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The program material contained herein is supplied without 
representation or warranty of any kind. Hewlett-Packard 
Company therefore assumes no responsibility and shall have 
no liability, consequential or otherwise, of any kind arising 
from the use of this program material or any part thereof. 
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VCGGJ 'T 
Introduction 

The 18 programs of CE Pac I have been drawn from the fields of statics and 
stress analysis. 

Each program in this pac is represented by one or more magnetic cards and a 
section in this manual. The manual provides a description of the program with 
relevant equations. a set of instructions for using the program, and one or more 
example problems, each of which includes a list of the actual keystrokes re­
quired for its solution. Program listings for all the programs in the pac appear 
at the back of this manual. Explanatory comments have been incorporated in 
the listings to facilitate your understanding of the actual working of each pro­
gram. Thorough study of a commented listing can help you to expand your 
programming repertoire since interesting techniques can often be found in this 
way . 

On the face of each magnetic card are various mnemonic symbols which pro­
vide shorthand instructions to the use of the program. You should first familiar­
ize yourself with a program by running it once or twice while following the 
complete User Instructions in the manual. Thereafter, the mnemonics on the 
cards themselves should provide the necessary instructions , including what 
variables are to be input, which user-definable keys are to be pressed, and what 

" values will be output. A full explanation of the mnemonic symbols for magnetic 
cards may be found in appendix A. 

If you have already worked through a few programs in Standard Pac, you will 
understand how to load a program and how to interpret the User Instructions 
form. If these procedures are not clear to you, take a few minutes to review the 
sections, Loading a Program and Format of User Instructions , in your Standard 
Pac. 

We hope that CE Pac I will assist you in the solution of numerous problems 
in your discipline. We would very much appreciate knowing your reactions to 
the programs in this pac , and to this end we have provided a questionnaire in­
side the front cover of this manual. Would you please take a few minutes to 
give us your comments on these programs? It is in the comments we receive 
from you that we learn how best to increase the usefulness of programs like 
these. 



CONTENTS 

I. Vector Statics ................. .. ............... . ... . . 01-01 
Performs basic vector operations of addition, cross product, and dot 
product, and finds the angle between vectors . 

2. Section Propenies (2 cards) ............................. 02-01 
The area , centroid, and moments of an arbitrarily complex polygon 
may be calculated using this program. 

3. Propenies of Special Sections ........................... 03-01 
Section properties for rectangles, triangles, ellipses circles and 
concentric circles are provided by this program. 

4. Stress on an Element ................................... 04-01 
Reduces data from rosette strain gage measurement and performs 
Mohr circle analysis. 

5. Bending or Torsional Stress .............................. 05-01 
Solves either the bending stress equation (s = Mv/I) or the analogous 
torsional shear stress equation (s = TRIJ) interchangeably for all 
variables . 

6. Linear or Angular Deformation ...... . ... . ... .. ... . .. .. .. . 06-01 
This program solves for linear deflection under tensile load or the 
analogous angular deflection under torque. The solution is inter· 
changeable between the five variables. 

7. Cantilever Beams ...................................... 07-01 
Calculates deflection , slope, moment and shear for point, distributed, 
and moment loads applied to cantilever beams. 

8. Cantilever Beams-Trapezoidal Load . ......... . ... . ....... 08-01 
Calculates deflection, slope, moment and shear for cantilever beams 
with di stributed trapezoidal loads . 

9. Simply Supponed Beams .... ................ ..... ....... 09-01 
Calculates deflection, slope. moment. and shear for point, distributed, 
and moment loads applied to simply supported beams. 

10. Simply Supponed Beams-Trapezoidal Load . . .. .. .. ... .. .. 10-01 
Calculates deflection , slope. moment and shear for simply supported 
beams with distributed trapezoidal loads . 

II. Beams Fixed at Both Ends ... ..... .. .. .. .. ... ... .. ....... 11-01 
Calculates deflection , slope. moment , and shear for point. distributed. 
and moment loads applied to beams with rigidly fixed ends. 

12. Beams Fixed at Both Ends-Trapezoidal Loads .. . ....... . .. 12-01 
Calculates deflection, slope. moment, and shear for distributed 'trape­
zoidal loads applied to beams with rigidly fixed ends. 

13 . Propped Cantilever Beams .... .... .. ..................... 13-01 
Calculates deflection , slope. moment, and shear for point , moment 
and distributed loads applied to propped cantilever beams. 

14. Propped Cantilever Beams-Trapezoidal Load .............. 14-01 
Calculates deflection, slope, moment and shear for distributed 
trapezoidal loads applied to propped cantilever beams. 

15. Six-span Continuous Beams ................... .. ... . ... .. 15-01 
Solves for the intermediate couples present at the supports of 
continuous beams. Two to six spans are allowed. 
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16. Steel Column Formula ... .. .................... . ........ 16-01 
Computes allowable loads for steel columns. Column ends must be 
constrained by welds, ri vets or in some other means which prevents 
deflection and rotat ion . 

17 . Reinforced Concrete Beams ...... ........................ 17-01 
Solves interchangeably between steel area, width, depth. concrete 
strength , steel strength and internal moment for reinforced concrete 
beams . Based on the American Concrete Institute code-ACI 318-71 , 

18. Bolt Torque ........................................... 18-01 
Calculates the torque that will yie ld a specified bolt load or the load 
resu lting from a specified torque. The shear stress in the bolt may be 
calculated as an option. 
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A WORD ABOUT PROGRAM USAGE 

This application pac has been designed for both the HP-97 Programmable 
Printing Calculator and the HP-67 Programmable Pocket Calculator. The most 
significant difference between the HP-67 and the HP-97 calculators is the print­
ing capability of the HP-97. The two calculators also differ in a few minor 
ways. The purpose of this section is to discuss the ways that the programs in this 
pac are affected by the difference in the two machines and to suggest how you 
can make optimal use of your machine, be it an HP-67 or an HP-97 . 

Many of the computed results in this pac are output by PRINT statements; on 
the HP-97 these results will be output on the printer. On the HP-67 each PRINT 
command will be interpreted as a PAUSE: the program will halt , display the 
result for about five seconds, then continue execution. The term "PRINT/ 
PAUSE" is used to describe this output condition. 

If you own an HP-67, you may want more time to copy down the number dis­
played by a PRINT/PAUSE. All you need to do is press any key on the key­
board . If the command being executed is PRlNTx (eight rapid blinks of the 
decimal point), pressing a key will cause the program to halt. Execution of the 
halted program may be re-initiated by pressing 1iIliJ. 
HP-97 users 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 their 
corresponding user-definable keys will be listed on the printer, thus providing 
a record of the entire operation of the program. 

Another area that could reflect differences between the HP-67 and the HP-97 
is in the keystroke solutions to example problems. It is sometimes necessary in 
these solutions to include operations that involve prefix keys, namely, D on 
the HP-97 and D , Ill, and III on the HP-67 . For example, the operation 110' I is 
perfonned on the HP-97 as D 110' I and on the HP-67 as III 11O'!. In su~h cases, 
the keystroke solution omits the prefix key and indicates only the operation 
(as here, 110' I). As you work through the example problems, take care to press 
the appropriate prefix keys (if any) for your calculator. 

Also in keystroke solutions, those values that are output by the PRINT 
command will be followed by three asterisks (''') . 
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VECTOR STATICS 

VECTOR STATICS (! 1 (jIll 

,,'V, •• y r. • -f! !l 

".9, r~.Al -V,-'/} -V"Vl .V.'V," 

Part I of this program performs the basic two dimensional vector operations 
of addition, cross product and dot, scalar , or inner product. In addition, the 
angle between vectors may be found . Vectors may be input in polar form 
(r, 0) or rectangular form (x" YI)' 

Equations: .... .. .. 
for addition: VI + V2 = (XI + X2) i + (YI + Y2) j 

• • • for cross products: VI X V2 = (XIY' - X2YI) k 

for dot , scalar, or inner product: VI . V2 =: X1X2 + YIY2 

V . V 
for the angle between vectors: y =: cos- 1 1 2 

Ivl ll v,l 
where: 

XI is the x component of VI ( Xl = f. cos 81); 

X2 is the x component of V 2 (x! = f 2 cos 82); 

YI is the Y component of \\ (YI = r l sin 01); 

y, is the Y component of V, (y, = r2 sin 0,); 

Part II of this program calculates the two reaction forces necessary to balance 
a given two-dimensional force yector. The direction of the reaction forces may 
be specified as a vec tor of arbitrary length or by Cartesian coordinates using 
the point of force application as the origin . 
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Equations: 

where: 

RI cos 01 + R, cos 0, = F cos q, 
R, sin 01 + R, sin 0, = F sin q, 

F is the known force; 

q, is the direction of the known force; 

Rl is one reaction force ; 

81 is the direction of R1; 

Rz is the second reaction force; 

O2 is the direction of R2. 

..... - ....... 

The coordinates XI and YI are referenced from the point where F is applied to 
the end of the member along which R) acts; Xz and Y2 are the coordinates 
referenced from the point where F is applied to the end of the member along 
which R2 acts. 

Remarks: 

Registers Ro - R3; Rso - R S9 and I are available for user storage . 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATAJUNITS 

1 Load side 1 and side 2. 

2 To resolve a force in two 

known directions, go to step 6. 

For vector addition, cross 

product, or dot product con-

tinue with step 3. 

3 • • Input V, and V2: 

• V 1 in polar form r, II:IIIiII r, 

8, D y, 

or 
• V 1 in rectangular form x, II:IIIiII x, 

y, D D y, 

and 

• V 2 in polar form r, II:IIIiII r, 

8, m y, 

or 
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STEP INSTRUCTIONS 

Vz in rectangular form. 

4 Perform vector operation: 

add vectors 

or 

take cross product 

or 

take dot (or scalar) product. 

(Optionally. calculate angle 

between vectors after dot 

product) 

5 For a new case, go to step 3 

and change V 1 and/or V 2-

6 Define reaction directions as 

Cartesian coordinates or as 

vectors of arbitrary magnitude. 

(Use the point of force appli-

cations as the origin): 

define direction one in polar 

form 

or 

in rectangular form 

and 

define direction two in polar 

form 

or 

in rectangular form. 

INPUT 
DATA/UNITS 

x, 

y, 

KEYS 

a III 

II 

OUTPUT 
DATA/UNITS 

x, 

y, 

r, 6 

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

1 II:IIIlJl 1.00 

6, 0 sin 6, 

x, II:IIIlJl x, 

y, 0 0 y, 

1 II:IIIlJl 1.00 

6, III sin 82 

x, II:IIIlJl x, 
----

y, a III y, 

F~ :;; 

~~ 

c: : :3 
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INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

7 Input known force : 

magnitude F II:IIIlJl F 

then direction. <i> a m F sin cP 

8 Compute reactions a ll R" Rz 

9 To change force, go to step 7. --
To change either or both 

directions, go to step 6. 

Example 1: 

Forces A and B are shown below. If stat ic equilibrium exists, what is force C. 

8=45.L 110' / 

Keystrokes: 

y 

I 

/ 
I 

I 
I 

I 

I 
I 

/ 

I 

I 'C 

I 

I 
I 

\ 

\ 
A=100 '" 30' 

~--------------------___ x 

Outputs: 

To obtain C, add A and B using negative magnitudes for both. 

45 tm'J1mmD 110 D 100 tm'J 
1mmD 30 aB 116.57 ••• 

-127.66 ••• 

C 116.57L-127 .66' 
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Example 2: 

Resolve the following three loads along a 175 degree line . 

y 

185 Ib ... 62' 

..­
L, 

--~~~~~----------x -L, 

100lb ... 261' 

Keystrokes: 

First add [, and L, . 
185 mmm 62 a 170 mmm 
143 mm --------+ 

Define the resu lt as V, and add l.,. 
a 100 mmm 26 1 mm--+ 

To resolve the vector,just calculated 

a long the 175 ' line . 

a I mmm 175 mo -----+ 

What is the angle between the 
vector and the line? 

m 

Outputs: 

270. 12 ••• (lb) 
100.43 ••• (deg) 

178.94 ••• (lb) 
111.1 5 ••• (de g) 

78.86 ••• (lb) 

63.85 ••• (deg) 

01·06 

Example 3: 

What is the moment at the shaft of the crank pictured below? What is the 

reac tion force transmitted along the member? 

Keystrokes: 

Moment by cross product (\I, x i'=>. 
30 mmm 50 a 300 mmm 
205 []IlJ 

Resolution along crank 

I mmm 50 aO 

F = 300 Ib ... 205' 

Outputs: 

3803.56 in-Ib 

-27 1. 89 Ib 
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Example 4: 

Find the reaction forces in the pin-jointed structure shown below. 

--"t !?,-z. 
10 It 

® 

Bit 

Keystrokes: 

7 allm!lll 8 a D B ----+ 

10 allm!lll 0 D D 
500 Ilm!lll 90 a Dlil ----+ 

DO ------------~ 

y 

500 LB 

Outputs: 

- 8.00 
0.00 

-500.00 

- 90' 

- 664.38 ••• (R,) 
437.50 ••• (R,) 

x 

.3 
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. ~ 
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Notes 
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SECTION PROPERTIES 

SECTION PROPERTIES r.lPUT I I , ,1 

~TilJn 

la''!',') • • ,'J" J.<!'W\ "d 

SECTION PROPERTIES OUTPUT <. I I '. 

'"J' ,·1 I II, 

.; ~A .1, ','" .1,1,', •• ¢I. ¢ I.¢I 

The properties of polygonal sections (see fi gure I) may be calculated using this 
program . The (x, y) coordinates of the vertices of the polygon (which must be 
located cnrirel y with in the first quadrant) are input seque ntially for a complete , 
clockwise path around the polygon . Holes in the cross section, which do not 
intersec t the boundary , may be deleted by following a counter-clockwise path . 

y 
(x" y,) 

(x" y, ) 

SECTION (x ' .) 
~ " y, 

(x .. , yO)~! 
(X3 " Y3f~1 

() 
(x"y,) 

xo, Yo 
(x" y,) 

x 

Figure 1 - Polygonal Secllons 

A specia l femu Te all ows additi on or de le tion of circular areas. After the point 
by poi nt traverse of the section has been completed, circular deletions or addi · 
tions are spec ified by the (x,y) coordinates of the circle centers and by the circle 
diameters. If the diameter is specified as a positi ve number , the c ircular areas 
<ITC added . A negati ve di amete r causes c ircular areas to be deleted . Example 4 

shows an applicat ion of this fe ature . 

After all va lues have been input , the coord inates of the centroid (x, Yl and the 
area (A) of the sec tion may be output using card 2, key ,Il . The moment of 
inertia about the x ax is (Ix), about the y axis (1)/ ) and the product of inertia 
( Ix.\, ) are out put using g . Similar moments, Ix. ly and l5. about an ax is 
translated to the ce nt ro id of lhe section are calcu lated when Ii is pressed. 

02-02 

Press ing m calculates the moments of inertia , IX-II> and IyIP ' about the principal 
ax is. The rotation angle (q,) between the princ ipal ax is and the ax is which was 
translated to the centro id is also calculated . The mome nts of inertia l x' , 1/. 
the polar moment of inertia J and the product of inertia I,; may be calculated 
about any arbitrary axis by specify ing its loca tion and ro tation with respect to 
the original ax is and press ing Dill . 

Equations: 

A 

" 

-I (y,+, - y,)(x, +, + x,)/2 
i-O 

x = -=.!. 2: [ (y,+, - y,)/S H<x,+ , + x,)' + (x,+ , - x,)'/3 ] 
A i=O 

" 
'f = _1_ 2: [(x, +, - x,)/S ] [(y, +, + y,)' + (y, +, - y,)'/3] 

A i=O 

I, = ! [(x,+, - x,)(y,+ , + y,)/24 ][(y,+ , + y,)' + (y,+, - y,)'] 
i=O 

" 
Iy - 2: [(y,+, - y,)(x, _, + x, )/24 ][(x,+, + x,)' + (x, +, - x,)' ] 

i=O 

I" [
I , ") g(y,+, - y,) (x,+, + x,)(x, +, + x, 

+ + (x,+, y, - x, y, +,)'(x, +, + X,)J 

Ii = I, - Ay' 

I~ = Iy - Ax' 
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where: 

A. _ I _ I ( -21,>, ) 
'Y - - tan 

2 Ii - Ii' 

Ix' = Ix C052 (J + Iy sin2 (} - Iif sin 28 

1/ = Iv cos2 
() + Ix sin2 

() + liY sin 28 

J = Ix' + 1/ 

= (I, - I,,) 
2 

A Clrcle 

sin 20 + I,ycos 20 

"d' 
4 

= 7Td
4 

IClrcle 64 

Xj + 1 is the x coordinate of the current vertex point; 

Yi+l is the y coordinate 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; 

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; 

Ixy is the product of inertia about the translated axis; 

q, is the angle between the translated axis and the principal axis; 

lYtb is the moment of inertia about the translated, rotated, principal x-axis; 

Iy$ is the moment of inertia 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; 

Reference: 

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

Ix/ is the product of inertia about the arbitrary axis; 

d is the diameter of a circular area. 

02-G4 

Wojciechowski , Felix; Properties of Plane Cross Sections; Machine Design; 
p. 105, Jan. 22, 1976. 

Remarks: 

Registers Rso - RS9 are available for user storage. 

The polygon must be entirely contained in the first quadrant. 

Rounding errors will accumulate if the centroid of the section is a large distance 
from the origin of the coordinate system . 

Curved boundaries may be approximated by straight line segments. 

STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATAIUNITS . 

1 Load side 1 and side 2 of 

card 1. 

2 Initialize. DD 
3 Key in (x, y) coordinates of 

first vertex. x, IEIImI y, 

y, IEIImI y, 

4 Key in (x, y) coordinates of 

next clockwise vertex. Xi+1 IEIImI XI + l 

Yi+1 D YI+ l 

5 Wait for execution to end, then 

repeat step 4 for next point. 

Go to step 6 after you have 

reinput the starting point. 

6 To delete subsections within 

the section just traversed, 

retum to step 3, but traverse in 

a counter-clockwise direction. 
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STEP INSTRUCTIONS 
INPUT 

KEYS DATA/UNITS 

7 Optional: Add circular areas, x II:IIIlIl 

y II:IIIlIl 

d a 
or delete circular areas. x II:IIIlIl 

y a::amJ 

d aa 
8 Load side 1 and side 2 of 

card 2. 

9 Calculate any or all of the 

following : 

Centroid and area; D 

Properties about original 

axis; m 
Properties about axis trans-

lated to centroid; a 
Angular orientation of 

principal axis and properties 

about principal axis; m 
or 

Specify arbitrary axis and 

rotation and calculate 

propert ies. x ' a::amJ 

y ' II:IIIlIl 
0 om 

10 To modify the section, go to 

step 1, but skip step 2. For a 

new case, go to step 1. 

OUTPUT 
DATA/UNITS 

x 

y 

0.00 

x 

y 

0.00 

X, 'i,A 

I" Jr , I. y 

I •. I;", Iw 

<1>, I;~, I,~ 

I; , I,', J. I.,' 

02-06 

Example I: 

Whal is Ihe momenl of inertia aboul Ihe x-axis (Ix) for Ihe reclangular seclion 
shown? Whal is the momenl of inertia abOUI Ihe neutral axis Ihrough the 
centroid of Ihe section (li'~)? 

y 

I Principal Axis 
_~ (0, 5) ~ (3, 5) 

5 I Centroid 
- - - - e - ----

I Principal and Neutral Axis 

I 
_~ L-______ L-' ______ L-__ -.x 

(0, O)I--I .>-----3--~. 1 (3, 0) 

Keystrokes: 

Load side I and side 2 of card I . 

D B ° miIml ° miIml 
OmiIml5B----
3 miIml5B----
3 miIml 0 B -----+ 
OmiImlOB----

Load side I and side 2 of card 2. 

g ---------+ 

1iJ-------+ 

Outputs: 

5.00 
5 ,00 
0.00 
0,00 

125.00 ••• (Ix) 

45 .00 ••• (Iy) 

56.25 ••• (lXY) 

0,00 ••• (q,) 

31.25 ••• (Ii'~) 

11.25 ••• (I,~) 
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Since q, = 0 we would expect I ,~ to equal Ix . Press II to calculate lx, I, and Ix, 
and you will see that this prediction is correct. Also, liY is zero about the 
principal axis. 

11-------------- 31.25 ••• (Ix) 
11.25 ••• (I,) 
0.00 ••• (Iii) 

Example 2: 

Calculate the section properties for the beam shown below. 

y 

14 

(0,14) (16,14) 

.-------------------~I~ 
1~.o--------·15------'---•• 1(16,13) 
(1 ,13) 

o ImZml 0 D -----+ 

Load side I and side 2 of card 2. 

D-------------

D-------------

5.19 ••• (x) 

6.54 ••• ()') 
49.00 ••• (A) 

3676.33 ••• (I,) 
2256.33 ••• (ly) 

1890.25 ... (I,,) 

1580.00 ••• (Ix) 
934.49 ••• (I,) 
225.61 ••• (I,,) 

-17.48 ••• (q,) 
1651.04 ••• (I,~) 
863.46 ••• (ly~) 

02-08 

Below is a figure showing the translated axis and the rotated, principal axis of 
example 2. 

y yl y" 
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Example 3: 

What is the centroid of the section below? The inner triangular boundary 

denotes an area to be deleted. 

y 

(3r:,7.!...) :-:--:c:--______ 7(14,7) 

(~(9,6) 

(4,4) 

(3,1) 
L-________________________ --.x 

Keystrokes: 

Load side I and side 2 of card I. 

OD3a:miD1a:miD 
3 a:miD 7 D -----+ 

14 a:miD 7 D 
3 a:miD I D -----+ 

Delete inner triangle: 

4 a:miD 4 a:miD 9 a:miD 
6D 
4 a:miD 6 D -----+ 
4 a:miD 4 D -----+ 

Load side I and side 2 of card 2. 

Compute Centroid 

D--------+ 

Outputs: 

7.00 

7.00 
1.00 

6.00 

6.00 

4 .00 

6.8S ••• (x) 

4.94 ••• (j1) 
28.00 ••• (A) 

02-10 

Example 4: 

For the part below, compute the polar moment of inertia about point A. 
Point A denotes the center of a hole about which the part rotates. The area of 
the hole must be deleted from the cross section. 

y 

1-'-(0-'-,2...:.) _ ________ -'-',(5,2) 

I (.8,1.4) 

rtX A(.2,.6) 

(0,0) ~~~ 
(.8,0) 

Keystrokes: 

Load side I and side 2 of card I. 

ODO a:miD 0 a:miD 0 a:miD 
2DSa:miD2DSa:miD 
I.4D .8 a:miD I.4D .8 a:miD 
o D 0 a:miD 0 D---+ 
Delete the hole. 

.2 a:miD .6 a:miD 

.S lmIri ------+ 

Load side I and side 2 of card 2. 
Compute J about point (.2, .6) with 

8 of zero. 

.2 a:miD .6 a:miD 
o om ---------+ 

(5,1.4) 

• x 

Outputs: 

0.00 

0.00 

3.91 ••• (Ix' 
22 .22 ••• (ly' 
26.13 ••• (J) 

7 .61 ••• (lXY? 
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PROPERTIES OF SPECIAL SECTIONS 

-
PHQPlRTll5 Of SPtClIIL SlCTIONS \!1 ,j, 

, . 
• ... b I, • A • I, 

For rectangles , triangles, ellipses, circles, and concentric circles, this program 
performs an interchangeable solution between the section dimensions and the 
principle moment of inertia about the x axis. The section area and the principle 
moment of inertia about the y axis may also be calculated. 

Sections and Equations: 

TI I 
1_"_1 

Ix = a3b/12 

I, = ab3/l2 

A = ab 

Ix = 1Ta3b/64 

I, = 1Tab3/64 

A = 1Tab/4 

Ix = 1Ta'/4 = I, 

A = ='/4 

l~ 
1-"_1 

Ix = a3b/36 

I, = ab3/36 

A = ab/2 

1T(a' - b') = I 
64 ' 

7T(a' - b') 
A = -"-"'--;-..::...!... 

4 

STEP 

1 

2 

3 

4 

5 

6 

7 

03-02 

INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

Load side 1 and side 2. 

Select cross section shape. 

Rectangle DD 1.000 00 

Triangle Dill 2.000 00 

Ellipse DII 3.000 00 

Circle Dlil 4.000 00 

Concentric Circles DII 5.000 00 

Input two of the following:* a D a 

b III b 

I, II I, 

Compute unknown value:* B a 

III b 

II I, 

Optional: Compute area iii A 

Optional: Compute I II I, 

For a new case, go to step 3 

and change inputs 

*For circles, only one input or 

output is allowed. 

Input I. or a only. 
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Example 1: 

For the rectangular section below. what is the moment of inertia about the 
x axis? What is the moment of inertia about the y axis? 

O+m 
42.5cm l-1 

Keystrokes: 

DB ------ .... 

42 .5 D 90 BB - ---
0 --------+ 

Example 2: 

Outputs: 

1.000 00 

2.582 06 
575 .7 03 

(Select) 
(rectangles) 
cm' (Ix) 

cm' (ly) 

For the e ll ipt ical section below. what is the required value of b to make 
Ix = lOOO? What is the area of the section? 

Keystrokes: 

DB 15 B 1000 BDI--.... 
1:] ------ -

Outputs: 

6.036 00 
71.1100 

in (b) 

in' (A) 

03-04 

Notes 
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STRESS ON AN ELEMENT 

5TRl5S ON AN UIM NT 

"'t" ",' ,I) ~ .' ,",' T. 01 , .. T 

This program reduces data from roselle strain gage measurements and/or 
performs Mohr circle stress analysis calculations. 

Correlations for rectangu lar and equiangular roselle configurations are 
included . 

Slrain Gage Equations: 

CONFIGURA n ON 1 2 
CODE 

TYPE OF ROSEnE REel ANGULAR DELTA fEQUIANGULAR) 

, 
/ b 

/ 

J:\ 
/ 

/ 
/ 

/ , 
'!. / lr \ '\ t 

• • 

PRINCIPAL +(f.+f~+ lc-
STRAINS: 2-{f. + f" !: ../2«0-4)" + 2(ft.-f,,)r ] , 

:!: .../2( 1.. - 4,'1 + 2(4, - (,.)" + 2((,,- f.)" 1 f,. (, 

c eNTER OF 
E(Eo,+lj,+t,.) MOHR CIRCLE: E(f. + f,,) 

~ 3( 1 .) 
s, + ~ -,-

MAXIMUM 
__ E_V2«( SHEAR STRESS: __ E_ V 2(1.-4)1 +2(4. ~t 4f +2{ft, ",)"+2(t,. - f.f 

2(1 + 1'1 3( 1 + vI • 
f lO., 

ORIENTATION [, .. - .. -~ ] _, [v3 (<<'-- f bl ] OF PRINCIPAL lan- ' 
tan (2", f~-t,.) STRESSES f . - t,. 

04-02 

The Mohr circle portion of the program converts an arbitrary stress con­
figuration to principal stresses , maximum shear stress and rotation angle . It is 
then possible to calculate the state of stress for an arbitrary orientation 8 ', 

Slress Stale 

Mohr Circle Equations: 

Principal Stresses 
Maximum 

Shear Slress 

Tmax J( s, -',. ) ' + ' 2 TXY 

s,
= Sx + Sy 

2 - Tmax 

s = s, + S2 + 20' 2 Tmax cos 

where: 
T = Tmax sin 28' 

s is the normal stress, and T is the shear stress. 

Ea. Eb. and Ec are the strains measured using rosette gages; 

Sx is the stress in the x direction for Mohr circle input; 

Sy is the stress in the y direction for Mohr circle input; 

TXY is the shear stress on the element for Mohr circle input; 

E) and fa are the principal strains; 

Sl and S2 are the principal normal stresses; 

Tmax is the maximum shear stress; 

JI is Poisson's ratio; 
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8 is the counterclockwise angle of rotation from the specified axis to the 
principal axis. Note that this is opposite to the normal Mohr circle 

convention. 

8' is an arbitrary rotation angle from the original (x, y) axis; 

E is modulus of elasticity . 

Reference: 

Spotts, M.F., Design of Machine Elements, Prentice-Hall, 1971. 

Beckwith , T. G. , Buck, N. L.,MechanicaIMeasurements , Addison-Wesley, 

1969 

Remarks: 

Ro. Rit R7 • Rs. Ro and Rso-Rs9 are available for user storage . 

Negative stresses and strains indicate compression. Positive and negative shear 

are represented below: 

tS
, 

T" 

'~1 S, -
T" 

·s, 
tNSTRUCTIONS 

INPUT KEYS 
OUTPUT 

STEP DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 If a stress configuration is 

known, go to step B for Mohr 

circle evaluation. Continue 

with step 3 for strain gage 

data reduction. 

3 Select strain gage 

configuration: 

Rectangular a D 1.000 00 

or Delta. a D 2.000 00 

04-04 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

4 Input modulus of elasticity, E Illlml E 

then Poisson's ratio. v a m E 

5 Input strains: 

<, Illlml <, 

<, Illlml <, 

<, D <, 

6 Calculate principal strains 

and rotation angle. D Ell Ez• 8 

7 Skip to step 9 for Mohr circle 

applications of calculations 

just completed. 

8 Input stress on element in x 

direction s, Illlml s, 

then stress in y direction s, Illlml s, 

then shear stress. T" GI 0.000 00 

9 Calculate principal stresses. m s" SZ. 1'm. •• 

9 

10 Optional : Calculate stress 

configuration at a specified 

angle. 9' D S, T 

11 To specify another angle go 

to slep 10. For a new case go 

to step 2. 

Example I : 

If s, = 25000 psi, Sy = -5000 psi, and T" = 4000 psi, compute the principal 
stresses and the maximum shear stress. Compute the normal stresses, where 
shear stress is maximum «() + 45°). 



[I 
04-05 

Stress State 

Keystrokes: 

Principal Stresses 
Maximum 

Shear Stress 

25000 mm:Jl 5000 1mJmm:Jl 
4000 mllJ -----+ 

45 U -------+ 
D---------+ 

Example 2: 

Outputs: 

25.52 03 aaa (s,) 

-5 .524 03 aaa (s,) 

15.52 03 aaa (Tm .. ) 

-7.466 00 aaa (0) 

37.53 00 
10.00 03 aaa (s) 

15.52 03 aaa (T, ) 

A rectangular roselle measures the strains below. What are the principal strains 
and principal stresses? 

Ea = 90 X 10- ' 

v = 0.3 

Eb = 137 X 10- ' 

E = 30 X 10' psi 

.. = 305 X 10- ' 

Keystrokes: 

DD 
30 IDl 6 mm:Jl .3 IIIlJ -
90 IDlImJ 6 mm:Jl 137 
IDlImJ 6 mm:Jl 305 IDlImJ 
6 D---- ----+ 
01---- -----+ 

1lJ---------+ 

Outputs: 

1.000 00 
30.00 06 

90.00-06 
320.9-06 aaa (E, ) 

74.14-06 aaa (<<) 

14.69 00 aaa (0) 

11 .3 1 03 aaa (s,) 

5.618 03 aaa (s,) 

2.847 03 aaa (Tm .. ) 

14.69 00 aaa (0) 

~ 
~-~ 

~! 
:-~ 

. :::~ 

. ~ 

.-~ 

~::I 

~ -'" 
~::l 

~~ 

~.-. 

Pi .:.. 

p. ~ 

&::. ~ 

~=-.. 

Example 3: 

An equiangular roselle measures the strains below. What are the principal 
strains and stresses? 

E = 30 x 10'psl 

v = 0.3 

E = - 200 x 10'" , E. = - 20 x 10-' 

60' 60' 

E. = 400 x 10'" 

Keystrokes: 

DO 
400 IDlImJ 6 mm:Jl 20 
ImJIDlImJ 6 mm:Jl 200 
ImJIDlImJ 6 D ---+ 

D--------+ 

1lJ--------+ 

Outputs: 

2.000 00 

400.0-06 
415 .5-06 ••• (E,) 

-295 .5-06 ••• (<<) 

-8.498 00 ••• (0) 

10.78 03 ••• (s,) 

-5.633 03 ••• (s,) 

8.204 03 ••• (Tmax) 
-8.498 ()() ••• ( 0) 

5, = - 5.633 X 103 psi 

8= - 8.498 Degrees 

5, = 10.78 X 103 psi 
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BENDING OR TORSIONAL STRESS 

BENDING OR TORSIONAL STRESS II I ,\ ~ 
, 

I ~(s ) M(l) wid IU) 

This card solves either the bending stress equation or the analogous torsional 
shear stress equation, using an interchangeable solution. Given three known 
values, the remaining unknown value is calculated. 

Variables involved in torsional shear stress calculations are shown in paren­
theses on the magnetic card. 

Equations: 

where: 

Bending Stress 

Mv 
8 = -1-

s is the Donnal stress at v; 

M is the moment applied to the beam; 

Shear Stre88 

8, 

8 = Tr 
, J 

v is the distance from the neutral axis of the beam; 

I is the moment of inertia of the beam; 

Ss is the shear stress at r; 

T is the applied torque; 

r is the distance from the shaft center to the point of interest; 

J is the polar moment of inertia. 

Remarks: 

This program is not applicable for non-elastic media or elastic media where 
stresses exceed the elastic limit. Materials must be isotropic . 

. ::1 

SS:-'8 
-~ 

.~3 

g;~ 

~3 
c"3 

c~ 

~8 

.~ 

~T3 
I 

p::~ 
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STEP tNSTRUCTIONS tNPUT KEYS OUTPUT 
DATAJUNITS DATAJUNITS , Load side 1 or side 2. 

2 Input 3 of the loIlowing: 

Bending stress (or shear 

stress) 5 (5.) B 5 (5.) 

Bending moment (or applied 

torque) M(T) III M(T) 

Distance from neutral axis 

(or radius) v (r) B v (r) 

Moment of inertia (or polar 

moment) I (J) m I(J) 

3 Calculate the remaining value: 

Bending stress (or shear 

stress) a 5 (5.) 

Bending moment (or torque) III M (T) 

Distance from neutral axis 

(or radius) B v (r) 

Moment of inertia (or polar 

moment) iii I (J) 

4 For a new case, go to step 2 

and change appropriate inputs. 

Example 1: 

If the maximum stress allowed in a beam is 10,000 pounds per square inch, 
the moment of inertia is 4.80 in', and the maximum distance from the neutral 
axis to the surface is 2 inches, what is the maximum applied moment? 

Keystrokes: 

lOOOOD 4.81iJ 2 BIlI--+ 
Outputs: 

24.00 03 in-Ib (M) 



05-03 

Example 2: 

What torque will result in a stress of 12000 pounds per square inch at a radius 
of I inch for a 2 inch diameter shaft? 

Keystrokes: 

2 EIIEII~13 3211 - --+ 
IiJ III 12000 DIl---+ 

Example 3: 

Outputs: 

1.571 00 

18.85 03 

in' (1) 

in-Ib (T) 

A moment of 30,000 in-lb is applied to a beam with a moment of inertia of 
3.8 in'. If the neutral axis is I inch from the surface, what is the stress at the 
surface? 

Keystrokes: 

30000 1l3.8 1iJ I liD ----+ 

Outputs: 

7.895 03 psi (x) 

~ 05-04 

- ~ Notes 
1 -

~ 3 

~'3 
~-~ 

~~ 

~~ • 

g~ 

~ 
~-~ 

~ ; . ~ 

. ~ , 
--, 

, ~ 

, ~ 
--, 

, ~ 

--, 

,~ 

- ~ 
1 

E'\~ 
--, 

~ 

{~ 

iIiO';;Il 
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LINEAR OR ANGULAR DEFORMATION 

LINEAR OR ANGULAR DHQHMATION ,l' Ut \ 

; A(J) <1 lW) • , p(n . l(G) 

This card solves for linear deflection under tensile load or the analogous 
angular deflection under torque using an interchangeable solution. Given four 
of the five variables, the unknown is calculated. 

Variables for circular shafts in torsion are shown in parentheses on the magnetic 
cards. 

Equations: 

Linear 

f 
p 

It+-, V , 
(. : • • !~ 

t.(. = E£ t.(. 
AE 

where: 

~2 is the change in length; 

P is the applied load; 

2 is the length; 

A is the cross sectional area; 

E is the modulus of elasticity; 

or 

8 is the deflection angle in radians; 

T is the applied torque; 

- T 
Angular 

1---(.---1 
T(. 

0= JG 

J is the polar moment of the section; 

G is the modulus of elasticity in shear. 

Remarks: 

This program is not applicable for non-elastic media or elastic media where 
stress exceeds the elastic limit. Materials must be isotropic. The equation for 
angular deflection is not valid in the neighborhood of the. applied torque. 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNtTS DATA/UNITS 

1 load side 1 or side 2. 

2 Input four of the following : 

Area (or polar moment of 

inertia) A (J) iii A (J) 

Unear deflection (or torsional 

deflection) t. (8) III t. (8) 

length of member 2 CI 2 

Applied load (or torque) P(T) iii P(T) 

Modulus of elastiCity {in shear E (G) II E (G) 

3 CabJlate remaining value: 

Area (or polar moment of 

inertia) iii a (J) 

Linear deflection (or torsional 

deflection III t. (8) 

Length of member CI 2 

Applied load (or torque) iii P(T) 

Modulus of elasticity (in 

shear) II E (G) 

4 For a new case, go to step 2 

and change appropriate inputs. 

Example 1: 

Steel bars, affixed to the roof are to be used to suppo" the end of a cantilever 
balcony . The load on each bar will be 50,000 newtons. If the maximum 
allowable deflection is 0.001 meters, what should the area of the bars be? 
2 = IO meters E = 2.068 X 10" N/m' 

Keystrokes: 

50000 iii .001 D IO Ii 
2.0681D3 IIgm ----+ 

Outputs: 

2.418 -03 m' 

For square bars, .05 meters on a side, what will the deflection be? 

.05 ElmD ------.. 967.1 -06 m 
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Example 2: 

A 6 inch outside/5.5 inch inside diameter steel pipe (G = 11.5 X J06 psi) is 
15 feet long. How much torque will it resist with an angular deflection of 
1.00 degree? 

Keystrokes: 

First compute J = 7T(O.' - 0,')/32. 
6 EIEI 5.5 ElEII:I(!)£1 
321:1-------------4 
D 151miml 12£1B 11.51D3 
60 1 10+RI_ --------+ 

Outputs: 

37.40 00 in' (J) 

41.70 03 in-Ib (T) 

06-04 

Notes 
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CANTILEVER BEAMS 

~ ~RI> R, Rd R~ ", 
, T ~H I "1 " Of I '" , 

I"Y .·0 )(.M, x-v 

This program calculates deflection, slope , moment and shear at any specified 
point along a rigidly fixed , cantilever beam of uniform cross section. Distri­
buted loads, point loads , applied moments or combinations of all three may 
be modeled . By using the principle of superposition, complicated beams with 
multiple point loads, applied moments and combined distributed loads may 
be analyzed. 
Equations: 

y 

y = y, + y, + y, (total deflection) 

PX ' Pa' 
y, = 6E; (X, -3a) - 2EI (x -a)(x > a)* (deflection due to point load) 

y, = -WX,' [X (~ -b) + I 5 b'] 6EI ' 4 . 

Wb' - 6EI (x -b)(x > b) (distributed load) 

MX,' Mc 
y, = "2EI + EI (x -c)(x>c) (applied moment) 

0 = 0, + 0, + 0, (total slope) 

O 
PX, 

, = 2EI (X , - 2a) (s lope due to point load) 

0, = WX, [X, (~ -.!:..) +~] (distributed load) 
EI 6 2 2 

0, = MX, 
EI 

(applied moment) 

(total moment) 

M XI = P(X, - a) (moment due to point load) 

Mx, = -W (X, (X,/2 - b) + b'/2) (distributed load) 

Mx' = M (x ";;c) (applied moment) 

v = V, + V, + V, (total shear) 

(shear due to point load) 

V, =W(b-X,) (distributed load) 

V, = 0 

where: 
(applied moment) 

y is the deflection at a distance x from the wall; 

o is the slope (change in y per change in x) at x; 

Mx is the moment at x; 

V is the shear at x; 

I is the moment of inertia of the beam; 

E is the modulus of elasticity of the beam; 

£ is the length of the beam; 

P is a concentrated load; 

07-02 

W is a uniformly distributed load with dimensions of force per unit 
length . 

M is an applied moment; 

a is the distance from the foundation to the point load; 

b is the distance to the end of the distributed load; 

c is the distance to the applied moment; 

XI = x if x ~ a or a if x > a; 

X, = x if x ,,;; b or b if x > b 

Xa = x if x ~ c or c if x > c. 

-The notation (x. > a) is inteIpreled as 1.00 if x is greater than a and as 0.00 if x is less than or 
equal to a. 
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Remarks: 

Deflections must not significantly alter the geometry of the problem , Beams 
must be of constant cross section for deflection and slope equations to be valid. 
Stresses must be in the elastic region. 

Registers Rso-Rs9 are available for user storage. 

SIGN CONVENTIONS FOR BEAMS 

NAME VARIABLE SENSE SIGN 

DEFLECTION Y + + 
SLOPE 8 t + 
INTERNAL MOMENT M, ~-~ + 
SHEAR V 1'--!- + 
EXTERNAL FORCE OR LOAD P or W -It + 
EXTERNAL MOMENT M Co + 

Sums of y. 8. M, and V may be stored in R,. R,. R,. and R,. respectively, 
Note that these registers 3fe indicated on the magnetic card. 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATAJUNITS DATAJUNITS 

1 Load side 1 and side 2. 

2 Initialize. D D 0,000 00 

3 Input moment of inertia I ImIDl I 

then modulus of elasticity E ImIDl E 

then beam length. £ D m EI 

4 Input load(s) : 

Location of pOint load a ImIDl a 

Point load P D B a 

Length of distributed load b ImIDl b 

Distribulad load (Iorce/length) W Dlil b 

Location of applied moment c ImIDl c 

Appl ied moment M DII c 

5 Key in x to specify the point 

of interest and calculate 

deflection x D y 

or slope x m 8 

07·04 

INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
STEP DATAJUNITS DATAJUNITS 

O( moment x B 

or shear. x iii 

6 For a new calculation with the 

same loading, go to step 5. 

For new loads, go to step 4. 

Be sure to set obsolete 

loadings to zero. For new 

beam properties, go to step 3. 

To restart, go to step 2. 

Example 1: 

What is the deflection at x = 12? Neglect the weight of the beam, 

100lb 200 Ib 

~--8 in----.. 7 in 

'1.-. ---12 in---•• I 

Keystrokes: 

DB 4,7 mmm 30 1m 
6 mmm 15 DO 

E = 30 x 10' psi 
I = 4.7 In' 

Outputs: 

141.0 06 

Compute deflection at 12 inches due to 100 Ib weight: 

8 mmm 100 D II 12 D ~ -211.8 -06 

Store deflection due to 100 Ib load for addition to deflection due to 

200 Ib load: 

-211.8-06 

Compute deflection at 12 inches due to 200 Ib load: 

15 mmm '200 DII 12 D~ -1.123-03 

Compute total deflection: 

Imi@D -1.335-03 

M, 

V 
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Example 2: 

For the beam below, compute deflection, slope, moment and shear at 0, 50, 
and 90 inches. Neglect the weight of the beam. 

P = 300lb 

M = 20,000 In-Ib 

I = 23 In' 
E = 30 x 10' psi 

Keystrokes: 

D O 23 mm:c 30 1m 
6 mm:c IIOD O 40 mm:c 
300 D B 60 mm:c 10 D IiJ 
80 mm:c 20000 D O 
0 0 -------+ 
0 0 ------_ 
OB -------+ 
o IiJ -------+ 
50 0 ------_ 
50 0 ------__ 

50 B - ------+ 
50 1iJ--------
90 0 ------__ 

90 0 --------
90 B - -------+ 
90 1iJ------__ 

Outputs: 

0.000 00 (y) 

0.000 00(8) 
- 10.00 03 (Mx) 
900.0 00 (V) 

5.211 -03 
582.1 -06 
19.50 03 
100.0 00 
50 . 14 -03 
1.449 -03 
0.000 00 
0.000 00 

~ 
=:; : 
~~ 

~-~ 

~3 

~3 

;3 

.~ 

~~ 

~ 

. ~ 

.--
p~ 

~ .~ 

~---'!l 

~. ~ 

(i;.~ 

~ ~ 

I;~~ 

-

07-('6 

Notes 
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CANTILEVER BEAMS-TRAPEZOIDAL LOADING 

~ Rh R , RH R _ 11 

',', J',,' '. 

X·V J(-U . · M. X-V 

This program calculates deflection, slope, moment, and shear at any specified 
point along a cantilever beam of uniform cross section with a distributed 
trapezoidal load . By using the principle of superposition, complicated distrib­
ted loads may be analyzed. 

Equations: 

y 

/,---- e ---_I 
/ 

/' 

;~d~r 
./ 

/ 1-----

y = Yd - Y. 

- 0 x + (x d)" [ Wd + (wQ - Wd) 
Yd -. Yo - - 24EI 120EI(2 - d) 

Y. = 

(2 - d)' [w + (wQ - Wd)] 
6EI d 4 

(2 - d)' 
24EI 

td(32 + d) + (Wi ~ Wd) (42 + d~ 

(w - Wd) 
W = W +' (2 - d) 

Q • (e d) 

Y. is analogous to Yd except Wd is replaced by w. and d is replaced bye. 

Equations for slope, moment, and shear are the first, second , and third x 
derivitives of the equations above. 

' tf x -d < 0, (x - d) = D. 

1 
. ~ 

; ~ 

' r ~ 

,C3 
~g 

--:~ 

~ 

~ 

~ 

Definitions: 

I is the moment of inertia of the section; 

E is the modulus of elasticity of the material; 

2 is the length of the beam; 

d is the distance to the beginning of the load; 

08-02 

Wd is the initial value of the load with units of force per unit length; 

e is the distance to the end of the load; 

w. is the final value of the load; 

x is the point of interest along the beam; 

Y is the deflection at x; 

o is the slope at x; 

Mx is the internal bending moment at x; 

V is the shear at x. 

Reference: 

Roark, Raymond J., Young, Warren c., Formulas for Stress and Strain, 
McGraw-Hill Book 'Company, 1975 . 

Remarks: 

Deflections must not significantly alter the geometry of the problem. 

Beams must be of constant cross section for deflection and slope equations to 
be valid 

Stresses must be in the elastic region . 

Registers R, -R, are available for problems involving superposition. 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATAlUNITS DATAIUNITS 

1 Load side 1 and side 2. 

2 Input the moment of inertia I IIlIIIlII I 

then the modulus of elasticity E IIlIIIlII E 

fIIen the length of the beam. 2 Dill IE 

3 Input distance to load d IIlIIIlII d 

then initial value of load w,. IIlIIIlII w, 

then distance to end of load • IIlIIIlII e 

then final value of loading. w, Dill w, 

4 Key in x to specify points of 

interest and calculate 

deflection x iii y 

or slope x III 9 

or moment x II M. 

or shear. x III V 

5 For a new calculation with the 

same loading, go to step 4. For 
--

new loads, go to step 3. 

Example: 

Calculate deflection, slope, moment and shear for the beam above using the 
following values: 

d =23inches 

I = 5 in' 

Wd = 35 Ib/in 

E =30 >00' psi 

What is the deflection at x = 55? 

Keystrokes: 

23mDml 35mDml 47mDml 
27 a B 5mDml 301D3 
6mDml75 a lll 
4013 • 
401ll--------------
40B--------------
40 III --------------
55 13 ---------------+ 

e = 47 inches 

2 = 75 in 

Outputs: 

150.0 06 
-84.71-03 
-3.057-03 
-680.6 00 

197.2 00 
-130.7-03 

w, = 271b/in 

x = 40 in 

OS-G4 

Notes 
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SIMPLY SUPPORTED BEAMS 

~1 Rb R, R~ R ~ l! I vIA. 

I .. T 1'[', "I' ,I LOM 

... y .. ·0 ... M, X9V 

This program calculates deflection , slope, moment and shear at any specified 
point along a simply supported beam of uniform cross section. Distributed 
loads, point loads, applied moments or combinations of all three may be 
modeled. By using the principle of superposition, complicated beams with 
multiple point loads, and multiple applied moments can be analyzed. 

Equations: 

y = y, + y, + Y3 (total deflection) 

- P( 2 - a)x [x' + (2 - a)' - 2 ' )' 
y, - 6EI (deflection due to point load) 

-Wx [ ] y = 23 + x' (x - 22) 
, 24EI 

(distributed load) 

8 = 8, + 8, + 83 (total moment) 

8, = 

P(2 - a) [3x' +(2-a)' - 2' )* 
6EI 

---=-:W=- [23 +x'(4x -62) ) 
24EI 

(applied moment) 

(slope due to point load) 

(distributed load) 

(applied moment) 

(total moment) 

P( 2 - a)x ' 
2 

(moment due to point load) 

(distributed load) 

Mx ** 
M " =-2- (applied moment) 

v = V, + V, + V3 (total shear) 

P(2 - a)' 
V, 2 (shear due to point load) 

V, = W (~ - x) (distributed load) 

. M 
V3 =-2-

where: 

(applied moment) 

y is the deflection at a distance x from the left support; 

8 is the slope (change in y per change in x) at x; 

Mx is the moment at x; 

V is the shear at x; 

I is the moment of intertia of the beam; 

E is the modulus of elasticity of the beam; 

2 is the length of the beam; 

P is a concentrated load; 
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W is a uniformly distributed load with dimensions of force per unit 
length; 

M is an applied moment; 

a is the distance from the left support to the point load; 

c is the distance to the applied moment. 

*If x is greater than a, (2: - a) is replaced by - 3 and x is replaced by (x - Q). 

"If x is greater than c, x is replaced by (x - Q) and c is replaced by (2 - c), 
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Remarks: 

Deflections must not significantly alter the geometry of the problem. Beams 
must be of constant cross section for deflection and slope equations to be valid. 
Stresses must be in the elastic region . 

Registers Rso-Rs, are available for user storage. 

Sums of y, 0, M, and V may be stored in R. , R" R. , and R" respectively . 
Note that these registers are indicated on the magnetic card. 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/U NITS 

, Load side 1 and side 2. 

2 Initialize. D EI 0.000 00 

3 Input moment of inertia I li:liiii I 

then modulus of elasticity E li:liiii E 

then beam length. I D IiI EI 

4 Input load(s) : 

Location of po;nt load a li:liiii a 

Point load P D II a 

Distributed load (force~ength) W Dill w 
Location of applied moment c li:liiii c 

Applied moment M DII c 

5 Key in )( to specify the point 01 

interest and calculate 

deflection x EI y 

or slope x iii 8 

or moment x II M. 

or shear. x m V 

6 For a new calculation with the 

same loading, go to step 5. 

For new loads, go to step 4. Be 

sure to set obsolete loadings 

to zero. For new beam 

properties, go to step 3. To 

restart , go to step 2. 

E . = 
E~ ~ 

!:! 
~ !:! 

~- ~ 

~3 

~3 • 

-. 3 

~3 

."~ 

.. ~ 
3 

~~ • 

~ ·3 

~~ 

1! ~ -3 

~3 
~J=3 
~L~ 
~~ 
J~ 

;d=-B 
~-3 
J 

If l 3 

Example 1: 

Find the deflection, slope , internal moment and shear at distances of 0, 24 and 
60 inches for the beam below. Neglect the weight of the beam. 

M=10,OOO in·lb 

F 40 in t • 72 in 
E = 3Oxl0· psi 
1= 0.92 in 

Keystr okes: OUlputs: 

D EI .92 mmJl 30 1m 
6 mmJl 72 D ill 27.60 06 

40 mmJl 10000 DD 40.00 00 

O EI 0.000 00 (Yo) 

o III - 1.771 -03 (00 ) 

O B 0.000 00 (Mo) 

Om 138.9 00 (Vo) 

24 EI -30.92 -03 (y,.) 

24 III -322.1 -06 (0,.) 

24 B 3.333 03 (M,.)· 

24 m 138 .9 00 (V,.) 

60 EI 2.415 -03 (Y60) 

60 III 40.26 -06 (060 ) 

60 B -1.667 03 (Moo) 

60 m 138.9 00 (V60) 

Example 2: 

What is the slope of the beam below at x = 38 inches? 
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Keystrokes: 

DD 1.30 mmiIl 30 1m 
6 mmiIl50 D D 
44 mmiIl 1000 D Ol ---+ 
25 D B ------------_+ 
38 DI-----------+ 

Example 3: 

Outputs: 

39.00 06 
44.00 00 
25.00 00 
3.327 -03 (in/in) 

What is the [olal moment at the center of the beam below? (It is not necessary 
to know the values of E or I to solve the problem. Simply key in 70 and press 
D D ·) 

I
_ 50 in 'lP,= 1000 Ib 

-20 in-) P, =400 Ib M=-10,ooo in-Ib 

W""~'"Io//~l t 70in • 

First solve for the effect of the distributed load, P" and M. 

Keystrokes: Outputs: 

DD 70 D D 20 mmiIl 
400 D Ol 20.00 00 
37 DB 70 mmiIl 
10000 raDD 70.00 00 
70 mmill2 am 21.66 03 

Store values in R6 . 

Im@ 21.66 03 (in-Ib) 

Now solve for the effect of P, and add it to the content of R • . This is the final 
answer assuming superposition is valid. 

D D 50 mmiIllOOO D Ol -+ 50.00 00 
35 61 10.00 03 (in-Ib) 
Imi@O 31.66 03 (in-Ib) 

09-06 

Notes 
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SIMPLY SUPPORTED BEAMS-TRAPEZOIDAL LOADING 

" : -1.R b R , R ~ Ru Cllhl" 

1'1 ' ( d · ... ·, 'w 

X.y ... 0 ,,_M, •• \1 

This program calculates deflection, slope, moment, and shear at any specified 
point along a simply supported beam of uniform cross section with a distributed 
trapezoidal load. By using the principle of superposition, complicated distrib­
uted loads may be analyzed. 

y 

t 

_d 

8 I 

~rrrIIIlIIIW 
x 

Equations: 

y = Yd - y. 

_ 0 + Rox' _ ( _ d )' [ Wd + W2 - Wd (x - d) ] 
Yd - oX 6EI x 24El 120El (~ d) 

o - -,(.,,~:-:-:-;do::)_' [ - Wd(~' + 2d~ - d') - w2 1-5 Wd (72' + 6d~ - 3d'~ 
o - 24~E1 J 

R = (~ - d)' [ W + W2 - Wd ] 
o 2~ d 3~ 

(w - W ) 
W = W + • d (~ - e) 

2 • (e d) 

y. is analogous to Yd except Wd is replaced by w. and d is replaced bye. 

Equations for slope, moment, and shear are the first, second and third x 
derivitives of the equations above . 

~ 

~: 
"3 

~"3 

~"3 

~"3 

~3 

p.3 
E;3 

~ ~ 

~3 

3 
4 3 

~ 

~ 

~ '3 

" 3 

~ ~ 

. 3 

~ 

Definitions: 

I is the moment of inertia of the section; 

E is the modulous of elasticity of the material ; 

~ is the length of the beam; 

d is the distance to the beginning of the load; 
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Wd is the initial value of the load with units of force per unit length; 

e is the distance to the end of the load; 

w. is the final value of the load; 

x is the point of interest along the beam; 

y is the deflection at x~ 

o is the slope at x; 

Mx is the intema1 bending moment at x; 

V is the shear at x. 

Reference: 

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

Remarks: 

Deflections must not significantly alter the geometry of the problem. 

Beams must be of constant cross section for deflection and slope equations to be 
valid . 

Stresses must be in the elastic region. 

Registers R., R" R., and R, are available for problems involving superposition . 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATAIUNITS DATAIUNITS 

1 Load side 1 and side 2. 

2 Input the moment of inertia I rmma I 

then the modulus of elasticity E rmma E 

then the length of the beam. 2 am IE 

3 Input distance to load d rmma d 

then initial value of load w. rmma w. 

then distance to end of load e rmma e 

then final value of loading. w, all w, 

4 Key in x to specify point of 

interest and calculate 

deflection x III y 

O( slope x m 9 

or moment x II M. 

or shear. x m V 

5 For a new calculation with the 

same loading, go to step 4. For 

new loads, go to step 3. 

Example: 

Calculate deflection . slope. moment and shear for the beam above using the 
following values: 

d = 23 inches 

I = 5 in' 

Wd = 35 Ib/in 

E=30 x 100psi 

What is the deflection at x = 40? 

Keystrokes: 

23 mmm 35mmm 47mmm 
27 am 5 mmm 30 ID3 
6 mmm 75 a lll 
55 D-------+ 
55 1lI- ------+ 
55m------_ 
551lJ------_ 
40D------_ 

e = 47 inches 

2 = 75 in 

Outputs: 

150.0 06 
- 29.58-03 

1.175-03 
6.842 03 

-342.1 00 
-40.82-03 

w, =27 lb/in 

x = 55 in 

~ 
~.:: 

~ 

~~ 
~ .~ 

~~ 

~ 

~ 

- ~ 

~~ ~ 
... ~ 
I 

~3 
1 

~ 

~ 

I 
-~ 

E - 3 

Ei-='3 
~ 3 

3 

£. 3 
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BEAMS FIXED AT BOTH ENDS 

~;:. -=~ o1Rb RI RIIA.,. (1111" 

I'l" "f 1/ '1,1 

... y "·0 X6M, .II;.V 

This program calculates deflection, slope, moment and shear at any specified 
point along a beam of uniform cross section, fixed at both ends. Distributed 
loads, point loads , applied moments or combinations of all three may be 
modeled . By using the principle of superposition, complicated beams with 
multiple point loads, and multiple applied moments can be analyzed. 

Equations: 

y = YI 

p 

W 
j 

• c 
( 

+ y, + Y3 (total deflection) 

P( 2 - a)' x' [x(2 +2a) - 3a2)* 
6EI 3 

M 

• x 

(deflection due to point load) 

y,= Wx' [ x(2 2-x)-2'] 
24EI 

(distributed load) 

_ M( 2 - c)x' [ cx 2 - 3c ] ** 
Y3 - 2' EI -2- + 2 

8 = 81 + 8, + 83 (total slope) 

8
1 

= P(2 - a)' x [x(H2a) - 2a2] * 
2EI 3 

(applied moment) 

(slope due to point load) 

8, = 
Wx 

12EI 
[x(3 2 - 2x) -2 , ] (dis tributed load) 

8, 
M(2 - c)x 

2 ' EI 
(applied moment) 

~ 
EPI ~ 
J..~ 
~~ 
gl.~ 
J-~ 
~. ~ 
~-~ 
g;-~ 

. ~ 

~3 
~-~ , 

.- ~ 

,-~ 

E~ 3 

E=~ 
g:-3 

g.:~ 

~.~ 

~~ 

~.;l 

--. ;! 
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(total moment) 

M Xl = 
P( 2 - a)' 

23 
[x( 2 + 2a) - a2]* (moment due to point load) 

M =~[6x(2-X)-2'] x, 12 (distributed load) 

M = -- + 2- 3c M(2 - c) [ 6cx ~ ** 
x3 £2 £ (applied moment) 

v = VI + V, + V3 (total shear) 

V = P( 2 - a)' (2 + 2a) (shear due to point load) 
I 23 

V, = -W (2x -Q) (distributed load) 
2 

-6M( Q - c) c** 
V - (applied moment) 
., 3 - £3 

where: 

Y is the deflection at a distance x from the left support ; 

8 is the slope (change in Y per change in x) at x; 

Mx is the moment at x; 

V is the shear at x; 

I is the moment of inertia of the beam; 

E is the modulus of e lasticity of the beam; 

2 is the length of the beam; 

P is a concentrated load ; 

W is a uniformly distributed load with dimensions of force per unit 
length; 

M is an applied moment; 

a is the distance from the left support to the point load; 

c is the distance to -(he applied moment. 

"'If x is greater than a, a is replaced by (Q - a) and x is replaced by ( Q - x), The signs of 61 and 

V 1 are also changed . 

· · If x is greater than c, x is replaced by ( !t- x) and c is replaced by (Q - c). The signs of Y3 and 
M 1l3 are also changed. 
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Remarks: 

This card differs from olher beam cards. The "Slart" funclion is nol included 
on D OO . You muSI manually perform Ihe "Slart " funclion by sioring 
zero when P, W or M are nol included in Ihe problem. 

Defleclions musl nol significantly aher Ihe geometry of Ihe problem. Beams 
must be of constant cross section for deflection and slope equat ions to be valid . 
Stresses must be in the elastic region. 

Registers Rso-Rs9 are avai lable for user storage. 

Sums of y, 8, M, and V may be slored in R" R" R" R9 , respeclively. NOle 
that these registers are indicated on the magnetic card. 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 load side 1 and side 2. 

2 Input moment of inertia I Il:IDiD I 

then modulus of elasticity E Il:IDiD E 

then beam length. £ D D EI 

3 Inpulload(s) :' 

Location of point load a Il:IDiD a 

Point load P D ill a 

Dislribuled load (force/lenglh) W D m w 
Location of applied moment c Il:IDiD c 

Applied moment M D D c 

4 Key in x to specify the point 

of interest and calculate 

deflection x B y 

or slope x D 6 

or moment x II M, 

or shear. x m V 

- T 

~3 
3 

~3 
~3 

-3 
I 
3 

~5.:'3 

~~ 

~=3 , 

. 3 

.=3 

~f3 

~ 

~~ 

E -=-3 

E~ 
.~ 

~ 
I 

~;; 
I 

-::;; 

E~- :3 
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STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

5 For a new calculation with the 

same loading, go to step 4. For 

new loads, go to step 3. Be 

sure to set obsolete loadings to 

zero. For new beam properties, 

go 10 slep 2. 

-Loads must be input, even if 

zero. 

Example 1: 

For Ihe beam below, whal are the values of defleclion, slope, momenl, and 
shear at an x of 114 inches? 

W = 141b/ln 
E=30x106 psi 
1=4.74 in' 

147,000 in-Ibs 

~"---114 in .j 
~1~~----140inl-----~'~.~ 

Keystrokes: 

4.74 a:mm 30 lID 6 a:mm 
140 om ------+ 

o DB 30 a:mm 147000 
14 0 m-------+ 
1140 
mD@Jm 
mD@JB 
mD@Jm 

Outputs: 

142.2 06 

14.00 00 
43.72 -03 
-3.155-03 
13.05 03 
444.7 00 

(y) 

(8) 
(M,) 

(V) 
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Example 2: 

Find the internal moment at x = 0 for the configuration below. 

1000 Ib 

~1 __ --50 in • 

- ---75 in-----I...:"" 

E = 10x10' psi 
1= 9.75 in' 

Keystrokes: 

9.75 mmiIl 10 ID3 6 mmiIl 
75 0 D - ------+ 
0 0 11 100 om 50 mmiIl 
1000 OB-------+ 
OB -------+ 
Also, find the deflection at x = 40. 

40 D -------

Outputs: 

97 .50 06 

50.00 00 
-52.43 03 (Mo) 

-101.0 -03 (Y .. ) 

.....~ 

~i3 
J3 
. 3 , 

. :'3 

~3 
~±3 

11-()6 

Notes 
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BEAMS FIXED AT BOTH ENDS-TRAPEZOIDAL LOADING 

~ R, R, R~ R~ c [' 1 ~ 
1'[', <I' ... ','"" 

lI-V I._[ j 1I.M. ._v 

This program calculates deflection, slope, moment, and shear at any specified 
point along a beam fixed at both ends , of uniform cross section, supporting 
a distributed trapezoidal load . By using the principle of superposition, com­
plicated distributed loads may be analyzed. 

Equations: 

y 

8----·1 
w. 

I---d-

x 

y = y, - y. 

M"x' Rex' 
Yd =2Ei + 6El - ( ) [ Wd + (Wi - Wd)(X - d) ] 

x - d 24El 120El(2 d) 

M.= (2 - d) r... (2 + 3d) _ (wi - Wd) (22 + 3d~ 
122' [d 5 ] 

= + (we - Wd) (2 - e) 
Wi We (e - d) 

y. is analogous to Yd except w. replaces Wd and e replaces d. 

Equations for slope, moment and sbear are the first , second, and third x 
derivitives of the equations above. 

~3 

:t: 
~-~ 

:t 
:::-~ 

;d-~ 
~ 

~ ~ 
~ 

~d ~ 
~ 

~J=3 
~~~ 

~ ~ 

,-~ 

~ 

" ~ 

Definitions: 

I is the moment of inertia of the section; 

E is the modulus of elasticity of the material; 

2 is the length of the beam; 

d is the distance to the beginning of tbe load; 
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Wd is the initial value of the load with units of force per unit length; 

e is the distance to the end of the load; 

We is the final value of the load; 

x is the point of interest along the beam; 

y is the deflection at x; 

8 is the slope at x; 

M, is the internal bending moment at x; 

V is the shear at x. 

Reference: 

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

Remarks: 

Deflections must Dot significantly alter the geometry of the problem. 

Beams must he of constant cross section for deflection and slope equations to 
be valid . 

Stresses must be in the elastic region . 

Registers R,-R. are available for problem involving superposition. 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATAJUNITS DATAJUNITS 

1 load side 1 and side 2. 

2 Input the moment of inertia I IJ:IIIlII I 

then the modulus of elasticity E IJ:IIIlII E 

/hen lIle leng1h of lIle beam. 2 Dm IE 

3 Inpul distance to load d IJ:IIIlII d 

then initial value of load w, IJ:IIIlII w, 
then distance to end of load e IJ:IIIlII e 

then final value of loading. w. DII w. 
4 Key In x to specify point of 

interest and calculate -

deflecUon x D y 

or slope x m 8 

or moment x II M. 
or shear. x m y 

5 For a new calculation with the 

same loading, go to step 4. For 

new loads, go to step 3. 

Example: 

Calculate deflection , slope, moment and shear for the beam above using the 
following values: 

d = 23 inches Wd = 35 Ib/in e = 47 inches w, = 27 Ib/in 

I = 5 in' E = 30 x lO'psi 

What is the deflection at x = 40? 

Keystrokes: 

23 rmDiIl 35 rmDiIl 47 rmDiIl 
27 a ll 5 rmDiIl 30 lID 
6rmDi1l75 a m 
55 D ---------. 
55 m ---------. 
55l1---------. 
55I!J---- --_ 
40D------__+ 

2 = 75 in 

Outputs: 

150.0 06 
-5.331-03 

387.0-06 
383.7 00 

-328.6 00 
-9.634-03 

x = 55 in 

et==-3 
E~ ~ 

, 3 

~3 

' ~ 

~ ~ 

3 

, 3 

~'3 l -

' 3 
J 

~ ... ~ 
~~ 

~ ~ 
~ 3 
J '3 J 
P;-J_3 
~~ 

E~~ 
' ~ 
I 

~;; 
I 

~~ 
I 

S--: 3 
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PROPPED CANTILEVER BEAMS 

J • ~ ---iRh R,R~ R~ (11 I) .. 

-.1"Hl 1-/', "I IV 'M 

.. -y •• (j a.M, X.V 

This program calculates deflection, slope, moment and shear at any specified 
point along a propped cantilever beam of uniform cross section . Distributed 
loads , point loads, applied moments or combinations of all three may be 
modeled. By using the principle of superposition . complicated beams with 
multiple point loads, and multiple applied moments can be analyzed. 

Equations: 

y 
p 

a '!' b 

I: c 
t 

·I
M 

y = y, + y, + y, (total deflection) 

y, = 6~1 [F(x' - 32' x) + 3b'x]; x" a (deflection due to point load) 

y = ~ (32x' - 2x' - 2 'x) 
, 48EI 

(distributed load) 

M 
y, = EI G(x' - 32'x) + 2x - ex; x~c (applied moment) 

y, = ~ G(x' - 32'x) + 2x - 'Iz (x' + c'); x> c 

(total slope) 

8, = ~ [F(3x' - 322) + 3b2]; X" a 
6EI 

(s lope due to point load) . 

E~ 

E=-~ 

E~=3 

E~~ 

~~ 
~~ 

.-~ 

~~ 

013 

8, = ~ [F(3x' - 32') - 3(x - a)'); x > a 
6EI 

8 = ~ (9 x' - 8x' - 2') 
2 48EI 

(distributed load) 

8, = ~ [G(3x' - 322) + 2 - c) ; x" c 
EI 

8, = ~ [G(3x' - 32' ) + 2 - x); x > c 
EI 

(total moment) 

(applied moment) 

M Xl = PFx; x ~ a (moment due to point load) 

Mx, = PFx - P(x - b); x > a 

Mx2 = W (3/8x 2 - x2/2) (distributed load) 

Mx' = 6MGx ; x" c (applied moment) 

Mx' = 6MGx - M; x > c 

v = V, + V, + V, (total shear) 

V, = PF; x .. a (shear due to point load) 

VI = PF - P; x > a 

(distributed load) 

V, = 6MG (applied moment) 

= [ 3b
2 

2 - b'] 
F 22' 

b = (2 - a) 

13-02 
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where: 

y is the deflection at a distance x from the left support; 

8 is the slope (change in y per change in x) at x; 

Mx is the moment at x; 

V is the shear at x; 

I is the moment of inertia of the beam; 

E is the modulus of elasticity of the beam; 

2 is the length of the beam; 

P is a concentrated load; 

W is a uniformly distributed load with dimensions of force per unit le ngth; 

M is an applied moment; 

a is the distance from the left support to the point load; 

c is the distance to the applied moment. 

Remarks; 

De flections must not significantly alter the geometry of the problem, Beams 
must be of constant cross section for deflection and slope equations to be valid. 
Stresses must be in the elastic region. 

Registers Rso-Rso and R8 are available for user storage, 

Sums of y. 8. Mx and V may be stored in R •• R,. R, and R •• respectively, 
Note that those registers are indicated on the magnetic card. 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side,2. 

2 Initialize. D EI 0,000 00 

3 Input moment of inertia I IImII I 

then modulus of elasticity E IImII E 

then beam length. 2 D lil EI 

4 Input load(s) : 

Location of point load a IImII a 

Point load P D lil a 

Distributed load (loree/length) W D m w 
Location of applied moment c IImII c 

Applied moment. M D O c 

:J! 
¢3 
~~ 
E-~ ~ 
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STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

5 Key in x to specify the point of 

interest and calculate 

dellection x EI y 

or slope x iii 9 

or moment x iii M. 

or shear. x m V 

6 For a new calculation with the 

same loading, go to step 5. 

For new loads, go to step 4. 

Be sure to set obsolete 
-

loadings to zero. For new 

beam properties, go to step 3. 

To restart, go to step 2. 

Example 1: 

What are the values of momenl and shear at both ends of the beam below? (It 
is not necessary to know the values of E or I since deflection and slope are 
not required ,) 

1000lb 

1 30 
- 350001n-lb 

~ 
11-:--80--~ 

120 

W = 151b/in 

Keystrokes: Outputs: 

a D 120 a D 30 mm;c 
I ()()() 0 8 ------
80 mm;c 35(){)() B:!1J 0 0 
15 a lll-------
0 8 
o III 
1208 
120 III 

30,00 00 

15 ,00 00 
O,(){)() 00 

1.065 03 
-35,23 03 
-1.735 03 

(in-Ib) 

(Ib) 

(in-Ib) 

(Ib) 
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Example 2: 

Calculate the deflection, slope, moment and shear at x = 90 for the beam 
below. 

P = 300 Ib 
1--401n---l I t M = 20000 In-lb 

r:
---ao In-~ 

1-0. ------170 In----........ 

w = 10 lbtln 
E = 30 x 10'ps; 

1 =231n' 

Keystrokes: 

DO 23 a:mm 301m 6 a:mm 
170 0 D -------+ 

40 a:mm 300 D B 10 0 llJ 
80 a:mm 20000 DO 
900-------+ 
90 D-------+ 
9OB------__+ 
90 1lJ-------+ 

Outputs: 

690.0 06 

80.00 00 

-75.73 -03 
920.8 -06 
11.89 03 

-229.0 00 

(in) 

(in/in) 
(in-Ib) 

(lb) 

13-06 
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PROPPED CANTILEVER BEAMS-TRAPEZOIDAL LOADING 

~ Rb R R ~ Rg ll' .~, 
1'[', u·,..· 'w 

... y ... 0 ... M, •• V 

This program calculates deflection , slope, moment and shear at any specified 
point along a propped cantilever beam of uniform cross section with a distrib­
uted trapezoidal load . By using the principle of superposition, complicated 
distributed loads may be analyzed. 

Equations: 

y 

(------1 

1----- e -----IL. 
-d 

x 

Y = Yd + Ye 

Y =8 x +R x3/6EI- "x -d)' [~ + (W2 - Wd)(X - d)] 
d •• \ 24EI 120EI 

Ro = (2 - d)3 rw (32 + d) + (w2 - Wd) (42 + d~ 
823 [ d 5 ] 

8. = (2 - d)' [W (2 + 3d) _ (w2 - Wd) (22 + 3d~ 
48EI 2 d 5 ] 

W2 = We + (we - Wd) (2 - e) 
(e d) 

Ye is analogous to Yd except Wd is replaced by We and d is replaced bye. 

Equations for slope moment and shear are the first , second and third x deriva­
tives of the equations above. 

E.J~ 

~: 
:! 

~~ 1 . 

~~ 

~3 

~3 

E~ 3 

~3 

~3 
~; ~ 

E=-3 , 

, 3 

~ 

~~ 

~3 

~-~ 

E= 3 

~~ 

~3 , 

Definitions: 

I is the O-;oment of inertia of the section; 

E is the modulus of elasticity of the material; 

2 is the length of the beam; 

d is the distance to the beginning of the load; 
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Wd is the initial value of the load with units of force per unit length; 

e is the distance to the end of the load; 

We is the final value of the load; 

x is the point of interest along the beam; 

Y is the deflection at x; 

8 is the slope at x; 

M" is the internal bending moment at x; 

V is the shear at x. 

Reference: 

Roark, Raymond J., Young, Warren c., Formulas for Stress and Strain, 
McGraw-Hill Book Company , 1975 . 

Remarks: 

Deflections must not significantly alter the geometry of the problem. 

Beams must be of constant cross section for deflection and slope equations to 
be valid. 

Stresses must be in the elastic region . 

Registers R, -R, are available for problems involving superposition. 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
OATAIUNITS OAT AlUNITS 

1 Load side 1 and side 2. 

2 Input the moment of inertia I ImIIlIl I 

then the modulus of elasticity E ImIIlIl E 

/hen the lenglh of the beam. Q om IE 

3 Input distance to load d ImIIlIl d 

then initial value 01 load w, ImIIlIl w, 

then distance to end of load e ImIIlIl e 

then final value of loading. w. 0 11 w. 

4 Key in x to specify point of in-

terest and calculate deflection x a " y 

or slope x m 6 

or moment x II M, 

or shear. x iii V 

5 For a new calculation with the 

same loadina. 00 to steo 4. For 

new loads. ao to steD 3. 

Example: 

Calculate deflection . slope. moment and shear for the beam above using the 
following values: 

d = 23 inches Wd = 35 Ib/in e = 47 inches w, = 27 Ib/in 

I = 5 in' E = 30 x 10" psi Q = 75 in x = 55 in 

What is the deflection at x = 40? 

Keystrokes: 

23 rmmD 35 rmmD 47 rmmD 
27 D B 5 rmmD 30 ID3 
6rmmD 75 Dill 
55D --------------~ 

551l1--------------~ 

55B--------------~ 
551lJ , 
40D------------__ 

Outputs: 

150.0 06 
-8.849-03 

674.9-06 
-336.000 
-472.6 00 
-17.47-03 

~ ...... ~ 

~,;: ~ 

~::.. ~ 

~~ 

J:.~ 
~~ 
;:~ 
~ 

I;li . ~ 

S:~-3 
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SIX-SPAN CONTINUOUS BEAMS 

r='I~~ . ; ,-------=r-~ (II 1 ~ 

Ij jJUI 10 [JIJf l I L \ !ltH, ,I,. " 

Mu Uo 'Un In.E n·l " M ... M ) M, M, M, Mo 

This program solves for the intermediate couples present at the support points 
of a continuous beam. From two to six span beams may be analyzed. 

1 

I Z f I 
I 

2 I 
z z 

3 
( Z Z Z 

4 
Z I 

I 

I I 5 
Z Z j 
1 1 

6 I 
z Z Z ~ ' 

Each span of the beam may have a unique length. cross section . and/or modulus 
of elasticity but properties may not change within a span . 

The first step in using this program is computation of the slope factors at each 
support of the span . This is best accomplished with programs designed for this 
purpose such as CE-09 and CE-I O. Simply break the continuous beam at each 
support and calculate the slope at each end assuming no moment is transmitted 
across supports (it is not necessary to calculate the slope at the left end of the 
first section or the right end of the last section) . 

After all slope factors have been calculated for the beam sections. you are ready 
to use Six-Span Continuous Beam to solve for the unknown moments which 
develop across the intermediate supports ofthe continuous beam. After loading 
the program and specifying the number of spans (N) . the moment acting at the 
left end of the beam is specified (Mo). even if zero. then the slope factors from 
the left side and the right side of the first intermediate support are input. The 
moment of inertia. modulus of elasticity. and length of the first span are input 

next. 

For subsequent spans (except the last span) input the slope factors and beam 
properties only. In cases where sections repeat (same load and same proper­
ties) the a III keys cause automatic span replication . This saves the effort 
involved in keying in five pieces of repeated data. If the loadings on successive 
spans change but beam properties remain constant, input the slope factors but 
use the automatic property duplication function on the am keys . 

The last span requires input of only the beam properties and the applied 
moment at the end of the beam (MN). even if zero . After input of the end 
moment . calculation begins. About one minute later. the values of the moments 
acting at each end of each segment of the beam are output. The first output 
is the left end applied moment Mo. the last output is the right end applied 
moment MN • All moments. inputs and outputs. follow the right hand rule 
sign convention. If you have a HP-67 and you miss the output of the moments 
it is not necessary to start over. Simply leave MN in the display and press iii . 
the output routine will be repeated after a few seconds of calculation. 

g ':3 

Fk3 
~±; 
~~ 
~ 
~ 3 
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Algorithm: 

The program s!arls by assumming that all internal moments are zero. Based 
on this assumption it calculates the moment across the first intennediate 
support using: 

M,2, 
6E,I, 

It then uses MI in an analogous equation for the next support and the next 
until the end of the beam is reached . The program repeats this procedure until 
all calculated moments remain unchanged within the specified display setting 
for one complete cycle of moment calculations. 

Reference: 

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

Remarks: 

This program uses a trial and error procedure . It is possible that no answer 
would ever be found for some loadings . 

The display setting is used to determine when answers are of satisfactory 
accuracy . Display of Engineering 3 is recommended for best operation . Larger 
numbers for display setting will take longer to converge. 

STEP tNSTRUCTlONS INPUT 
KEYS OUTPUT 

DATAIUNITS DATAIUNITS 

1 Calculate aI/ intermediate 

slope factors using simply sup-

ported beam programs. 

2 Load side 1 and side 2. 

3 Input number of spans in beam 

(2 .. n .. 6) N D EI 0.000 00 

4 Input moment applied at left 

support (even if zero) . M, EI M, 

5 Input slope factor from left side 

of next intermediate support e, II:IIIlII e, 
and from right side of support. • e ' , m e, e ' , 



INSTRUCTIONS 
INPUT KEYS STEP DATA/UNITS 

1-6 I Input propert"'s 0' me span:" 

moment Of ,nen" I 

moaulus of elasticity t: 

ai'iOlenglJ'i or span. • .. 
7 I "Of next span, go to step 5. For 

I lasl span, go to step 6 and then 

skip to step 8. 

8 I Input moment at end of last 

span. M. m 

9 To change any span, key In 

number of span n am 
Go to step 5 for intermediate 

-
spans, step 4 if first span, or 

-
step 6 and skip to step 8 if last 

span. 

to For a new case, go to step 1. 

• To duplicate 8" 8,', I, E, and ~ 

from previous span to next 

span press a lii 

and go 10 step 7. 

"To duplicale I, E, and ~ from 

previous span to next span, 

press all 
and go 10 step 7. 

OUTPUT 
DATA/UNITS 

I 

t: 

n 

MOl Mlo MI ', 

M2,,,·,M .. 

n 

--

n 

n 

Example: 

6000 Ib J 
,,"" 

120 In A 
w '" 16.67 Ib/in 
I .. 109 In' 

w ., 16.67 Ibtln 
1 "' 109In' 

w = 20.83 Ibtln 
I = 272 In' 

e .. 30 x 10' psl 
t - 4801n 

E '"' 30 )( 10' pal 
t .. 480 In 

E =: 30 x lot pal 
t - 480In 

For Ihe three span beam above, calculate Ih ' internal moments transmitted 
across the two intermediate supports. 

Separate the beam into three independent sections and use theSimp/y Supported 
Beam-Trapezoidal Load program to solve for the slope factors at the poinls of 
support . 

What is 01> the slope 
factor at the end of the 
beam? 

I I I I 
What Is 8" the slope factor 

I Z I I , ....--- at the end of the beam? 
A A 

w = 16.67 Ibl ln 
I = 109 In4

, E = 30 x 10', t = 480 In 

Keystrokes using CE-lO: 

109!m1m1 30 lID 6!m1m1 
480 o m ------+ 
O!mlml 16.67 !m1m1 
480!mlml 16.67 DB - --+ 

480 III --------+ 

Outputs: 

3.270 09 

0.000 00 
23 .49-03 (0 ,) 

Section 2 is loaded the same as section I . No values change, so compute the 
slope factors at the two ends of section 2. 

Om-------+ 
480m 

-23.49-03 
23 .49-03 

(0; ) 

(0,) 

Section 3 requires solution by superposition of the continuous load and the 
trapezoidal load. First solve for Ihe continuous load and store the result in 
R" then add the resull of the trapezoidal load. 
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Keystrokes using CE-lS: 

272 mmiI2 30 m 6 mmiI2 
480 OD 0 mmiI2 
20.83 mmiI2 480 mmiI2 
20.83 om 0 D ----+ 

Em 120mmi12 58.3mmi12 
340mmi12 66.7 om 0 iii -­
mDmD 

Outputs: 

-11.76-03 

-22.74-03 
-34.50-03 (0; ) 

Now we have the slopes at the supports . Using the continuous span program, 
we can compute the internal moments at the intermediate supports. 

Summary 01 Known. 

Span 1 Span 2 

M, = 6oo0lb x 120 in 
2 = + 720,000 in-Ib 
6, = 23.49 x 10- 3 6,' = -23.49 x 10. 3 

6, = 23.49 x 10· ' 

I = 109 

E = 30 x 10' 

2 = 480 

Keystrokes: 

Span I 

1 = 109 

E = 30 x 10' 

2 = 480 

3 0 137201113 31323.49mtml 
3mmi12 23.49 tmlmtml 3 D 
109 mmiI2 30 1113 6 mmiI2 
480 m -------+ 

Span 2 

Outputs: 

1.000 00 

23.491D3tm1 3 mmiI2 34.50 tmlmtml 3 iii 

'. Span 3 

6,' = - 34.50 x 10· ' 

1=272 

E = 30 X 10' 

2 = 480 
M, = 6000 x 120 

= - 720,000 in-Ib 
(M, is negative by 
right hand rule) 

Input for span 1 
complete . 

Since I , E, and 2 remain the same between span I and span 2, use the automatic 
section property duplicate function instead of keying the values in again. 

om 2.000 00 

E= :~ 

~ :~ 

~ ~3 

~-3 

~ -~ 

~--3 

~-3 

~ -3 

E:- 3 

~-3 

- 3 

~:-3 

~-=-3 

~-3 

~-=3 

E: "':'3 

~':'3 

~~ 

~~ 

~-:"3 

~ ' 3 

Span 3 

272 mmiI2 30 m 6 mmiI2 
480 m -------+ 
720 tmlm 3 m 

3.000 00 
720.0 03 

- 125.5 03 
125.5 03 

- 698.3 03 
698 .3 03 

-720.0 03 
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M. 
MI 
MI' 
M, 
M,' 
M3 

Since we now know all loads and the moments at the ends of each span, we 
could calculate deflection, moment and shear for any point along the span using 
program CE-09 and program CE- 10. 
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STEEL COLUMN FORMULA 

STEl l COLUM N fOR MULA (l' " , 

,It I " I II' d I 

A l • .1',.. ' P . 

This program computes the allowable load and the maximum load for structural 
steel columns using the American Institute of Steel Construction formula 
(1961). The column ends must be welded, riveted, or otherwise constrained 
against deflection and rotation . 

Equations: 

p---' I~~~~~~~~~~)\P I, L----- k 

Pallow = A cr, [ I - (~/k)'/2 C'l/m for ~/k < C 

Pallow = A(1.0273 X 10" N/m')/(~/k)' for C < ~/k .. 200 

m = 5/3 X 3(~/k)/8C - [(~/k)/2C l' 

Pmax = Pallow m 

Definitions: 

P allow is the allowable load; 

P max is the maximum load the column could carry; 

A is the area of the section; 

~ is the length of the column; 

k is the minimum radius of gyration of the column cross section; 

I is the minimum moment of inertia of the cross section; 

cr, is the yield point of the steel. 

E is the modulous of elasticity of steel. 
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Remarks: 

Either SI (metric) or English units may be used. For SI units , input the yield 
point stress of the material using the B key and use meters as the unit of 
length for all other inputs. For English units , input the yield point stress in 
pounds per square inch using the iii key and use inches as the unit of length 
in all other inputs. 

You may input the minimum moment of inertia I, instead of the minimum 
radius of gyration k. If I is input it will automatically be converted to k using 
the relation: 

k' = l/A 

Reference: 

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

Remarks: 

Columns must be nominally straight, homogeneous, and of uniform cross 
section. 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATAJUNITS DATAJUNITS 

1 Load side 1 and side 2. 

2 Input the following values: 

Input yield point stress of the 

material in newtons per square 

meter uy (N/m' ) aa 0.00 00 

or pounds per square inch uy (psi) am 0.00 00 

and section area A a A 

and column length ~ m ~ 

and minimum radius of gyration k II k 

or minimum moment of inertia I all I 

3 Calculate allowable load iii Pillow 

and/or maximum load D p-

4 For a new case, go to step 2 

and change any or all of the 

Inputs. 
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Example 1: 

Two steel channels are lased together to form the cross section below: 

Calculate the allowable and maximum loads using the following specifications: 
k = 81.0 x 1O-3m A = 9.46 X 10- 3 m' CT, = 248 x 10" N/m' 
£ = 7.5 m and 12 m 

Keystrokes: 

248 1m 6 DB 9.46 1m ImI 
3 B 7 .5 m 81 Imlml 
3 Bill -----__+ 

0 - ----- --+ 
12 1lJIlJ-------
0 --------+ 

Example 2: 

Outputs: 

~ 

918 .2 03 Pallow (N) 
1.736 06 Pmax (N) 
442 .8 03 Pallow (N) 
844.5 03 Pm• x (N) 

For a column with the propenies below, what is the allowable load? 

CT, = 33,000 psi A = 20 in' I = 223 in' £ = 350 in 

Keystrokes: Outputs: 

33000 om 20 B 223 DB 
350 IlJIlJ -----_ 241.0 03 Pa llow (Pounds) 

EJ.3 

~"3 
~~ 

J 
Et~ 
~ I~ 
~-3 

I 
ET~ 
E- 3 
J.~ 

I 
~1~ 
~ ...... ~ 

~3 
~~ 
E+~ 
~~~ 

E~ 

~~ 

E - 3 

~~ 
~3 

I 

"""~ 

~-~ 

&;:-3 , 

e¥ 3 
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Notes 
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REINFORCED CONCRETE BEAMS 

REI~~ORC~O CONCA[H BlAMS 11 

~' 1 • i _ r~ , r 

• A, , b • Mid j 

This program can be used in the design and analysis of rectangular reinforced 
concrete beams in accordance with the strength design method of the American 
Concrete Institute Code (ACI 318-71). The program solves interchangeably 
between the following six variables: 

A,- The area of nonprestressed tension reinforcement (psi or kg/cm'); 

b- The width of the member (in or cm); 

M-The maximum internal bending moment (lb-in or kg-cm); 

d-The depth to the centroid of the reinforcing ste~1 (in or cm); 

f, - The compressive strength of the concrete (psi or kg/cm'); 

f,.- The yield strength of the steel (psi or kg/cm'). 

1 
+ 1 Area under compression. 

N.A ~ I'--J._~-L_-I 
d 

1 As -
During calculation of the parameters listed above, the calculator checks to be 
sure that enough reinforcement has been specified to meet the minimum 
allowable value: 

A, 200 
- > - -
bd f,. 

If this condition is not met the display will flash 10.50 which signifies that the 
design does not meet section 10.5 of the ACI code. Stop the flashing by 
pressing lira . Press liD to see the current value of A.. Press liD again to see 
the minimum allowable value of A,. Pressing D at this point stores the 
minimum value of A, and readys the calculator for calculation of the desired 
variable. 

+ 
~ 
A 
~J.~ 
E:±~ 
~~ 
~L:J 
~~.L:J 
~:J 
~J~ 
~13 
~3 
~:J 
~l~ 
E1.3 

~ 
E13 
~-3 

~-=.~ 

P-- -3 

- -3 

~~ 3 
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The program also checks for too much steel. Code section 10.32 specifies the 
maximum steel area as: 

A.max = (0.6375) f3 ~ 87000 
b d ' f, 87000 + fy 

where 

{

0.85 for f, .. 4000 

0.85 - (f, - 4000)120000 for f, > 4000 
f3, = 

If too much steel has been specified , the calculator flashes 10.32. Stop the 
flashing by pressing lira, then press liD to see the current steel area. Press 
CD again to see the maximum allowable tension steel area. Press D if you wish 
to use the maximum amount of steel in subsequent calculations. 

If the program halts displaying "Error," the input values are mathematically 
impossible to satisfy. This may be due to an entry error (you may review the 
values by recalling R, for A., R, for b, R, for M etc .. . . ) or the configuration 
may be mathematically undefined. If this is the case , increase the beam size 
and/or decrease the moment. 

Optionally, the depth of the compression zone (a) may be calculated using the 
DD keys and the depth of the neutral axis (NA) may be calculated using 
Dill . The depth of the neutral axis is important since T-beams may be modeled 
as rectangular beams if the slab or flange equals or exceedes the depth of the 
neutral axis. 

Equations: 

M = d q, A, fy - (0 .59 q, A,' f/ )/(b f, ) 

q, = factor of safety = 0.9 

Reference: 

ACI Standard Building Code Requirements for Reinforced Concrete (ACI 
318-71 ), American Concrete Institute, May 1976 printing . 

Remarks: 

This program is intended as an aid to computation and cannot replace an under­
standing of ACI 318-71. 

This program does not check for deflection of shear stress modes of failure . 
Refer to ACI 318-71 for specifics on deflection and shear stress. 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATAJUNITS DATAJUNITS 

1 Load side 1 and side 2. 

2 Optional: toggle metric units 

(1 - ki lograms and centi-

meters) or English units 

(0 - pounds and inches). DD lorO 

3 Input 5 of the following 

variables: 

Area of tension reinforcement A, D A, 

Width of beam b III b 

Bending moment M II ,. M 

Depth of section to centroid of 

steel d III d 

Compressive strength of 

concrete f, II f, 

Yield strength of tension 

reinforcement I, DII f, 

4 Calculate remaining unknown 

value: 

Area of tension reinforcement D A, 

Width of beam III b 

Bending moment II M 

Depth of section to centroid 

of steel III d 

COmpressive strength of 

concrete II f, 

Yield strength of tension 

reinforcement DII f, 

S If step 4 resulted in an "Error" 

or a flashing display, refer to 

description for explanation. 

g~ 

g+3 
g~3 

~='-'3 

~~~ 

~:::3 

~3 

~3 

g:: ~ 

e 
g="~ 

g-f3 
g=P 

P;1 3 
r 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

6 Optional: Calculate depth of 

compressive stress block D ill a 

. andlor depth of neutral axis D II NA 
.-

7 For a new case, go to step 3 

and change any or all of the 

input values. 

Example 1: 

For the specifications below , calculate the amount of reinforcing steel required. 

M=1.2 X IO'in-lb b=18in d=26 in f,= 3500psi 

f, = 50000 psi 

Keystrokes: 

0 0 0 0 -----+ 

1.21D3 6 B 18 D 26 1lJ 

Outputs: 

0 .000 00 (Set for English 
units.) 

3500 0 50000 0 00 10.5000 
(Flashing display indicates that calculated steel area is too small to meet ACI 
minimum as specified in ACI 10.5. Press 1m to halt the flashing display. 
Press liD to see the calculated value , then press liD again to see the minimum 
value , then use the minimum value to recalculate M.) 

ImIiD ---- --+ 
liD - - -----+ 
OB -------+ 

Example 2: 

1.045 00 
1.872 00 
2 . 11606 

in' (calc) 

in' (min) 
in-Ib (M) 

For the beam specifications below , calculate the area of steel required . 

b = 25 em d = 30 em M = 1.6 X 10' kg-em f, = 281 kg/em' 

f, = 42 19 kg/em' 

Keystrokes: 

0 0 -------+ 
25 D 30 1lJ 1.61D3 6 . 

2810 4219 0 00 

Outputs: 

1.000 00 

10.32 00 

(metric units) 

(Flashing display indicates that calculated steel area is too large to meet ACI 
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specification 10.32. Press liD to halt flashing display. Press liD to see 
calculated value, then liD again to see maximum value .) 

1iD1iD------+ 
1iD--------+ 

17.78 00 
16.02 00 

Using 16 cm2 for As, what is the minimum value for d? 

16 BIlJ-------. 32.01 00 

Example 3: 

em' 
em' 

em 

Calculate the area of the steel and the depth of the slab or flange for the T -beam 
data below. Use the depth of the neutral axis as the minimum depth of the flange 
so that the T-beam can be modeled as a rectangular beam. 

M = 2 X 10' in-Ib b = 20 in d = 20 in f, = 4000 psi 

f y = 60,000 psi 

1-' --20--' 1 

20 

Keystrokes: 

DB DB ------+ 
2 ID3 6 B 20 D 20 IlJ 4000 01 
60000 DIJB -----+ 
DB -------+ 

• A. 
'--

Outputs: 

0.000 00 

1.935 00 

2.014 00 

(English units) 

in' (A,) 

in (Neutral axis 
depth and mini­
mum flange 
depth .) 

~ 
~ 
E-~3 
~3 
~-~ 

~~3 
~~ 
~13 
~3 
~3 
~~ 
E;± 3 

J 
~j 3 
~3 

A 
E~ 
~±~ 
E~ 
~±~ 

~ 
~J-3 

I 

~3 
I 

&'~ 3 
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BOLT TORQUE 

BOLT TORQUE II 1 \"A 

a'Oo!,O.., 'O, " , r w .T 04T " •• 

This program may be used to calculate either the torque that will yield a 
specified bolt load or the load resulting from a specified torque. The maximum 
shear stress in the body of the screw may also be calculated . 

Equations: 

T = W Dm [tan a + fJcos e ] 
2 I - ft tan alcos e +Wf,~ 

2 

Tmu = Y (W/2 A,)' + (l6TJ7TD,' )' 

Tt = T - W f, ~' 

where: 

T is the applied torque; 

W is the bolt load; 

Dm is the mean thread diameter; 

a is the helix angle of the thread; 

ft is the coefficient of thread friction; 

e is one-half of the thread angle; 

f, is the collar coefficient of friction; 

D, is the collar diameter; 

'T max is the maximum shear stress in the body of the screw; 

Ar is the root area; 

D, is the diameter at the root of the thread. 

Remarks: 
The accuracy with which ft and f, are approximated has a significant effect on 
the applicability of the resulting computations. 

Reference; 

Hall, Holowenko , Laughlin Machine Design, Schaum' s Outline Series, 

McGraw-Hill Co ., 1961. 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
OATAIUNITS DATA/UNITS 

1 Load side 1 or side 2. 

2 Input helix angle of thread a rmDiIl a 

then one-half of thread angle 8 rmDiIl 8 

then coefficient of thread 

friction f, a 0.00 

Input mean thread diameter Om rmDiIl Om 

then collar diameter 0 , rmDiIl 0 , 

then coliar coefficient of 

friction f, m 0.00 

3 Input one of the following 

bolt load W II w 
bolt torque T a T 

4 Calculate one of the following 

bolt load II w 

bolt torque a T 

5 Optional : Input diameter of the 

root of the thread and compute 

shear stress 0 , II T~. 

6 For a new load or torque go to 

step 3. For a new case go to 

step 2. 

Example: 

Some bolts must exen a force of 11,000 pounds each . What torque is necessary 
to achieve tltis load assuming the following specifications? What is the shear 
stress in the bolt? 

Dm = 0.3344 in f, = 0.30 

a = 3.400 D, = 0 .8750 

ft = 0.15 D, = 0.2983 

e = 300 
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Keystrokes: 

3.40 mIDiII 30 mIDiII . 15 B 
.3344m1Di11 .8750mlDill 
.3 D 11000 BIiI-----+ 
12 a-------+ 
.2983 D 

Outputs: 

1876.03 
156.34 

114335.98 

in-lb 
ft-Ibs 
psi 

If the torque were set at 140 foot-pounds (1680 inch-pounds), what would be 
the bolt load? 

1680 IiIB-------+ 9850.61 Ibs 

E "3 

f::- -=t 
E .~ 

E- -=t 
~ .~ 

~ -3 

E-=t 
E- -=t 
E3 
E- 3 
[,-3 

E--3 

E ·3 
E -3 
E -3 

~~ 

~ -3 

E---3 

~ ~3 

E-3 

~ -3 

~~ 

~ -~ 

E::~ 
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PROGRAM LISTINGS 

The following listings are included for your reference. A table of key codes and 
keystrokes corresponding to the symbols used in the listings can be found in 
Appendix E of your Owne", Handbook. 

Program Page 

I . Vector Statistics .............. .. .. ... • . • .• . ... ...... . LOI-OI 
2. Section Properties (2 Cards) ..... .. ........ ..... .. ... ... LOZ-OI 
3. Properties of Special Sections ..... .... .. ... . . .. .•..... . L03-01 
4. Stress on an Element . .. .... .. .. ....... .. .... . .. .. .... L04-01 
S. Bending or Torsional Stress . . . . . . . . •. . .. . ...... .. ..... LOS·OI 
6. Linear or Angular Deformation .. .... .. ... .............. L06-01 
7. Cantilever Beams .................... . . . . ... .. . . . .... L07·01 
8. Cantilever Beams-Trapewidal Load ....... ... ..... . . .. . LOS-OI 
9. Simply Supported Beams .......... . .... .. ....... . . .... L09·01 

10. Simply Supported Beams-Trapewidal Load ... .. ........ LlO-OI 
II. Beams Fixed at Both Ends .... .. ............ ... .. • .. .. . Lll-OI 
12. Beams Fixed at Both Ends-Trapewidal Load . . ....... .. . Ll2-01 
13 . Propped Cantilever Beams . ....... . ... . .... .. .. ... .. ... L13-01 
14. Propped Cantilever Beams-Trapewidal Load .... • . .. ... . Ll4-01 
IS. Six-span Continuous Beams ................ . ...•. . . . .. . LlS-OI 
16. Steel Column Formula ... .. . ..................... . .. . . Ll6-01 
17. Reinforced Concrete Beams . .. .. .. ... .. .. ... . .... . ..... L17-01 
18. Bolt Torque ................... . ... ..... . . . .... . ..... LIS-OI 



L01-01 L01-02 

VECTOR STATICS 

(J!lJ .LB~" Con ... l from pol., \0 ." RCle 

'" X:. y rKt ..... I • • . 
. 58 fiCLD 

." ., ." • ". X: V ------------ 866 • 
'" .. LBL ~ SIGn x. y componlnU of ." STO£ 

!l86 STOt V, . ." PR T>: 

." X: y ." ,r; 

"' RCU 

'" • 
'" · 
II. RCtE 
117 • 
"' "" '" "'-, ------------... StOll ." ReLE '" leu c.kuIUI A,. ." X:Y ." RCl:A 

81f! RTt> --------- - -- ". RCt.B -----------
81 : . tS;.B eon.,n fr om pol., 10 ." . p Clleultt •• ngll be~n 

'" i'I: r rteungul.r. ". >:; '( _tOfi. 
m ., ." 'LX 

121 , 
122 "CO 
12' Ret, 
,2< , 
'" · 

." X: \' 07' RtLC '" RetE 
81 :1" . lBU, 07' RClO 127 • - - ----------
'" SHl!: m .p 

'" X: l' 
Ston _, .., CQmpoMnU of on x: y 

8;:; SToe V, . B:'. .. J28 "" ------------

'" orH 

Si 9 >::1' '" 
, 

'" HH p7{ • 
82: , LBlJ -- - --- - - - --- on COS"' 
8U x:r SIOf. F cot. , nd F ,in •. '" RetE 
I!n ., '" x;r 

." fToe ". PH); 

'" x:y '81 or; 

". 570' '" . LBL. 
827 '" . 8J ,PC 
828 .ULe ----- - ------ ". NeLS -----------
' 2S ,PC v, +v, ." RCL O! Calc",I.!. R, . 

'" RCLO ... • P 
83J ReLB ." 'LX 
832 · ... , 
'" RClA , .. · R 
II ~. IICLe 8SOl! sro~ 

83~ · '" >:: \' , 
8J6" .p e92 HO!! 
83~ PRT.'i ,,93 ReLD 
838 x: y ... PCLt 

'" PiTX ." . p ... RTH 8% 'LX ." , LSUi - ----------- '" 
, .. , '" v, . v, ." ., 

." RCLiI 8" STOt> ". i CLC ". x:r 

'" 
, 

'" ST(l7 ". P.CLC '" " ." RC1.B '" • .. , , 
'" " .. , · IS' , . " PP. TX " . " ." '" '" · ." .U~ f 

------------ IS' src[ 

'" ", V,·V, 
'" RCL8 

". Rel. 1! "' ~ el.7 

:;~ Rel.C ~g 
, 

, teL' 
REGISTERS 

• I' I' I' I· COl", 
, 

'in 9, I' co. ", 11 un", 18 Fcoo • 19 F,in. 

F' I" I" I" 
, I" I" I' I" 

• I' I' • I' ,", I' " " " " 

LABELS 'U .. SET STAruS 

• r, t", 
, r,U, -v, +v, -v, xv, -v, · V, ;r , 'U .. TRIG "' .. · x, h, • x, tv, 

, dFt• I .. FI , ; A, 
, 0.'0 ~f OEG • ,~ • • , , , • , 0 • GRAD O SC. 0 , , , 0 • .. 0 0 E'" 0 , 0 • "-'-

E --3 



L02-01 L02-02 

SECTION PROPERTIES 

." . LBL. CIt .. regilWI. '" ST-I Slmliol .... . ." cur, '" rete 

." RT' ---------- -- '" "16 .. ' • L8UI Slor, coordinlt ••. ... , 
,eo srOD ." R'LA 
.K " . ., /tCLD 
111:- ,ro, m , .. , " '" · .. , STCB ... ENTf 
III " --.-------- - '" EHTr 

'" SfOC """6A. ." , 
elZ 'CHI ... • 
OJ' .. , , rLl 
'J< ST08 ". , 
OJ' 'CtD . " ,eu 

'" ReL! on reLe 
." · on , 
." H"? '" ReLC 
Ill!! , '" ,. 
." , '" $TO' 
e2' • ------------ on • 
'" ST-II Sum61~ . '" "" Bl~ , '" ,. 
824 , ... $rtj 

'2~ • ." • 
'" RelC ." '0.7 

'" ReLA ." • 
t2B · .S< , 
." sro, .. , • ." ,. ." • 
'" (leLB ." , 
'32 '5'. ------ ------ ... leU 

'" ST-" Sum "'I •. ... • OJ' RCL6 ... • 
'" RCLB ." ,eLB 

'" RelO . " , 
", · ." Ret? 

'" STC!! ." " OJ, • ." , 
." , .o. • 

,,, . LBU Cllcul.tlon subr""'tl ..... 

'" ,. 
'" • 
'" 

, ---- --------117 ." Add 10 suml for clrcul • 

"' .LilC ,~ ...... 
'" [HTt 

". 'IS 
121 , 
'" PI 
m , 
'" 

, 
'" • 
'" Sf .. 
127 sr., 
". [HTf 

'" ,OS 
". , 
III " '" • 
'" , ,,, • 
'" SfOO 

'" " 117 sroc 
'" " '" srOD 

'" If 
'<J , ,,, iCU 

'" , 
'" Sl+!5 

'" itU 

.. '" RCt/! 

'" RClC 
'48 ,. 
'" 

, 
'"~ • 
'" STtl 

." , 
'" Be" 152 Be ... . " • ... X,," '" RCllI 

'" RC"j ." • '" OCL' 

'" 
,. ". sr.s ------ -----." ,C .. 7 '" flca R-c:oIt ", and '1'1 for .... 111 '" 

,. 
'" 

, 
'" '58. '" t elD -,. ,,, • ", Srt3 --- ---- ----- :13 ." -----------". RCt.i s.mAM • . ", ' LBLl CaI",I.,_ AM. ond lIM • . '"~ ST.4 

IS!' RCU 

'" Ii'CU '" 
,. '"~ OCL. ." ' CL7 '" 
, '" 

, 
'" .58l '" • '" STtl 

'" $Tt2 ------------ '" x:r '" BeL' . " '''' Sum flM • . '" '5S. '" BeLe 

'" .ct. ,,, • '" 
, 

'" ,eL6 III • '" STtZ 

'" 'SS I 112 .r. -------- _. - "7 CLH 
REQISTERS ". ." 

'" I' ' EM. F EM. l'tL. I' II~ • "q 1$ 1·101 - . ,1 r (VIo, -VII '( ."' , •• ,1 I' (Viol' VII 

F' I" I" I~ • I" F' r. I" 
LABELS FLAGS SET STATUS 

.... 101 t ¥I<, .tvt.td 
, 

FLAGS "'''' "' ... . • , • · , 
"" "'" , a • IlEG • ,. • , II VI Ie -101 

0 l' I' ,. Viol 

, , 
c.lculu. 

, , • C-":uUII. 
, a • GRAO O se, a 

r , • , , a • ""0 a ~NG20 , a • 



L02-03 

(CARD 2) 

." . LBLIl OutpUt x . y I<Id A. '" " HI 
' IZ '582 '" ,. 
'" PRT)( '" (leu , .. x:y ... , 
'" pp. rK 8<, c" ... Rete 16' '''' '" PIITX .., , ... Wi --- - - ------- ." SlDC .. , .LB~2 ~lcul.t ... and V. ... -

'" "c .. , )(~'? 

'" Rca ,., • 
'" Rca M. rll"'~ 

'" • ." '" -----------." SI" '" . ULD CaI(ulUt Ii", li li,¥ 

'" ,eu ." '58J and outpu t • . ." IJCU '" 5101 
,a • '" , 
.ro ST08 ." • --------- --er, '" ---- ---- ---- '" 1'R1;( Rotlt t 10 i>rinc;p.1 . x ll ,,. 

' t ilLS Ou tpU t I., ly .1Id Ixy . '" ' LBlii ..1 ... 1. 

'" $PC on , 
.ll peu '" ., 
m pnx '" ,. 
." leu ... STOll 

'" PRTX ' BI RCl C ". RCL~ '" 
, 

'" PRTK ' 83 >;;y 

'" '" ---------- -- . S< ,. 
'" .UlC c.lcul.t.l'i, ly.nd [xv ." Sloe ." '583 .... .. ." Relt 

'" "lC ." , 

'" pn x , .. · 03J "" '" RCU ". PiTlI , .. sr. 

'" RelE ." "'-E ." PflTl( '" 
, 

'" ,rl<l " 3 -

'" . lSCi ... POT, 

'" 'ssz ,,, (.$rl( ... i el ! '" 'n' 
'" I1Cl' '" ReLD .. , RClR '" 

, 
'" ·RCLB '" • ... , , .. RCLS .. , , 

"' ,elC .. , - It, , 
'" STO£ '03 · ... [H T1 "' pnK ... - '" or. 
'" RCl. ". 'lSlel -----------
'" flClB ' 87 ENTt Cok:ulUt [x', lv', J..-.d . " ,. ' IB • Ixy' . 

m ' CLB '" STOI ". , 
'" " ." -
"' SlDC .,. 5100 "' " AEGIST(AS 

o tAo I' l:M. I' l:M, I' l:I , I' l:1. 
, "q 16 

( • •• , • •• 1 r (~ I .' - .... 1 II (Rj., •• 11 19 
("'1.' .... 11 

~ I" I~ I" I~ 
, 

I" I" r r , 
. ,.Y.coo' • I' - . I' II ,., . IY 0 

y,. ' .lln OJ ~" , 
" 

j' r. ~ I' " 

J 
~: 
~~ 
~~ 
~l~ 

I 
E~~ 

El~ 
El~ , 

E-3 

E-~ 

E :3 
A ..... ... . . . 
, 

'" Sf 00 
'10 ' 582 
1I ~ , 
'" ~CU 

'" 
, 

lIS eHS 
'" lel ' rz. • 
111 ' cr.D 
I!Z ruB 
m -
'" ~CLC 

'" leLA rz, -
'" , 
IZB ,n, 
12' , 
", • 
'" 5TO£ 
III , cr.C 

'" X' ". IICLC ", "" '" 
, 

'" , 
". , 

'" -". i CU 

'" • 
10' ,eu 
'" • 
'" STDC 

'" fClD 

'" " '" IIClD 
10. IICL' 

'" • 
'"~ 

, 
'" 

, 

'" -
'" ~CU 

'" , 
'" leU ". · '" Sf 00 ". ~Cll 

'" 2 

'" • 
'" '586 
,<2 , 
'" PRTX 
Ii' ~ClC 

'" RCLD 

'" -
Ii' , 
11;:8 • 

LA8ELS 
8 ... 1 • .1 .... 1. ... -ri.I ... . h ... .. I.~~ii' . . d .. t..:.I ... ·.I .... · 
' 1 ... . 

, 
2 ..... 11.:.1 ... .1 .... 

R~. 
, • 

L02·Q4 

II;' "'" '" 'I' PI , 
m ~Cl[ 

m , cr. , 

'" !:Os 

'" 
, 

/76 . 
'" "" '"~ or. 

FLAGS SET S TATUS , 
FUM 'RIG ~ .. 
~~, , D ~ DEG • F • • . , 

• D ~ GRAO O se, D , D m "'" D ENG
2
0 , 

, D m " 



L03-01 

.BI 'LeL~ 

. 82 , 
08' ,rOB ... ,lSU, ." , ... nOEl ." 'LBL ~ 
.OB , .. , <TO. 

'" .UL. 

." • 
'" 'T08 

'" I ts ... 
.J< , 
m ,LlLe 
.J< S10J 

'" '" ." . lBU 

'" 'TO' 
'"~ 'TO; 

'" .LSL4 
flU • IZ] STOB 
'l~ )(: y 

'" ,ULI 

'" .LBLZ 

'" flSL] 

'" ,LBL!I 

'" rJ~ ." IT" 
.3J Rele 
'" RetB 

'" )(;,? 
.J< • 
'" 'TO; 
.J< .tBL I 
837 , 
." , 
'" 'TCB ... . LBLl .. , , 
." , 
." 'TOB ... lUll ." " ... • .. , , .. , • ." . ULe ". , 
'" 3 

'" '" ." Y' 

'" ST .. 

:;~ 'l:[: 
, 

I' 
I' , 

I' . 

PROPERTIES OF SPECIAL SECTIONS 

;~~ '~ctc 
RtoC\.IOO .. Codt. '" 

, 
------------ ." • 
T. i6nll1t Code, ." , 
---------- - - ." " K3 • 
EIllPl' Cock. ... RCLB 
- ----------- ." ,. 

,0< ,. 
eild,Cod., 

,., · --- --------- , .. " '" " Concentf ic Cird. Cock. '" ,ro. 
------------ '" '" ---- --------
SlOtt Cod • . '" .Ute SlOft b and c/Moc.k for 

------------ '" ,rOI ci rcle go_try uN. ." .LBL4 •• or. 
Stor ••. m RCLl ." SIlt' 

on fULl 

'"~ .LBU 

'" .LBL3 ... . I.&" 
'BI Sf OS 

'" FJ? 
as) IT" '- -----------... 'Tal Caicultl* lor selt<:Ud os, .lBll ....... "'. 

----------- - ." .t&2 
.81 .ULl 

C.lculn," ... R~C 

for sel.cliOd (IIlOI'fIelry. ... , 
'"~ 

, 
." , 
'" feu 
.S] " as. lSTK 

'" 
, 

.S< • ,S' '58; 

'" STaB 

'" IT" 
'"~ .lBll 
,OJ , 
'" 

, 
I'" . LBL I 

'" 'TII 

'" .LBLJ 

'" 
, 

'" • 
'" 

, 
'" 

, 
'" 

, 
:g " • 

AEOIST£A 

I' I' I' 
, 

I' I' I' I' 
I~ I" I~ • I" F' " r 

I' 
, 

I' I' b 

" 

~ 
~~ 
EJ~ 
EJ~ 
~--~ 

~~ 
J 

Et ·~ 
e-~ 

E 3 

e 3 

L03-02 

'" .r< '" ,UL:! 

'" . til..' '"~ 
,:y 

'" 'el' m ,. 
'" 

,. '" , 

'" x' In ;.::y 
II. JlCtC '" ,. 
'" 

, ,,,, ,. ,,, , '" -
J2J , '" .. , 
122 " '" " m • '" 

, 
,2< - 18. , 
"" " ' 81 • 
'" " '82 • 
'" Sf 06 '" IT" 

'" IT" ----- ----- -- ,8< ,ULD ------------
'" .LBLC $«nt... IS' "" CM<:ul.ouo At ... ,,. Sfot '" Ii'CLB 
JJI Fl" '81 , 

'" 
.,. ------------ '" no; 

lJJ IC1B ~t... IS' 'lW 

'" 'el' '"~ 
, 

'" "'" '" • ". '''c '" . LIILI 

IJ1 .r< ------------ '" IT" 

". 'LIILE CIIc:u&I.,. Of Iv. '" . l 8L3 

'" "" IS> Pi 

'"~ "" 
,,. , 

,<I oLBt., '" • 
,<2 EHTt , .. • 
'" 

,. '" 'TO 

'" nCl '" .L't< 

'" ,LBU 
,,, ".t> 

'" , '" "" .. J" , '" X' 

J" , '" IlCL. 
!4' , '" x' 
'"~ • ,., -
'" .r< '" " '" OLIL2 '" , 
'" 

, '" • 
'" 

, '" • 
IS' , 

'" IT. 
IS' , 
:Si' • 
'" IT" 
J'!! .ULl 

'" , 
'61 , 
'" " '" 

, 
'" 

, 
'" 

, 
166 • 
'" or" .. "It • 

'" ''''OS SET SUT\JS 

" f, t-."c r b -,. •• ." , 
FLAGS """ ~ ... . 

"'" 
, 

Triln9. c EW~ <I Circle . , 0'< Uf"f , 0 ® DEG • '" 0 , , , b ' . • 
" 

, 0 ~ GRAO O SO 0 , 0 • fW) 0 ENG • , , , 0 • "--"-



L04-01 L04-02 

STRESS ON AN ELEMENT 

." 'LBl~ StOf' code; '" 51+6 ----- --- ---." 1 R ,eo:tlngulJ' .58 'SB~ 
Cllcull!e t m .. and 

'" HOB 2 · "",u i""llullf ." 'mE ... • tBllo ... Ret' 
" ; '1 from Wi;n •. .. , 2 ." 1 ... 'tSLS 862 · 

::: • 
" 11' 5T02 

11' £r.2 
117 ., 
118 ,ro, . ., 5101 ------------ .6J • 119 RCl2 ... .r< 5\0,.. p""" E, 

.. , 51)(5 ... .L8L • '" titl£ 
128 CH' 
121 RCL4 

.1. 510' .., 1 

.11 " W RCL' 

-- - ---- - ----122 . lBL6 
CilculUI6 .oo 26. m XI81 

.12 STDE - - ------- --- ." - 12< • 
IlJ nl> 

St",. ' •. t b Ind 'e" ". • ... . L8L" ." Sh6 
125 TRH oI 
126 $102 

'1' STOC 071 RtLe 127 2 
Bl6 " 872 liCL& 1ZB • 
0J7 STOB 9:0:; - 129 • 
'1' " -- ---------- ". , 1" '" ------------'1' ''''. c..lcullttf, .nd f , . '" " ." .TH '" HO i 
021 . lBLB 87;- . LIILI 

131 . LBlO Output., ., andT .... 
1>2 'S8S .... 
113' RCLS 

'" RCLR ." 2 1" PI1:TX 

'" HOi 87' RelE 1" RCLl ." fUl2 88' , 136 , 
'" RCU 981 RCUI /3':> • ." • 882 1" PRTX 

'" ,LiLl ." ReL e 

'" ,"ClC 88' - ~ lJ9 RT' 
H' . LBlf .. _----------." • ." ReL'" 1<1 $PC Cilculotl ' and t from 8~ n. 5106 ... RCLe 142 [HT t 

"1 • 88' ore. 1<3 • 
'" HO i 88. , lBl2 H' Rell 
m . lSL2 ... , 

1" -
B:f4 i eLC ... , 

1" Ret' OJ, RClA "I (leVI '" ., ." - '" 
, 

OJ' .lflU ." ReLIl 

'" ReLS '<14 -
OJ. RCLC ." RCl.C - -- --------... - '" ' ltL"; Outpul9. 
041 ., m -
8-42 RelA ... '586 ." RClB '" " . " 1" PRJX 

'" ., 1'1 OTH ._--- --- -- --,., , 
182 . lBLC 

'" " 103 " 
c..CUlllt t m .. a.nd .. , , 10< " 
(0, •• ,II2/fOml, , .. , 510:5 lB~ 5T03 t rld r .~. .,. , 1 .. 5106 

1" Ret" 
H. · 1" PRTX 
1" ":Y 
152 PRTX 
153 Iml ------------
I" .lBLS Calculate ~I tnd~, "" '1 

'" $PC and ., . 

1" RU6 
157 lIeL5 
150 • 
1" PRrX 
1" RCl6 
" 1 ReL5 

851 'TO i 107 " 162 -
.52 . LBL2 1 .. 5T.6 

'" 1 189 -
1" PRTX ------------
1" "" .54 • 11. 5T04 

'" .ULl 111 2 
.56 ST+!i 112 5h6 

AEGISTEAS LABELS FLAGS SET STATUS 
0 I' I' 13 

I, I' 
, 1\, ·.,112 r I' I' " Sx - .. '- . 

~ r i~ I" I~ 
, 

I" I" I" I" 
• i' i' 0 I' , I' Cannol <. ., <. 

"t.tbt~" B"'~I ~1. 6 •• f .. IT .. 0 .... , .• ,.' ...... 8 E 8' _ I. ' 0 
FLAGS TRIG OISP 

I Roelo"",l .. b"qou;angular . dEtu . ON on 
• . , , . 0'0 '1 '" o 5ton code 1 Rectangul.r 2 Equill"ogul., 

, 
4 Output 

, , 
" • GRAD SCI 

' <:ok " , • , , , 
" " RAD ENG ~ , 

" "-'---



LOS-01 

BENDING OR TORSIONAL STRESS 

." . LBi.I~ 

'" ! • cadi. .. , 'TO' -- ----------... . LeU M"",,. ." Z 
.K nOli ------- ---- -.. , . UtC ..... ... , .. , ,,"" ------- - ----
'" ,ULD I cod •. 
• lJ • 
'" . LBU -------. _- - --

'" $101 Store eodo and 'nj>Ut WId 

'" " """ U Input. 

'" 5TO I 
.IB Fl~ 

0J7 "" -- --- -------.IB ; Ctlcul" .. ..... I!. 

'" STOi 

'" RCL2 
.ZJ /leu 
m , 
." RCU ." • 
'" /leLl ." • 
027 no; 
.ZB . LBLl -- ------- ---
'" . LBU Aec'proc". , .... I! 10,,1 

'"~ I,' loll or •. ." .lBLl ------------
03Z . LBH $IOU ........ 11 and .toP. 
on 5rOi 

'" "" ----------- -

RE ISTER , 
I' .(0. 1 I' MIT) I' .(.) r IW • J' 1 I' 

'" I" I" I" i 1M I" 1M 
• I' I' 

, 
I' I' 

I' 
l' 

Control 

~ 
~~ 

J 
~-~ 

~~ 
j 

E"'-~ 

~~ 
~!'t 
~!'t 
~!'t 

j 
E.T !'t 
~~~ 

E
I
3 

~!'t 

E~ 

~=-~ 

E~ 
I 

~ ':'3 

~=~ 

, 

• It",) . 
, 

LAIIELS , 
MITI " .. I W , , , 

, , ' M 
, . , 

LOS-02 

"'GS SET STATUS , , 
FLAGS .... "... . , 0'''''' , 0 • ceQ • ,. 0 

• I • 0 • GRAO 0 SCI 0 , 0 • RAt> 0 ENG • , 
llnput , 0 • "-'-



L06-01 

LINEAR OR ANGULAR DEFORMATION 

HI .lBLiit ...... .. , I ." ,ro' ----------- -... .ULS ..-. .., , ... ,ro • ----------- -." . LlL e ...... ... J ... ,rD • ------ ------OIl 'lBlD , ..... 
'" • 
'" ,rOB ------------
'" .UtE , ..... 
." , 
I/O 'l'L. ------------
'" sro: Sto .. eodI one! Input and 

'" " stop II Inpu t. 

'" STD; 

'" FJ? 
.lI '" ------------.21 I Cllcull .. ,..,It. 

'" $TD; 

'" reL. ". letJ 

'" 
, 

'" liCU 

'" • m feu .n • 
'" RC~2 
.31 • ." no; ------------m . tiL. Roo;;proc.l.!Of R WId P. 

" . • U ll 
OJ, '" OJ, ' l81.J -- ----------
'" . U L2 Sun .... 11 InC! ltop. 

'" .LBU 

'" S10' ... IT • ------------

"' , . , I' A.UI r Me'l I' • JPfTI , 
E IG) I' I' 

F F' I" I~ r F I" r' , 
I' Ie , 

I' 

I' I' 
I' I" 

I' c... •• 

~ 
~~ 

J 
EJ~ 
~~ 
~ -4-~ 

I 
~...:..~ 

E 3 

E- 3 

A_AIJJ '-oM 1' 1 . , 
, '. , 

co. " ... ... '" .. e IGI , , • 
' .. ' . . , , 

L06-02 

'''as SET STATUS 
• ."GS ,"/0 ~ ... , 0'"'''' , 0 • OEQ, fJ ,. 0 , 0 • GRAD 0 so 0 

'Inpu l 
, 0 • "'" 0 ENG • , 0 • , --L 



L07-01 

'" . LBL ~ 

'" • .OJ ST03 , .. "'" ,., 510' 
'K '" 'O? . LBUo 

'" Sf 02 ... " '" 
, 

OJ, SfOE 

'" .TH 
. lJ .t&r 

'J< 5T03 

'" x:r 
OJ, STOll 

' 17 '" ." .lit. 

'" STO. ." x:'t' 

'" Sf'" 
122 8TH 
I2J . U1.f 

'" 
,ro, 

." K:V 

'" STOt 

'" '" '" 'Ull! 

'" Sf 00 

'" "" OJ, '58· 
'J2 (5TH 
OJ, , 
'J< '" '" 

, 
OJ. , 
OJ' '" '" • OJ. fell .. , RCLA 

." , 
m , 
1" -... leU 

'" • .. , • ,., /teLl . " , .. , leU ." • 
'" ttLB 
.S2 ' 58' 
m pelB 
':!II , 
OS, ,. 
'" 

, 
0 . I' .tll r • 
f'" F' I" 
• , I' b 

CANTILEVER BEAMS 

Inil ' . ilt '" r>' 

." CLX ". '"'' .. , " '" ItCLl 

------------ '" • 
5 10n t ..-.:l fl. ." • ... I!CLB 

'" -
'" IIeLl 

----------- - ." • 
Store P end I . K' ItCU ... K' 

'" 
, 

' el 

'" 
, 

----------- - on • 
StoreW..-.d b. . " · '" "ell 

'" 
,. 

'" 
, 

------------ '" .etD 
Store M ..-.:I c. '" • , .. leu 

os, , 
'" -

------ ------ '" Rtlt 

" '" "" ,., , 
'" 

, 
'" "" ... , 
OS, , 
'Sf x:r 
'OJ FZ? 

'" CLK os, · '" ."" '" • os, lIeLl 

'" 
, 

'" · ... , , .. • 
JI' leLE 
'02 • 
"' .TH 

" . ,l8U 

'" Sf'" ". '0.' 
'01 , ... 
"' "" '" 

, 
Jl' • 
Jl' "CUI 
Jl' -•• n • 

I' , I' w • " I' I' 
i I" • I" r' 

I' , 0 I' 

------- ----
" 

------------ v' .. v. 

-----------

" 

-----------
YI' + ..... +'1', ' 

-----------
, 
--- ---- ----

.,' 

I' I' 
I" I" 

II I' 

~ 
~~ 
~~ 
~!I 
E~ 
E1 !i!t 

~!i!t 
EJ!i!t 

el!i!t 
J !i!t 

E-3 

E- 3 

, 
~, . 
s,~ 

0 

L07-o2 

'JJ JeLl ,,~ " ' J< , 
'" 

, 
'" IItLl 17! • 
' J6 , 17' • 
'17 RtLS --------- --- '" 'CL' 
I " ,,.. '" • 
'" " 

,,., - -- ---------
loll, + loll, 

!2' PC" ", ~CLC -----------
'" 

, .,' m " .. '" • '" CLK ", m ~CL8 ". ~CU 

'" 
, ,oe Jt:, 

'" • 'IJ F21 ----- -----'" - '" • 
'" RCLl JI' 'TN 

loll, + loll, + loll, 

'28 , n. .LBLD --- ----- ---
'" /lCU lB' SlOf 
'JO , . ". RClIl v, 
JJJ , 
'" • '" '5S4 

JJJ · lB. • 
'J< RCL" '" "" '" , ' Sf RCL' -- ---- --- --
'" "Ll '" '0.' 
'" • '" '''' 
'" - '" CLK 

'" I Cl C '" "Ll 

'" ,,.. ----- ------- lOS lICl.. v, 

'" " .,' ". -
'" "" '" "'. 
'" I CU , .. , ------ -----, .. • '" -
'" · ----- ------- , .. >T' v 

'" IlCl£ ','.','+,.- '" flSU -----------,., • ------------ '" 'r> SMa smIoI l« 01. ". 

14' IT' • '" RCL. '':'' bor el tnd '101"" 
'" .LBLC -- --------- - '" $TOI " ,,, STQI '" "" 'Sl ICU 

0, 
m illY'! 

'S2 '5'" '" 5TOI ---- -- ---- -
'" "" ". "" 11. > '.11'111. ". "" '" SF' 

'" - '" - ----- ----- -". RCLJ 2lJ .TN 
", · ". R~U - ------ -- ---
'" '584 

'" CLK 

'" RCU 

'" 
, ", ,,, • 

'" RCU 

'" -
'" RCLl ", , 
'68 RCle 

AIIElS FLAGS sn STAT\JS ... x-oM. .-V 0 
""OS .... ,.... . nETt . .. <I btw . d " ~~, 

, , , 0 0 • DEG • '" 0 , 
Slor •• 

, , 0 • GRAO O S," 0 , , , 0 • """ 0 ENG • , 0 • , -,,-
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CANTILEVER BEAMS-TRAPEZIODAL LOAD 

::~ f~~~2 $10'" E[ wwI t . ." • 
'58 ICl4 

,OJ " ." , ... • '"~ • ." STOf ." · ... "" ---------- -- '" feLl 

'" fLBl~ SIQr' w • • t , "" and It '" ,. .. , r:s ... tSfX .. , $TDI '" • 
.11 " '" • 
./1 STOZ '" CHS 
II.! " .. , "ell 

'" STOJ ... • 
'" " '" lelf 

'" 5104 '" • ." P:S '" CNS 

'" 8TH ------------ en 81" 
m ,tBLI< CalcuIU.y. .r< .LII~C ------------
OJ' 'SBj '" '5" C.lcul". M, . ." ,"S81 ." 'SBI 
.ZI 'S8;> '" &SB? 

'" ,"S81 '" "" '" "" m 'TOe: 

'" .Ull , .. . Ull 

'" , ." , 
-'" , '" • 

'" • .., "" '" • lB. , 
'" RCl4 .. , • 
'" 

, .s< · .JI • ." /lell 

'" • .. , ,. 
833 • .. , • ." "" ... CNS 
• J> " ." 8TH ------------U, " '" . UtD CalaJl.l. v. 
037 • '" "" .J8 - ... ,58J 

'" ReLI ." 'Si7 ... "" ... '581 

'" leLl ." , t 8U: ------------." - ... CNS Sum lo«Iing "j~ and .. , • ... '" IIOP 10< ditPI ..... ... · 'N "" ." ".elf ,01 P:S .. , • '02 • 
'" 8TH ------------ "' '" ---- --------.. , . lBLB Ca!culltt olO9l. "' fUll 
84!/ ,"SSj '" 

, 
'" '581 If' • ." '"587 II' "" '51 'S81 '" · .53 ,ro, If' tn , 

." .Ull /I' • 
'" 

, III 8TH ------- -----
'" • JJZ .(IUI 

REGI n' 
0 r I. F' I' I· W.OI"". • i' i' • i' . 
I" ... r w• 

i~ • i~ I~d i" i" ~ T' w, 

• i' i' 
, .«. I' EI I' (x_d)o<O w, 

E
J

3 

~~ 
~~ 
~~ 
Et~ 
Et~ 
~~ 
El~ 
El~ 

• . 
0 

. -, 

. " 

IIJ 

'" II'! 

/I' '17 
118 

'" '" Jll 
m 
III 
Il' 

'" m 
IZ7 

'" '" III 
IJI 
III 
IJJ 

'" '" '" IJ1 
IJI 

'" '"~ '" 
'" '" '" 
'" '" '" ,-, 
'" '"~ 
'" '" '" ". 
'" '" '" '" '" '" '" J':? 

'" , .. 
'" '" 
:~~ 

I' , 

';~; 
leU 
ieu 
lieu 
-

RCl2 
Ret. 
-
• Ret. 
• -

'10' Ret! 
ReLl 
,r08 

. LBL' 
P:S 

"01 
lIet4 
lIeLl 

. LBLB 
P:$ 

"04 
" STOo 

'''' -
l( {t ? 

'" $101 
IICLB 
lIet4 
5101 
-, 

STtl .. , 
• • 

ST~ J , 
• 

lIeL2 , 
• 

ReLO 
-
• 

UTK 
(itL:? 
-

tel4 
• 

,-. 
ItEtt 

UooO 

..... 

Stor, .. II'Id Clleul$ - l ' 

I'u,dandwd ln d>t otacl<. 

-- ----------Sior. WIll and put, and w. 
in ltack. 

------------
!J: - dl 
If (. -dl ls Ofuter!han O. 
b- d l "l.o~O-1. 

-- -- --------
c.lcul.uo V. In the ltack 
andl.inR, . 

<L .-M. .-V 
~ dtwdhtw. 

, . 
, , • 
7 t, w • Ro o If d,w" 

L08-02 

irr , , 
171 • 
172 · I7J RClD 

'" " "" LSTX 

'" • m 51)1' / 

'" • 
'" CHS ------- - >---". lieu 
IB! IICl. """,. 
'" - !w..or .... -wdl 

IBJ J:Cl C !t -dl 

". x;,,, 

'" • 
'" RC1.I 

'" • 
'" '" 

LAG. SfT STAT1JS 

flAOS no,. ~ .. , 
~"" , a • DEG • FI' a , , a • GRAO (J sc, a , , a • RAD a ENG • , a • "--L 
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SIMPLY SUPPORTED BEAMS 

." 'L81. . Siort It<O. for P, W,'OO M. '" 2 ." • ." • .OJ 5T03 OS, • 
'" '" ------------ 16.'1 
II< .LBLD '" ST.:11 --------.---,,, 

'" 
s.t d ... lnli .... fho". 17J me Stot • • ....:I c. ... STD" ." ~CL' 

It'~ "'"' ." X:l' ... 'TN ------------ ." • 
88~ .LBll> SIo<l2 o.nd £1. .. , Fe') 

88' 5T02 ." LSTX 

E- !!t "' 'TO' ---- -------- 172 STol 

'I' . lBLC 0 .. , cM'inti .... filii. m ,",Cl C 

'IB '" ------------
,,, HOD --------- - -

'" . lBLB 17. XH? Ilc>.OTOO. 

12' ST08 Compute M,a '" oro, ------ -----
tiP!! " .. , '" '" X ... "" -----------

I,ll , ~v, '" Ret8 Otht rwise $lort x_ e 
122 • " . RCll lor •• ndll_cfotc. 

'" STOE ." ReLl Comput. 123 IIC" '" -
812 orH ------------ 0;. " VI (EI) 12' F.? '88 STol 
1113' . Ute Stort P.oo t. .. , FI? M 

OJ< STO:! ." , 
" (El). '" 1 '01 R:Ll 

'" Fe? 181 IO'CLC 
lIl~ X: Y .n FI" 127 • l 8~ -
81' "1M 872 • 
817 "" -- -- -------- '" RCLD 

'18 .LBL~ Sion W. '" ,. 
'" ST04 '" · 

E --!!t '28 /JCLI ,,, 5TOD -----------
'" - IS' .LBLB 

'" RCt .. IS' ,",CL5 M 

131 • '" ,",ell -. 
'" orH ----------_.- '" Retl 132 x '88 • 
OZ, fUL, SID ... M WId c. 877 X' IJ3 F'" l8~ F8? --- --------
'" SH)' 878 - ". lsr" ------ ----- - '" "" '" x:r '" , 
'" "DC ,Be , 
OZ, 'TN ------------ 88' • - -----------
OZ. t LiLB SIt dtrl.,li,.. 11-0. 88' '582 

Com~. 

'" '" ." ReLl 
828 nOl ------------ 88' X' 

v. (EU 

12!! . UUI 0 .. , d.rivati •• 11"8. .. , RCLZ M 

• 38 '" ------------ , .. • f. (E[ I. . " , tBLe '" • 

'" 'SBI ~'!.!~~!. ------- '91 RCU 
M, 

'" 'SB2 ~'!i£<.Y!... __ _ ____ J9:! • -. 
'" ReLl 

M · M. , .. M.:z" M>J '" "H - -- --------
'" • M Recoil x. 

'" 
,,. 

'" . LBlI ~: ~1: :' ~.!_V.L ___ -----------
'" STOI ~1~1!.y~~!!"'.!.\I..:. - - __ 
,<2 Rell Stor.i -. 

'" RCL~ .. 
8J2 ,ro. 

Compul. 88' • 
'" ReL.l '" Fe" 

, .. - , ,,, 5TOD ." fNTt v. lEI) or 6, lEI). 
... , 

." X '91 ", '" /JCLB ------------
'" STOI II.>.OTOO 

'" LSTY '" 
, 

'" 
, ." "" '" Ii'CU ." , 

'" F." '" • ... • • s · '<1 Fe? '" RCLO 

'" • '" X' 
I.) ReLZ Itj!l , ... , , .. • 
'" • '81 ReLZ ... F'" 18' • ." , '13 , .. F'1 "' Rcui ... • '" -." - IB' , 
." ReUl III mz ." X' '" x 

." , Ie!! tell -----------

." · 110 • y.y, +y, +y, 

." 'CL" "' RCLE M 

'" X III • '.8, +',+8, 
REGIS1ERS 

• I' x,(. -II) r , I' , I' w • I' I' I' I' . M 

, 

'" RCL~ 

'" :or? 

'" "oo --- ---- -----,,, R:LA Otht rwi se 110ft ... lot e-• 

'" 'HS tnd .-2 lor • . 

'" 5TOO 

". Rell 

'" 5T-1 ------------
'" . lBLB 

'" RelJ P(i _.) 

'" ReLO - ,-
'" • 
'" Rell 

'" • 
'" FI'? ------------
'" "" PIe - '1. ,,, /Jell --,-
'" x 

'" m ------------,,, .lBll Add lirsl ,_II to second. 

'" F1Cll 
LABElS FLAGS S ET STATUS 

"' ..... y 
, ,-. ..... M. .-v , 

RCL • Da .. int; .... FLAGS TRIG DISP 

F' I~ r I" 
, 

I" I" I" I" 
• • I' I' , D(I1_.),_ . ; c,l1_c IE " I' SUM 

I Stt« • [tEU , . f' • W · ,'M 
, 0'''''' • 0 • ow • '" 0 . ""' , 

<:00 
, 

M~ 
, • , 0 • GRAO O 50' 0 
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SIMPLY SUPPORTED BEAMS-TRAPEZIODAL LOAD 

86: , ULD 
StOll EI and t ." , 

,I,,; 5102 ". • . " .. as, ReL! ". , M. :it 
88:- STor ." • 
'" "" -------- ---- .. , Reu ." . LBLf 510'" ...... to weI •• nd d . ." • .. , p; s ." • ." 5101 ." ReLl ." " '" 2 
.JJ 5T02 ." • 
(Il l " ". RCLfI 
817 5103 '" ,. 
." " ." . Ul.5 
8!~ STN ." • 
'" PtS '" • 
917 RT~ ------------ '" ReLE 
' 1' ' U!LIl C.1c~111' y . ." • m .589 '" ,," 
818 .581 '" . lBlC ------------821 .587 en 'S89 Cllcul.te M • . 
m .:5iJ ." .581 
az;; .r06 '" .587 
824 .l£ .. l ." .581 
flZ'! , "I "" 826 • 1182 ' lBll 
112i PCL-( '" • 
'" - 88' • 
Bl~ , OS, RCl ' 
IIJIt • '" 2 
BJI • ." • nz "eLl 88' -
'" " ,gg i CO ." " ... ,. 
835" • "I • 
836 X:I 89; ReL! 

'" RCU '" 'CUI ." ,. ." • 
IIJ9: RC~ 1 '" • 
WI • ." RTH 
II • • , .. ' 'lIlLO ------------
'" • .. , .589 Clleulnt V. 
943 • ... .581 ... £CL~ I" . 587 
8"~ .105" 1.1 .581 

." ,LBLB /02 ' LBla ------------." .589 ------------ 103 CHS Sum lolCli"ll.IIoo;l..,.;j ... .581 Calculatlol_. I" P;S mlP for diIP1.y. .. , m Il I" Rett ,,. .581 I" ,.:5 
"I ,ro, I" • 
'" .Ull I" ,,' ------------
1I~;:r • I .. . LB11 .,. • II. , 
~~ I?CL~ II I. • 
1!I:!i~ - II' l1e1 4 

FlEGISTEFIS 

• [' R. I' i I' I· Wd or w. 
, 

I' i 1 1 , 

" j ' w. I" . r I~' 
, 

I" I" I- I" "'m ", 
0 

1
8 w, i' 

, 
I' 1b - d) 0< 0 'M. 'I 

I 

E""-3 

J-~ 
J ~ 
~~ 
~l~ 
~..l~ 

~-~ 

E~~ 

0 

• 
• , 

" 

,., 

HI 

:!! 
m 
1/6 
I/? 

II' 1/9 
I" 
121 
122 
I2J 
12< 
125 
126 
12' 
128 
/29 
138 
1'1 
/JZ 
1JJ 
I" 
I" 136 
137 
/JB 
I" 
I" 
1' 1 
I" 
I" 
I .. 
I" 
I" 

'" I" 109 
I" 
m 
'~2 
I" 
I" 
15' 
1" 
m 
m 
m 
168 
161 
/62 
I" 
I" 
I" 
I" 
I" 
I" 
, 
, 
, 

L10-02 

- I" -
lIeLI 17. "'LD 
• J7I • 

l1eLl m p.~U 

• m ,. 
8T" /74 , 

.LSL' -------- ---- I" , 

"" SIOft _ and ~c:ullte WI" m -
Re12 rn • 
P;S m ReLD 

Re12 179 Re12 
- 188 [IITt 

"ttl 181 · lieu 182 -
- 183 Rel D , I" , 

I1CL2 I" Rt12 

"L' I" r' 
- /8? -
• 188 l1eL' 

lIell I" , 
• I" • 

STO' 191 sr~ : 

"" U .? , 
Ren Put d and "'of ;1'1 n.:k. I',:t • 
'T08 m J 

. l8L7 ------------ I" Z 
P:$ SIOft sum and pul l and 10< • sro. "'. in OI.:k. 19' Jlet] 

Re12 m RelD 
lieLJ /99 -

. LSLB ------- ----- 28. ,. 
P:S (x - d) ", ReLZ 

Sf .. If \" - d ) il GrN,er thin 0, m • 
" t. -d)"'I. om. ...... i" 0'" I , m STl(j 

SfOD '" 
, -----------

lieU! '" RCL4 c"k:ulltfi 

- '" RCLB 
'H< '" - IWdOfw. - Wt l l 

X<81 ". "" (e -d) 

'" '" RCLD 
5TOJ ------------ 21 . -
ReLS Calcullte $1_ in staCk and 211 X~8? 
IICl" Reo in R, . 21' • - Z/;f ReU 
5101 21' , , m , 8TH 

• , 
RCLO , 

; 
S7+l 
RCL2 

• 
UBELS FLAGS SET STATUS ... x"' M • ,., , 

I' FLAGS TRIG ~" 
IfE1 i e dtwdtttw, 

, • J' ON c-+ 

'" D , D • OED • U"' , , • , , D • GRADO SCi D , D • ROD D ".0 • 
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BEAMS FIXED AT BOTH ENDS 

88' -.8ld StortW. :;; , 

'" STD. 
, 

'" RTH ------------ 859 x:\ 

." . !.S:'" Slon I! and El. ". , 
BB~ 5102 86J F8" 

!let: " 
.62 LS1X 

." , "6] Fe? 

'" ST" ". -
{lll9 II TJoI ------------ ." -

'" • lel e StOtt P onod I. '" '586 

'" 5103 '" 
, 

8JJ x: y 1168 • 
'" STO': .," F8? 

'" ''" ------------ 87' , 
!!J:I" , LBI.. Stort M and c. ." Fe? 

1116 51o, e7; , 
III~ x:v PrJ FB '? 

B!f SToe ." '583 
Ill? RTJoI ------------ '" '58. 

'" . lBlf' Set ';'.;"'11i. , fl-e and 'Urt '" "CtC 

'" SF8 'I calcuillion . "n (;581 

11 22 ST08 ." Fe? 

' 23 ~SB7 '" 
, 

IlZ. filCH OS. FB'? 

82~ , ' BI , 

'" 
, ." x:v 

827 Fleltl '" Fe? 

82f! '587 ... '587 
829 ,rOB ------------ '" · ." , lBt$; Claar deri.atiY. flag Ind ." 'S86 

." OF' 1I1r! V • .:.Ic:ulltion. . 87 '588 . " ST08 ... JlCL[ 

833 ,. 88~ • 
834 /ICt2 ." "" ." '587 891 . l BtP 

'" /Itt8 11.92 'F8 
oJ3? ' LBlt ------------ '" STIll! 

838 'FI Compl. te alctJll tlon of " ... Rtt :? 

113!1: - El or V, EI . ." X: y ... Ret!' '" '587 

'" 
, '" 'TOil 

'" RtLZ '" . Ule 

'" 
,. ." '" ... - '" STOO 

84:- , ' 81 Rt l.2 .. , 2 rll2 X: Y 

""7 , Ii'J -

'" • " . ReLS 
114 ~ ReL4 '" 

, 
II'" 0 ------------ '" Rel2 
,OJ P:l>l '07 ,. 
115; ; SBI Celwll t. V, ElorB, EI . 18. , 
'" ReLl '" • ". , '18 I LBLlI 
1155 RClD "' '" .'" RCl2 JlZ -

REGISTER 

0 
r . , IR - . ) 12 I' I' 

, I' I' . , • W • 
~ I" I~ I~ I~ • I~ I" , , I' I' , I,(i-I) ; c.li-c) I' " 

-----------
c.lculltl y, EI .-.d/or 
I . EI. 

-----------
c.lcuille y or , . 

--------- - -
Sit cMrl .. ti •• flag .nd 
.UrI v. colculltion. 

-----------
0 .... derl .. " i •• !log and 

st,,! M, alculllion . 

-- - --------Compl. te .,.Iculltion of 
V ~ .. 

I' I' 
I~ I" 

I' SUM 

~~ 

~~ 
Et~ 
E1!I 

~!j 
~~ 
~!J 
~!j , 

.~ 

. 

• .. , . 
o U", 

5 C-":. 

J/3 

'" JI~ 
, /8 
'17 

"' "' 12. 
121 
J2Z 
IZl 
12' 
m 
1:?6 
127 
128 
129 
13' 
m 
"2 
HZ 

'" '" ,,, 
'" ". 
:39 

H' 
; . 1 
142 

'" H~ 
; .. ~ 
; l ( 
147 ,.8 
1. 9 

'" 151 
J~2 

I5J 
' 57 
~55 
15£ 
:'7 

'" !5~ 

'" '" "2 

'" ),,4 
16:-

'" 167 

". 
0 

, 

. 
• 

RCL4 , 
Retl"l 
'58: 
F." ----------- -,ro. Calcul't. v, 

RCLl or M, . , 
RCL' 
ReLl , 

· 
. LBL8 , 

Fl1 
'583 
'584 
Rete ------------
'S8J CalcuI'1t v, 
FII? or M, . 

" Fe" 
CLX 
FO' 

Ri:lD , 
, 

x:r 
'58? · • 

. L6lf ------------
FS'" 

;ro. Signdl ... 1 

'583 
. LBL 4 ------------RCU 

• Calcullt. sum. 

nH ----------- -. LSll 
CF2 

Slo< •• 0< c and WfTI. 

sr~ 

" 5r01 
RCLI' 
R(18 
STOI 
Xi'!"! --------- ---
Hilil II. beyond IOtdi"8 pOinl1 

' F2 ------------
ReL2 

YH- Mllign en ... tllll 

RClD rod. - 2 - ~o<e·i·c 

rod •• i - • . -
"00 

LABELS ,., .... M. ,.v , 
I1Etl! 

, ." , 
W . , to 

<:Ok. • , Sign , wm 

<:Ok. 
, 
" • • 

L 11-02 

169 RCLZ 
17. RCLI 

'" -
172 STIlI 
J73 . LeLS -----------
'" ReL5 P (R _ I)' 

17' FI ' --- « 

" '" RCLJ 
l" RCl l 

". RelO 
WI - M(i - IJ 

", FI" " 'SI XO 

J82 , 
"3 i Ci..l 
/8 ' 3 

'" yo 

IS' • 
'87 I1Cl 2 

lB' ReLD -----------
189 F/ ? 
IS. nO{! Ii -lo)i 

'" 
, - -,-

'" 
, 

J ~3 -
19. RCl.2 
!!t:'i , 
196 2 

'" • ---------- -
/ 98 RClD u 

'" F:Cll 

'" 
, 

?(ll 'TH -----------
282 . LIlL8 
2~? '587 Ii + 2.) 

lB' • 
'" CFI 
211£ '" -----------
287 . LfeD Sign dI ...... . 

2118 F2? 
209 ells -----------m 'TH Calcuillion wl><ouli ... . 
21! nSL~ 
212 , 
213 ~Cll 
!1 4 . LSL" 

'" 
,. 

2)( F." 
2 17 " '" 

, 
ll~ "" ----------
228 . tBL7 2X ",I><OUli ... 
Z2J ' flirt 
222 · 22~ 'TH ----------
FLAGS SET STATUS 

o OI<iolli..- FLAGS ""G ~" 
' . "" "" 0 0 • DiG • '" 0 

' ... , 0 • GRAO O SO< 0 , • 0 • OOAD 0 ENG • , 0 • "-'-
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BEAMS FIXED AT BOTH ENDS-TRAPEZOIDAL LOAD 

.. , .uu, StenEI ond I . :;; ":' ." 5T01 

'" " '" • ... , ... • .. , "Of .o. "" HO .TH --------- --- '" " ." . l lle St .... w • • t o "'d. " d. ... LSJIt 
N' ,:S ... , 
". 5rOl .. , , 
." " '" x:1' 
." S~Ol ." Jeu 

'" " ... , 
'" HO:; • 0 , 
'" " '" • 
'" 5T04 .n ,ell 
". ':$ '" · 
'" '" --------- --- In ,eLI 

'" . LBlI~ CaI""I.!. V. ". .LBU 

'" .5" '" 
, 

'" 'SII '" · '" '5,1 on ReLE 

'" .5Bl ." • 
'" "" ." .TH -- ----------." ' L' L1 ... .ULe Cak:u1.N M, . 
m , .. , OS" ". • .., OS" 
027 RCL4 ." '$17 
'Z8 · .0< "" '" 

, ." <TO. 
m • ... . ULl 

'" • ." • 
'" .ct , ... • 
'" " ... ' CI..4 
.J< " ... , 
'" , . " • 
'" x:r '" · 
'" ; '" ReLl 

'" • ." " '" Rue ." , ,., , ... x:y 
." Reu '" .ct. ." , '" 

, 
e.:t • '" • ... · ". 'm.l .. , teu '" · ... ,. 

'" '" ------------." nO:5 -------- ---- ", . LlllO 
c.kUI'N V. ... • LBLII '" '5" ... '5" Calcul.te slope. 

'" ,SBJ 

'"~ ,S'l , .. "" ." '517 '07 '511 
"2 '5BI " . • (.u ------------. " ,r06 " . CHS Sum Ioadi,.. .ffeo;! ond ':!I, l Ull '" ,:s 

'" 
, ", .U. !top lor disp!..,.. 

'" • ", ':$ 
AEGlSlEAS , I' . M, r ' I' r Wd Df .... • r I' I' j' . 

F"Som I" I" . I" I~· • I" r' r I" w, w, 
• IlIw, I" 

, 
I' !'1_ - dl ctO 'w, " 

~3 
~!!f 
~!t 
~!I 

I 

~.;.. ~ 

• .-, . 
, 

. " 

: :; 
J/~ 

'" JJ7 
JJ' 

'" lZ. 
121 
J22 

'" '" '" '" J27 
'28 
12;' 
'J8 

'" "2 

'" ". 
'" '" JJ7 

'" '" ". ,OJ 

'" '" , .. 
'" ". '" , .. 
'" '"~ '51 ,,, 
'" '" '" '" '" '" '" '"~ 
'" "2 

'" , .. 
'" ". ::; 

, 
, 

L12-02 

· ". • 
R/ S ------------ '70 • 

.ULI ,n RCLB 
2 m RCl 4 

· Ii"J · 
OCt. '" S1)(1 

· '" • 
f:Cd ". , 
, '" • · ". snl 

'" -- ---- - ----- ". • 
.lBU SIOI't • .no;! eakuIIR .... . lB. RClD ,,,. JO' , 
t Cll JO' snl 
P:S ,,, , 

RCll '" RCLl 
· '" • 

R~tl JO' Ret. 
RCB '" 

, 
· '88 , 
, JO' 2 

RCl2 'Of • 
RCl • '" sr. , 

· Jfll CLK 

• "3 "" iCL' '" I1ClD 

• '" · sroe ,0< RCt. 
ICI. ' 1!7 , 
lieu Pul d .no;! ... ., in .tad<. ". , 
n06 '" • 

' LBL 7 -------- -- -- , .. • 
P:S SIOI't sum ond put , IO'Id '" fCl l ,,,. .... in . tac*; • 282 RCLD 

"" 2'~ · 
I1CU ,.. 

"" . t BLS -- ---------- '" sr)l"l 
P:S I. _ dl "" • 5104 II I. - dl .p .. lt< \han 0, 217 " .. '" _ d t ... I. OIlwfwiM 0 .... . 2'11 urx 
"'''' '" , 
"" '" STlI l 

· 2JJ , 
CHS ZJ2 I1CI. 4 - -- ---- ----:«.? m I1Cl8 
CLK -------- --- - '" · C.IQJI.1I 

STO I Caleullt. A. In llaek and '" Ret: ("''' 01' .... - .... 11 RClO 
STOI 

-Me inR, . ". t ClD (~ -dl 

£HTf '" · 
'" x~.? • '" • , 

STlII '" tCU 

1CI.2 221 , 

i~:: 
nz IT, 

LABelS FLAGS SET S TATUS . ... .-" .-, , 
FLAGS TRIG ~" 

!fEU C dt ... osfet .... 
, • , ONOH , D • "'G • '" 0 

"'"' 
, , • , D • GRAOO se, D 
, 

I A • • I. 
, , D • RAD D 'NO • 

Som ...... d. "'os , D • "--'-



L 13-01 
L13-02 

PROPPED CANTILEVER BEAMS 

'" n o, '" RCll ~ 

." ' lEl t '" , 
til? • '" RCL? 

." ::r,~; In il l. Hr. ". x' 
'"~ STt'! --------- --- ... 0 

;;jj!\ _lBLe' leil srOD 
,0< S'04 $to<'W' W • 
'P7 n~' ------ ------ '" PeU 
IItS , U1Le '" x' 
/18,0 £Till SIOIt ~ and El. '" · 

'" .U U ". H. ~: ,!,~ .Y!...+_Vl _ __ 

'" reLC '" .LBL4 

"' , ... m F,' 
MuLtiply by. if .... _. 

'" .ULI '" "" 
11 .. ;',.(. 

"' 
0 '" F.? 

II> OS .. ------------ "' • ---- -------
'" , t LE y.y, .y, .y, or '" H. Finith v, . 1,. I0Il. end 

'" • ~ __ I!. !,.I.!.!!,I __ _ __ '" . LBLS V, c~lltiono. 

'" H. '" II'CL4 
,Ie " 86~ 'SB~ 

'" • .. , F2? 

~J2 510£ ... HO' 
eJJ '" ------------ '" ReLl 

". . l Bl", '" fi>':Ltl 

81 ~ STOJ 510 .. ' WId .. , .. , 0 

81~ ~:l P72 X' 

'" SToP -------- ---- '" Fe'? 

ilH' RH! ." (Sf!: 

'" I l r~ . '" Fe? 

' 111 ST05 Stort M and c . ." , 
e.<1 x: y on ,"' 

0" STet: '" 1 
a2~ '" --------- - -- '" ". 
824 • liUI 

Stoff ., c\o_ in_a! flllll, ... • 
!I~ OF. Iotd comt .... u.. . SI 0 

'" 
,.,. 8S:- . l ' to! 

tZ' , ." , 

m . LllD Stor ••• dt. Inl ... II ... " . • 
'" '"~ 

..... Itiply by 2. '81 'SB~ 

'" ,ro. '" 
, ,,. , lOt • ---- - ------m , -- --------- - "' STOI 

IlB '''HI 
, .. en SlOft b . 

'" . lfllC Sun " . • 1 in ..... II ... '" ItCLZ 

". SF' '" RCl~ 

'" ST"" '" 0 

'" . L'lI -- ----- ----- "' STor 

'" J '" LSrl( -----------
. '" I C/.' Compult loll, or v •. '" mit 

'" • 1' : . LBll 
,3< ,:V '" ",CLC S ..... e . 

m • '" STOI --- ------ --
III • '" . LlI., ," .. <to loren ... 

'" 
0 -------- ---- '" CfZ 

'"~ '$B~ '" ~CLI 

'" Elm ... • 
8Z~ 

, '" pel3 

." ''''. ---- ------ -- '" 
, --- -- ------

." '~'l ~ 
510ft _ , tel inUoO'. "l1li. ." sr·; Ell.,., .. VI ) 

.n SF. leNd oomt.,u. .., , EI (I, + '.1 

en SiOft 
.. , STU -- ---------

'" 1 ... ' 5111 

tl:3!1 [/I T! ----------- - '~J ReLD 

!l3( , .9Z , c.kulu. v, EI 

'" . 19Lil 
i1!H J 01') EI. 

'" Rne CIoIeulllt II v. ". • 
." , EI ~ ", ",ell , .. l ell 61, EL. . % · ." • ." '~B~ 

".1 0 '" F!? ,., i ' U 89' 'lGo: ... X' 
, .. II't U ,., • II! 'SB~ ,., UlZ It? , 

." X' I'J '" ,., 0 ". " , .. ~':' i HI!! Fe? 

". , ------------ "Ii ' el C 

'51 'S~5 CakuLII' h, EI '" X' 

B~;: l a , or e l , EI. '" ", X' IS!! <e' 
". Fe" I:r. , 
'5~ J 1)' F"il? 

1I ~6 FB? I j? • 
REGLSTtRS , I' l' • I' 0 r w • " I' I' I' I' . wm 

I'" F' I~ i I~ 
, 1M F' I' I~ 

, l' I' 
, 

1,,'13 - 1'1 I' " I' It _I);t . , 

HI 'SB~ '" XI" 

'" F~ Compult loll , or v, '" ,n 
'" HO' m ICI.I -----------, .. 1 

........ 
'IB J 

'" , ... '01 • 
'" 0 ztZ n' 31'1 _ 1' 

'" F.? 

'" ICL' 
m IC/.2 ,. 

14!1 FI? 
... 'C/., 

". • 
m • Finl~, hn 

'" . UlI 
,.. 'C/. 1 

'" 'C/.J '" ,. 
'" 0 

I I -c' 
IS! • -- ~ 

". sr+1 --- ------ --- m , •• 
'" ' S81 

ZIt FI ' 

'" 
, Compu\llIoll.or V. 

III X· --IS7' , '" • 
'" '''' 

ZIJ ICI.' 

'" m '" 
, 

". ,roo '" y' 

'" '" 
')t • 

'" 
, '" F/ ? 

'" '" '" 11H 
)t. 0 '" SF1 

'" .Uti ZZ. tC1.I 

'" "" ------------ ZZl • 
'" • loll. - loll, + I0Il. + loll, 

m IT. 

'" ST+I 
LABEL FLAGS SET STATUS 

s~ 8 IfEU . IP W of. Inlftl'eIi ,,,OS """ .... 
' .... y b .. _. , .. -lolL. . .-, ' I0Il_1 ~~, . "'"' , , , • 0 ~ DEG • , . 0 , • . """ .. <dorc • 0 • GRAO 0 so 0 

Wo ' U .. 
, 

loIIull . Sum 
, , 0 • RAO 0 'NO Q , 0 • ,-L 

- :~ .-



L14-01 

PROPPED CANTILEVER BEAMS-TRAPEZIODAL LOAD 

'" .Ul~ SI_ ElIoIId I. ." : 
'" Sf 02 ." 

'" " '" "u ... • ... , . 
'" Sfor 

, .. urN ... '" ------------ '" • 
'" ..... , Store .... . . , .... n d. ." • ... ,:S ... .,,' ... srol '" -

'" " 
... ,:r 

'" $T02 
,., , 

'" " 
... • 

III $TO] '" .", 
'" " '" ,. 
'" 'TO' '" . Lll5 

". ':5 on • 

'" .TH ------------ en , 

'" .Ulli c.lculllll y. ." 'Clf 

'" "" '" 
, 

". "" ." '" ------ -- -- --
'" "" 

,,, . LILC CIIcvI'\11 M • . 

'22 "" 
,n "" ' 23 "" '" "" 

'" ...... , ... "" 
'" 

, .. , "" -

'" • '" ,ro. 
m "'. ,OJ .lltJ 

on - ... , 
on , '" • 
'"~ • ... /leLl 

'" • .. ' , 
'" leLl ... , 
UJ ,. , .. -
OJ< ,. ... .eLl 
OJ' • '" 

,. 
OJ' ,:r '" • 
"" 1Cl.' '" x: r 

'" " 
... IC" 

'" • '" • ... , ". 0 

'" • '" ITH -- -- --------
'" .,'" ... 11.IlD Calculalll v. 

'4J - '" ,$I' 
'" "'. , .. "" '" oro, ------------ '" "" '" ....... CIIwlul tIope. '" "" '" "" '" .U I.' ------------... "" 

, .. CH' Sum 1eNd1". tfI.,;1d .. , "" '" ':5 ttOP lor d il9l .... . 

'" "" ". ,el. 
'" "" 'I' ':5 

'" .Lal ". 0 

'" • '" US ------------
'" • , II . t. BlJ 

~ ",. '" 
, 

- '" • 
" '" , 

• r 4, f • r I'·d orw • • r I' I' I' 
!"s- r' .. I" , 1" .. r· • T' r' I~ 1M 
, r .. I' 

, 
IE EI I' .~, 

, __ dlorO 

~J -~ 

~~ 

~~ 
~l~ 
el!J 

E~!J 

E..l..~ 

El~ 

, . 

" 

,. , 

. " 

: : ~ 
'" '" '" '" '" ". IZI 
122 
l2J 

'" '" ' X 
127 ". 
In 
n. 
lJl 
lJ2 
lJJ 

'" n, 
n, 
m ,n 
'" ". '" '" '" '" '" '" '" '" '" '"~ '51 
'52 

'" '" '" ,,. 
'" , .. 
'" '" ,., 
'" '" ". 
'" '" :r. 
• , 

":' 
. eu 
• 
0 

'" .t.BtS ,,,. 
ICU 
1':$ 

"" -
" U 
l eLJ 
-
• 

' (:l 2 

"" -
• 

"" 0 

" .. "' . 
"" ' TO' ,tta 
,:S 

S". 
"" tell 

. ttLB 
,:S ,,,. .. 
"" "" -

CHS 
JC (, f) 

eLX 
STOJ 
lelD 
STOI , 
STxl 

'''' S1+1 
• 
0 ,,,. , 
• STxl 

• ItClZ .. , 
n Et! 

.... 

------------
Sion. ondClllcul ..... I • 

rued W1d _ .. in Iud. 

------------
Stonl ...... put • W1d 
_ . in luck. 

-- -- -- ------
( It _dl 
If (x _ dl is If'MW __ 0, 
Ix - dl-o I, 01herwl1l 0 -0 1. 

------------
c.IaM1I A. In IIG" 
-4 in A, . 

" x "M. ,·V 
c df_ .. tet_. 4 , , • 
1 f , _ • PIe . '. d, _ .. 

L14-02 

'" fHTT 

'" 0 

'" .,,' m , 
In • 
'" 0 

'" "" ". "" m -,n , 
'" 

, 
". • 
'" • 
'IZ ST+J 

"' '" "' L$TK 

'" MeLt , .. • 
'" • ". .,,' 
'" · '" • 
'" 0 

'" ,m 
'" STtI 

". • 
'" LST.II' ". ,. 
'" • 
'" 

, 
'" STt l 
2M " '" It'll 
212 "" n' -, .. ,. 
m LST.II' 

'" • 
'" Sh'l 
no • ,.. 

"" ---------- -", . '" """, . 
'" - (_ .. or _. __ ,l l 

212 .,,' ( t -dl 
2lJ "" 2/4 -
'" X.,? 
". " .. 
'" • 
'" "" '" • 
22' m 

... OS SET STATUS 

FLAOS .... .... , 
"" '" , 0 • DEG • ,~ 0 , 0 • GRAD 0 SC, 0 , 0 • ""0 0 'NG • , 0 • "-.:..L 



L15-01 

SIX-SPAN CONTINUOUS BEAMS 

'" .LBL . A..".,;" ... , :;; ,5rOI SlOIelwldEL 
812 C~'" 0511 

." P:S '" .. ... CUI' ------------ ... , .. , • II N II trUtH INn e. gm . " 5101 ... x:y ... or . ." '$11 .. ' X)y~ '" OS" ------------... n09 ------------ ". ,UL' .. , • t.IcvIfI~ 4N + .04N 8I1d ." 'C" Compu~ ~ nutnt.r lor 

'" stort in L ... £HTt dllplev end ~ to 1Mb 
.11 • .., 

'" .... Indta doeI not ...... 

'" • ... £EN 3. II hdocioM, mab II 2. 
OIl , .. , , 
." 5101 '" · '" '" '" ,:r 
." '" ------------ '" INI 

'" .lkll Su ... Mt · '" 
, 

lIB 5101 ." "',.., 
'" om '" DSZI ... . r> ------------ ." .. 
. 21 .LBU. 0Mdr. lor Mew of .. ~ ", -
122 lteLI dupllu~ on lan_lion. '" • 
'" '" '" • ." , H. IN! 

." /C .. y" .. , IT. ------------
'" HC" ------------ '" ,ULO StaN MN M'Id .. I india 10 
.21 1stl RICllIIat ~ f_ lO' Cf2 .. "_. 
'" ISll di~ondl'ftltt"". ... C" 

'" ISZl .. , 'TO' 
'" ' $1' ... "" .1I /feU ." '" '" • ... , 
'" 'SZI '" • . " 051J ... , 
OJ, OS" .. , , 
". "" S_. ditt. ..... '" StOl ------------IV " .. ------------ H' .UlII EUlI"'UlIndI.idualln~· 

'" "'" ~1c.Mt I •• E. I . ... CFI med~_ta, 

OJ, 'L&8 ------------ '" ICll 

••• - CM:u!.III ...... __ cliffII" ... , 
." ST3i In~ " -," '" • ." em ... OS" .. , I1H ------------ '" RClI ... . Ute Recall 1.1 IE pofoctucl end I. '"~ "" .. , lS11 '" "" .. , 1S11 "' "" ." '$11 '" "" ... , ". I CU .. , RCLI '" • 
IS' '$11 , .. , 
.OJ RCt; A_IInd. • . '" • 
'" "" lI. sr02 

'" "" "' 
, 

'" O$!I ------------ ". -." "" III "" '" eLBU 11l '$11 

• , 
'M. r Ell'll r I. I" in ... mom.,· MIOI ~ 1E1101 _1 1'1101 _1 r " -"1 I' 111101 _1 1' 1E11OI _2 

jtlOl_2 r' II -"1 I~ 111101 _2 r'4ro - 2 r 2101 _) • I~ r'··· I~ r etc •• ... 
, I' . I 

, I' ... I' Coo, • ... 

~ 
E4~ 
~~ 
~~ 
EJ ~ 
~~ 
~- ~ 
~~ 
El~ 
El~ 

1 

E..!..~ 
I 

~.~ 

El ~ 
I 

~~ 

... . • .... 

::! :C~~ 
'" ,m 

"' Ret; 
111 • 
II. , 
'" • ". sr·; 

"' ,m 
III '" l2J "" '" • 
'" , 
,X • 
'" -

'" RCLJ 

'" • ". 1$11 
1J1 IS11 
III 1511 
m 1$11 
13' m' 
"" "" '" It:, 

'" srO i ,,. 
"" ,,. X~'f? ,« 'F2 ,., 
'" ,., mIl ,., "Ll 

'" '" '" 1 

'" • ,., 1 

'"~ 
, 

'" $TOI 
IS. f21 

'" ",. m "'-, 
15J "II.' IS' SK 

"" .. " 
"" DSZl 

'" "" IS. "" I" "" ,,, 'TO' W ICl ' 

'" "" ", ..," ". 'TN ". "". ," ICl' 

'" CHS 

'"~ 
.,,, 
'.f'" 
"",. " , -' 

------------
o-dr. __ l 

..... oId_tlO_ 
if~""' __ . 

------------.... _, 
------------
A_I Indu lor n .. l cych 

or diu. OUIPUt. 

--, ------------"" .... -

ItEU e-. .... ~-
[lup.1. E, t I .... , , • ""-, 

'- E_ 

L15-02 

~ --;:- ------------III .ULtI 1'1_ input Indb lor • 

'" Elfrt 
~-. 

'" £Hrt ,,. oeLl 

"" >F' 
17'; £EN 
In , 
1" , 
"' • II. • 
191 ,." 
III 'TO' 
'" " , .. , 
"" X-Y? 

'" ,rOI 

'" .. 
JI' • 
'" , , .. 1 -----------
'" - For inllo"Jrledie. II*"L 

'" "" '" foe ". · '" $TOI 

'" " '" 'TN 
'"~ "II.. --------- --.." tell For_ N. 
2M '" 211 , 
lIZ • 
'" STOI ,.. If 

'" ITIii ,.. "'Ll -----------
'" tell For_ I. 

'" f" ,., 1 
211 • 111 1 
;'1 , 
l1J STOI 
". t1 

"" .TN -----------

NT STATUS 

"" .. ".. -1 ... 1 _1 ~~, , 0 • D<. • ,~ 0 

"'-" 
, 0 • .AAl) 0 sa 0 

• 0 • AAl) 0 ~~ , 0 • 



L16-01 
L16-02 

STEEL COLUMN FORMULA 

'" ,tIL. :: ,\':, CIe.1 n .. M1d 110<, k. 

H' 5109 $IOR yield poInt.tress in 
.Il 1 HIm' lOCI ,tor. od>w 51 '" 'TH ------------... • _ Ianb. ... .llLO CtIcuI ... p_. 
'" 

, ." '" 

'" lelO 

'" RelE 

lJ' • 
'" 

,. ,,, , 
.M £EX .<Z . CLD '" .L8l7 

", , '" ReL E lJ' "" '" '" '" '" '" 
, .. , • '" '''' J2: or" 

'" PI '" • Jl2 ... " ------------." " '" STa. '" " .. CIboIa.'_. 
Ill .? , ... tt" JZ~ "" ." fHTT '" lOY? '" 

, 
OJ' · .'. ,raJ '" or" ------------
'" /, .n x:, '" . .. lUI eo.-1!w ... . 

." Sfoe '" 
, ". cr. 

'" 
, '7~ • '" ReLII 

OJ' • '" • ". • 
"' 

, '" x:v ' 3J (J< 

'2~ 
, ." )tH'1 

' 21 , 
'" '105 

8Z2 £" '" SF' '" SlJJ£ 
m 8T" ------------". . Ule 

Set I I'Ioe1I'Id __ ,I. 

,z~ • '" 'LIL I 

'" 5107 ... , 
'" 'LX . ., ,Ct. 
'" 'TH ------------ '" "" 

'" SF' 

'" STllf 
m or" ------------

. 17 tlBU, Stor8 yield po;nt Itral in '" • 
'28 STOj peJ M1d .w. 00- EngIittl ... , . 
'" 

, 
-~~ '" STO' ." • ... LSTX 

." £EX ." " '" 
, ... -

'" x:r '" Rt ." • ." , 
'" PI . OJ • ." ,. '" • ." , 

'" 
, 

'" Elm '" fliTt 
.m · ." , ... n ." • ." STee '" · ." , ." "'" '" • ." '" ... , 'N 'TO' ." '" "' "" ... , 

"' '" ", STO" '" • " . 'LX '" 
, ... IT" --------- --- '" "" " . • UlR SIC ....... . '" , 

." 5104 '" • 
'" IT" ------------ lI. -." .lBLB Skn 1tt1e1h. '" 

, 
." Sf 00 ------------ lJ' no? 
". IT" lJ' .ULI 
IS< . l f lC lJ' ,ca 

" GO " '''GO SET STATUS 

• r r I' I' • I'm 17 
..... tant I' (tfK), H I'VMd 

I" F' I~ r I~ 1M I" 1M I" '. I' I' c ' , Ie It or J I' 

'. • , "'- "'- I input? FUGS - -1-.. (HI",') ..,1Pti1 • ' C < . II< ON "" IlEG 0 F~ 0 • 0 0 
, , • • 0 0 ....,0 so 0 

C < 11k M • 0 • ..., 0 ,NG • 

'.M 7 11. . "/11. ,-, , o. .->-



L17-o1 L17-02 

REINFORCED CONCRETE BEAMS 

.BI ' LBl4! :~~ • 
182 , RelJ ." ,ro, Input vlolUM Ind ,tore '" • 

I :~ : '" II>Y? 

'"~ ,ro. -----------,,, . UlI -------~----
171 /lLl'" $It display for 100 mud'! ... .LBL ... control code. ... -.. , , .O! " ... "" .., , 

'" • LBLB 16' RCU 
"8 , ... • .. , ,rOil "" < 
III .LlLe .. , • 
"' , ,O? CHS 
lIZ ,ro. ." """ '" .ULO ". 'Ut.] --- ---------." • '" x:v Comp,.t. M. 

'" m,. ." -. " .l&£ '" no. ------------." , In .ULl Comput. b ond '._ 
OIl .,," '" .LBlS 

'" STOI ". RCU 

'" .. ." -
J2' STD: '" • 
122 "" '" "" ,n "" ------------ '" . L8I.4 ------------." , os. X:l' Compu",d. 

'" STD. c.lwI,. for"l intef- .OJ , eL3 -
J2' dI .... MIIo .oIutioni. IB' , 
'2~ , '83 x:r 
128 , ... • 
'" Rel' '" . LBU ------------
'" RCU ." STO: SIOO" _it conn8l'1U. 
'31 • '" 

, 
'" • .. , • '" JlClI ,S> , 
.J< .,,' ... STO!! 

~-=.~ 

~~ 
I 

~~ 

~~ , 

'16 /lCU 0Mdc for minimum m ,a' 1tH! code.nd GTO 7. ,,, • rwinforcing. '" 
, 

II • Rell ,7< , 

'" "'" '" ,ss. 
'" .a. '" -
12' • m RClI 
122 • 178 , 
123 K}Y? '" • ,z< ,ro' ------ ------ '81 

'" " 18' , 
IZ/i lSTJ{ Reinforcing below l'\IIini· '" 

, 
'" 

, mum. OispllY f;O(M . ,8] n07 

". " .. ". .l8L1 -----------". • '" /leU Outp.ot_. 

'" RCL' '" orH -----------
'" 

, '" .LBLo Metric flag tOllllIt . 

IJ2 • ,88 Fe· 

'" '" ,ro. 
'" 

, ,,. SFI 

'" . LBO' ------------ '" 
, 

'" ,,£ ...... loop. '" orH 

'" 'T07 ------------ '" ,ULI 

'" .LBLIL 0Mdc for 100 mucto ItMI . "" OF. 

'" '" • , .. • , .. or, -----------
'" 

, '" . LBLl> SoIt. r;tIc:ullao flag. 

1<' "" , .. SF> 

'" "" '" .LBLc ------- ----
'" - '" Ra, c.k:ul.ao NA or • . .. , , Zel , 

'" • 'OJ , '" '" 
,., 

'" • '" , 
'" lSTX ." , 
'" ... 7 

'" , 
'" STOB 

., ,,, • '" , 
1.18f.,. A. .. , , zo. • NA '---.. , lUI '! 

,., • Il, fe b 

'"~ elK , .. "" • • Il,NA ... • .. , '. '" - '" • ." • '" , '" ST07 '" RCU 

'" (STX '" '" Zl!" 0 .. , leU '" • ". , 211 RCLS ... • '" , '" 
, ZII • 

'" 'TO: ------------ "' 
,,., ------------ ,5( 7 212 FZ? .. , . ULI SoIw for .... and I,. '02 ,ro. Stor. Enoll., contunu il .. ' .LBU· "' • II" 0" noI .. t. ... CHS , .. £EX 

1~7 , 113 PTIO 

'"~ • '" .a7 
'" RCL' '" • ... [HTt "' , ." " , .. ST09 ." X: f '" 8 

'" " ,,, 7 

'" K' la!! £EX .,. X; Y I/O , 
'" sro. "' STOe ." • '12 , , n, 

'" , 
'" 'TH ------- ----

'61 RCl6 ZI7 .LIILS CliQlI.ao "",.III dlluo 

'" • 2IB Sf' from A" 10 COfr.ct for • ...,. 
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Appendix A 
MAGNETIC CARD 

SYMBOLS AND CONVENTIONS 

SYMBOL OR 
CONVENTION 

White mnemonic: 
x 
D 

Gold mnemonic: 
y 
x 

a ll 
x t ·y 
D 

o 
D 
(x) 

D 
• . x 
D 

.. x, y, z 
D 

.. x; y; z 

D 

.. "x," y 
D 

~x 

D 

INDICATED MEANING 

White mnemonics are associated with the user­
definable key they are above when the card is 
inserted in the calculator's window slot. In this case 
the value of x could be input by keying it in and 
pressing D . 
Gold mnemonics are similar to white mnemonics 
except that the gold a key must be pressed before 
the user-definable key. In this case y. could be input 
by pressing a II . 
t is the symbol for 1mDiIl. In this case ImDiIl is 
used to separate the input variables x and y. To 
input both x and y you would key in x, press ImDiIl , 
key in y and press D. 
The box around the variable x indicates input by 
pressing BID D . 
Parentheses indicate an option. In this case, x is not 
a required input but could be input in special cases . 

• is the symbol for calculate. This indicates that 
you may calculate x by pressing key D. 
This indicates that x, y, and z are calculated by 
pressing D once . The values would be printed in 
x, y, z order. 

The semi-colons indicate that after x has been calcu­
lated using D, y and z may be calculated by 
pressing m . 
The quote marks indicate that the x value will be 
"paused" or held in the display for one second. The 
pause will be followed by the display of y. 

The two-way arrow ~ indicates that x may be 
e1ther output or input when the associated user­
definable key is pressed. If numeric keys have been 
pressed between user-definable keys, x is stored. 
If numeric keys have not been pressed, the program 
will calculate x. 
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SYMBOL OR 
CONVENTION 

P? 
D 

START 

D 

DEL 

D 

A-2 

INDICATED MEANING 

The question mark indicates that this is a mode 
setting, while the mnemonic indicates the type of 
mode being set. In this case a print mode is con­
trolled. Mode settings typically have a 1.00 or 0.00 
indicator displayed after they are executed. If 1.00 
is displayed, the mode is on . If 0.00 is displayed, 
it is off. 

The word START is an example of a command. The 
start function should be performed to begin or start ' 
a program. It is included when initialization is 
necessary . 

This special command indicates that the last value 
or set of values input may be deleted by pressing 

D · 
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