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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 forits 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 shouldfirst 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.
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CONTENTS

VeCtor StatiCs . ..o vvt01-01
Performs basic vector operations of addition, cross product, and dot

product, and finds the angle between vectors.

Section Properties (2 cards) ............. .. ...02-01
The area, centroid, and moments of an arbitrarily complex polygon

may be calculated using this program.

Properties of Special Sections .............. ... ... .. ....03-01
Section properties for rectangles, triangles, ellipses circles and

concentric circles are provided by this program.

Stressonan Element .............. ... ... ... . . ... ... ...04-01
Reduces data from rosette strain gage measurement and performs

Mohrcircle analysis.

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

variables.

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.

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

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

Simply Supported Beams .. ........... ... ... . . oL09-01
Calculates deflection, slope, moment, and shear for point, distributed,

and moment loads applied to simply supported beams.

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

Beams Fixedat BothEnds............................... 11-01
Calculates deflection, slope, moment, and shear for point, distributed,

and moment loads applied to beams with rigidly fixed ends.

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.

Propped Cantilever Beams . .............................. 13-01
Calculates deflection, slope, moment, and shear for point, moment

and distributed loads applied to propped cantilever beams.

Propped Cantilever Beams—Trapezoidal Load .............. 14-01
Calculates deflection, slope, moment and shear for distributed

trapezoidal loads applied to propped cantilever beams.

Six-span Continuous Beams . . ............................ 15-01
Solves for the intermediate couples present at the supports of

continuous beams. Two to six spans are allowed.



16. Steel Column Formula ............ ... ... .. ... ... .. .... 16-01
Computes allowable loads for steel columns. Column ends must be

constrained by welds, rivets or in some other means which prevents

deflection and rotation.

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 yield a specified bolt load or the load
resulting from a specified torque. The shear stress in the bolt may be
calculated as an option.



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 ofthis section is to discuss the ways that the programsin 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 PRINTx (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 GIF).

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, [ on

the HP-97 and 3} , €, and @ on the HP-67. For example, the operation is

performed on the HP-97 as 3 and on the HP-67 asB (10¥). In such cases,

the keystroke solution omits the prefix key and indicates only the operation

(as here, ). 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

PICP RV VY] VRV       

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;, y;).

Equations:

for addition: VI + i./z = (x; + Xp) .1. + (y, + yz)j.

for cross products: i.’l X <’2 = (X1y2 — X2Y1) k

for dot, scalar, or inner product: i"l . </2 = X1Xo + Y1¥2

)
for the angle between vectors: y=cos™

Vil [V

where:

X, is the x component of </1 (x; =1, cos 6));

Xz 1S the x component of \72 (X = 15 cos 6y);

y: is the y component of \4/1 (y; = r; sin 6,);

Yyis the y component of \% (y2 = 1o sin 6);

Part II of this program calculates the two reaction forces necessary to balance

a given two-dimensional force vector. The direction of the reaction forces may

be specified as a vector of arbitrary length or by Cartesian coordinates using

the point of force application as the origin.

<

N \d) X

N
N
N
~
\Rl
~
N

N

N

(x2’y2)0’ \\. (x1’y1)

64
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Equations:

R, cos 6, + R, cos 6, = F cos ¢

R, sin 8, + R, sin 6, = F sin ¢

where:

F is the known force;

¢ is the direction of the known force;

R, is one reaction force;

0, is the direction of Ry;

R, is the second reaction force;

0, is the direction of R,.

The coordinates x; and y, are referenced from the point where F is applied to

the end of the member along which R, acts; x, and y, are the coordinates

referenced from the point where F is applied to the end of the member along

which R, acts.

Remarks:

Registers R, — R3; Rgy — Rgg and I are available for user storage.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

STEP INSTRUCTIONS oarauns KEYS ools

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 '\’/1 and ?/2:

i'/, in polar form r r

2 o 12

or

\‘/, in rectangular form X, X,

Y1 o0 Y1

and

§./2 in polar form ra r

6, o Y2

or     
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STEP INSTRUCTIONS paTAUNITS KEYS DATAIUNITS
\'72 in rectangular form. Xz X,

Y2 0e Y2

4 Perform vector operation:

add vectors r, o

or

take cross product o V, x V,

or

take dot (or scalar) product. V,-V,

(Optionally, calculate angle

between vectors after dot

product.) B y

5 For anew case, go to step 3

and change V, and/or i’/z.

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 1 1.00

0, 0 sin 6,

or

in rectangular form X4 X4

Y1 na Y1

and

define direction two in polar

form 1 1.00

0, 0 sin 6,

or

in rectangular form. X, Xz

Y2 '_l_fl_ Y2
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STEP INSTRUCTIONS DATAUNTS KEYS oooTS

7 Input known force:

magnitude F

then direction. ¢ oo F sin ¢

8 Compute reactions o0 Ry, R,

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 static equilibrium exists, what is force C.

B=452110° - ~

 
\ —
A=100 < 30°

 

Keystrokes: Outputs:

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

45 110 @ 100 @B
G5 30 06

-

C =116.574-127.66°

 

116.57 ***

-127.66 ***
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Example 2:

Resolve the following three loads along a 175 degree line.

 

 

 

 

- °

170 Ib 2143° L, 185 1b <62
-

175°_ _ _ L,
— X

>
L,

100 Ib < 261°

Keystrokes: Outputs:

First add fil and L-:z

185 62 @ 170
143 303 > 270.12 *** (Ib)

100.43 *** (deg)

Define the result as \-./1 and add I':,,

B 100 ENED 261 A—— 178.94 *** (]b)

111.15 *** (deg)

Toresolve the vector, just calculated

along the 175° line.

(A 175 383 78.86 *** (Ib)

What is the angle between the
vector and the line?

B > 63.85 *** (deg) 



Example 3:

01-06

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

reaction force transmitted along the member?

   

 

Keystrokes: Outputs:

Moment by cross product (i'/, X f:).

30 EIED 50 @ 300 ERED
 205 BB > 3803.56

Resolution along crank

I 50 3@ ~271.89

 

F=3001b <205°

in-1b
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Example 4:

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

  
 

 

 

    
 

@
—/ *\ - X]
W ,/—90°

8ft @

500 LB

_v

-~ 7ft ——

Keystrokes: Outputs:

7 fERon — -8.00
10 ooHg —— 0.00
500 o — -500.00

g > -664.38 *** (R)) 

437.50 *** (R,)
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Notes
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SECTION PROPERTIES

SECTION PROPERTIES - INPUT

(LS TFRSR) xo* yot*d

SECTION PROPERTIES - OUTPUT

 

D P RY -1z 05, 5y ¢®,|;¢.I;¢

The properties of polygonalsections (see figure 1) may be calculated using this

program. The (x, y) coordinates of the vertices of the polygon (which must be

located entirely within the first quadrant) are input sequentially for a complete,

clockwise path around the polygon. Holes in the cross section, which do not

intersect the boundary, may be deleted by following a counter-clockwise path.

vh (X1, Y1)

  (x2! y2)

 

   ECT ,SECTION (X2, ¥,)

' I<

(%o',¥o) /

(x3',y3')

\ (X1, y1 )

\

  

  

  

  

 

(xo ’ yO)

(XasYa)
(X3, ¥3) 

Figure 1 — Polygonal Sections

A special feature allows addition or deletion of circular areas. After the point

by point traverse of the section has been completed, circular deletions or addi-

tions are specified by the (x,y) coordinates of the circle centers and by the circle

diameters. If the diameter is specified as a positive number, the circular areas

are added. A negative diameter causes circular areas to be deleted. Example 4

shows an application of this feature.

After all values have been input, the coordinates of the centroid (X, y) and the

area (A) of the section may be output using card 2, key £§. The moment of

inertia about the x axis (I), about the y axis (Iy) and the product of inertia

(I,,) are output using . Similar moments, Iz, Iy and Iz, about an axis

translated to the centroid of the section are calculated when is pressed.
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Pressing B calculates the moments ofinertia, Iz4 and Ig,, about the principal

axis. The rotation angle (¢) between the principal axis and the axis which was

translated to the centroid is also calculated. The moments of inertia I,’, I,/,

the polar moment of inertia J and the product of inertia I, may be calculated

about any arbitrary axis by specifying its location and rotation with respect to

the original axis and pressing & (Y.

Equations:

A= - z (Yis1 = YD)XKie1 T X)/2
i=0

=1\
X =AZ [(Yi+1 - Yi)/8] [(Xi+1 + %)% + (Xj1 — Xi)2/3]

i=0

1N
y = T [(Xi+1 - Xi)/8] [()’i+1 +yi)? + (Yigr — Yi)2/3]

i=0

L = [(%ie1 = x)Gier +y24 ] [(vier +¥0% + (isr — ¥0?]
i=0

I, = — [()’i+1 —¥i)(Xis t Xi)/24] [(Xi+1 + Xi)? + (Xig1 — Xi)z]
i=0

\ 1 I
Iy = — =(Yit1 — yi)z(xi+1 + X)X+ + x7)

=0 Kit1 — Xxp) 8

1
+ 3 (Yitr = YD)Xisr ¥i = Xi Yie)Xisd + X1 X+ XE)

1
+ T Xi+1 ¥i = Xi Yi+1)*(Xigg T Xi)]

I;(- = Ix - Ay2

Ig; =1, — AX2
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b= L(2
2 I; — Iy

I, = Iz cos® @ + Iy sin? 0 — Ig; sin 26

Iy' = Ig; cos? 0 + I; sin? 6 + Igg; sin 20

J=1/ + 1

=ksin 20 + Izycos 20Iy

 

 

md?
Acircle = 4

_ d?
Icircle - 64

where:

Xi+1 18 the x coordinate of the current vertex point;

Yi+1 18 the y coordinate of the current vertex point;

X; 1s the x coordinate of the previous vertex point;

yi 1s the y coordinate of the previous vertex point;

A is the area;

X is the x coordinate of the centroid;

y 1s the y coordinate of the centroid;

I, 1s the moment of inertia about the x-axis;

I, is the moment of inertia about the y-axis;

Iy, 1s the product of inertia;

- Is the moment of inertia about the x-axis translated to the centroid;AT

I+ is the moment of inertia about the y-axis translated to the centroid,;

Iz7 is the product of inertia about the translated axis;

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

IW, is the momentof inertia about the translated, rotated, principal x-axis;

Iy4 is the moment of inertia about the translated, rotated, principal y-axis;

6 is the angle between the original axis and an arbitrary axis.

I," is the x moment of inertia about the arbitrary axis;

I," is the y moment of inertia about the arbitrary axis;
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J is the polar moment of inertia about the arbitrary axis;

I, is the product of inertia about the arbitrary axis;

d is the diameter of a circular area.

Reference:

Wojciechowski, Felix; Properties of Plane Cross Sections;, Machine Design,

p. 105, Jan. 22, 1976.

Remarks:

Registers Rgy — Rgg are available for user storage.

The polygon must be entirely contained in the first quadrant.

Rounding errors will accumulate if the centroid ofthe section is a large distance

from the origin of the coordinate system.

Curved boundaries may be approximated by straight line segments.

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS aTaUNTs KEYS et

1 Load side 1 and side 2 of

card 1.

2 Initialize. o

3 Key in (x, y) coordinates of

first vertex. X Yi

Yi Yi

4 Key in (x, y) coordinates of

next clockwise vertex. Xi+1 Xit1

Yis1 Yis1
 

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,
 

return to step 3, but traverse in
 

a counter-clockwise direction.        
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STEP INSTRUCTIONS oaTAUNTS KEYS oouTEuT

7 Optional: Add circular areas, X X

y y
d 0.00

or delete circular areas. X X

y y
d 0.00

8 Load side 1 and side 2 of

card 2.

9 Calculate any or all of the

following:

Centroid and area; O X, Yy, A

Properties about original

axis; 0 L, I, Ly

Properties about axis trans-

lated to centroid; L Iy Im

Angular orientation of

principal axis and properties

aboutprincipal axis; 0 ¢, zg, g

or

Specify arbitrary axis and

rotation and calculate

properties. x'

/
o0 L, L, 1, L,

10 To modify the section, go to
 

step 1, but skip step 2. For a
   new case, go to step 1.      
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Example 1:

What is the moment of inertia about the x-axis (Iy) for the rectangular section

shown? What is the moment of inertia about the neutral axis through the

centroid of the section (Iz,)?

 

    
 

    

 

y
A
(0, 5) : Principal Axis

T , (3, 5)
|

|

I

|

5 | Centroid
— — e — — —_— —_— —_— . —_— — — —— T — — —_—

| Principal and Neutral Axis

I

|

I

I
v | -

(0, 0) }: 3 ’i (3, 0)

|

|

Keystrokes: Outputs:

Load side 1 and side 2 of card 1.

Qo 0
0 50 5.00

3 50 5.00

3 on 0.00

0 on 0.00
Load side 1 and side 2 of card 2.

0 > 125.00 *** (I,)

45.00 *** (Iy)

56.25 *** (I,)

0 > 0.00 *** (@) 

31.25 *** (Ig,)
11.25 #%% (Igg)
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Since ¢ = 0 we would expect Iz4 to equal Iz. Press to calculate Iz, Iy and Izy

and you will see that this prediction is correct. Also, Izy is zero about the

principal axis.

> 31.25 *** (Ig)
11.25 *** (I5)
0.00 *** (Iz7)

 

Example 2:

Calculate the section properties for the beam shown below.

y
A A
(0,14) (16,14)

A ] I1

15 _»|(16,13) 
(1,13)

 (1,2) (11,2)
!
2

Y ¥

(0,0) [~~———10——](1,0)

    
 

Keystrokes: Outputs:

Load side 1 and side 2 of card 1.

00 0 E5ED 0B
0 GIED 14 O
16 CIED 14 0
16 GEED 13 @
| GIED 13 O
| CIED 2 O
1 CIED 2 0
11 EIED 0 B

14.00

14.00

13.00

13.00

2.00

2.00

0.00
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0 on 0.00

Load side 1 and side 2 of card 2.

0 > 5.19 *** (X)

6.54 *** (y)

49.00 *** (A)

(8| > 3676.33 *** (I,) 

2256.33 *** (I,)

1890.25 *** (Iy)

> 1580.00 *** (Ig)
934.49 *** (I5)
225.61 *** (Ig;)

~17.48 *** (¢b)
1651.04 *** (Ig,)
863.46 *** (I,)

 

Q v 

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

example 2.

 

 

y yl y n

A A /

/ |

—17.48° (¢)

(5.19, 6.54) |
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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
A

(3,7) (14,7)

(3,1)
> X

Keystrokes: Outputs:

Load side 1 and side 2 of card 1.

003 1
3 70 7.00
14 70 7.00

3 10 1.00

Delete inner triangle:

4 4 9
60 > 6.00

4 60 6.00

4 ‘0 4.00
Load side 1 and side 2 of card 2.

Compute Centroid

0 > 6.85 *** (X)

4.94 *** (y)

28.00 *** (A)



Example 4:
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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.

(0,2) (5,2)
 

(.8,1.4)   

 

Jst (0,0)

- A(.2,.6)

(5,1.4)

  (.8,0)

Keystrokes:

Load side 1 and side 2 of card 1.

700 ERED 0 ELED 0 ERED
2@ 5 25
140 SENED 1 40 SEAID

CRIEIEDO D

Delete the hole.

2 6
S5 >

Load side 1 and side 2 of card 2.

Compute J about point (.2, .6) with

0 of zero.

2 EAED 6 GAED
0

 

 

v

Outputs:

0.00

0.00

3.91 *** (1)
22.22 *** (L)
26.13 *** (J)
7.61 *** (I,,)
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PROPERTIES OF SPECIAL SECTIONS

 

  

 

     
BSe¥)

 

PROPERTIES OF SPECIAL SECTIONS

By} j - A W
     

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:

 

|
<
-
m
>
|

   

[=—t—

I, = a%b/12

I, = ab¥12

A = ab

<+— b ——

I, = ma3b/64

I, = mab3/64

A = mab/4

I, = a®b/36

I, = ab%/36

A = ab/2

A
b
¥

‘4— a —I —  —p

m(a* — b?
Ix =7Ta4/4=1y IX =%=Iy

A = ma?/4
A = m(a? — b?

4
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STEP INSTRUCTIONS baTauNTs KEYS porte

1 Load side 1 and side 2.

2 Select cross section shape.

Rectangle oD 1.000 00

Triangle 70 2.000 00

Ellipse e 3.000 00

Circle e 4.000 00

Concentric Circles ng 5.000 00

3 Input two of the following:* a O a

o0 b

L, I,

4 Compute unknown value:* A a

0 b

I,

5 Optional: Compute area o A

6 Optional: Compute I, I,

7 For a new case, go to step 3

and change inputs

*For circles, only one input or

outputis 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?

 

   
42.5cm |<—>|

 

 

 

Keystrokes: Outputs:

nn > 1.000 00

42,509 A8 2.582 06

a > 575.7 03

Example 2:

(Select)
(rectangles)

cm? (Iy)

cm* (Iy)

For the elliptical section below, what is the required value of b to make

I, = 1000? What is the area of the section?

 

15in

Keystrokes: Outputs:

7208 1503 1000 30O 6.036 00

D > 71.11 00 

in (b)

in% (A)
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Notes
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AT

STRESS ON AN ELEMENT

STRESS ON AN ELEMENT

RPN SRR +51.52.T8 B+s.T

 

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

Correlations for rectangular and equiangular rosette configurations are

included.

Strain Gage Equations:

 

CONFIGURATION
CODE

1 2

 

TYPE OF ROSETTE RECTANGULAR DELTA (EQUIANGULAR)
 

 

 

 

 

 

Tmax

1
PRINCIPAL Flatate
STRAINS: i[ea +e = V2(e,—€) +2(6,—€) |

€ & 2 + Vo~) +2e—€) +2e—€,)|

CENTER OF
MOHR CIRCLE: Elete) Elatete)

2(1—v) 3(1-v)
St sy

2

MAXIMUM E E
SHEAR STRESS: ———— V2e,—6) + 26—€} ————V2(€,—€) +2(€6 —€) +2(€.—€,)°

2(1 +v) 3(1 + )

 

 

ORIENTATION
OF PRINCIPAL
STRESSES  tan-! 2€,—€,— €,

€, ~ €  tan-1 V3 (e.—€,)

(e, —€,—€)  
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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 6'.

Sy 82

6 + 45°

dy_ — — e — 1

Tmax

dx

o Maximum
Stress State Principal Stresses Shear Stress

 

   

Mohr Circle Equations:

Tmax =

 

S; + S»
s =24 Tax cOs 26’

T = Tmax Sin 20’
where:

s 1s the normal stress, and 7 is the shear stress.

€., €&, and €. are the strains measured using rosette gages;

sy s the stress in the x direction for Mohr circle input;

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

Txy 18 the shear stress on the element for Mohr circle input;

€, and €, are the principal strains;

s; and s, are the principal normal stresses;

Tmax 18 the maximum shear stress;

v is Poisson’s ratio;
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6 is the counterclockwise angle of rotation from the specified axis to the

principal axis. Note thatthis is opposite to the normal Mohr circle

convention.

6’ is an arbitrary rotation angle from the original (x, y) axis;

E is modulus ofelasticity.

Reference:

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

Beckwith, T. G., Buck, N. L., Mechanical Measurements, Addison-Wesley,

1969

Remarks:

Ry, Ry, R7, Rg, Rp and Rgg-Rgy are available for user storage.

Negative stresses and strains indicate compression. Positive and negative shear

are represented below:

  

      

 

Sy

p te— i

sx
sX sx~— —> - _>s

X

-

.

Txy -Txy-

INPUT OUTPUTSTEP INSTRUCTIONS pDATAUNITS

|

KEYS

|

paTAUNITS
 

1 Load side 1 and side 2.
 

2 If a stress configuration is
 

known, go to step 8 for Mohr
 

circle evaluation. Continue
 

with step 3 for strain gage
 

data reduction.
 

3 Select strain gage
 

configuration:

Rectangular 70 1.000 00

or Delta. 70 2.000 00

 

        



04-04

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS oaTAUNTs KEYS ooos

4 Input modulus of elasticity, E E

then Poisson'’s ratio. v 7o E

5 Input strains:

e €

& &

€ o €

6 Calculate principal strains

and rotation angle. Q €, €, 0

7 Skip to step 9 for Mohrcircle

applications of calculations

just completed.

8 Input stress on element in x

direction Sx Sx

then stress in y direction S, S,

then shearstress. Tyy 0.000 00

9 Calculate principal stresses. 0 S1, S2y Tmaxs

0

10| Optional: Calculate stress

configuration at a specified

angle. 0’ a S, T

11 To specify another angle go

to step 10. For a new case go

to step 2.       
 

Example 1:

If s, = 25000 psi, s, = —5000 psi, and 7, = 4000 psi, compute the principal

stresses and the maximum shear stress. Compute the normal stresses, where

shear stress is maximum (6 + 45°).
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—5524 x 103
-—5000 psi

e
|7,4=4000 psi

 

   

 

 

 

sx= 25,000 psi s1_2552 x 10°psi 15.52 x 10° psi

Maximum
Stress State Principal Stresses Shear Stress

Keystrokes: Outputs:

25000 5000
4000 @30 25.52 03 *** (g))

-5.524 03 *** (s,)

15.52 03 *** (7..4)

-7.466 00 *** (6)

45 > 37.53 00

G > 10.00 03 *** (s)

15.52 03 *** (7,)

Example 2:

A rectangular rosette measures the strains below. Whatare the principal strains

and principal stresses?

€ =90 X 10°¢ € = 137 X 1076 € =305 x 10°¢

 

v=0.3 E = 30 X 10° psi

Keystrokes: Outputs:

7’0 > 1.000 00

30@7 6 3 — 30.00 06

%0 ERED 6 EIED 137
6 305

60 90.00-06

o _ 320.9-06 *** ()
74.14-06 *** (g,)
14.69 00 *** (0)

0 > 11.31 03 *** (s,)
5.618 03 *** (s,)
2.847 03 *** (7.
14.69 00 *** (0)

 

 

 



04-06

Example 3:

An equiangular rosette measures the strains below. What are the principal

strains and stresses?

E = 30 x 10° psi

v =0.3

   

€, =—200x10"° €,=—20x10"°

 

 

 

 

€, =400 x 107°

Keystrokes: Outputs:

oo > 2.000 00

400 6 20
6 200

EREJIER 0 400.0-06

0 > 415.5-06 *** ()
-295.5-06 *** (&)
~8.498 00 *** (0)

B > 10.78 03 *** (s,)
-5.633 03 *** (s,)
8.204 03 *** (T...)

~8.498 00 *** (0)

. f b S2= — 5633 x 10° psi

 

/ Z'W%Degrees

s1 = 10.78 x 103 psi
a |  
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BENDING OR TORSIONAL STRESS

BENDING OR TORSIONAL STRESS

B] SVIep! v (r) 1(J)

 

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:

_ Stress

Bending Stress Distribution Shear Stress

——

) 1 -
Neutral Axis —

< T

_ My _TrS = 1 Ss = _J—

where:

s is the normal stress at v;

M is the moment applied to the beam;

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.
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STEP INSTRUCTIONS oaTaUNTS KEYS oATAUNITS

1 Load side 1 or side 2.

2 Input 3 of the following:

Bending stress (or shear

stress) S (Ss) o S (Ss)

Bending moment (or applied

torque) M (T) 8 M (T)

Distance from neutral axis

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

Moment of inertia (or polar

moment) 1) 0 IJ)

3 Calculate the remaining value:

Bending stress (or shear

stress) o S (ss)

Bending moment (or torque) 0 M ()

Distance from neutral axis

(or radius) v (r)

Moment of inertia (or polar

moment) 0 I1(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:

o480 2000 ——

Outputs:

24.00 03 in-1b (M)
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Example 2:

What torque will result in a stress of 12000 pounds per square inch at a radius

of 1 inch for a 2 inch diameter shaft?

Keystrokes: Outputs:

2 e 1.571 00 in* (J)
010 12000 30 18.85 03 in-Ib (T)

  

Example 3:

A moment of 30,000 in-Ib is applied to a beam with a moment of inertia of

3.8 in*. If the neutral axis is 1 inch from the surface, whatis the stress at the

surface?

Keystrokes: Outputs:

300003380 1 I3— 7.895 03 psi (x)
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Notes
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LINEAR OR ANGULAR DEFORMATION

LINEAR OR ANGULAR DEFORMATION

Sy YWD} a4 C)] Nels <P(T) <TE(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.

Variablesfor circular shafts in torsion are shown in parentheses on the magnetic

cards.

  

  

      

Equations:

_T \\/0

Linear P Angular /

9 or “‘

| T~T

% > fp— I < -

_pl _T¢
M-gg A 9=Ya

where:

AQ 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;

0 is the deflection angle in radians;

T is the applied torque;

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.
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STEP INSTRUCTIONS oataunTs KEYS pATNONITS

1 Load side 1 or side 2.

2 Input four of the following:

Area (or polar moment of

inertia) A V) o A V)

Linear deflection (or torsional

deflection) A (6) 0 A (6)

Length of member L L

Applied load (or torque) P (T) 0 P ()

Modulus of elasticity (in shear) E (G) E (G)
 

3 Calculate remaining value:
 

Area (or polar moment of

inertia) (A ]a()
 

 

Linear deflection (or torsional
 

 

 

deflection 0 A (0)

Length of member L

Applied load (or torque) 0 P (M)
 

Modulus of elasticity (in

shear) 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 support 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 = 10 meters E = 2.068 X 10! N/m?

Keystrokes: Outputs:

50000 @ .001 @ 10
20630 11 B0

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

OS5 B300 967.1 -06 m

2.418 -03 m?
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Example 2:

A 6 inch outside/5.5 inch inside diameter steel pipe (G = 11.5 X 10° psi) is
15 feet long. How much torque will it resist with an angular deflection of

1.00 degree?

Keystrokes: Outputs:

First compute J = w(D,! — D;*)/32.

6 55 E3E8H8
328 > 37.40 00 in* (J)

O I5EAED 12 11.5@3

68 1 c-ADB

 

 

41.70 03 in-1b (T)
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Notes
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CANTILEVER BEAMS

 

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:

 

 

Yy =Yy ty:ty;s (total deflection)

  

 

 

 

_ PX¢ (X,—3a) — Pa” (x —a)(x>a)* (deflection due to point load)
Y= gEr M 2EI P

—_ 2

Y2 = —LX'?— X2 X2 _b + 15 b2

6EI 4

3

- ?Ebl (x=b)(x>b)  (distributed load)

MX.2 Mc )
Y3 SEl Fl (x—¢c)(x>¢) (applied moment)

=60, +6, + 6 (total slope)

PX, .
0, = SEL (X; — 2a) (slope due to point load)

  
2

6, = “I];I(Z [Xz( )22 - —g—) + bT] (distributed load)
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MX;
0. =

3 El
 (applied moment)

M, = My; + My, + My, (total moment)

M,, = P(X; — a) (moment due to point load)

My, = =W (X; (X5/2 — b) + b?2) (distributed load)

M,; = M (x=c¢) (applied moment)

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

V, = P (x=a) (shear due to point load)

V, =W (b—X,) (distributed load)

V; =0 (applied moment)

where:

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

0 is the slope (change in y per change in Xx) at Xx;

M, 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,;

L 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 foundation to the point load,;

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

c is the distance to the applied moment;

X, =xifx<aoraifx > a;

X, =xifx=<borbifx>b

Xs=xifx=corcif x >c.

*The notation (x > a) is interpreted 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 Rgo—Rgg are available for user storage.

SIGN CONVENTIONS FOR BEAMS

 

 

 

  
 

 

      

NAME VARIABLE SENSE SIGN

DEFLECTION y A +
SLOPE 6 +

INTERNAL MOMENT M, £- ) +
SHEAR Vv T +
EXTERNAL FORCE OR LOAD PorW vV +
EXTERNAL MOMENT M G +
 

Sums of y, 6, My and V may be stored in Rq, R;, Rg, and Ry, respectively.

Note that these registers are indicated on the magnetic card.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DA'll'NAF/,lllJ;ITS KEYS D:I'UATS:;I:I'S

1 Load side 1 and side 2.

2 Initialize. 70 0.000 00

3 Input moment of inertia I I

then modulus of elasticity E E

then beam length. Q 70 EI

4 Input load(s):

Location of point load a a

Point load P o a

Length of distributed load b b

Distributed load (force/length) w 70 b

Location of applied moment C c

Applied moment M na c

5 Key in x to specify the point

of interest and calculate

deflection X o y

or slope X 0 0      
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INPUT OUTPUT

 

 

STEP INSTRUCTIONS pataunits

|

KEYS

|

patauniTs

or moment X M.

or shear. X o 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:

Whatis the deflection at x = 12? Neglect the weight of the beam.

100 Ib 200 Ib

 

E = 30 x 10° psi
| =4.7 in*

Keystrokes: Outputs:

ma 47 30
6EMID 1500 141.0 06

 

Compute deflection at 12 inches due to 100 1b weight:

SEEp oo2— -211.8 -06

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

200 1b load:

 88() > -211.8-06

Compute deflection at 12 inches due to 200 Ib load:

LEREp2000@8 20— -1.123-03

Compute total deflection:

e »  -1.335-03v
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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 = 300Ib

—110"

—]

y
> |

(e ]
N> M = 20,000 in-lb

| = 23 in?
E = 30 x 108 psi

Keystrokes: Outputs:

7| 23 30
6 110 @@ 40
300 (@ 60 10 nO
80 20000 3
 

 

 

 

 

 

 

 

 

 

 

 

00D > 0.000 00 (y)
03 > 0.000 00 (6)
0@ »  -10.00 03(M,)
08 > 900.0 00 (V)
50 @ > 5.211 -03
50 B3 > 582.1 -06
50 @ > 19.50 03
50 > 100.0 00
9 03 > 50.14 -03
9 @ > 1.449 -03
90 @8 > 0.000 00
90 B > 0.000 00
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Notes
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CANTILEVER BEAMS—TRAPEZOIDAL LOADING

 

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:

/A

7~
- e >

- w,

~

A
A

A ' >
7- ( ;I

Y = Ya T Ye

 Yd=00x+)’0_<x_d>4*[ Ya_ 4 (Wy_— Wa) (x—d)]
24EI 120EI( — d)

— 3 —= L0 [Wd- wd>]

__@-4d° (W — Wq)
Yo TIEl IEVd(3Q +d) +s42 + d)]

(We — Wq) _g

Ye 1s analogous to y4 except wq is replaced by w, and d is replaced by e.

Wy = We +

Equations for slope, moment, and shear are the first, second, and third x

derivitives of the equations above.

*If x—d <0, (x —d) =0.
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Definitions:

I is the moment of inertia of the section,;

E is the modulus of elasticity of the material;

Q is the length of the beam;

d is the distance to the beginning of the load;

w4 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, 1s the final value of the load;

x is the point of interest along the beam;

y is the deflection at x;

0 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 Rg—Ry are available for problems involving superposition.
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STEP INSTRUCTIONS oatauNTs KEYS oPl

1 Load side 1 and side 2.

2 Input the moment of inertia I I

then the modulus of elasticity E E

then the length of the beam. L D IE

3 Input distance to load d d

then initial value of load Wy Wy

then distance to end of load e e

then final value of loading. W, 0 W,

4 Key in x to specify points of

interest and calculate

deflection X y

or slope X 0 0

or moment X M,

or shear. X 0 v

5 For a new calculation with the

same loading, go to step 4. Fo

new loads, go to step 3.    
Example:

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

following values:

d =23 inches wq = 35 1b/in e =47 inches we =271b/in

I=5in* E =30 X 10° psi g =75in x = 40in

What is the deflection at x = 55?

Keystrokes: Outputs:

23 ENEED) 35 EIED 47 GHED
270 @ 5 EHED 30G

 

 

 

 

 

6ENED 750 B 150.0 06
400 > -84.71-03
40 @ > -3.057-03
40 > ~680.6 00
400 > 197.2 00
550 > ~130.7-03 



Notes
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SIMPLY SUPPORTED BEAMS

]
=== Rq.R;Rg Ry

Xy x+6 P EdM P e’

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=y1ty:tys (total deflection)

 

—_ %

yi =% [x2 + (2 —a)? —522] (deflection due to point load)

yp =WX [02 + x2 (x —20)] (distributed load)
24E1

— 2 2 %k

Y3 = Mx [c - X _r_ ] (applied moment)
EI

0=0, +6, + 6, (total moment)

_ P(R —a)
6, 6EI

%k

[3x2 + (Q— a)? —Qz] (slope due to point load)

W
0 = — 3 + 2 — ] ]2 2AET [!Z X* (4x 62)] (distributed load) 
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* %k
-2 - __] (applied moment)  

M, = M,;, + M,, + M4 (total moment)

P(R —a)x *

 

M,, =— (moment due to point load)

M, = —%‘ [x — ¢] (distributed load)

* %k

M,; = I\;Ix (applied moment)

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

P(Qa) (shear due to point load)

(g) (distributed load)

M
?V, (applied moment)

where:

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

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

M, 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;

Q 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 the applied moment.

*If x is greater than a, ({ — a) is replaced by —a and x is replaced by (x - Q).

**If x is greater than c, x is replaced by (x —{) and c is replaced by (£ - ¢).
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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 equationsto be valid.

Stresses must be in the elastic region.

Registers Rgo—Rgg are available for user storage.

Sums of y, 6, M, and V may be stored in Rg, R;, Rg, and Ry, respectively.

Note that these registers are indicated on the magnetic card.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS amaniTs KEYS ooiiNTs

1 |Load side 1 and side 2.

2 |Initialize. o0 0.000 00

3 Input moment of inertia I I

lthen modulus of elasticity E E

ithen beam length. l 70 EI

4 Input load(s):

Location of point load a a

Point load P G a

Distributed load (force/length) w e w

Location of applied moment c c

Applied moment M o c

5 [Key in x to specify the point of

interest and calculate

deflection X o y

or slope X a 0

or moment X M,

or shear. X 0 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:

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=10,000 in-lb   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 72 in >

E = 30%10° psi
1=0.92in

Keystrokes: Outputs:

on 92 30
6 7200 27.60 06

40 o0@ — 40.00 00

o > 0.000 00 (Yo)

0B > -1.771 -03 (6,)

0 > 0.000 00 M,)

oR > 138.9 00 (Vo)

240 > -30.92 -03 (Y24)

24 80 > -322.1 -06 (054)

24 > 3.333 03 (M,,)

24 0 > 138.9 00 (Vi)

60 Y »> 2.415 -03 (Ye0)

60 B > 40.26 -06 (050)

60 > -1.667 03 (M)

60 > 138.9 00 (Veo) 

Example 2:

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

P = 1000 Ib

 - 44in >

Y 
 

 W=25 Ib/inI

+«—50in———

E = 30 x 10° psi
| = 1.30 in®
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Keystrokes: Outputs:

0o 130 30 G
6 5000 39.00 06

44 1000 2 @3 44.00 00

2500 > 25.00 00

3308 > 3.327 -03 (in/in) 

Example 3:

What is the total moment at the center of the beam below? (It is not necessary

to know the values of E orI to solve the problem. Simply key in 70 and press

o)

P,=1000 Ib
+«——50in———>
<20in--| P, =4001b yM=—10,000 in-Ib

   
W= 37Ib/inI

  

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

 

  

Keystrokes: Outputs:

2@ 70m0 20
400 203 > 20.00 00

37 8@ 70
10000 @A 70.00 00
MNENED2 80 21.66 03

Store values in Rg.

sTo |3 > 21.66 03 (in-1b) 

Now solve for the effect of P, and add it to the content of Rg. This is the final

answer assuming superposition is valid.

20 50 1000 0@ — 50.00 00

35 10.00 03 (in-1b)

3’8 31.66 03 (in-1b)

 

v
Vv
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Notes
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SIMPLY SUPPORTED BEAMS—TRAPEZOIDAL LOADING

 

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.

  - t ->

o -|
We

Wy

-— g —

- i
L

A A

A

  
 

Equations:

Y=Ya — Ye

Ryx® w Wy — Wa (x —d)= 0 + 0 - - d 4 d + L <Ya 0X 6EI <X ) [ 24FEl 120EI (£ — d)

(2 — d)? 2 We — Wa
_ _ +2de —d?) — 24 (702 + 6dQ — 3d?O

T

T24LEI Walk “ 5 )
(Q —_ d)2 W — W4

Ry =—n" t—0 20 [Wd 30

(We - wd) _—(es (2 —e)

 
 

WQ=We+

Ye is analogous to y4 except wy is replaced by w, and d is replaced by e.

Equations for slope, moment, and shear are the first, second and third x

derivitives of the equations above.
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Definitions:

I is the moment of inertia of the section;

E is the modulous of elasticity of the material,

L is the length of the beam;

d is the distance to the beginning of the load,

wq 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 1is the point of interest along the beam;

y is the deflection at x;

0 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 Rg, R7, Rg, and Ry are available for problems involving superposition.
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STEP INSTRUCTIONS oaTaunTs KEYS oooNITS

1 Load side 1 and side 2.

2 Input the moment of inertia I I

then the modulus of elasticity E E

then the length of the beam. Q 7o IE

3 Input distance to load d d

then initial value of load Wy Wy

then distance to end of load e e

then final value of loading. W, ng W,

4 Key in x to specify point of

interest and calculate

deflection X o y

or slope X 8 0

or moment X M,

or shear. X 0 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 wg = 35 Ib/in e =47 inches we =271b/in

[ =5in* E =30 X 108 psi g =75in x =55in

What is the deflection at x = 40?

Keystrokes: Outputs:

23 ENED 35 ENED 47 EEED
2708 5EIED 30 ED

 

 

 

 

 

cERED 7500 150.0 06
550 > ~29.58-03
550 > 1.175-03
55 > 6.842 03
5508 > ~342.1 00
400 > ~40.82-03 
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Notes
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BEAMS FIXED AT BOTH ENDS

 

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

 
 

 

 

y =y ty:tys (total deflection)

P( R — a)? x2

 

i = 6EI 3 — [x(Q +2a) — 3af)* (deflection due to point load)

Wx?
= Q_ — 02 : :Yo 2AE] [x(2 X) % ] (distributed load)

 
M Q— 2 — k%K

y; = —(Q% [_CQX_ + ? 5 3¢ ] (applied moment)

0=6,+6, + 6, (total slope)

P - 2

0, = ——(%2151# [x(SZ+2a) - 2352]* (slope due to point load)

_ Wx 2 ob =—r [x(32—2x) —¢2]  (distributed load)

 
M _ % %k

0, = ;QZ EIC)X [ 3;’( + - 3c] (applied moment)
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M, = M,; + M,, + M4 (total moment)

— 2

My, =M [x( L+ 2a) — aQ]* (moment due to point load)
QS

M,, = —g— [6x(2 — x) —22]  (distributed load)

—_ %k

M,; = E(_%fl_c) [—6% + Q- 3c] (applied moment)

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

2

(L +2a) (shear due to point load)
P(2—av = K 23)

V, = _:2& 2x —)  (distributed load)

_ —6M(8 —c) c**
V; % (applied moment)

where:

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

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

M, 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;

L 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 the applied moment.

*If x is greater than a, a is replaced by ({ — a) and x is replaced by ( { — x). The signs of 6, and

V, are also changed.

**If x is greater than c, x is replaced by ({ — x) and c is replaced by ({ — c). The signs of y; and

M,; are also changed.
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Remarks:

This card differs from other beam cards. The ‘‘start’’ function is not included

on (W@. You must manually perform the ‘‘start’’ function by storing
zero when P, W or M are not included in the problem.

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 Rgy—Rgg are available for user storage.

Sums of y, 0, M, and V may be stored in Rg, R;, Rg, Ry, respectively. Note

that these registers are indicated on the magnetic card.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

STEP INSTRUCTIONS oataonTs KEYS oSAORITS

1 Load side 1 and side 2.

2 Input moment of inertia I I

then modulus of elasticity E E

then beam length. ¢ 7o El

3 Input load(s):*

Location of point load a a

Point load P 0 a

Distributed load (force/length) w o w

Location of applied moment C c

Applied moment M oe C

4 Key in x to specify the point

of interest and calculate

deflection X o y

or slope X (6| 6

or moment X M,

or shear. X 0 Vv
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STEP INSTRUCTIONS
INPUT

DATA/UNITS
OUTPUT

KEYS pATA/UNITS
 

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 to step 2.
 

*Loads must be input, even if
   zero.     
 

Example 1:

For the beam below, what are the values of deflection, slope, moment, and

shear at an x of 114 inches?

     

Keystrokes:

4.74 30 6
140 73 

0m@ 30 147000 IIB
14770 >

140

o0
EIO0
OO

 

v
v

 

v
Vv

 

W = 141b/in

E=30x10° psi
1=4.74 in*

Outputs:

142.2 06

14.00 00

43.72 -03

-3.155-03

13.05 03

4447 00

(y)

(6)

M,)
V)
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Example 2:

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

*V
1000 Ib

 

   
 

 

E = 10x10° psi

 

1=9.75 in?

Keystrokes: Outputs:

9.75 10 6
7500 > 97.50 06

0 (@ 100 @ 50
1000 79 > 50.00 00

0 > -52.43 03 M,) 

Also, find the deflection at x = 40.

400 »
 ~101.0 -03 (Ya)
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Notes
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BEAMS FIXED AT BOTH ENDS—TRAPEZOIDAL LOADING

 

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:

 

  
 

 

   
 

o\
- e - L~

A - -
Wy /

pd | .

7~ - X

/# R /

A ¢ o

Y = Ya — Ye

_ M,x2 Rox? _ Wq (wg — wd)<x - d)

Yo=—pr t g~ (x 9) [ 24EI | 120BKL —d) ]

__@-4d (Wg — Wq)M, = EETTTN Evd(sz + 3d) ———“5—“—(29 +3d)]

Ro=% Evd(g +d)+_(“_VSI_TWQ(3Q +2d)]

(We — Wyq) _
=9&9Wy = We t+

Yye is analogous to y4 except w, replaces wy and e replaces d.

Equations for slope, moment and shear are the first, second, and third x

derivitives of the equations above.



12-02

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,

wq 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;

0 is the slope at x;

M is the internal bending momentat 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 Rg—Ry are available for problem involving superposition.
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STEP INSTRUCTIONS ATUNTS KEYS oomTS

1 Load side 1 and side 2.

2 Input the moment of inertia I I

then the modulus of elasticity E E

then the length of the beam. L oo IE

3 Input distance to load d d

then initial value of load Wy Wy

then distance to end of load e e

then final value of loading. W, ne W,

4 Key in x to specify point of

interest and calculate

deflection X o y

or slope X O 0

or moment X M,

or shear. X 0 Vv

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 wg = 35 Ib/in e =47 inches we = 27 Ib/in

I =5int E =30 X 108 psi g =75in X = 55in

What is the deflection at x = 40?

Keystrokes: Outputs:

23 EEED 35 ENED 47D
270 @ 5 EIED 30 ED

 

 

 

 

 

6ENED 750 B 150.0 06
550 > ~5.331-03
550 > 387.0-06
55 > 383.7 00
550 > ~328.6 00
400 > -9.634-03 
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Notes
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PROPPED CANTILEVER BEAMS

 

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:

 

 

l_

u__c—t.I
  

y=y1ty:+y; (total deflection)

y1 = 61;31 [F(X —3¢2x) + 3b%x] Xx<a (deflection due to point load)

y2 =W (32x3 — 2x* — ¢3x) (distributed load)
48EI

M s aos .
Ys =g G(x3 — 32%) + ¢x —cx; x <c  (applied moment)

M 2 2 2yg—E—IG(x—3Qx)+Qx—‘/2(x + c®); x>c¢

6=206, +0, + 6, (total slope)

0, = 6EI [F(3x — 342 + 3b2] X<a (slope due to point load)
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0: — 2y — — 2. >) 6EI [F(3x? 392 3(x a)?]; x a

0, = W (9 x2 — 8x3 — ¢3) (distributed load)
“48El

_M 2 i0, =L [G(3x2 —38) + L —c]; x <c (applied moment)

03—%[(}(3)( —3Q2)+Q—x] X >c

M, =M,, + M, + M4 (total moment)

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

M;; = PFx — P(x — b); x > a

M,, = W (3/8x L— x%/2) (distributed load)

M,; = 6MGx; x <¢c (applied moment)

M;; = 6MGx — M; x >¢

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

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

1 =PF—P; x>a

(— L - )) (distributed load)

V; = 6MG (applied moment)

3b2Q — b3F=|22>

b=(2—a)

QZ — C2

493
G=
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where:

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

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

M, 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;

Q 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 the applied moment.

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 Rgo—Rgs9 and Ry are available for user storage.

Sums of y, 6, My and V may be stored in Rg, R;, Rg and Ry, respectively.

Note that those registers are indicated on the magnetic card.

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS ataunts KEYS |XAORITS

1 Load side 1 and side 2.

2 Initialize. o0 0.000 00

3 Input moment of inertia I I

then modulus of elasticity E E

then beam length. L 20 El

4 Input load(s):

Location of point load a a

Point load P 0 a

Distributed load (force/length) w o0 w

Location of applied moment c c

Applied moment. M e c      
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STEP INSTRUCTIONS oatauNTs KEYS pots

5 Key in x to specify the point of

interest and calculate

deflection X A y

or slope X 0 0

or moment X M,

or shear. X 0 Vv
 

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 moment 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.)

10001b
la——30—

  Y
— 35000in-lb

/»
 

(.

A NI

 
 

 

 

 

 

 

 

 

120

W = 15Ib/in

Keystrokes: Outputs:

0@ 120008 30
1000 2 > 30.00 00

80 35000 G@B0B
1500 > 15.00 00

0 > 0.000 00 (in-1b)

on > 1.065 03 (Ib)

120 > -35.23 03 (in-1b)

1200 > -1.735 03 (Ib)
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Example 2:

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

below.

  

 

 
 

 

  

  

 

 

 

 

P =300Ib
l«—40 in—>{

M = 20000 in-Ib
y e

L L3
A T
- 80 in———

170 in

W = 10 Ib/in
E =30 x 10®psi

I =23in*

Keystrokes: Outputs:

0eQ 23 306G 6
170 0 690.0 06

40 300 (2@ 10 nfl

80 2000008 ———— 80.00 00

900 > -75.73 -03 (in)

9008 > 920.8 -06 (in/in)

90 > 11.89 03 (in-1b)
 9008 -229.0 00 (Ib)
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Notes
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PROPPED CANTILEVER BEAMS—TRAPEZOIDAL LOADING

B DOTP

X-+y X+0 3" M e

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:

 

 

We

  
   
  A

N
A
N

 

y

X

Y =ya+ Ve

_ Wy (wg — wd)(x - d)— 9,x + R,x?¥/6EI — —d)* +
Ya Box Rox’/ (x~d) [24}31 120EI

_ (& —ady (Wg — Wq)RO—T[deQ +d)+9—5d_(4sz+d)]

__(-d’ _ (wg — wy)0, ASELL [Wd(Q + 3d) s 2L + 3d)]

(We — Wq) _
_(e3 (2 —e)

Ye 1S analogous to y4 except w4 is replaced by w, and d is replaced by e.

W = We +

Equations for slope moment and shear are the first, second and third x deriva-

tives of the equations above.
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Definitions:

I is the moment of inertia of the section;

E is the modulus of elasticity of the material,

Q is the length of the beam;

d is the distance to the beginning of the load;

Wq 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, 1s the final value of the load;

x is the point of interest along the beam;

y is the deflection at x;

0 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 Rg—Ry are available for problems involving superposition.
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STEP INSTRUCTIONS oaTAUNTS KEYS ootil

1 Load side 1 and side 2.

2 Input the moment of inertia I I

then the modulus of elasticity E E

then the length of the beam. L no IE

3 Input distance to load d d

then initial value of load Wy Wy

then distance to end of load e e

then final value of loading. W, ne W,

4 Key in x to specify point of in-

terest and calculate deflection X A y

or slope X 0 0

or moment X M,

or shear. X 0 Vv

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 wy = 35 Ib/in e = 47 inches w, = 27 lb/in

I=5in* E=30X108psi & =75in X =55iIn

What is the deflection at x = 40?

Keystrokes: Outputs:

23 GEED 35 EIED 47 EIED
27 0@ 5 EIED 30G
 

 

 

 

enterJRERT]c 150.0 06
550 > ~8.849-03
550 > 674.9-06
55 > ~336.0 00
550 > ~472.6 00
400 ~17.47-03v
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Notes
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SIX-SPAN CONTINUOUS BEAMS

IntEntLn LV IYR oLVNIP1

 

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 2 | 3 4 )5 6 |
Mo CZ 77777 7 777 77 7 777771 My

A A A A A A A

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. Thisis best accomplished with programs designed for this

purpose such as CE-09 and CE-10. Simply break the continuous beam at each

support and calculate the slope at each end assuming no momentis 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).

Afterall 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 of the 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 (M,), 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 B 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 {3 keys.

The last span requires input of only the beam properties and the applied

moment at the end of the beam (My), 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 M,, the last output is the right end applied

moment My. 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 My in the display and press (i,

the output routine will be repeated after a few seconds of calculation.
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Algorithm:

The program starts by assumming that all internal moments are zero. Based

on this assumption it calculates the moment across the first intermediate

support using:

MIQI MZQ2 / Ql 22M, =46, — 6))- - *1 { 1 l) 6E111 6E212 3E111 3E2IZ

It then uses M, 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-Hill, 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 INSTRUCTIONS oatauNTs KEYS oTRl

1 Calculate all 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 no 0.000 00

4 Input moment applied at left

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

5 Input slope factor from left side

of next intermediate support 0, 0,

and from right side of support.* 0, 0 0, — 6,  
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STEP INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OUTPUT
DATA/UNITS
 

Input properties of the span:**
 

moment of inertia

 

modulus of elasticity

 

and length of span.
 

For next span, go to step 5. For
 

last span, go to step 6 and then
 

skip to step 8.
 

Input moment at end of last
 

span. My MO! Mh M‘l ”

 

M,,...,My
 

To change any span, key in
 

number of span
 

Go to step 5 for intermediate
 

spans, step 4 if first span, or
 

step 6 and skip to step 8 if last
 

span.
 

10 For a new case, go to step 1.
 

* To duplicate 6, 6,', 1, E, and £
 

from previous span to next
 

span press
 

and go to step 7.
 

**To duplicate I, E, and £ from
 

previous span to next span,
 

press ra
   and go to step 7.      
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Example:

d =120in e =340 in

' w, = 66.7 Ib/in
w, = 58.3 Ib/in

6000 Ib l lGOOO Ib

120 in A A A A 120 in
w = 16.67 Ib/in w = 16.67 Ib/in w = 20.83 Ib/in
I =109 in* I =109 in* 1 =272in?
E = 30 x 10° psi E = 30 x 10° psi E = 30 x 10° psi
¢ = 480in ¢ = 480in { - 480 in

For the three span beam above, calculate the internal moments transmitted

across the two intermediate supports.

Separate the beam into three independent sections and use the Simply Supported

Beam—Trapezoidal Load program to solve for the slope factors at the points of

support.

What is 6;, the slope

factor at the end of the

 

 

beam?

What is 61, the slope factor
[7 777 7 7 777<" atthe end of the beam?
A A

w = 16.67 Ib/in

I=109in* E = 30 x 10°%, ¢ = 480 in

 

Keystrokes using CE-10: Outputs:

109 EEEED 30 6 ENED
430 70D > 3.270 09

0 16.67
480 @ED 16.67 — 0.000 00

480 B3 > 23.49-03 (6,) 

Section 2 is loaded the same as section 1. No values change, so compute the

slope factors at the two ends of section 2.

o -23.49-03 (6))

430 B 23.49-03 (67)

 

vV
Vv

Section 3 requires solution by superposition of the continuous load and the

trapezoidal load. First solve for the continuous load and store the result in
R, then add the result of the trapezoidal load.
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Keystrokes using CE-15: Outputs:

272 ENED 30 6 ENED
480 [ @ 0 E1ED
20.83 ENED 480 EHID
208308003

120 ERED 58.3 EAED
MOEEED 667080l — ~22.74-03

> -34.50-03  (6y)

Now we have the slopes at the supports. Using the continuous span program,

we can compute the internal moments at the intermediate supports.

-11.76-03

 

 

Summary of Knowns

Span 1 Span 2 Span 3

M, =60001b X 120in
2 = +720,000 in-Ib

0, = 23.49 x 1073 6, = —23.49 x 1073

6, = 23.49 x 1073 6, = —34.50 x 1073

=109 I=109 I =272

E =30 x 108 E =30 x 10° E =30 x 10°®

L =480 2 =480 2 =480

M; = 6000 x 120
= —720,000 in-Ib

(M; is negative by
right hand rule)

Keystrokes: Outputs:

Span 1

300 7206 30 23.49 EIED
3ERETD 23.49 38
109 EED) 30 6 ENED
480 1.000 00 Input for span 1

complete.

v 

Span 2

23.49 3 EED 34.50 30

Since I, E, and £ remain the same between span 1 and span 2, use the automatic

section property duplicate function instead of keying the values in again.

78 > 2.000 00 
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Span 3

272 ENED 30 6 ENED
480 > 3.000 00

720.0 03 M,

-125.5 03 M,

125.5 03 M,

-698.3 03 M,

698.3 03 M,’

-720.0 03 M,

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.

 

720 3@
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STEEL COLUMN FORMULA

STEEL COLUMN FORMULA

.} 8 %

 

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:

 

   

 

 

  
S L - k

Panow = A o,[1 — (2/k)%/2 C?]/m for /k < C

Panow = A(1.0273 X 102 N/m?)/(2/k)? for C < 2/k < 200

C? = 2 m%E/a,

m = 5/3 x 3(2/k)/8C — [(2/k)/2C]?

Pmax = Pallow m

Definitions:

P.now is the allowable load;

Prax is the maximum load the column could carry;

A is the area of the section;

2 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;

oy 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 fJ 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 [ 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:

k2 =T/A

Reference:

Roark, Raymond J.; Young, Warren C.; Formulas for Stress and Strain,

McGraw-Hill, 1975.

Remarks:

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

section.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS oavaunTs KEYS otAUNITS

1 Load side 1 and side 2.

2 Input the following values:

Input yield point stress of the

material in newtons per square

meter oy (N/m?) o0 0.00 00

or pounds per square inch ay (psi) 70 0.00 00

and section area A o A

and column length Q 0 Q

and minimum radius of gyration k k

or minimum moment of inertia I na I

3 Calculate allowable load (D] P.iiow

and/or maximum load Pmax

4 For a new case, go to step 2

and change any or all of the

inputs.     
 



16-03

Example 1:

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

o
| |

—

Calculate the allowable and maximum loads using the following specifications:

k =81.0 X 10°m A =9.46 X 103 m?> o, = 248 X 106 N/m?

£ =7.5mand 12 m

Keystrokes: Outputs:

248 G 6 0O 9.46 CAED
30 7.5 @ 8! CAED
 

 

 

 

3800 > 918.2 03 Paiow (N)

G > 1.736 06 Prax (N)

12 30 > 442.8 03 Paiow (N)

G > 844.5 03 Pnax (N)

Example 2:

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

o, = 33,000 psi A =20 in? I =223 in* 2 =350 in

Keystrokes: Outputs:

33000 @200 223 20

350 241.0 03 Pajow (Pounds)v
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Notes
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REINFORCED CONCRETE BEAMS

REINFORCED CONCRETE BEAMS

S b

 

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:

As—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 (Ib-in or kg-cm);

d—The depth to the centroid of the reinforcing steel (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?).

|<— b —»|

/// Area under compression.

 

 

}
NA
v |

|
<
-
m
-
>

Q

As
I    

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:

  

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 GIF). Press G to see the current value of A. Press [ again to see

the minimum allowable value of A,. Pressing fJ at this point stores the

minimum value of A and readys the calculator for calculation of the desired

variable.



17-02

The program also checks for too much steel. Code section 10.32 specifies the

maximum steel area as:

Asmax . f. 87000Lsmax = (0.6375) - ———
bd ( ) By f, 87000 + f,

where
5 - 0.85 for f, < 4000

! 0.85 — (f, — 4000)/20000 for f, > 4000

If too much steel has been specified, the calculator flashes 10.32. Stop the

flashing by pressing [, then press GIJ to see the current steel area. Press

B8 again to see the maximum allowable tension steel area. Press @ 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 Ag, 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

7@ keys and the depth of the neutral axis (NA) may be calculated using

f23. The depth ofthe neutral axis is important since T-beams may be modeled

as rectangular beamsif the slab or flange equals or exceedes the depth of the

neutral axis.

Equations:

M=dd¢A;f, —(0.59 ¢ AZ £2)/(b f,)

¢ = 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 oataUNTs KEYS ports

1 Load side 1 and side 2.

2 Optional: toggle metric units

(1 = kilograms and centi-

meters) or English units

(0 = pounds and inches). o0 1or0

3 Input 5 of the following

variables:

Area of tension reinforcement A, o A,

Width of beam 0

Bending moment M M

Depth of section to centroid of

steel d 0 d

Compressive strength of

concrete fe fe

Yield strength of tension

reinforcement f, oG f,

4 Calculate remaining unknown

value:

Area of tension reinforcement [A] A,

Width of beam 0 b

Bending moment M

Depth of section to centroid

of steel 0 d

Compressive strength of

concrete fe

Yield strength of tension

reinforcement ne f,

5 If step 4 resulted in an “Error”
 

or a flashing display, refer to
   description for explanation.      
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STEP INSTRUCTIONS oaTAUNTs KEYS oSTPLT

6 Optional: Calculate depth of

compressive stress block 7’0 a

and/or depth of neutral axis e NA
 

7 For a new case, go to step 3
 

and changeany or all of the
 

input values.       
Example 1:

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

M = 1.2 X 108 in-1b b =18 in d =26in f. = 3500 psi

f, = 50000 psi

 

Keystrokes: Outputs:

000D > 0.000 00 (Set for English
units.)

1263603 183Q3260083

3500 @ 50000 @B — 10.50 00
(Flashing display indicates that calculated steel area is too small to meet ACI

minimum as specified in ACI 10.5. Press to halt the flashing display.

Press @@ to see the calculated value, then press GfJ again to see the minimum

value, then use the minimum value to recalculate M.)

 

 

B > 1.045 00 in? (calc)
0 > 1.872 00 in? (min)

an > 2.116 06 in-Ib (M) 

Example 2:

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

b =25cm d =30 cm M = 1.6 X 10% kg-cm f. = 281 kg/cm?

f, = 4219 kg/cm?

Keystrokes: Outputs:

’n 1.000 00 (metric units)

253308 1.6ER 68
281 @ 4219 A0 10.32 00
(Flashing display indicates that calculated steel area is too large to meet ACI

v
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specification 10.32. Press to halt flashing display. Press G@§ to see

calculated value, then @ again to see maximum value.)

 

 

G860 > 17.78 00 cm?

0 > 16.02 00 cm?

Using 16 cm? for Ag, what is the minimum value for d?

16 3B > 32.01 00 cm 

Example 3:

Calculate the area ofthe steel and the depth of the slab or flange for the T-beam

data below. Use the depth ofthe neutral axis as the minimum depth ofthe flange

so that the T-beam can be modeled as a rectangular beam.

M=2x10°nlb b=20in d=20in f. = 4000 psi
f, = 60,000 psi

 

 

 

 
    
 

 

 

i: 20 ;I

b NAY | |

20

Y ® A,

Keystrokes: Outputs:

2000 > 0.000 00 (English units)

2Ex3 6@ 20320 400083

60000 73A0O 1.935 00 in? (Ay)

78 > 2.014 00 in (Neutral axis
depth and mini-
mum flange
depth.)
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Notes
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BOLT TORQUE

BOLT TORQUE

YIS LIYA R T D\* Tmax

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:

D tan a + fy/cos 6 D
T=W m t + W f c

2 [1 — f, tan a/cos 0] )

Tmax = V(W/2 A,)? + (16T/7D3)?

T,=T—-WfT{, D

where:

T is the applied torque;

W is the bolt load;

D,, is the mean thread diameter;

a is the helix angle of the thread;

f; is the coefficient of thread friction;

0 is one-half of the thread angle;

f. is the collar coefficient of friction;

D. is the collar diameter;

Tmax 18 the maximum shear stress in the body of the screw;

A, is the root area;

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

Remarks:

The accuracy with which f; 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 ATNTs KEYS ooTS

1 Load side 1 or side 2.

2 Input helix angle of thread a a

then one-half of thread angle 0 0

then coefficient of thread

friction f, O 0.00

Input mean thread diameter Dm Dm

then collar diameter D. D,

then collar coefficient of

friction fe 0 0.00

3 Input one of the following

bolt load W w

bolt torque T 0 T

4 Calculate one of the following

bolt load

bolt torque 0 T

5 Optional: Input diameter of the

root of the thread and compute

shearstress D, Trmax

6 For a new load or torque go to

step 3. For a new case go to

step 2.

Example:

Some bolts must exert a force of 11,000 pounds each. What torque is necessary

to achieve this load assuming the following specifications? Whatis the shear

stress in the bolt?

D, = 0.3344 in f. = 0.30

a = 3.40° D. = 0.8750

f, = 0.15 D, = 0.2983

6 = 30°
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Keystrokes: Outputs:

3.40 G{ED 30ESED 150
3344ENED 8750 EHED

 

 

303 11000 3B 1876.03

28 > 156.34

298383 > 114335.98 

in-1b

ft-1bs

psi

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

the bolt load?

1630 @31 9850.61v Ibs



L 00-01

PROGRAM LISTINGS

The following listings are included for your reference. A table of keycodes and

keystrokes corresponding to the symbols used in the listings can be found in
Appendix E of your Owners Handbook.

Program Page

1. Vector Statistics . ...........coiitiiiiiniinnnnnan.. L01-01

2. Section Properties (2 Cards) ................ ..., L02-01
3. Properties of Special Sections .......................... L03-01
4. StressonanElement .......... ... .. ... ... ... ... L04-01

5. Bending or Torsional Stress . ................. .. ..., L05-01
6. Linear or Angular Deformation ......................... L06-01
7. Cantilever Beams ............ .. ... .. ... .... L07-01
8. Cantilever Beams—Trapezoidal Load . ................... L08-01
9. Simply Supported Beams ................... ... .. ..., L09-01

10. Simply Supported Beams—Trapezoidal Load ............. L10-01
11. Beams Fixedat BothEnds ............................. L11-01
12. Beams Fixed at Both Ends—Trapezoidal Load ............ L12-01
13. Propped Cantilever Beams ............................. L13-01
14. Propped Cantilever Beams—Trapezoidal Load ............ L14-01
15. Six-span Continuous Beams .. .......................... L15-01
16. Steel Column Formula ................................ L16-01
17. Reinforced Concrete Beams ............................ L17-01

Bolt Torque . ..........oiL18-01
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VECTOR STATICS

 

 

   
  

 

          

A21 #LELR Convert from polar to 827 :C'LB
gg: \:;; rectangular. g;g C;D

Y g0+
aas xLBLc @acl STOE

60¢  STCE Store x. ¥ companents of 62 PRTX
ear N2y 1 a3 KTN

aae  CTOA 864  RCLE
a9 a4 @6S  RCLA

ate kTN | @66 RCLB ___________
s’i 'Lf:g Convert from polar to 8!57 X:C Calculate angle between

aif ’ ;P rectangular. g;g C:X‘ vectors.

a14 Ay @va RCLC

e1s elBLk | 871 RCLD
alé  STOn [ 3P
a1z 2 §tore x, y components of a7 27

@,z STaC Va. @74 Re
aiv X2y ars ¥

8ze N a7e ok
zi «lBLd |\ av?  cas-

- v;',a Store F cos ¢ and F sin ¢. g;§ Rg‘;s

24 CT0E gge  PRTX
ez2s w2y ag1 RTN

8z6 S;09 @82 sLBLe
2 RN a8z SPC
& sLBLC |_______ eag4  RCLB ___________

8zs  SPC V4V 885  RCLA
@38 RCLD VitVa e ap Calculate R, .

@31 RCLB asr CLK
asz + ase 1
832 RCLA asa f

34 RCLC as@  ST04
35 + est (3

ace +p @2  ST0s
837 PRTY 893  RCLD
azs (&Y #%4  PCLC
A3  PRTX fas IF

848 RTN @eag LY

64y glBLC g7 1

a4z SFC P @98 R

843 RCLA VixVa a9 ST0S
844  RCLD 1e8  s3v
s>~ 1e:  sTO7
@4 RCLC 182 Kt

847  RCLE 13 X

g‘g N 104 Re
45 - 185 >
a5  FRTX 186 L3
a1 RTN 187 -
@52 xLBLE - _ ST T T TT 188 STCE

853 SPC Vit Va 188 RCLS
as4 RCLA 118  RCL7

@55  RCLC 111 X

as¢ X 112 RCLS
REGISTERS

° ! 2 3 4 cosf, 5 sin 0, Gcosflz 7 sin 6, 8Fcosd> 9 Fsing

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E |
X1 Y1 X2 Y2 used
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Calculate R,.

16, r, 16,

x1 tyy x2 1y,

H
H
X
K 
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SECTION PROPERTIES

 

   
 
 

 

          

861 xLBiLa . a57 ST-1a82 CLRE Clearregisters. asa RCLC Sum Alyy.

883 FIN |___ 859  RCLR

884 xLBLA Store coordinates. ace X
@es  STOD 861  RCLA

aas Rt 862  RCLD

667  STOR 863 X

aae Rt 864 -

8p9  STCR 865 ENTt

ale Rt |l _______ 866  ENT?

a1y sT0C Sum AA. 867 4

@12 RCLA a68 :

a13 + 869 RCL8

f14  STaE a’e X

815  RCLD 871  RCLA

@16 RCLB 872  RCLC

a17? - ar3 x

a1 8167 874 RCLC

eis X avs X2

aza 2 @vé  ST09

ezt s\_____ az? +

a2  ST-€ @78  RCLAa7 : Sum Al 70 x2

a24 2 aga  ST+9

a2s z 8! +

@26  RCLC 882 RCLV
@27 RCLR ae3 X

a2 - 884 3

29 ST06 @85 :

ase Xe @86 +

a1 RCLE ag? X

@3z 64 ____________ 888  RCLS
@33 ST-4 Sum Al ag9 8

834  RCLE ase s

6835 RCLE es1  RCL8

826 RCLD @92 X

az? + 892 RCL?

aze  STCS 294 5e
a9 X a9s X

a48 2 es¢ +

841 4 as7  RCLE
a4z : 8%  %#8°
A4 RCLY a99 :

a4 xz tee ST+ oooT
845 RCLT 181  RCLC Recall x; and y; for next

846  ESP4 162 cLe segment.
47 ST+ TT T T T T T T 183 PN |-
A48  RCLE Sum AM, 184 eLBLI Calculate AM, and AM,,.

842  RCLY 185 X2
858 RCLV 18€ 3
85!  ESBi1 1e? :
gs2 SsT+2 |- T - - - - = 188 2y

e53 RCL? Sum AM,, 189  GSR4
@54 PRCLE 11e
855 RCLE 111 :
@56 €S8l 112 RN -—-—------

REGISTERS

°zA 1 ™, o, o, ‘o1, Zhy % txir = i) [T vier —vi) [P+xid [2 tvier + v
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B8 C D E |

Xi Yi Xir1 Yi+1 T
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113 #LBL Calculation subroutine.

114 Ne

115 +

11€ S

; :g ‘ngg Add to sums for circular

119 ENT? regions.
12e ABS

121 X

122 Pi

123 X

124 4

125 <

126 STOA

127 ST+@

128  ENT?t

129 ARS

138 X

131 Py

132 <

133 4

134 +

135 STOR

136 Ré

137 STOC

138 Ré

139 SsT0D

148 Rt

141 x

142 RCLA

1432 X

144  ST+5

145 RCLB

146 RCLA

147 RCLC

148 Xz
149 X

158 +

151 ST+3

152 RCLB
153 RCLR

154 RCLD
155 Xz

156 X

157 +
158 ST+4

159 RCLA

1686 RCLD
161 X

162 ST+l

163 RCLA
164 RCLC

165 X
166  ST+2
167 CLX

168 RTN

LABELS FLAGS SET STATUS

Paier 1 Vit ® Cxtyttd € FLAGS TRIG DISP
b c d e ON OFF

0 0O DEG X FIX

Calculate |2 3 4 Calculate 10 ® GRAD O sci O

5 > 5 5 2 0 RAD O ENG 2[:1
3 0 ® n    
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(CARD 2)

881 xLBLA Output X,y and A. as?  RCLA

@82  GSEZ 858 Xe
aa?  PRTX 859  RCLE
064 Y ace X
8es  PPTX af1 CHE
a8c  RCLE 862 RCL3
887  PRTN @63 +
aeg RTN o ag4  ST0C

eas  xLR.? Calculate x and y. aés -
ain SPC 86e  X#8°
a11  RCLZ ae? 2
@12 RCLE ace  TAN-
a13 : eea RN |
a14  STOR aze &LBLD — oo
@15 RCLI a7!  GSB3 egY
al rRCLE az2  ST01 ’
a1v : (& 2
@18  STOR [k s -

a1a TN e B?fli PRT"?_ Rotate to principal axis
aze xLBLE Output Ix, ly and Ixy. @876 xLBLo values.

21 SPC 77 1
a2z  RCLZ aze R
822  PRTX az9 xe
24 RCL4 @ga  STOR
825  PRTX @81 RCLC
@26  RCLS ag2 X
827  PRTX aR3 NSy

aze RTH | ____ as4 Xz

823 #LBLC Calculate IX, 17 and I1Xy ges  STOE
83@  ESB3 and ¢. agé  RCLD
a1 RCLC ag? X
822 PRTY ase +
@33  RCLD 889  RCLI
A34  PRTY a%e SIN
835 RCLE 881  RCLE
836  PRTN as? X
837 RTN @93 -
a3 xLBL3 894  PRTX
@39  £SB2 895 LSTX
A46  RCLS 8% RCLA
841 RCLe @87  RCLD
842  RCLA ase X
842  RCLE 299 +
*844 X 188 RCLB
845 X 181 RCLC
84¢ - 182 X
847  STOE 183 +
848 ENT? 164 PRTX

849 + 185 RIN
@58 RCL4 166 #LBLd T
as51 RCLE 187 ENT* Cak':ulate Ix, Iy, Jand

as2 e 18§ + Ixy'.

853 RCLa 189 STOI
854 X 118 R
ass - 111 sT0C
856  STOL 112 Re

REGISTERS
0 1 4

ZA My ’ LMy ’ 2l xly ° ey 6(xi+1_xi) 7(Vi+1"\/i) a(Xi+1+><i) g(vi+1+vi)
S0 S1 S2 S3 Sa4 S5 S6 S7 S8 S9

A x,,f,cos2 ¢ & Vi, X, sin? ¢ Xi+1. 1y vi+1. 1y IE IxXy ! 2¢
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113 ST0D 169 RCLI.

114 ESBZ 178 SIN

1= x 171 x
116 RCLO 72  RCLE

117 X 173 RCLI

118 CHS 174 cas

118 RCLS 175 X

128 + 176 +
12! RCLD 177 PRTY
122 RCLF 178 RTH

123 -

124 RCLC

125 RCLA

126 -
127 X

128 RCLe

129 x

138 +
131 STOE

132 RCL

133 Ne

134 RCLC

135 RCLA

13¢ X

137 2

138 X

139 -

148 RCLO
141 x
142 RCLZ

143 +
144 STOC

145 RCLD

146 e
147  RCLD

148 RCLB

149 X

156 2

151 ¥
152 -

153 RCL8

154 %
155 RCL4

156 +

157 STOD
156 RCLI

159 2

168 :
161 6SB6

162 +

163 PRTX
164 RCLC

165 RCLD

16€ -
167 2
168 2

LABELS FLAGS SET STATUS
Bolxlyixy [CoIxIyIxy |P-Ixalyalxye|t TRIG ISP

° ¢ X1yIxy’ DEG ® FIX &
Taan-! 2 3 Ix.dyIxy GRAD O sci O

RAD 0O ENG O

€ Rotate 7 8 n          
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PROPERTIES OF SPECIAL SECTIONS

 

   
  

 

         

@81 MLEL. @857 xiBLS

aa2 1 @58 RCLC

apz 6706 Rectangle Code. as9 é
eed4 BLE __ _ _ __ ______ ace 4
aes 2 Triangle Code. ac! X
aac w6 e 862 Pi
887 %lBLc 863 <

68 3 Ellipse Code. 664  RCLE
ees 61006 |__ @85 Xe

@16 xLBLd A6é XE

a1 -4 Circle Code. a&7 +
etz eroe _ _ _ _ ________ a6e X

@12 xLBLe a69 7X

a4 3 Concentric Circle Code. @78 STOA
a1s «LBL6&  \____________ erl RIN o___

e1e  s101 Store Code. @72 sLBLB Store b and check for
arz RTN |\ _______ az3 6I0i circle geometry user

@818 #LBLR 874 #LBL4 error.
a1%  ST0R Storea. e’s  RCLI

s 6T0i 8’6  SINY

@21 «LBL4 877 xLBLI

152 e A78 xlLBLZ

a2z  STO0B @79 ¥LBL3

824 Xy @86 *LELS

@25 sLBLI 881 STOE

@2¢ xLBLZ aa2 F3?

827 #LBL3 083 RTN o__

828 sLBLS ag4 ETOT Calculate for selected
829 F3’~"‘ 585 ‘LBL] geometry.

eze RTN ____________ a8¢ wLBL2

831 RCLC 087 xLBL3

832 RCLB Calculate a age  RCLC

833 X#87? for selected geometry. age 1

634 2 ase 2

83 ET0i as1 X

@36 xlBL! as92  RCLA

837 1 fa932 xe

a3e 2 a94  LSTX

a39  ETCe a9s X
848 wLBL2 a9%¢ z

841 3 a9?  GSBi

842 6 @98  ST0B

842 ET06 a99 RTN

844 LBL3 iee »LBLZ
845 Pi 18! 2

@46 = 182 X

a47 8 183 eLBL!

ase 4 184 RTH

849 «xlBLE 185 xLBL?

esg 186 3

as! 3 187 <

as2 17X 188 1

53 ¥ 189 €
854 STOR 118 X

ass RTN 111 Pi

856  #LBL4 112 =
REGISTERS

0 1 2 3 5 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E |
a b I    
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113 RTN 169 &LBLT

114 #LBLS 178 Xy
115  RCLA 171 X2
116 xe 172 X
117 xe 173 53y

118 RCLC 174 Xe
119 € 175 xe

12@ 4 176 -

121 X 177 ABS

122 Pi 17 Pi
122 z 179 ¥

124 - 138 6

125 I 181 4

126 X 182 *
127 STOR 182 RTN
128 RTN e____ 184 wBLD _______ _____

129 «lBLC Store Ix. 185 RCLA Calculate Area.
138 STOC 186  RCLB
131 F3° 187 x

132 w  l------—-- 188 E€T0i
137 RCLB Calculate Ix. 189 eLBL2

134 RCLA 19e 2
135 6589 191 :
136 STOC 192 slBL1
177 RN |-----—-—————= 193 RTN

138 ¢lBLE Calculate Ix or ly. 194 &lBLZ

139 RCLA 195 Pi
140 RCLB 196 x
141 «LBLS 197 4

142 ENT? 19¢ <
143 X2 199 RTN

144  ETCi 268 ¢LRL4
145 sLBLI 281 &LBLS

146 x 282 RCLA

147 x 283 X2
148 1 284 RCLB

149 2 285 Xe

158 € 266 -

151 RTN 287 Pi

152 «LBL2 288 X

152 x 209 4

154 X 218 2

155 2 211 RN
156 €

57 s

158 RTN

159 #LBL3

166 X
1€1 X

162 Pi

163 X
164 6

165 4
166 2

16 FTN

168 «LBL4

LABELS FLAGS SET STATUS

A eateptec [P b C —ix P A € Sy ° FLAGS TRIG DISP

Rect.  [|° Triang. [ Ellipse 4 Circle ! o DTl oea Fx O
1 2 1 3 A 4y 2 10 W GRAD O sci O

2 0 W RAD 0O ENG
6 7 1—37 9 3 3 0O n_3         
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STRESS ON AN ELEMENT

981 #LBLo Store code: T
eaz 1 . @58  6SBS

883 €108 o 859  RCLE Calculate Tmgy and
Qa4  elBlLE a6@  RCLS s+ sy
aes 2 ac! 1 T from strains.

886 sLBL@ a2 +

;7 Sstor |- ___________ a3 <

aag RTN Store v and E. 864  STXD

809 «xlBRid 865 RCLE

a18  STD? 866 1

a11 R+ @67  RCLS

812 SsT0E _ A6e -

812 RTN Store €,, €, and €. 88 *
@14 xLBLA ara  STxé

ais  ST0C a71  RCLC

a1é R¢ A7Z  RCLE

817  STOBR ar3 -

aie R+ S az4 3

ai STOR ars XA28 RTN Calculate €, and €. a7 oT0;

821 *LBLE 77 slBL1

822 RCLA aze z

822  ETOi av9  RCLE

24 #iBL2 asa ¥

825  RCLR ag! RCLA

a2 + ag2? -

827 sLBL! 88T RCLC

28 RCLC Ag4 -

az29 + @85  RCLA
aze ST06 ARE  RCLC
a3t e ag?  ETC4

632 €70 888 xLBL:
a3 xLBLZ aga X
834  RCLC asa z

a3s  RCLA a9 RCLRA

a3e - ga2 X
@37 xLRL! 897 RCLE
838 RCLE a94 -

#39 RCLC @95  FRCLC L

A48 - 96 *LPL<841 P gg; ‘LP‘_-" Output §.

A42  RCLRA 898  ESBe

@43  FCLE a9s Ré

844 - 186 PRTX
845 3 181 RIN S
a4é 2 182 xLBLC
aar I 183 Rt Calculate Ty ax and
A48 x 184 Pt (sy +52)/2 from sy, sy

845 STOS 185 SsT02 and Txy.
asa 2 186  STOE
851  ET0i 187 R1

852 sLELZ 188 ST+6
asz 1 189 -

a54 + 118 STO4
855 »lBL! 111 2

856  ST=5 112 §T=6

REGISTERS

0 1 2 3 4 5 6 7 8 9
20 Sx Sx ~ Sy Tmax (51 +52)/2 v

SO S1 S2 S3 Sa S5 S6 S7 S8 S9

A €3 & €b JC €c o ]E r Control
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113 =

114 Rt

115 S§T02

116 §T+2

117 3P
118 ST0S

119 RCLZ

128 CHS

121 RC04

igg “)'(516,6) Calculate 6 and 20.

124 <

125 TAN-

126 &T0Z

127 2

128 <

129 a

13@ RTN o _

:“;; téggg Oudt;;ut sy, 52 and Tmax

133 RCLS ana s
134  PRTX

135 RCLZ

136 2

137 =

138 PRTY

139 RTN

148 xBLE | —-———-—-———————

141 SPC Calculate s and t from 6"

142 ENT?

142 +

144 RCLZ

145 -

146 RCLS

147 +F

142 RCLE

149 +

158  PRTY

151 Y

152 PRTY

153 RTN oo

154 *LBLS Calculate €, and €; or s;
155 SPC and's;.

15¢ RCLE

157 RCLS

158 +
159 PRTY

168 RCLS

61  RCLS

162 -

163 PRTY ————===

164 RTN

LABELS FLAGS SET STATUS

AEaTbTec B"el €, 0 C SxTSyT"xv D”SlrSZ:Tmax:e E 0"~ S, T FLAGS TRIG DISP

? Rectangular | Equiangular YEty € 0 on O;F DEG  «x FIX

O Store code | Rectangular 2 Equiangular 4 Output 1 X GRAD SCI
2 X RAD ENG X

5 Cale 60 7 8 9 3 B n         
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BENDING OR TORSIONAL STRESS

 

   
  

 

       
  

A1 LBLA

aa2 ! s code.
@@z eTO0@ _ _ _ _ _ _ _ _____

A84 xLBLB605 2 M code.

#B6 6106 |-____

887 sLBLC v code.

888 3

@8 6106 |__ _ _ _ _ _ __ ___

a1@e xLBLD 1 code.
a1l 4

Aa12 w«lBLE |-___

213 §101 Store code and input and

814 R stop if input.
e15  STOi

816 F3°

e RTN  __ _ _ ________

a1e ‘ Calculate result.
a1a  ST0i

228 RCL2

a2 RCLZ

a2z X
823 RCL4

a24 s

825  RCL!

826 <

827  ETOi

828 LBl |

629 LBLZ Reciprocate result to get

aze 175 Morv.
831 Bl |____

@32 sLBL4 Store result and stop.
a33  STO:

834 RTN |-

REGISTERS

0 ! s (s) 2 M (T) 3 v (r) 4 1) 5 6 7 8 °

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E ]I
Control 
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L06-01

LINEAR OR ANGULARDEFORMATION

 

   
 

 

          

881 xLBLR A code.
a8z 1

88z ¢10O |-
@84 LBLE AR code

a85 2

a8r €TO@ |-__

887 LBLC 2 code.
8es 3
eas 6108 __ _ __ _______
@18 #LBLD P code.
all 4

ai ()1
Q13 *LBLE E code.
fa14 5

@15 sBL8 | ___________

a16  STOC Store code and input and

a1? R stop if input.
a1g8  STOi

219 F3°
aza RTN e__

ezt 1 Calculate result.
822  STCi

823  RCLY
824 RCL3

azs X
826 RCLI
az? :
828  RCLS

829 :

838 RCL2

831 2
832 6T0i |~
@33 «LBL4 Reciprocate for £ and P.
834 xlPLZ
a3s 1%

@3 ssLBLI |______

@37 sLBL2 Store result and stop.
836 #LBLS

a39  STOi

840 RTN )____

REGISTERS

0 AW £2(6) 2 ‘e Pea 7 8 °
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D

Control
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A (J) AL (6) ~E (G)
a 
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          El

CANTILEVERBEAMS

@a1  ¥LBL: Initialize as7? F2%
ARz e ese L o_______

aez  £T103 as9  STOD va'

and  STO4 a6e Ré

@85  STOS 861  RCLI

aeé RTN e___ 8¢2 4

807 LBib Store £ and EI @63 :

aes ST02 @64  RCLB

ae9 R a€s -

a1e X @AE€  RCL!

el ST0E __ _ _ _ _ _ _____ aé? X

@12 RIN Store P and a. #68  RCLB
813 xlBLc @69 Xz

814 €702 ave 1

a1s XY 8r1 .

a1é  ST0A 872 5

a17 RIN e a’3 x
a18 sLBLd Store W and b, 874 +

a19  §T04 @75  RCL!

(] 2y 87¢ Xz

821 SToB 77 x

@2 RIN |__ 878  RCLD
823 «wxilBLe Store M and c are +

@24 ST0S #88 RCLe ————_____

825 Y 881 X y ty2
@2¢  ST0C a82 - e

827 RTH ———-———— 883 RCLC

828 «LBLA vi' 884  GSB4

829  ST08 ags 6

838 RCLA 88¢ X

a31 6584 @87 RCL1

a32  LSTX 888 3

a2 x /89 X
@34 CHS @98 2y vs'
a3s 2 891 F2?

azé x 692 CLX
837 F2? @93 +

a3g @ 894 RCLS

839 RCLI 895 X
A48 RCLA 8% RCL: _________

a7 {

> X gqe y vi'tw'+ya
843 - @99 &é T
@44  RCLI lae £
845 X 141 RCLE

846 + 182 z v
@47  RCL3 183 RTN

a48 X 184 #lBLE TTTTTT7
849  RCL1 1es ST08

ase X 186  RCLA
851 RCLB 187 €SB4

852  6SB4 188  RCLI 0,
@52 PRCLR 189 2

as4 I 118 :

ass yx 111 RCLA
a5¢€ X 112 -

REGISTERS

° X(a) o w [Pm 6 7 8 o
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E 1
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113 RCL3 169 X2
114 v 17e 2
115 RCL: 171 :
11€ 172 +
117 ReLe |___ 172 RCL4
118 5SB4 174 s -
119 Ri 175 - M, + M,
128 PCLY 176 RO o_______
121 ¢ 0, 77 6584
122 : 17 cLY M,
123 RCLE 179 RCLS
124 2 188 X2
}%‘2 : 181 F20 |________
< 2 +

127 RCL1 ;g‘? RTN Mo+ Mo M,
128 x 184 #LBLD -
129 RCLB 185 ST08

lgfl 2 186 RCLA 2
5 187 6SBd
& : 18¢ @
133 ¢ 189 F2?
134 RCL4 198 RCLZ
175 x P
136 RCL! ;;; fig’gi
7 197 01X
139 RCLC 154 RCLI v
148 6SB4 |~ ——————- i;g RCLE 2
141 Ré 0.’ ¢
142 RCLS : iig RCL4
143 RCLI - |
144 X 12 -14s 0+ |emmmee———— 200 RTN v
146  RCLE 0,"+6," +6; 281 sBL4 |-
147 S 282 CFz Select smaller of x and a

148 RTN 0 283 RCLE (or b or c) and store as

140 sBLC

0

|--————--—--—- 204  STOI x.

158 ST0@ 205 X2y
151 RCLA M 286 X<y?
152  6SB4 ! 287 st -

153 RCL! 280 WY If x > a set flag.
154  RCLA 289  SF2
15¢ - 21e - —m———_—_————

156 RCLZ 21 RTN
&7 z

158 ROLE |mm——mmmmm— -
159 6584
168 CiX
161 RCLI "
162 2 2
1€3 z
164 RCLE
1€5 -
166  RCL!
167 x
168 RCLE

LA_B'ELS FLAGS SET STATUS

A oxoy x>0 x>My, [0 xov € FLAGS TRIG DISP

3 Start ® 1HEtR atp 9 btw e ctm o D1 oea X O

o 1 3 4 Store x’ 1 0 & GRAD O sct O

R X= 5 F T i E} g AD O ENG ®   
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CANTILEVER BEAMS—TRAPEZIODAL LOAD

 

   
  

 

        
 

A1 *LEL« asv €

Az STC2 Store El and &. ase  RCL4
aa3 Fe ase €

e84 X asa 2

@85  STOE af1 +

aae RTN oo__ 862 RCLI

687 slBLc Store wg, €, wg and d 263 X2
aag 28 f64 LSTX

aes  STG! 865 ¥

ala v 866 X

a1y SsT02 867 CHS

e12 Re 868  RCLI

@13 ST03 869 +

14 R 878  RCLE

a1s  ST04 871 =
1€ P28 ar2 CHS

17 RTN |_____ arz3 RTN

@18 #LBLA Calculate y. 874 sLRLC ____ ________

619  6SBS 875  ESP9 Calculate M.

aze 6581 876  6SB1

a21  6SB7 877  6SB7

a22  6SBI 878  &SBI

822  ET06 a79 6706

@24 LBLI #88 #LBL!

azs 1 a1 6

azé 2 882 :

az? a 882 RCL4

az2e < 884 2

829  RCL4 a3s <

a3e 2 asé +

a31 4 @87  RCLI

a32 < 888 Xe
a3z + 889 ¥

@34 RCLI 2898 CHS
a3s Ne 891 RIN e_

636 Xxe 892 2LBLD Calculate V.
637 X 892 6SBS

aze - 894  GSB1

839 RCL!I A95  ESBT

a48  RCL2 8%  GSEi

@41  RCLE @97 «LBL6 ____________

g:‘z ; ggg g'jg Sum loading effect and

644 . 188 RCLE stop for display.

845  RCLE 181 25

B4¢ : 182 +

a47 RTN |_______ 182 RS o __________

@48 #LBLB Calculate slope. 184 sLBL!
@49  GSES 185 2
a5 658! 18¢ +

@51 G6SBY 187 RCL4
852 ESB1 188 +

852 6106 189 RCLI

@854 sLBL! 118 X
655 2 i1 RTN o______
@56 4 112 #LBLS

REGISTERS

0 1 2 3 4 B 6 7 8 9
x 0o 2 Wg Or We

SO S1 S2 S3 S4 S5 S6 S7 S8 S9
Sum We e wy d

A 8 wL ¢ Ddore E El ! (x -d)or0  
 

 



L08-02

 

  
 

 

 

 

  

: =
i;i Ngg Store x and calculate w_. ;E; ‘;

~ i s

115 RCLZ 17! =

116 RCL: 172 +

117 RCL2 172 RCLD

118 - 174 NE

119 RCLZ 175 LSTY

128 RCL4 176 X

121 - 177 &Tx!

22 2 17€ #

122 RCL4 179 CHS
124 x 188 RCLE |TT T TT
25 - 18! RCL4 C(‘"'““a‘e o
126 _ Wy OF W — W

’E‘E‘ Egtg Putd and wy in the stack. jgg RCLD €-d -

12 1 184 -

129 gTO8 |oo 135 x:g
138 wLBLT Store sum and put e and wg 18€  RCLI

174 25 in stack. 187 ;

132 SToR 188 RPTN

132 RCL4

134 RCLZ ___ _ _ _______

135 wLBLE (x - d)
;‘?‘: S?B; If (x — d) is greater than O,

15"8 Re (x -d) > 1, otherwise 0 >1.

129 Tor

148 RCLO

141 -

142 Xt

143 Ly

144  STOI

145 RCLB T
146 RCL4 Calculate yq in the stack

147 STO1 and 6y in R, .

148 -

149 &

1586 ST=1

151 Ré

152 2

152 4

154 s

155 ST+l

156 s
157 :

158 RCL2

159 5

166 x

161 RCLD

162 -

163 x

164 LSTX

165 RCL2

166 -

167 RCL4

168 ¥
LABELS FLAGS SET STATUS

x>y B x>0 © x> M, x>V ¢ FLAGS TRIG DIsP
b c d e NItETR dtwgtetw, o D%l cec ® fx O
1 Used 2 3 4 1T 0 ® GRAD O scI O

<+ El 6 Sum 7e, we 8 Ro. 0 9 d, wy g g g RAD O ENG         
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SIMPLY SUPPORTED BEAMS

fer #LBLo Store zeros for P, W, and M. as? 2
aa2 @ ase 4

@Az 5103 as9 <

fa4  STD4 acp  RCLE

aas  ST0S as1 Xy

aeé RIN e a6l X

@07  sLELb Store 2 and EL 863 F@°
aee  ST02 864 LSTX

ARl Ry 865 CHS

ae X @66 661 - ——-——-—————=

a11  STOE @67  RCL1 Compute
a12 rIN |- ase X2 y1 (ED)

@12 sLBLc Store P and a. a6s Fe8? or

014  STOZ are 2 6, (EI).

a1s X3V az! Fe°

a1e  SToR ar2 X
aiz RT™ |-=—=== 873  RCLD

618 xLBLJ Store W. az4 Nz

a19  ST04 ars +

eze rRTN |- a7 RCL2

821 «LBlLe Store M and c. 7 Xz

a22  STQS ave -

@23 XY ara ¥

824  STOC age €
azs PN - a1 s e
826 sLBLE Set derivative flag. @82  ESk2

827 SFe @83  RCLI Compute
@28 ero8 ----—-—-—-—-—-——-—- ag4 x2 vs (ED
@29 sLBLA Clear derivative flag. @85 RCL2 or
ae  cF8 |- a8 : 65 (ED).
831 sLBLE ae? &

a3z  SsT0€ c ase =
433 RCLZ ompute age  Fa?o :
g‘;; E";’ v2 (ED) or 6, (EI). e
a36  LSTY asz X
ai? X 893  RCL2

838 RCL@ 894 3

a39 Fa? a9s <
648 4 as%e +

84! Fe" @a97  RCLD
842 X a9e Ne
@47  RCLZ a99 2

044 2 18e <

845 X 181 RCL2
846 Fe~ 182 z

a47 7 102+
@48 Fe? 184 RCLD
249 X 105 -

asa - 18€ 5

851  RCLe 187 RCLZ
@52 X3 188

a5z X 188 RCLI T T T T TT
as4 + 118 + Y=Y1ty2tys
@55  RCL4 111 RCLE or

as€ w 112 z 0=0,+0,+0,

REGISTERS

0 x 1 xx - 2) 2 2 3 p W 5 M 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A a B ¢ c D(Q-a),-a;c,ll—c E El : SUM    



L09-02

 

  
 

 

 

 

 

113 RTN 1689 +

114 wLBLD T feoogTel o____
Set derivative flag. - .

115 SFe 17! RCLE Store x and c.

116 €T0Q _ _ _ _ _ _ _ _____ 172 STQ!

117 #LBLC Clear derivative flag. 173 RCLC
118 cFe ______ ______ 1?4 ST ___________

119 «xLBL@ 175 N yT 1fc>x GTO 0.

126 STO0@ Compute My2 176 €700 __ _ _ _______

121 2 orV, 77 RCLA Otherwise store x— £
22 2 178 RCL2 for x and 2-c for c.

123 RCL2 179 -

124 Fa? 188 5701

125 2 1Rl RCL2

126 Fa? 182 RCLC

127 < 182 -
128 RCLE 18 Ssto0 e

129 - 185 «xiBLE

138 RCL4 186 RCLS M
131 X 187 RCL2 2

132 X 188 =
123 Fe? 189 Fa> |

134 LSTY |—— 194 PTN
135  65B1 My1orVy 191 RCL! M

ppd 2?5 Mgor¥s _______ ;:: RN T
;:‘é '+ M =My + Myo + Mya o e e
S or Recall x.

139 RTN V=Vl 4VotV

148 xLBL1 gzs e
141 5701 Storefrstresults. ____
142 RCL2 Store 8 - a

143 RCL# and

144 - x
145 &TOC

146 RCLE _ _ _ _ _ _______

147 STOM Ifa>xGTOO0

148 RCLA
149 X:Y?

1s@ €706 _ _ _ _ _ _ _ _ _ ___

151 RE“? Otherwise store —a for £ -a

;23 S‘igb and x—¥£ for x.

154 RCLZ2

185 §T-r __ _ _ ________

156 xLBL@
157 RCL3 P(2 - a)
15¢  RCLD Q

159 X

16@ RCL2
1€1 2

162 Fe*> __o____

163 RTN PR -
164 RCL1 e
165 X

166 RIN |___
1€7 «LBL2 Addfirst result to second.
168 RCLI

LABELS FLAGS SET STATUS

Ax-y B x-0 x=>My D x-v E RCL x 0 Derivative FLAGS TRIG DISP

a b d 1 ON OFFStart ITETR atP w € ct™Mm o O ® DEG ® X O

0 Used ' Con Mom 3 4 2 1 0 ®

|

GRAD O sci O

5 5 5 5 5 >0 ®m

|

RAD O

|

ENG W
3 ) X n_3_          
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SIMPLY SUPPORTED BEAMS—TRAPEZIODAL LOAD

 

   
 

 

           

Sg: ‘g?ég Store El and &. g::s :’

an? K+ 858 RCLI

aa4 X are He

@es  STOE a6l X

aars kTN |_______ 862  RCLI

ee’ wLBLc Store we, e, wg, and d. ecz x
aa¢ P2S 64 +

ees STl @65  RCLI

aa R a6é 2

a1l sro2 867 =

a2 Fi as8  RCLE

a1z sT03 869 e

14 RY 878 #LBLS
@!s  8T04 a71 X

arf 28 72 +

a1? RTN |______ 873 RCLE

@16 xLBLA Calculate y. @74 2

819  ESBS azs RTN

aza  6SBi1 @’6 #LBLC -____

a21 &587 @7?  6SR9 Calculate M.

@22  ESP1 @78 ESBi

823 ET06 879  ESB7Y

824 slEC! #Re  65B1

a2s S a8l ETO0E

a2¢ ¢ AR2 #LBL!

@27 RCL4 ag3 6

e22 - as4 s

a9 2 88c  RCL4

aze 4 ARk 2

a1 2 ag? €

a3z  RCLI age -

a3z Xe age  RCLI
84 Nz ase X2

875 X ast X

3& X&y es2  RCLI

aiy  RCLe e’z RCLe

a3 X a4 X

a9 RCL! a9s +

G4a X ass RTN

f4; & as? xlBRLD o_____

842 : asg ESES Calculate V.
843 + #99  ESEI1

644 RCLE 188 GSEV

@45  €TOS 181 6SE1

@4F %LBLE 182 «BL6e ____________

gj; gig"; ———————————— igi gt": Sum loading effect and

A45 o7 Calculate slope. 165 RCLE stop for display.

858  €SEI 1e¢ 28

As1 €706 1e7 +
@52 xLBL1I 1ee RS o____
as? 4 169 xLBL!
as4 < 11e 2

a5t RCL< 111. <
ASE - 112 RCL4

REGISTERS
0 1 2 3 6 7 8 9
X Ro Wy OF We

SO S1 S2 S3 S4 S5 S6 S7 S8 S9
Sum We e wq d

A B Ic E |
wy dore El (x -d)or0
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113 - ie9 -

114 RCLI 178 RCLD
115 X 1 x

116  RCL! 72 ROL2
117 + 173 X2

118 RTK 174 7

119 «BLS ____ _ _______ 178 X

126 5708 Store x and calculate wy, . 176 -
121 RCLZ 177 X
122 p2s 178 RCL
122 KCLZ 179 RCL2
124 - 188  ENTt

125 RCLI 181 +
126 RCL3 182 -
127 - 183 CLD
128 X 184 X

129 RCL2 185 RCLZ2
136 RCL4 186 re
13! - 187 -

122 2 188 RCL4

133 RCLI 189 2
134 + 196a =

135 STOB 191 ST+!

136 RCL4 192 X

137 RCLZ Put d and wy in stack. 192 +

138 €708 194 !
139 #lBRL? |-—— 185 z
148 Pes Store sum and put e and 13€ :

141 STD@ We in stack. 197 RCL2
142 RCL2 198 RCLD
142 RCLI 199 -

144 B8 |-——= 2ea Xe

145 28 (x -d) 281 RCL2
14¢ ST04 If (x - d) is greater than 0, 2a2 %

147 R« (x - d) = I, otherwise 0 > 1. 283 STx1
148 STOD 204 y e
149 RCLE 285 RCL4 Calculate

; ;t; C;q 28¢  RCLB

152 x<87 Cor kL2 orwe
157 oLX 289  RCLD (e-d
154 S0 |-== 218 -

155 RCLE Calculate slope in stack and 2 n
156 RCL R ar
157 - 213 RCLI
158 STOM 214 x
159 3 i156 2 215 RTN

181 <
162 3
162 RCLD
164 x

1€5 6

166  ST=1
167  RCLZ

168 x
LABELS FLAGS SET STATUS

x>y [P x>0 C x> M, O x-ov € FLAGS TRIG DISP
b ItEtR ¢ dtwgtetw, [ e D%l bec m Fx o
1 Used 2 3 4 10 GRAD O sci 4

+EI 6  Sum 7 e, We 8 Ry, 0o 9 d,wy i E} RAD O ENG         
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BEAMS FIXED AT BOTH ENDS

 

   
 

 

           

@@l aLBLA Store W. as7 :

ae:  ST04 ase 3

@07 RTN | @5e Nz
@a4  wlBl Store £ and EI. hAca x
aes  ¢102 @ Fa*

aas R+ AE2  LSTX

aer X [ Fas

488 STOE aéd -
gaa RIN e ags -

@i6 xLBLc Store P and a. 86€  ESEE
a1y 8103 ae? 3
a2 XY age :

@17 &T0s ags  Fe*
[ Ty e ave _3

@15 xLELe Store M and c. en Fer
alg  ST0S e X
1T K2y A7z Fa<

a1c  STOC 674 ESBI
A2 RIN ——e 7% &SB4

@28 sLBLP Set derivative flag and start ez  RrCLC —me
az1 SFe 8, calculation. 77 ESE1 Calculate y3 EI and/or
a2z ST08 are Fe? 05 EL

@23  RSE7 are 3

e24  RCLE age Fa-

a2s 3 ae1
26 x es? Ny

az:  pCLe ARz Fe-

A28 GSE7 @g4  GSB?

a9 ¢06 |-————— aes +

A78  xLBLA Clear derivative flag and A8¢  GSRE

a7l CFe start y, calculation. eg7 eS¢ ——-——=——=—===

a32  gT0a @88  RCLE Calculate y or 6.

a33 X2 aga <
@34 RCLZ aee rRTN e

@75 RSBV a°1 xLBLD Set derivative flag and

a3 RCLA as? SFa start V, calculation.
aI7 sxlBLe |-___ esz  §108@

Aze SF1 Complete calculation of 6, a%4  RCL2

a3 - Elory, EL 285 X2y
848 RCLE ase &ser (0___
ad! X as7? CTUf_? Clear derivative flag and

a42 rcL2 a%e  xLBLL start M, calculation.
a4z NE as9 CFe
add - 1ae  ST0@

a4s X 181 RCLE

a4F Z 182 2y
a47 4 143 -

a48 = 1643 RCLE

@42 RCL4 185 X

ase | 16 RC&.-;;’

@é:,. g‘cé? Calculate y, El or 8, EI. igle ”6

£57  RCL! 189 2

@54 x 119 wete |
@55 RCLD 111 SF1 Complete calculation of
as¢  RCLE 112 - V, or M,.

REGISTERS

0 1 3 N 6 7 8 9
x, (2 - x) P W M

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E |
c a,(-a); c,(R-c) El SUM
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113 2

114 :
115 RCL4

116 X

" ek ___________

118 6SB! P( - a)?
119 Fe* ____________ 23 or

":8 &106 Calculate V,

{:i Rfl;l orM,.

123 RCLLD M(®-a)

124 RCL2 Q3

125 x

12€ -

127 slELE

ize x

129 Fa?

13@  ESB3

b GSE4

132 RCLC |_____| ___________

137 6881 Calculate V3
124 Fe° or Ms. (€ - 3a)2
135 R 2

136 Fe?

137 CLY

13€ Fa*

139 RCLD

148 &

147 = e———

42 ey ax

142 &SET
143 +
i4c x e_____

146 xleLe |__

‘::; "i?; Sign change? &+ 2a)
T4t e

148 ESRZ

1% wBLs ___________1 -_______

;:: R“;I Calculate sum Sign change.

152 RN __________1 _____
15 ! !
“,_7: “?i_, Store a or ¢ and sum. Calculation subroutine.

15  STaD
157 ké

158 ETCI

3@ ROLT
16E  RCLE

161 sTa1

162 R&v? ooTT
163 cTo8 Is x beyond loading point?

164 SF2 VeoT = TEmTTT

165 RCLZ Yos-set San change flag 228 ¥LBLT 2X subroutine
. ' 0 anda=X-aorc=Xx-c :21 ENT?

igi QC:L and x = £ — x. 222 +

168 3700 AL
LABELS FLAGS SET STATUS

A 8 C D E 0 s
x>y x>0 x>My x>V Derivative FLAGS TRIG DISP

a b c d e 1 ON OFFITETR atP w ctm P o O ® DEG = FIX O

0 Used ' Calc. 2 3 Sign 4 sum 2 Sign 10 X GRAD O sci O

5 6 7 8 3 3 2 0O }® RAD O ENG
Calc. Calc. 2x 3 0 X n       
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BEAMS FIXED AT BOTH ENDS—TRAPEZOIDAL LOAD

 

   
  

 

       
   

68! xLBLb Store EI and . @57  RCL4

aa2  ST02 ase -

ez R+ as9 6
anq X aca +

aBs  STOE 861 RCLI
aas RTIN e__ 862 Xz

@887 wiBLc Store wg,€, Wy, and d. 863  LSTX

aee (243 64 X

a89  ST0! 865 X

ale Ré 866 oY

a1 §702 867 RCLO
812 R4 868 X

a1z ST03 869 2
a4 Ré aze %

815 ST04 871 RCLI

a1é 3¢ 872 -

a1 RTN o___ a’3  RCLE

A18 =xLBLRA Calculate y. 874 sLBLS

819  ESBS a7s X

828  6SB! ave +

a2 65B7 877  RCLE

22 6SB! aze 2

823  ETO6 @879 RTIN e__

A24 xlBLI 880 =xLBLC Calculate M.

azs S 881 ESBI

3 * 882  6SB1

827  RCL4 883  ESBY

a2e - 884 £5BI

az29 z 88S  ET06

ase 4 886 «xLBL!

a3t 2 ag7 €

@32  RCLI a8e 2

833 Xz @8R  RCL4

a34 Xe 89a 2

ais X A9 =

aze X&Y asz2 -

a3? & 892 RCLI

ase £ 894 Xe

a3Is  RCcLe 895 X
a4n a6 2y

@41 RCL! 897 RCL8

A42 2 a98 x

e4z 2 a99 +

844 - 186  RCLI

a<5  RCLe 181 -

i XE 182 RN |____
a4z ¢os | 163 #LBLD o,
@48 #LBLB Calculateslo 164  GSRQ ’

@49 £SBO pe. 185 G5Bl
858 6SF) 186  6SB7
asi 6SB7 187  6SR1

as52 €SBl 1ee «BL6  __

ggi ‘fgf: i?g ng Sum loading effect and

ass 4 11 RCLE stop for display.

ase : 112 P2S
REGISTERS

0 1 2 3 6 7 8 9
x -Mo Wq Of Wg

SO S1 S2 S3 S4 S5 S6 S7 S8 S9
Sum We wg d

A B C E I
qu dore El |(x—d)or0
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113 + 1€9 X

114 B35 e 17e +
115 »LBL! 171 RCLR
116 2 172 RCL4
117 - 172 -
118 RCL4 174 8T~}
119 - 175 X
28 RCL! 17¢ 2

121 X 177 8
122 + 178 ST=1
123 RIN | 179 :

124 xLBLS Store x and calculate wy . 188  RCLD
125 5708 181 3
126 FRCL2 182 8T=!
127 28 183 X
1286 RCL2 184 RCL2
129 - 185 +
138 RCL! 186  RCL4
131 RCLZ 187 ¥
132 - 188 1
132 X 189 2
134 RCLZ 194 :
135 RCL4 191 ST+
136 - 192 CLX
137 : 182 RCL2
138 PCLI 194  RCLD
139 + 195 +
148 STOE 196  RCL4
141  RCL4 197 X
142 RCLZ Put d and wy in stack. 198 2

143 €708 199 <
144 ¥lBL? |______ 28a +

145 P2s§ Store sum and put e and 2e1  RCL:Z

146 ST06 we in stack. 282  RCLD
147  RCL2 2e3 -
148 RCLI 284 ROLZ
149 xLBLE ____ _ ___ ____ 2085 STx1

158 .P:S (x -d) 206 €
Igl STO? If (x - d) is greater than O, 287 X2

12 sron {x - d) > I, otherwise 0 1. ::gg LTy
154 RCLE 218 STx1

155 - 211 x
156 CHS 212 RCL4 ----——————-

a7 x<e? 213 RCLE
525 cg&’; ———————————— 214 - Calculate

168 RCLD estk and 216 Reld g orewell
161 STO1 217 - (2 -d)
162 ENTt oy5 i3 -
165 ST foe R
igg gg&f 222 RTN

168 ST+
LABELS FLAGS SET STATUS

x>y & xf C x>M Ox > v € FLAGS TRIG DISP

® 1tete | diwaletw, |° e o D%l bes = fx O
T Used 2 3 a 10 ®| GRADO sci O
5 - 5 5 2 O RAD O ENG

+ El Sum e, We Ro. 0o d, wy 3 0 n         
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PROPPED CANTILEVER BEAMS

 

   

 
 

  
 
 

 

           

asrv <

ase
Initialize as9

———————————— asn

as1
Store W. an?

———————————— (X

6Ed
Store £ and EI. @ss

@Es

867

are

———————————— ans

aza
1 Store P and a. AT -

A avT> NE

TR e—— arz Fa°

& 3 @74 LETH

A19 #ifLe ars Fa?
1 &TC8 Store M and c. 67¢ ®

Nay av7? Fa~

T0C aze 3
TN o— are Fa~
- © Store x, clear integral flag, ase -

é load constants. ag: -

@ @8> xLBLé

8 a8’z I

Tt 284 X

& aes  ROL3

4w 06 |-== age Y e
Store x, set integral flag, A8T T+ El (y, +v,)

load constants. ase & EI (6, +0,)

ags  sr:f —m—————————

A9@  ESF1
————————————— a91 RCLD

2a2 ¥ Calculate y; EI

aa? 3 or 83 EL
Calculate 6 vy, a3%4

El or #95  RCL2
60, EI. RA9E +

@a97  EER4

fa9e F2%

pa9  EThe

1@  RCLE
1e! ESE4

ez @

187 Fe?

a4 R
185 Fa?

____________ 18¢  PCL

Calculate 6y, EI ”3; N2

or66, EL ?gq FE':"

1:e 2
m Fa?

1i2 =
REGISTERS

0 1 2 3 4 5 6 7 8 9
sum D w M

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C E
c (x2/3 - 22) El (€-a);c
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113 €708 169 RCLI or

114 #LBLS 17e RTN V=V, +V, +V,

115  RCLC 171 #LBL4 Multiply byx if integral
116  65B4 172 Fe? fagivsato
117 =xLBL@ 172 RCLE

118 - 174 Fa?

119 6SB¢ __ _ _ _ _ _ _____ 175 x ___________

126 RCLE Y=vi+y2tysor 176 RTN Finish y;, 6, M; and
121 % 0=0,+6, +0, 77 #LBLS V, calculations.
122 RTN |-=== 178 RCL4
123 #LBLD Store x, clear integral flag, 179 X
124 CFe multiply by 2. 188  6SB4

125 ST08 181 8

126 2 182 N
127O 183 870!

128 €708 184 CF1 Store b.
128 #LPLC Store x, set integral flag. i85 RCL2

138 SFa8 186 RCLA

131 ST06 187 -

132 slBL6 |______ 188  STO0I
133 3 188 LSTY¥ o______
134 RCLZ Compute M; or V. 198 6700
135 x 19! &iBL1

136 Y 192  RCLC Store ¢

137 4 193 sTOI _ o______

138 x 194 sLBLE Set x < to a or ¢ flag
139 S 1395 CF2

146  GSRT 196 RCLA

141 6SB4 197 X£¢°

142 22 Compute M, or V, 198 SF2 o______

142 CTO@ 199 RCLI Calculate
144 1 208 3

145 £SB4 281 x
146 - 282  F1° 3a%2-2a°
147 Fa? 283 RCL2 293
148 RCLa 264  RCL2
148 Fa? 205 X First pass, then

i Z? LBZB 266 RCLI
51 & 7 2
=2 ROL3 o X @2
57 x 5 on
L 289 2 42
154 €T+1 a

218 F1°
155 6521 211 ° Second pass.
156 & Compute M3 or V3 212 =
157 X 2 ;
158 €SB4 g: : Rc:.g
15 F20 55 yx
168 6108 26 -¢ : 2 z
; 519 B, 217 F1?

5 218 RTNo

e 219 SF1
165 #LBLS 226 RCLI
166 RCLS ____________ i':i R’;N
167 x - 222

168 ST+] Mx =M, + M, + M,
LABELS FLAGS SET STATUS

A B To E 0Start ItETR atp w ct™M Integral FLAGS TRIG DISP

* Xy ? x>0 oM [© xov [ "Moment [, B W| oes FIX O
0 Used Tp 3 4 x mult 2 x<dorc 1 a GRAD O sci O

5 5 5 3 3 2 0 RAD O

|

ENG
W-P Used rMuIt&Sumr 3 0 n       
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PROPPED CANTILEVER BEAMS—TRAPEZIODAL LOAD

 

   
  

 

      
   

081 sLBLb Store El and £. 857 6
882  ST02 as8 #
883 Ré 859 RCLI

04 x 860 Xz

885 STOE 861  LSTX

86 RIN |- 862 x
887 =LBLc Store wg, &, wg, and d. 863 X
888 28 864 RCL!

809 STO! 865 -

a1e R¢ 866 Y
811  ST02 867 2
812 R+ 868 <
813  ST03 869 RCLE

@e14 Re aza xe

815 ST04 871 #LBLS

816 P2s az2 x

817 RIN | 873 +
018 «LBLA Calculate y. er4 RCLE

819  ESBY azs <
8280 5SBI A76 RIN e~

821  6SB? 877 wBLC Calculate M,.
822 6SB!1 878  &5BS
822 ET06 879 ESR1

824 slBLI #8e  ESR?

825 5 881 &SB!

826 s 882 ET06

827 RCL4 883 elBLI
828 - 284 €

829 2 885 £
a3e 886 RCL4

831 2 88? 2

832 RCLI ase £

833 X2 @89 -

834 Xe 898 RCLI

835 x asi Xz

836 X2y 892 ¥

837 RCL8 a92 X2y

38 Xe a%4  RCLE

839 X a9s x

848 6 8% +
841 : 89? RIN |

842 RCL1 898 &LBLD Calculate V.
043 - @99  GSBS

844  RCLE 186 6SB1

845 6705 |___ 181  €SB?

846 »LBLB Calculate slope. 182  €SB1

847 G5B9 183 elBL6 __ _ _________

::g §§§§ 164 CHS Sum loading effect and
185 =8 stop for display.

858 6SB! 166 RCLO

851 €T06 18?7 28

852 elLBL! 188 +
853 4 189 RS e__
a54 2 118 LBL!

855 RCL4 111 2
856 - 112 <

REGISTERS

0 X 1 -8, 2 3 4 wg of Wq 6 7 8 9

soSum S1 we S2 S3 wg S4d S5 S6 S7 S8 S9

A B C E
| wy dore El (x-d)or0
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112 RCL4 169  ENTt
114 - 178 +
115 RCLI 171 RCLD
11€ X 172 3
117 + 173 X
118 RTN 174 +
119 #BLS |_ _ _ ______ 175  RCLB

128 5706 Store x and calculate w. 176  RCL4
21 RCLZ 77 -
122 PaS 178 4
122 RCLZ 179 8
124 - 188 z
125 RCLI 181 x
126 RCLZ 182 ST+1
127 - 183 CLX
128 X 184 LSTX
129 RCLZ 185 RCLZ
136 RCL4 186 4
131 - 187 X
132 2 188  RCLD
133 RCL1 189 +
134 + 198 X
135 STOE 191 +
136 RCL4 Put d and wy in stack. 192 kCL2

137 RCLZ 192 ST=1
138 €708 194 =
139 #BL? |= 195 LSTX
140 p2s Store sum and put e and 196 x2
141 ST06 W, in stack. 197 <

142 RCL2 198
142 RCL1 199 ST=1
144 sBLE |-——-————————= 268 R¢
145 P3S (x -d) 281 RCL2
146 STO4 If (x - d)is greater than O, 282 RCLD

147 R (x - d) = I, otherwise 0 1. 283 -
148  STOD 204 Xe
149 RCLO 285 LSTX
156 - 206 x
151 CHS 287 STx1

152  X<@° 288 x

153 CLY 29 RCL |-——mm——————--

154 sr01 |-——-———————-—- 218 RCLB Calculate
155  RCLD Calculate Rin stack and 211 - _

156 STO0! -0 inR;. 212  RCL2 —(w—d-%‘%)l
157 3 -
1586 STx1 g;: RCI:D

P 217 ¢

1€5 z 220 RTN

166 STx!
167 x
168 RCL2

LABELS FLAGS SET STATUS

x>y PP x-6 Cxom, [P xov [¢ FLAGS TRIG DISP
° et [° diwgtetw, | e ! o D%E|l oes m fx o
1 2 3 4 2 10 ® GRAD O sCcI O

+El 6 sum 7 e, we F Ro. 0o P d, wy 3 i E] : RAD O ENG 3&         
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SIX-SPAN CONTINUOUS BEAMS

 

   
    
 

 

 

 
   

€61 sLBLo Clearregisters. es?  ST0iq Store £ and EL
an2  CLRG 858 DSZI

83 28 as9 ke

84  CLRE e——= asa X

aes & If N is greater than 6, give a6! ST0i
fee X2y error. 862 DSZ!

aa? Xy? 863 DpSz21 o

ees €10¢ _ _ _ _ _ _ _ _____ f64 ».BLE

aes 4 Calculate 4N + .04N and 865 RCLI Compute span number for

aa . store in L. 86 ENT? display and check to make

a1 e ae? FRC’ sure index does not equal

012 4 868 EEX 3. If it does, make it 2.
a13 X €S 2

e14  ST01 ava X

a1s CLY az1 X3

13 RTIN e~ a7 INT

@17 LBLA Store M. az3 3

a18  S10i a74  X=\"

818  DSZ1 87t DSZI

e2a RTIN e azé R¢

821 LBle Check forerror of slope az? -

a22  RCLI duplicate on last section. are 4
823 INT ar9 2

a4 3 a8e INT

825 X=y? ael RTIN e

e ¢ree | ag2  xLBLD Store My and set index to

a2z 1821 Recall last slope factor a8z CFz begin span.

828 I5Z1 difference and reset index. a84 CHS
829 1521 a8s  ST0é

e3e 15821 886 RCLI

@31 RCLi ag? FRC

e32 a age 1

833  DSS1 889 e

@34 DSZI a9e 1

835 DSZI a9l X

83¢ DSZ! Store difference. a92 st0l1 o___

037 esBR |__ 893 #LBLS Evaluate individual inter-
e3e  €70c Duplicate IE, £. 894 CF1 mediate moments.
@39 slBLB |______ @95 RCLi

840 - Calculate and store differ- a9 z

@41  STdi in slope at support. 897 *
f42 [SZ] a9g  DpsZ!

843 RIN o____ 899 RCLi

844 sLBLc Recall last IE product and 2. 108 sy
845  ISZI 181 DSZI

846 1821 182 RCLi

84?7 1821 183  DSZI

a48 1 184  RCLi
@49  RCLI 185 2

ase 1821 186 3
851 RCLi Reset index. 167 =
a52 DSzl 188 STQZ
@52 DSsZI 189 X

es4 DSZ1 |___ 114 -
ass Dsz: 111 DSZ1

ase xLBLC 112 DSZ1

REGISTERS

OMN ! Eln 2 N 3inter. mom. ¢ My s Eln- N -1 7 0-6" ® Mn -1 gElN_z

2 [10-00 [Puna [Enes [Pones Pee. [0 S . S
A |s Ic D E

Control
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113 DSZI 169 CHS
114 RCL: 176 6104 |______

115 252 171 elBLd Reset input index for a
116 CLi 172 ENT? ;1> e 173 ENT* particular span.

118 3 174 RCL!

110 : 175 FRC
126 ST+] 176 EEX

121 DSZ! 177 2
122 SF: 178 x
123 RCLi 179 4
124 X 188 :

125 2 181 x=Y?

126 : 182 €100

127 - 183 Ré

128 RCL3 184 1
129 e__ i85 X=Y?

138  1S21 186 6701

131 ISZI 187 Ré
132 1821 Check new moment 188 4
132 1821 against old moment to see 189 X
134 RCLi if change has occurred. 19 D

135 RND 191 - For intermediate spans.
13€ X3y 192  RCLI
137 STO0: 193 FRC

138 RND 194 +
139 X#£Y? 195 STOI

146 SF2 | 196 R
141 F1° More spans? 197 RIN
142 6108 |- ee—_ 198 slBLE |

143 RCLI 199 RCLI For span N.
iqe FRC Reset index for next cycle 26ee FRC

145 1 or data output. 28! 2
146 8 282 +
147 1 283 ST10!
148 ¥ 264 44
149  STCI 265 RTN

1 gg c;s; Another cycle? 266 eBLI -———————————
150 |--—— 287 RCLI For 1

152 RCLi Output moments. 208  FRC o
153 eLBL4 209 1
154 SPC o

155  PRTY §;‘,’ :
156 DSZI 212 X
157 DSZ1 212 s101
158 D

159 DS2I 214 ke215 RN -----—————-
168 €70¢
161  RCLi

162 CHE

163 PRTX
164 RTN

165 sLBLO
166 RCLi
167 CHS

168  PRTX

LABELS FLAGS SET STATUS
P o.te, [itete  Puv-omam ° FLAGS _TRIG ISP
b c d e 1Dup.all Dup. 1, E, 2 |9Setn nextspan? o °E',‘ °;F R

1 spant 2 3 4 Output 2 Output? 10 ® GRAD O scl O

7 FLoop F Ervor 3 § g : Rap O ENG ®     
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STEEL COLUMN FORMULA

 

  
 

  

 

    
   

@81 sLBLo 857 CFe ClearI flag and store k.

ae2 £T08 Store yield point stress in ase STOE

aaz 2 N/m? and store other SI es59 RTN o

ae4 o constants. 06@  &LBLD Calculate Pgjon.
aes 7 861 CF1

aa¢c EEX 862 RCLD

ea? 9 863 RCLE

88 2y 864 Fa?

a89 % @65 GSRE

aie Pi 866 s

@11 Xe 867 ST08

a12 x 868 RCLC

@12 ENTt 869  X>Y?

814 + aza 67101

815 X az! X2y

816  STOC ar2 2

a1? 1 evz e

818 e ev4 o

a1s 2 avs X2y

a2e 7 876  Xxy?

82} 3 @A77  6T0S

22 EEY a78 SFi

az2? 8 879 #LBLI

824  STO07 age 3

az2s CLX 881  RCL8

826 RTN |--= === 8’2 RCLC

827 xLBLb Store yield point stress in ag3 £

828  STOS psi and store other English 84 xe

829 2 constants. ags  ST08

a3a a 886 LSTX

831 EEX as? Ré

a32 € ese -

833 sy aga +

a34 : a9a X

a3s i a91 8

3¢ Xe a92 $

a3z x 893 5

838  ENT? @94  ENTt

839 + a9s 3
e40 N A% :

6841  STOC 897 +

042 1 898 ST06

842 4 899 F1¢

844 9 168 €T0@

845 EEX 181  RCLS
213 6 182 oY
f47  STO7 183 z

848 CLX 184 1

849 RN __ __________ 185 RCL8
8586 =LBLA 186 251 5T04 Store area. 187 s

852 RTN |\ _________ 188 -

@53 sLBLR 109 X

854  STOD Storelength. 10 €T07
855 RTN 111 »LBLE

@56 eLPLC 112 RCL7

REGISTERS

0 1 2 3 5 6 7 8 9
m constant (2/K), " Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A A B Jc c ° E Lorl 1   
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112 RCLD

114  RCLE

115 =
11€ it
117 :

118 =sLBL?

119 RCLA

128 x

12! RIN
122 slBLE @~|-———————————
123 6SBD Calculate Prpgy.

124 RCLE

128 x
126 RIN |- ———————————
127 slBLS Convert [ to k.

128 cre

129  RCLR

138 =

121 IX

132 STOE
133 FN |-
134 slBLc Set I flag and storel.

135 SFé

136 STOE

137 RTN

LABELS FLAGS SET STATUS

*a ° %  x Ptaw [ Pme | Linpur? FLAGS TRIG DISP

Soy Nm?) |° oy tesi) [ ’ ° 'c<tk |, D%| oec m

|

mx o
0Cc<e/k "'m 2 3 4 2 10 ®| GRAD O scl O

5 Error 6 7 AxP/A Tl*k [5 3 i 8 g DO ENG ®       
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REINFORCED CONCRETE BEAMS

 

   
  

 

      

@81 sLBLe as? x

aa2 € @se RCL3

ae3  cT0e Input values and store ass X

#e4  xLBLA control code. a6e -

8as 1 861 X

ARé  6T0E a2 +
867 &LBLR 862 RCLO

aee 2 864 2

fBS €700 86s 2

016 &LBLC 866 2

811 2 867 CHS

812 €708 a6  ET0E

013 #LBLD @69 #BRL3 o__

014 4 a7 Xz Computs M.
e15s  6T0€ av1 -

816 $LBLE @72 €106 --___

817 3 872 sLBL2 Compute b and f.
f18 =xLBLO 874 #LBLS

819 ST01 875 RCL3

e2e k¢ 876 -

821 ST0i ar? :

822 F3? @’e 67108

823 rRIN |---—= @’9 B4 e

824 1 980 XV Compute d.
825  ST0i Calculate forall inter- 881  RCL3
82¢ . changeable solutions. ag2 +
az? 5 ae? Y

/28 9 884 :

829 RCLS ags sBLle -__

aze RCL2 @86 STOi Store metric constants.
83! x ae? 2

832 : ase &

a33  RCL1 889 1

834 RCL6 898  ST109

a3s X 91 €

[:X{3 X /92 1

837 LSTX a93 1

a38 . a%4 7

839 2 895 ST08

a40 X a9 1

a41 X a9z 4

042 LSTX ase .

043 RCL4 899 e

844 X 168 6
#45  E€T0F —e-—— = 181 Fe? e

@846 sLBL1 Solve for A and f,. 182 6708 Store English constantsif
0847 2lBL6 183 4 flag O is notset.
#48 CHS 184 EEX
848 ENT? 185 3
ase K 186€  ST0S

as1 Ry 187 8
as2 Rt 188 7
as3 X2 129 EEX
854 2y 118 3

655  ST10@ 111 STOE
as¢ 4 112 2

REGISTERS

© Used ' A, P m d £, ®t, 7 8, %7000, 6117{°4000,281
SO S1 S3 S4 IS5 S6 S7 S8 S9

A C D |
r Control
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113 é 169 X)Y?

114 a 176 er06 000|

115 elBL® | 171 Rile Set display for too much

116  RCL6 Check for minimum 72 RCL4 steel code and GTO 7.
17 * reinforcing. 172 X
118 RCLI 174 x

119 RCL2 175 &SBe
128 RCL4 i7é -

12 X 177 KCL1
122 2 178 1
22 XY? 179 e
124 ¢106 |-————— 18@ .
125 Rd 181 2

126 LSTX Reinforcing below mini- 182 2
127 X mum. Display code. 183 ETG7
128 6SB8 184 wlBLE -———————-———=
129 + 185 RCLi Output answer.

138 RCL! 186 RIN ————-——
131 1 187 #LBLa Metric flag toggle.

132 a 188 Fe>
132 . 188 GT08
134 s 196 sFe

135 «BL? |- 191 1

136 PSE Pause loop. 192 RTN

137 €107 |-—-——-—-——————- 193 «LBiL8
138 sLBLE Check for too much steel. 194 CFa

139 . 195 8
1408 8 196 RIN |- ————===——=

141 5 197 &lBLi Set a calculate flag.

142 RCLS 198 SF2
143  RCL? 199 #BL¢e |-——Ff7———————-

144 - 286 RCLI Calculate NA or a.

145 2 2a! 1

146 EEX 2a2 .

147 4 2e3 ! 1181, A,
148 x 204 8 NA= ————

149 X¢8° 205 x Butcb
156 CLX 286 RCL2 a=(,NA

151 - 267 :

152 STG? 288  RCLé
153 . 2as x

154 6 216 RCLS
185 2 211 =
15¢ 7 212 20

157 5 213 RN
158 x . L7

159 RCLS g; < PE

g8 X 216 RN zoommomoooo
161 RCLé 217 eiBLS Calculate small delta

162 < 218 SF3 from A to correct for any

163 RCL8 216 EEX rounding errors.
164 RCLE con CHs
165 + e '

- 221 4166 = 2
167 RCL® 222 %

16¢€ ¥ 223 RTN

LABELS FLAGS SET STATUS
A B Cc o € 0 -

As b M d fc Metric FLAGS TRIG DISP

P Mer [ s ° oNA ‘ h ' o D®| oee m mx o
0 1 2 3 4 2 1 GRAD O sc O

Used As b M d 2 2 g g RAD O ENG X
5 fe 6 fy 7 code Fdelta 9 3 3 0 R n_3        
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BOLT TORQUE

@81 xLBLA 857 RCL!
882  STO! Store f, cos 8, tan @, and 858 RCLéE
aa3 R intermediate result. 859 x

a4 coSs @k8 RCL4

@8s ST02 861  RCLS
886 Ré a62 X

ea7 TAN a3 +

agg  ST03 864 RCLV

889  RCL! a6s X

a18 RCL2 866  STOB
a1l : 067 RTN |e=
a12 + 868 =xLBLE

a13 1 a69 2 Calculate shearstress in
a14  RCL1 aze Fi bolt.

815 RCL3 871 s

a1é X az2 X2y

@17 RCL2 a’3 <

Aale : 874 LSTX

819 - azs :
826 + azé &
821 ST01 ar?  LSTX

az22 CF3 878 :
a23 CLX A79 RCL1
@24 RTN e__ 888 RCLé

825 sLBLB Store diameters. a8l X
826 ST04 @a82  RCLV
azz Re a83 X
az8 2 684 X
a29 : 885 RCL?
838  STOS 886 F
831 Ré 887 X2y

a32 2 a88 Ry
a3 £ @89 X
@34  STOE 896 k3 --——-—-—-—-————
835 CF3 891 RTN
836 CLY
a3z RIN e__

@38 sLBLC

a3e  sT07 Store or calculate load.
a40 F3?

841 RTN

@842 RCLE
843 RCLI

644 RCL6

845 X

846 RCL4

847  RCLS
848 x
8439 +

ase 2
851 ST07

as52 RTN ___ _________

@53 #LBLD

gg; s:_gg Store or calculate torque.

856 RTN

REGISTERS

0 ' f, Used cosd [Ptana 4t S b2 D2 7 8 1 % Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D E |  
 



Notes



Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

 

SYMBOL OR
CONVENTION

INDICATED MEANING
 

 

White mnemonic:

X

Gold mnemonic:

y
X

oa
X4y

0

 

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 Y.

Gold mnemonics are similar to white mnemonics

except that the gold £ key must be pressed before

the user-definable key. In this case y could be input

by pressing [ @@.

4 is the symbol forG- In this case is
used to separate the input variables x and y. To

input both x and y you would key in x, pressEYUZD,
key in y and press 3.

The box around the variable x indicates input by

pressing D

Parentheses indicate an option. In this case, x is not

a required input but could be inputin special cases.

= is the symbol for calculate. This indicates that

you may calculate x by pressing key €Y.

This indicates that x, y, and z are calculated by

pressing [J once. The values would be printed in

X, Yy, z order.

The semi-colons indicate that after x has been calcu-

lated using @Y, y and z may be calculated by
pressing G .

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

either 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.
  



A-2

 

SYMBOL OR
CONVENTION

INDICATED MEANING
 

 

P?
0

START

DEL  

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 acommand. 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
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