R/5 1 .2 ® O(£) MX= -1 .67 
10 (£) MX= -1 .67 

= 

Solve for moments at joints: 

Keyslrokes : 

I XEO II ALPHA I CFRAME I ALPHA I 
3~ 
.333 I ENTER. I 40 I R I S I 
.2 I ENTER. I 40lcHsIIR /5 1 

.4 I ENTER' I 1.67 ~ 

.4 I ENTER. I 1.671cHsl ~ 

.2 I ENTER. I 40 IRI5 1 

.333 I ENTER' I 40l cH51 ~ 

B~ 
~ . 

~ . 

IRI5 1 • 

~ . 

IRIS I • 
~ . 

~ . 

~ . 

1 I ENTER. I 1 I RI 5 I 
~ . 

~ . 

1 I ENTER. I 1 ~ 
~ . 

~. 

1 I ENTER. I 1 ~ 
~. 

~ . 

1 I ENTER. I l1R I5 1 
~ . 

"' Press ~ if you arc nOI using a printer. 

Continuous Frame Analysis 

Disptay: 

NO. OF SPANS? 

OF t FEM? 

Oft FEM? 
OF t FEM? 

OF t FEM? 

OF t FEM? 

OF t FEM? 

CYCLES? 

BEAM MOMENTS 
S1.= 30.51 

S2.= -36.13 

13.16 

S3.= -13.16 

36.13 

54. = -30.51 

COL. MOMENT5 

KU t KL? 

S1.= -15.26 

-15.26 

KU t KL? 

52.= 11 .49 

11.49 

KU t KL? 
53. = -11 .49 

-11.49 

KU t KL? 
54.= 15.26 

15.26 

49 
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RPN VECTOR CALCULATOR 

Execut ion of VECTOR tran sforms the HP-4 1 C into a four-regi ster-stack , RPN , 
vector calc ulator. Vectors arc displayed in the magnitude/angle format. The 
character "L" is used to separate the magnitude and angle in the display. 
The top two rows of keys are redefined as vector add. subtract, cross product, 
dot product, angle subtract ion. X exchange Y. ro ll down . store, reca ll , 
LAST X, rectangular display, roll up, change sign and un it vector. In add ition. 
I ENTER. I is used to se parate between magn itude and ang le in vector ent ry and 
I!Z!I is used to te rminate' vector entry. These operations are ana logous to 
the ir scalar counterparts in the HP-4IC with the following except ions: 

I . Cross product, dot product , vector angle s ubtraction , and rectangular 
display do nOI change Ihe conlenl of Ihe slack or LAST X. They modify 
Ihe di splay only. 

2. Store and reca ll apply to only one vector register. 

3. When a vector is terminated using ~ only one copy is generated 
in the vector stack . 

50 

STEP 

1 

2 

3 

4 

5 

= 

RPN Vector Calculator 51 

Vector Calculator 
Data Structure 

IT MAGNITUDE ANGLE 

~ MAGNITUDE ANGLE 

~ MAGNITUDE ANGLE 

OC MAGNITUDE ANGLE 

LAST X I' MAGNITUDE ' I LI' _-"A",-NG",L""E~-,'I 

STORAGE I MAGNITUDE I LI_..cA",-NG""L=E,--_ 

INSTRUCTIONS INPUT FUNCTION 

Initialize program. ~ VECTOR 

Key in magnitude. MAG . IENTVt. 1 

Key in angle. ANGLE ~ 

Periorm any of the following 
operations: 
terminate vector entry ~ 
or add vectors 0 
or subtract vectors 00 
or take cross product [£J 
or take dot product @] 
or find acute angle between vectors m 
or exchange vectors (IJ 
or roll vector stack down @] 

or store vector ffil 
or recall vector CD 
or recall LAST X vector QJ 

or display vector in rectangular form 0 
or roll vector stack up . 00 
or change sign of vector . [£J 
or change to unit vector. @] 

To key in another vector, go to Step 
2. To perform another operation. go 
to Step 4. 

• Assumes FIX 2 display setting. 

SIZE: 016 

OISPLAY 

O.OO~O.OO* 

MAG 

MAGLANGLE 

MAG~NGLE 
MAG~NGLE 

MAG~NGLE 
YxX~ 

OOT~ 

V~~ 

MAG~NGLE 

MAG~NGLE 

MAG~NGLE 
MAG~NGLE 

MAG~NGLE 

HORZlVERT 
MAG~NGLE 
MAG~NGLE 

MAG~NGLE 



52 RPN Vector Calculator 

Resolve the fo llowi ng th ree loads along a 175 degree line. 

y 

170 LB 4.. 143' -L2 185 LB 4.. 62 ' -175 0 
- - L, - - - -

--~~~=-~--------x 

-L, 

100 LBA. 261 ' 

Keystrokes: 

First add L , and L, . 

~ 2 
I XEO II ALPHA I VECTOR I ALPHA I 

18SI ENTER' 1 62 ~ 
170 IENTER' I t 43 0 

Add L". 

100 I ENTER. I 2610 

Display: 

0.00/"0.00 

185.00/"62.00 

270.12/,.1 00.43 

178.941.1 11.15 

Reso lve vec tor along 175 degree line by using dot product. 

1 I EImR. 1 175 @J 00T= 78.86 

If L" is doubled . what i, the resolut ion a long the 175 degree line? Take 

advantage of vector store. vector reca ll and the fact thai L:, is in vector LAST X. 

Store the 175 degree vec to r. 

[BJ 
1.006.175.00 

M ove the current sum back 10 the display register of the vector stack with 
veclor roll down. 

@] 
178.946.111 .15 

Get L" from vector LAST x. 
o 100.006.261 .00 
Add . 

o 105.22/,,1 39.66 
Reca ll 175 degree vec to r. 

OJ 1.00/,,1 75.00 
Use dot product to resolve the new sum alo ng the 175 degree vector . 

@J 00T= 85.83 

RPN Vector Calculator 53 

What is the moment at the shaft of the crank pictured below? \Vhat i ~ the 
reaclion fo rce transmi tted along the member? 

/ 
• 

Keystrokes: 

Moment by cro" product ( V , x F). 

~ 2 IXEO I I ALPHA I VECTOR 

I ALPHA I 

.3 I ENTER. I 50 ~ 
300 I ENTER. I 205 @J 

Resolution alo ng the , haft by dot product. 

o 
. @J 
@J 

Display: 

o.oo /" 0.00 

0.30 /" 50.00 

Y·X= 38.04 

0.30 /" 50.00 

1.00 /" 50.00 

00T= - 271 .89 



• COLU N ORMULA 

Thi~ program compute~ the allowable axial cOJ11prc~~ive load for ~ Iee l col umn s 
using the American In ~ (ilU(C of Steel Construction fonnulas for long and ShOIl 

columns. Opt ionally. the allowable load for secondary column~ or the max ­
imum theoretical axial column load can be calculated. 

P-~-- - ' ", P 
R 

~--------------- KL -------------___ 

Either SI or Englbh units may be used in problem solution. The initialization 

routine eOlS I selects the newton as the unit of force and the meter as the 
unit of length. N- M is left in the display after execution to indicate the units 

se lected. COLE selects the pound as the unit of force and the inch as the unit 
of length. LB-IN is left in the display after execution. 

After either initialization routine. the keyboard is defined according to the 
overlay below: 

'1 

Key 0 i~ uSf'n for input of cross sectional area. 

Key ~ and .~ are used for the input of the minimum moment of inenia 
or radius of gyration. O nl y one of the two is needed for problem sol ution. 

Key; CD . ~ and ITl are used to input the beam length. the effec ti ve length 
factor. and the !o.teel yield point . 

The effective length factor K i.!o. used to account for various column end cond i­

tions . If bot h c nd~ are free to rotate but not translate the val ue of K is 1.0. 
Since (his i ~ the common assumption. K is automatically se t to 1.0 when the 

program is initialized. As the ends become more constrained agai nst rotation 
and motion the va lue of K dec reases. approaching a theoretical minimum of 

0.5. As the ends become less constrained. K values may exceed 2.0. The 
follow ing table may be used to select K values. 

54 
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Steel Column Formula 55 

EFFECTIVE LENGTH FACTO RS 

Recommended K values 
Theoretical End Cond itions (Theoretical conditions 

approxi mated) K values 

FIXED-FIXED 0.65 0.5 
PINNED-FIXED 0.80 0.7 
ROTATION FIXED-FIXED 1.2 1.0 
PINNED-PINNED 1.0 1.0 
FREE FIXED 2.1 2.0 
ROTATION-PINNED 2.0 2.0 

Key m ca lculates the allowable. axial compressi vc load for the cro~s ~cc tion 
assuming the ratio of KL/R is the larges t ratio applicable to the ,ection. Local 
buckling within the :-,cction i~ not checked by the progmm and mu~t be treated 
separa tel y. 

Key @J calcul ate; allowable loads for braci ng and ;econdary member> . 

Key 0 calcu late; the theoretical fai lure load for axia lly loaded column, and 
; hould not be u;cd for design purposes . 

A display of KL/R > 200 after pressing 0 . @J . or [BJ indicates that the 
member is too thin and long to be treated a~ a column. 

Equa tions: 

A [ I - (KL/R)' ] FY 
2 C' 

P" = -:-"'--:=:--;::-:--~;-;-;=-2. + 3(KL/R) (KLlR)" 

KL 
---<C 

R 
3 8 C 8 C" 

1217"2 EA 
P" = --'=----=::.:..-

23( KL/R)' 
KL 

C ,;; --- ,;; 200 

C' = 27f'E/FY 

L -,;; 
R 

Pa ~ = ---,-p-""---
1.6- _L_ 

200 R 

P = A [ I - (KL/R)' ] FY 
111,1\. 2 C2 

R 

120 

.!:. > 120 
R 

KL <C 
R 

Prna \ = 
7f 'E A 

(KL/R)' 
KL C ,;; --- ,;; 200 
R 



56 Sleel Column Formula 

Definitions: 

P" is the allowable load: 

Pas is the allowable load for secondary members: 

Pmax is the maximum load the column could theoretically carry; 

A is the area of the section; 

L is the length of the column: 

R is the minimum radius of gyration of the column cross section: 

I is the minimum moment of inert ia of the cross section: 

FY is the yield point of the steel ; 

E is the modulus of e lastic ity of steel; 

K is the effec ti ve length factor. 

References: 

Roark , Raymond J ., Young, Warren c. , Formulas for Siress and Sirain, 
McGraw-HilI. 1975. 

Johnston, Bruce , G., Lin, Fung-Jen, Basic Sleel Design , Prentice-Hall , 1974. 

Maflual o/Steel Constmction , American Institute of Steel Construction , 1973. 

Remarks: 

Columns must be nominally straight , homogenous, and of unifonn cross 
section. 

Loca l buckling is not checked for. 

SIZE: 029 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Select un its and initialize: 
SI units (newtons and meters) (ill) N·M 
DR English (pounds and inches) (ill) LB·IN 

2 Key in iIle following: 
area of section , A 0 A= 
moment of inertia , I . 11l 1= 

OR radius of gyration R I1l R= 
leng th of column . L II) L= 
effect~e length factor (if not 1.00), K @) K= 
yield point of steel. FY m FY= 

3 Calculate any or all of the following : 
allowable load CD Pa= 
allowable load for secondary 
members @) PaS= 
maximum load 0 PMAX= 

4 Go to step 2 and change any or all inputs. 

Sleel Column Formula 57 

Two steel channel s are laced together to fonn the cross section below: 

Calculate the allowable load, the allowable secondary load, and the max imum 
load using the fo llow ing specifica tions: R = 81.0 x 10- 3m , A = 9. 46 x 
'10- 3m', FY = 248 x 10'N/m' , L = 7.5 m, K = 1.0. 

Keystrokes: (SIZE .. 009) 

[ENGI 3 

[ XEO I [ ALPHA I COLSI I ALPHA I 

81 IEEXilcHSI 3 (!J 
9.46 [ EEXil cHSI30 

248 [ EEXI 6 IT] 
7.5 (£) 
o 
@] 

® 
What are the a llowable loads for L = 12 m" 

12 (£)0 
@J 

o 

Display: 

N-M 

Pa = 905.9E3 

PaS = 905.9E3 

PMAX = I .714ES 

Pa = 443.9E3 

PaS = 51S.SE3 

PMAX = 850.8E3 

For a column wi th the properties below , what is the allowable load? 
F, = 33.000 psi A = 20 in' I = 223 in' L = 350 in K = 1.0 

Keystrokes: (S IZE .. 009) 

[E NGI 3 

[ XEO I [ ALPHA I COLE I ALPHA I 

33000 IT] 20 0 223 (!J 
350 (£) 
o 
If K were 0 .65 what would the allowable load be? 

.6500 

Display: 

LB-IN 

Pa = 237.1E3 

Pa = 310.1E3 



RE'INFORCED CONCRETE BEAMS 
U· I A .... "" ... 

Using Ihc ultimale slrenglh melhod , Ihis program will aid in Ihe design of 
rectangular or "T" shaped sections capable of resisting a spec ified moment. 

Both tens ion and compress ion reinforcement may be incorporated in the 
design . Special fealUres of Ihe progntm include: 

I . The program checks for minimum reinforcement according to the A.C. 1. 
code. If the calculated reinforcement is less than the minimum. both the 

ca lculated reinforcement and the minimum reinforcement are output. 

2. Since denection problems are rarely encountered when the steel reinforce· 
me nt ratio is le~s than 0.18 FelFy, a user option is avai lable to limit 

lension slcel. The program prompts LMT REN? YIN . If you wish to e limi ­

nate denection checks key in "N" ~ if you are willing to do denection 
check,. key in ··Y·'. 

3. If a beam requires compression reinforcement. the calcula tor prompts for 

the depth of the compression reinforcement. and automatically calculates 

both the tension and compression steel area~. 

Typical sections: 
A2 (compression i b = b1----l reinforcing 

~ i ," ,equ;,ed) 

d II I' 

:1 :i N.A. 

Ii :: A1 (tenSIOn 

...L-'---1 -l~~~_~':- reinforcing) 

min cleat 
dimension 
• lie dlam 

REeT ANGULAR 
SECTION 

1 I---b- ----I 
rI """'- a 

1-1 --b 1 

n ~ 
, " , " 
I : : A1 

N.A d 

I :1 
, " 

.L d ~N.A. 
A 1 (1enSlon ~ .... 

~!=::::. ~ 
relnfOfclng) 

T SECTION 
(neutral axis below Ilange) 

58 

I--- b1 

T SECTION 
(neu1ral aXIs within flange 
designed as a rectangular 

section with b1 - b) 

Reinforced Concrete Beams 59 

Definitions: 

FY i, the yield strenglh o f Ihe slee l (ps i) : 

F(. is the ultimate com press ive strength of the concrete (psi): 

b is Ihe beam widlh (flange widlh for T -beam)( in) : 

b I is Ihe slem widlh (in): 

d is the beam depth from compression surface ( 0 ce ntroid of tension 

reinforcing (in): 

d 1 is the location of compress ion reinforcing. from compres~ i o n surface (0 

centroid of compress ion reinforc ing (in) ; 

T is Ihe Ihickness of flange (in); 

A I is the lotal tension reinforcing area (iot); 

A2 is the compression reinforcing area (iot); 

.75Pb is 75'7c of allowable balanced slcel ralio: 

P is Ihe sleel ralio = AJbd: 

A\ is the stee l reinforcing required for tensile S lre ~~ only (in2): 

Asr is the equivalent steel area to balance the fo rce produced in a concrete 

flange (in '): 

Mu is Ihe ultimate design moment (kip-in) ; 

K is the flexural coefficienr: 

KMAX is the maximum flexural coefficient al balance condition when 

P = .75 P,,: 

NA j, Ihe neUlral axis (in): 

a is Ihe deplh of Ihe eq ui va lent slress block . 

Remarks: 

This program is intended as a computational aid and i ~ not a replacement for a 

thorough underManding of reinforced conc re te dc~ign. 

The program deal ~ with flexure only . A com plete de~ign requires that shear 

also be considered . 

The program doe, not c heck span 10 deplh ratio, . 

The fom1Ulas used in this program may be found in the following two ref­

erences: 

References: 

ACt Standard Bllilding Code Reqlliremell1:' for Rl'inJorced Conen' Ie (Ael 
3 J 8· 77). American Concrete In~titute. 

Winter. Urguhard. O'Rourke and Nibon. Design oj COl/creIe Slruclllres. 
McGr",, - Hill. 1964. 



60 Reinforced Concrete Beams Reinforced Concrete Beams 61 

For Rectangular Baams: SIZE: 018 For "T" Beams: SIZE: 018 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Initialize the program. ~RBEAM FY ? 1 Initia lize the program . ~TBEAM FY~ ? 

2 Key in lhe yield slrenglh of sleel (psi ). FY ~ Fc~? 2 Key in the yield strength of steel (ps i). FY ~ Fc~? 

3 Key in the compressive strength of 3 Key in the compressive strength of 
concrete (psi) and calculate maxi~ concrete and calculate the maximum Fe ~ . 75Pb~ 
mum steel ratio and 0.9 times the steel ratio, and 0.9 times the maxi· 
maximum flexural coefficient. Fe ®!J .75Pb~ mum flexu ral coeffic ient . ~* . 9KMAX~ 

~ * . 9KMAJ(~ ~* WI DTH ~ ? 
(§ * WIDTH~ ? 4 Key in the width of the flange (in ). b ~ STEM WIDTH~ ? 

4 Key in the widlh of section (in). b @!] DEPTH~? 
5 Key in the width of Ihe stem (in). bl ~ DEPTH~ ? 

5 Key in the depth of section (in) . d ~ LMT REN? YIN 6 Key in the depth of the section (in) . d @!J THICKNESS ~ ? 
6 If you wish to lim it reinforcements so 

that deflections need not be checked , 8 Key in the thickness of the flange (In) . T !!ill LMT REN? YIN 

answer " N" , otherwise answer 9 If you wish to limit reinforcement so 
·'Y". YIN @!] MOMENT~ ? that deflections need not be checked 

7 Key in the applied momenl (in -Kips) 
and calculate the flexu ral coefficient. M ~>!o K~ 

answer " N" . otherwise answer 
"y. Y or N ~ MOMENT~? 

®!:l * DEPTH COMP~ ? 10 Key in the applied moment (in-Kips) 

8 If you are prompted for the depth of 
compression reinforcement, key it in. dl ~ 

and calculate the flexural 
coefficient. M ~ K~ 

®!1 * DEPTH COMP~ ? 
9 See outputs of minimum steel area (if 

the computed area is less than the 
minimum), AM IN~ 

11 If you are prompted for the depth of 
compres sion reinforcement, key it in. d1 ~ 

tension reinforcement area , @!) * Al ~ 12 See outputs of minimum steel area (if 
and , if you were asked for d1 , the area the computed area is less than the ACI 
of the requ ired compression minimum), the area of tension AMIN~ 

reinforcement . @!) . A2~ reinforcement , and , if you were asked ~* Al ~ 

~ .. Ai d for d1. the area of the requi red com-

to OPTIONAL: Key in steel areas based 
on the outputs above and available 

pression reinforcement. ~* A2~ 

~* Al ~ ? 

bar sizes to compute ultimate t3 Optional: Key in the steel areas based 
moment. Al ~ A2~ ? on the outputs above , and available 

A2 ~ M~ bar sizes , to compute the ultimate 

tt For a new case, go to step 1. moment. Al ~ A2~ ? 

A2 ~ M~ 

*If you are not using a printer, 
press~ 

t4 For a new case go to slep 1. 

"'Press @"!} if you do not have a 
printer. 



62 Reinforced Concrete Beams 

I ami 

Determine the cross section and area of steel for a concrete beam, simply 
supported , and rectangular in shape , for the following data : 

FY = 40,000 psi 
F, = 3,000 psi 
M" = 2,000 in-kips 

Keystrokes: (SIZE ;;' 018) 

. [!!!]2 
I XEO II ALPttA I RBEAM I ALPttA I 
40000~ 

3000~ 
~ . 

IRIS I • 

Based on experience, a width of 10 inches is selected. 
10l RIs i 

Mu 
Since bd' = -,""'-;-:-=­

.9KMAX 

d= 
2,000,000 

( 10)(782.75) 

21 EExi 61 emR. 1 100 

782.75G@ 

Therefore , use 16 inches for d. 

16~ 
N IRIS I 
2000 I RI S I 
IRl s l • 

*Press ~ ir you arc not using a printer. 

Display: 

FY= ? 

Fc= ? 
. 75Pb = O.03 

.9KMAX= 782.75 

WIDTH= ? 

DEPTH= ? 

15.98 

LMT REN? YIN 
MOMENT= ? 

K= 868.06 

Al = 4.44 

Reinforced Concrete Beams 63 

• I. 

Determine the reinforcement for the section determined in Example I , but limit 
reinforcement for deflection and compute the ultimate capacity for the bars 
selected . Use d 1 = 2.38 in. Mu = 2,000 in-Kip . 

Keystrokes: (SIZE ;;. 01 8) 

[!!!] 2 
I xE0 11 ALPttA I RBEAM I ALPttA I 
40000~ 

3000~ 
I RIS I • 
~ . 
10l RI s i 

16~ 
Y~ 
2000~ 
~ . 

Display: 

FY= ? 
Fc= ? 

.75Pb= O.03 

.9KMAX= 782.75 

WIDTH= ? 

DEPTH= ? 

LMT REN? YIN 
MOMENT= ? 

K= 868.06 

DEPTH COMP= ? 

This prompt (for depth of compression reinforcement) indicates compression 
reinforcement is required . 
2 .38~ 
~ . 

~ . 

Al = 3.97 

A2= 1.81 
Al = ? 

The steel areas are closely approximated using 3, #7 bars in compression (1.80 
in') and 4, #9 bars in tension (4.00 in'). Calculate the ultimate moment for 
this des ign. 
4~ 
1.81 Rl s l 

·Press ~ if you are nO( using a printer. 

A2= ? 

M= 2,OI3.12 



64 Reinforced ConcretA Beams 

Detennine the area of reinforcement for the following rectangular concrete 

beam . 

Mu = 2,750 in-k ips 
FY = 40,000 psi 
Fe = 3000 p, i 
b = 10" 
d = 16" 
dl = 2.50 in 

Keystrokes: (SIZE '" 01 8) 

. @!)2 
I XEO II AL""A I RBEAM I AL""A I 
40000~ 
3000~ 
~ . 

IRIS I • 
10~ 
16~ 
N~ 
2750~ 
~ . 

2.5~ 
~ . 

· Press ~ if you arc nOI u~ing a printer. 

Display: 

FY= ? 

Fc= ? 
,75Pb = 0,03 

.9KMAX= 782. 75 

WIDTH= ? 

DEPTH= ? 

LMT REN? YIN 

MOMENT= ? 

K= 1,193.58 

DEPTH COMP= ? 

Al= 5.99 

A2 = 1.54 

Reinforced Concrete Beams 

Impll 

Detennine the required reinforcing for the following concrete "T" beam . 

FY = 60,000 psi 
Fe = 3000 psi 
b = 47 .00 in 
bl = t 1.00 in 
d = 20.00 in 
dl = 2.50 in 
T = 3.00 in 
M = 6,400 in-kips 

Keystrokes: (SIZE '" 01 8) 

. @!)2 
[xEa I[ ALPt<A I TBEAM I ALPt<A I 
60000 [RIS I 
3000[ Rl s l 

~ . 

~ . 

47~ 
11~ 
20~ 
3[ RIS I 
N~ 
6400~ 
~ . 

· Pre ss ~ if you are nOI usmg a printer. 

I 11 .00"-

Display: 

FY= ? 

Fc= ? 

.75 Pb= 0.02 

.9KMAX= 702.05 

WIDTH= ? 

STEM WIDTH= ? 

DEPTH= ? 

THICKNESS= ? 
LMT REN? YIN 

MOMENT? 

K= 458.23 

Al = 6.46 

65 



REINFORCED CONCRETE COLUMNS­
ULTIMATE STRENGTH DESIGN 

This program computes the ultimate capacity of short concrete columns, either 
square or rectangular , with any combination of reinforcing. Either ax is may be 
investigated. 

The 1977 American Concrete Institute code is followed in determi ning 'the 
allowable fiber stress in the re inforcing and in the concrete . Automatic checks 
are made for maximum and minimum reinforcing percentages in the computa­
tion of the maximum allowable axial force, PM AX. If the required percentages 
are less than or greater than allowable, the program stops with an alpha desorip­
tion of the problem. 

The program uses an iterative technique to determine the capacity which 
satisfies the design eccentrici ty. The neutral axis is moved until the calculated 
eccentricity eq uals the design eccentricity. For each location of the neutral 
axis the size of the concrete stress block, the strains on each barset group and 
the allowable stress are calculated. The total area in each barset is then multi­
plied by the allowable stress to obtain the force , e ither tensio n or compression, 
which is summed. The force is multiplied by its dislance from the center line 
of the section to determine the moment. This procedure continues until the 
computed value of the eccentricity agrees with the design eccentricity. At this 
point the program wi ll output the ax ial capacity P and moment capacity M of 
the computed eccentricity. The location of the neutral ax is c is also output for 
any manual checking that may be desired. 

!fthe neutral ax is reaches the position of the last barset group from the primary 
face, the column is considered inadequate as a compress ion member subject to 
bending. Beyond this , the section could be considered as a tlexure member, 
which is beyond the scope of this analysis. If thi s condition occurs the program 
will return with an alpha message " INADEQUATE" . 

Major axis - ------I I-----barset 2 (2 - bars) 
barset N- - barset 1 (4 bars) 

i d 1-1--+--+--d-I----+--~ 

1 
cotumn ties --..-.. l 

---t--+II---t---ttt- -j-- --Ilt--I-j-- minor axis 

L... / tH-- t-+- reinforcing bars 
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Reinforced Concrete Columns 67 

Definitions: 

eb is the eccentricity at the balance point where tension equals compression 
(inches) ; 

e is the design eccentricity (inches); 

c is the location of the neutral axis (inches); 

N-BARSETS is the number of barsets; 

b is the width of the column (inches); 

T is the depth of the column (inches); 

d is the depth from the front face to the centroid of the last barset group 
(inches); 

d I is the distance from the back face to the centroid of the last barset group 
(assumed equal to the distance from the front face to the centroid of the 
first barset group) (inches); 

FY is the ultimate strength of steel (psi); 

Fc is the ultimate compressive strength of concrete (psi); 

P is the design axial capacity (kips); 

Mb is the balanced moment (kip-in); 

Pb is the balanced axial capacity (kips) ; 

M is the design moment capacity (kip-in). 

Remarks: 

Large columns with large eccentricities and large columns with extremely 
small eccentricities may take a long time to solve . 

The program assumes that the barse! spacing is equal. 

For (P '" .IFc X AREA), the member becomes more of a flexure member, 
which is beyond the scope of this program. 

This program is for short concrete columns only. Slenderness must be taken 
into account according to the A.C.1. code. 

Very small eccentricity (the neutral axis approaches infinity) is an unreasonable 
situation and probably would take many hours to solve. Therefore , limit e to 
at least 10 percent of T . 

Either axis may be investigated by considering it the major axis. 

References: 

ACl Standard Building Code Requirements for Reinforced Concrete (ACl 
318-77), American Concrete Institute . 

Winter, Urguhart, O'Rourke and Nilson, Design of Concrete Structures, 
McGraw-Hili , 1964. 



68 Reinforced Concrete Columns 

STEP INSTRUCTIONS INPl/T FUNCTION 

1 Initialize the program . @) 

2 Key in tile u~imate strenglh of sleel. FY I!m 
3 Key in the ultimate strength of 

concrete. Fc ~ 

4 Key in the wkHh of the column . b I!Z!l 
5 Key In tile depth of tile column. T ~ 

6 Key in the depth of first barset 
group. dl I!Z!l 

7 Key in the number of barset groups. N-BARSETS rEm 
8 Key in the area of barset groups. AI (ill) 

A2 I!Z!l 

9 Key in the last area and output AN (!I!) 
maximum load . eccentricity at the ~. 

balance point. balanced moment. cm:J * 
and design axial capacity. 1!Z!l* 

f]1!) • 

10 Key in design eccentricity (e=M/P 
where M is the design moment and 
P is the design load). e (E!) •• 

(!ill . 
(!ill -

fB!I* 
11 For a new case go to step 1. 

· Press cm:J jf you are not using a 
printer. 

" This is a lengthy calculation. 

SIZE: 21 + N 

DISPLAY 

FY=? 

Fc=? 

WIDTH=? 

THICKNESS= ? 

DEPTH IST=? 

N- BARSET5=? 

AREAS ' .. N= ? 

AREAS ' .. N= ? 
AREAS ' .. N=? 

PMAX= 
eb= 
Mb= 
Pb= 
e=? 

e= 
M= 
P= 
c= 

b 

Reinforced Concrete Columns 69 

For a 16" x 20" concrete column with 10-# II bars detennine :PMAX, eb, 
Pb, Mb and the capacity for an eccentricity of 12 inches . 

FY = 60.000 psi 
Fe = 4,000 psi 

Solution SIZE = 21 + 5 = 26 

271"~l-'+t - ';29'- -
.,1------:-. /' ----Tr-,1 ~-j' 10 ·1 11 - r-------

-1+----1 

• • 

1----20 .. - --I 
Each barl~H " 2 - I II 
# 11 bar As - 1.56 in' 

2(1 .56) - 3.12 In' 

Keystrokes: (SIZE ", 026) 

ILW 2 
I XEa II ALPHA I CONCOl I ALPHA I 
60000~ 
4000 I RI S I 
161 RIsI 
20 ,",5 I 
2.71~ 

5~ 
3.12~ 
3 .12~ 
3. 12~ 
3.121Rlsl 

3.121Rls l 

~ . 

IRIS I • 
~ . 

IRIS I • 
12~ •• 
~ . 

~ . 

~ . 

• Press IE!] if you are not using a printer . 

• • Thi s is a lengthy calculation. 

Display: 

FY= ? 
Fe= ? 

WIDTH= ? 
THICKNESS= ? 

DEPTH l ST= ? 

N - BARSETS= ? 

AREAS 1 .. N= ? 
AREAS 1 .. N= ? 

AREAS l..N= ? 

AREAS 1 ... N= ? 
AREAS 1 ... N= ? 

PMAX= 1,103.74 

eb= 12.74 

Mb=4,194.49 
Pb=329.34 

e=? 
e= 12.00 
M=4,159.79 

P=346.76 

e= 10.38 



70 Reinforced Concrete Columns 

For a 20" X 20" concrete column with 8-#8 bars determine: PMAX, eb, 
Pb, Mb and the capacity, for an ecce ntricity of 4 inches. 

FY = 60,000 psi 

Fe = 5.000 psi 

Solution: SIZE = 21 + 2 = 23 

2.38"p-17.62" 

l 

~ IT 8 · #8 

l .. I 
--20"'------II 

Keystrokes: 

~2 

Each barsel = 4 If 8 
1 # 8 = .79 in ~ 

4(.79) = 3.161n2 

[ lEO II ALPliA I CON COL I ALPliA I 

60000 [ A/ S I 
5000 [ A/ S I 
20[ A/s l 

20[ A/SI 

2.38 [ A/ S I 
2®!l 
3.16[ A/s l 

3.16[ A/s l 
[ A/ S I • 
®!l • 
®!l • 
IA/s l • 
4 [ A/ S I 

[A/SI • 

[ A/ S I • 

®!l • 

Display: 

FY= ? 

Fc= ? 
WIDTH= ? 

THICKNESS= ? 

DEPTH IST= ? 
N-BARSETS= ? 

AREAS IN= ? 

AREAS IN= ? 

PMAX= 1,149.31 

eb= 9.95 
Mb=4,844.29 

Pb=486.98 
e = ? 
e=4.00 
M=3,644.62 

P=911 .17 

c = 16.76 

Reinforced Concrete Columns 71 

For a 16" x 30" concrete column with 10 - # 7 bars determine PMAX, eb, 
Pb, Mb and the capacity, for an eccentricity e = 15 .00 in . 

FY = 40 ,000 psi 

Fc= 3,750 psi 

SIZE = 21 + 4 = 25 

2.3 1" 

rr-2~69' 1 

'""~~~1 
11----30,,----11 
Barset # 1 = 3 - # 7 As = 1.8inz 

Barset # 2 = 2- 117 As = 1.21"2 
Barset # 3 = 2 - # 7 As = 1.2 I n~ 

Barset # 4 = 3 · # 7 As = 1.2 in2 

Keystrokes: (SIZE ", 025) 

~2 
[ lEO I[ ALPliA I CON COL [ ALPHA I 

40000 [ A/ S I 

3750 [A/s l 

16®!l 
30l A/s i 

2.31 [A/SI 
4[ A/ S I 
1.8 ®!l 
1.2 ®!l 
1.2 ®!l 
1.8 ®!l 

[ A/ S I • 
[ A/ S I • 
®!l • 

®!l • 15®!l 
®!l • 
[ A/ S I • 
®!l • 

Display: 

FY= ? 

Fc= ? 
WIDTH= ? 

THICKNESS= ? 

DEPTH IST= ? 
N-BARSETS= ? 
AREAS I .. N= ? 

AREAS I..N= ? 

AREAS I..N= ? 
AREAS I..N= ? 

PMAX=980.49 

eb=8.92 

Mb= 5,348.45 

Pb=599.49 

e = ? 
e= 15.00 

M=5,005.42 
P=333.68 
c = II .99 



EC flV MOMPH Of- I.... RTIA 

This program calculates the depth of the neutral ax is of a cracked ~ection . the 
cracked mome nt of ine rtia. the mome nt at whic h crack ing occurs, and the 
effec ti ve moment of inertia for a concrete section. Either " T" or rectangular 
sections may be a nalyzed . Both compression a nd tension re inforcement may be 
incorpora ted . . 

d1 

d 

r- b 

RECTANGULAR 
SECTION 

Definitions: 

~ 
Kd 

I 

(d - d ,) 

A1 

I 

N.A. 
IT T ~ 
H 

b 

I-- b1 
T 

SECTION 

b is Ihe width of Ihe compression flange or face (inches); 

bl i, the width of Ihe stem of a T-seclion (inches); 

Kd 

I N.A. 

A1 

d is the depth from the compress ion face to the centroid of the te nsion 

steel (inches) ; 

d I is the depth from the compress ion face to the cenlroid of the com­
pression steel (inches): 

T is the thickness of Ihe fl ange for T-beams (i nches); 

H is the tOlal seclion height (inches); 

Kd is Ihe depth from Ihe compression face 10 the neulral ax is (inches); 

A I is the area of the tension steel (in2); 

A2 is the area o f compress ion stee l (in2); 

Fc is the compressive stre ngth of the conc re te (psi); 

Ie is the mome nt of inertia for a cracked . transfonned section (in"); 

Ie is the effec ti ve mome nt of ine rtia for de fl ec tion computations ( in"); 

72 

Effective Moment of Inertia 73 

Ma is the max imum moment at the point where de flection is being con­
sidered; 

Mc is Ihe momenl al which cracking occurs (unils of Ma). 

Rererences: 

ACt Standard Building Code Requirements for Reinforced Concrete (AC! 
318-77), American Concrele Institule. 

Wimer, Urguhan , O' Ro urke and Nilson, Design of Concrete Structures, 
McGraw-HilI , 1964. 

SIZE: 018 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Initialize the program for T-section mID 
or rectangular section . [ill] Fc~? 

2 Key in compression strength of 
concrete. Fc !!ill WIDTH~? 

3a Key in width of compression surface. b ~ (STEM WIDTH~ ?) 

3b For T-section on ly, key in width of 
stem. bl [!ill DEPTH TEN~? 

4 Key in depth of lension sleel. d ~ DEPTH CDMP~? 

5 Key in the depth of the compression 
steel (if no compression steel just 
press C!Z!l). (dl ) [!ill (THICKNESS~ ?) 

6 ForT-sections key in the thickness of 
Ihe flange. T (!!!J A TEN~? 

7a Key in the area of tension steel. Al [!Z!J A COMP~? 

7b If you keyed in the depth of the com-
pression steel , key in the area of com-
pression steel and calculate the 
distance to the neutral axis and the 
moment of inertia of the cracked 
transformed section . (A2) (~) Kd~ 

®!J. Ic~ 

I!Z!J. Ma~? 

8 Key in maximum moment where 
deflection is being checked. Ma ~ TIL HEIGHT~? 

9 Key in the total section height and 
calculate cracking moment and the 
effective moment of inertia. H ~ Mc~ 

I!Z!J • le~ 

10 For a new case, go to step 1. 

· Press [!ill if you are not using a 
printer. 



74 Effective Moment of Inertia 

Determine the neutral axis. cracked moment of inertia, cracking moment, 
and effective moment of inertia for the section below. 

Fe = 2500 psi 
Ma = 2,000,000 .00 in-Ib 

1----48" 
.-~ 
6" 
~ 

24" 

28" LL 

8 - #8 
? A1 = 6.32 in' 

1--12" ----.j 

Keystrokes: (SIZE '" 0 18) Display: 

@!l 2 
I .EO II AlPHA I ITCON I ALPHA I Fe= ? 

2500 IRIS 1 WIDTH= ? 

481 RIs i STEM WIDTH= ? 

121 RIs i DEPTH TEN= ? 

24~ DEPTH COMP= ? 

IRls l THICKNESS= ? 

6~ A TEN= ? 

6 .32~ Kd= 6.77 

IRIS I * le= 23,721 .51 

~ * Ma= ? 

2000000 I R I 5 I TTL HEIGHT= ? 

281 RIs I Me= 788,928. 74 

IRIS I * 10= 24,629.15 

·Press ~ if you are nOI using a printer. 

b 

Effective Moment of Inertia 75 

Determine the neutral axis, cracked moment of inertia. cracking moment and 
effective moment of inertia for the section below , 

Fe = 2500 psi 
Ma = 2,100,000 Ib-in 

1-1 - 12"--1 

r 
__ .,~2" 

A2 = 1.2 in' 

19.5" 

" b~~~ A1 = 4.00 in' 

1--1 --12"-------j 

Keystrokes: (SIZE ", 018) Display: 

@!l 2 
I.Eo ll ALPHA I IRCON I ALPHA I Fe= ? 
2500 I RIS I WIDTH= ? 
121 RIs i DEPTH TEN= ? 

19.5~ DEPTH COMP= ? 
21 RI S I A TEN= ? 
41 RI S I A COMP= ? 
1.21 Rls l Kd= 7.61 

IRls l * le= 8,135.29 
IRls l * Ma= ? 
2100000 I RI S I TTL HEIGHT= ? 
221 RIs I Me= 363,OOO.OO 

I RI S I * 10= 8,148.27 

· Press (EI!) if you are nol using a printer. 



.... 
en 

PROGRAM 

Section 
Properties 

Beams 

Continuous 
Beams 

APPENDIX A 

PROGRAM DATA 

# REGS 
TO COPY 

DATA REGISTERS 

82 

93 

54 

OO~~A 

01 ~~M, 

02~~M. 

03~ ~1 . 

04~ ~1, 

05~~1" 
06~ (X,+, - x,) 
07~ (YI+' - y,) 
08~ (xl+' + x,) 
09~ (Y,+, + y,) 
lO= xj 

11 ~YI 

12 = xi+ 1 

13= Yi+l 
14~scralch 

15~ scratch 

16= counter 

OO~ Min 

01 ~ Max 

02~ Plot 

03~ E·1 

04~ :!: 01 load affects 
05~ Plot 

06~ x 

07~ Scratch/Plot 
08~ Scratch/Plot 
09~ L 

10~ x INC 
II ~ Beam type (1-4) 
12 ~ Counter copy 1 
13 ~ Counter copy 2 
14 ~ Scratch 
15~ Scratch 

16~ Scratch 

17~ Scratch 

18 ~ Scratch 

19~ Counter 
20- nnn~ Loads 

See Beams 
20- nnn~ Loads and Spans 

FLAGS 

OO-First Input 
01-Used 
21-Print 
27 -User Mode 

~O- Edit 

01-Angle/Shear 
02-Shear 
27-User Mode 

OO-Edit 
01 -Set 
02-Cleared 
21-Print 
27-User Mode 

DISPLAY 
FORMAT 

SUBPROGRAMS 
CALLED 

ENG 3 

ANY 

ENG 3 

SIZE? 
ATANY/X 

SIZE? 
PRPLOT 
·W 
.p 
·L 
·M 

SIZE? 
·B 
·W 
.p 
·L 
·M 

"'0 
<3 

<0 
0; 
3 
0 
e?-
O> 

.... .... 



PROGRAM 

Continuous 
Frame 
Analysis 

RPN Vector 
Calculator 

Steel Column 
Formula 

Reinforced 
Concrete 
Beams 

#REGS 
TO COPY 

80 

60 

38 

78 

DATA REGISTERS 

01 , 06, 11 , ... unbalanced 
moment storage 

02, OS, 07, 10, . 
distribution factor 
storage 

03, 04, 08, 09, ... 
moment storage registers 

00 & REG R(SN+3) control ... 

OO~ Pointer to x, 
01 ~ Pointer to xl>. 
02~ Last x, 
03~ Last xl>. 
04~ Scratch 

OS~ Register, 
06~ Register I>. 

07~ Scratch 

08~ Stack, 

09~ Stackl>. 

1O~ Stack, 

11 ~ Stackl>. 

1 2~ Stack, 

1 3~ Stackl>. 
14~ Stack, 

1 S~ Stackl>. 

OO~ Used 

0 1 ~A 

02~ R 

03~ 1 

04~ L 

OS~ K 

06~ FY 

07~ Used 
08~ Used 

OO~ FY 

01 ~ FC 

02~ b 

03~ b1 

04~ d 

OS~ d 1 

06~T 

07~A1 /<I> 

08~A 1/<1> 
09~ASF 

1 O~ bd' 

11 ~ 8S 

12~ B , 

13~ m 

14~ .7SPb 
1S~ Kmax 

16~ Counter 

17~ Used 

FLAGS 

21-Pri nt 
~O-Used 

22-lnput 

01-English/SI 

21-Test 
00 

DtSPLAY SUBPROGRAMS 
FORMAT CALLED 

SIZE? 

ANY SIZE? 

SIZE? 

SIZE? 

Ql 

-u a 
<0 
OJ 
3 
o 
2l. 
III 

-u 
a 

<0 

OJ 
3 
0 
2l. 
III 

.... 
CD 



PROGRAM 

Concrete 
Columns 

Effective 
Moment of 
Inertia for 
Concrete 
Sections 

#REGS 
TO COpy 

89 

69 

DATA REGISTERS 

OO= FY 
01 = Fc 
02= b 
03= T 
04= d 
05= d1 
06= N-BARSETS 
07= /lb 
08 =€y 
09= B, 
10= c,cb 

11 = /l€ //lc 
12= a 
13= f: sn 

14= Bset n 

15= P 
16= M 
17=ed 

18= clr. 
19= clr . 
20=.6.c, e tr. 
21 = .6. s1 

22= .6. 52 

23= .6. 5nn 

01 = Fc 
02 = b 
03 = b1 
04 = d 
05 = d1 
06 = T 
07 = A1 
OB = A2 
09 = lgr 
10= n, MalMc 
11 = (b-b1) 
12 = nA1 
13 = (n - 1)A2 
14 = Kd 
15= lcr 
16= le , H 
17 = clr. YT 

FLAGS 

01-Used 
27-User 

21-Prinl 
27-Use r 
55-Tesl 

DISPLAY 
FORMAT 

SUBPROGRAMS 
CALLED 

S IZE? 

S IZE? 

CD 
o 

-0 
(3 

<0 

OJ 
3 
o 
'" Oi 

-0 
(3 

<0 

OJ 
3 
o 
'" Oi 

CD 
~ 



82 Program Data 

APPENDIX B 

PROGRAM LA31:LS 

Label Duplicate Labels In 

' AI ' B ' L Stress Analysis Pac 
'Ll 'M 'M l 
op t 'W 'Wl 
ATANY/X BEAM CANT 
FIXED FIXl FI XR 
MOM ENTS NSPAN PRO PPED 
SECTI ON SIMPLE SPAN 
VECTOR 

SIZE? Extended Function Modu le, 
Games Pac. 
Rea l Estate Pac, 
Stress Analysis Pac 

' P Clinical Lab Pac, 
Stress Ana lysis Pac 

CFRAME CO LE CO l SI (no label conflict) 
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