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2 Using Stress Analysis Pac 1

USING STRESS ANALYSIS PAC 1

Stress Analysis Pac I is a collection of programs designed to aid the

engineer in the calculation of the properties of structural elements.

Each program includes a general description, formulas used in the

program solution, general user instructions, example problems with

keystroke solutions, and a program listing.

By using the keyboard functions of the HP-65 in combination

with Stress Analysis Pac I complex problems can be solved in an

easy, consistent manner. Very rarely will intermediate answers need

to be written down for later use. Where possible, inputs are stored in

consistent registers and remain unaltered from program card to

program card. This allows similar programs to be linked with little or

no reinput of data.

Any compatible system of units may be used with programs in

this pac.

PRERECORDED MAGNETIC CARDS

The prerecorded magnetic cards supplied with Stress Analysis Pac I

incorporate a shorthand set of operating instructions. This should

make it possible to run the programs without referencing the

manual. A typical card inserted in the window slot of an HP-65 is

shown below:

 

L 1

OFFIlON W/PRGMBlRUN

SA1-19A1
L)

L42

.\ 2 e | D [ S=

S80S oa£ E EFE=1 3 d

Above the [[J key are the input variables I, E, and  separated

by 1 , which is the symbol for [ENTER4]. This means key in I, press
; key in E, press [ENTER#] ; key in €, then press [[§.

A variable by itself is input by keying in the value then pressing

the corresponding user definable key. In this case, the value of x

would be keyed in, then the [EJ key would be pressed.
The input values associated with the key are similar to those

associated with the [[J key. First key in the value of a, then press

[ENTER4]. Then key in the value of P and press[§ .
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The — symbol pointing at the variables associated with the [5}
key means calculate. The first press of the [BJ key would calculate y.

The second press of [BJ would calculate 8, the third would calculate
M, and the fourth would calculate V.

Another symbol used throughout the pac is an arrow pointing

down to a variable (X). This indicates that the key may be used for

both calculation and input. If a zero is displayed when the user

definable key is pressed, the calculator calculates the value. Any

other displayed value will be stored.

A modification of this technique was needed in Soderberg’s

Equation For Fatigue, SA1-14A. On this card the symbol is RS,

This means that values are input by pressing the associated user

definable key but calculation is initiated by first pressing the

associated user definable key, then :
As you probably noticed in the example, execution was from

left to right across the magnetic card. Left to right input is always

safe. However, input order is generally immaterial to the program.



4 Format of User Instructions

FORMAT OF USER INSTRUCTIONS

The completed User Instruction Form that accompanies each

program is your guide to operating the programs in this Pac.

The form is composed offive labeled columns. Reading from left

to right, the first column, labeled STEP, gives the instruction step

number.

The INSTRUCTIONS column gives instructions and comments

concerning the operations to be performed.

The INPUT-DATA/UNITS column specifies the input data. No
units are specified in this pac since any consistent set of units can be

used. Data input keys consist of [0] through [9]and the decimal point

(the numeric keys), [EEX] (enter exponent), and [CHS] (change sign).

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-19A1" 1

2 Input momentofinertia I |:] I

then modulusof elasticity E Tt] e

then length of beam Q [: El

Inputdistance from y axis to ]

point ofinterest X I X

Input distance from origin to 1]

 

 

 

 

 

 

 

 

 

 

 

 

 

concentrated load a CP0] a

then concentrated load P (e1 a

3 Calculate deflection at x II]:—] y

4 Calculateslope at x o] 0

5  Calcuiate moment at x o] My

6  Calculate shear at x - Co[ v
 

7 For new case go to step 2 and 1]

change appropriateinputs. I

L1
* Register 8 is available for ]

intermediate storage. C1]

L]
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STEP 1: Step 1 of the example is “Enter SA1-19A1”. This calls for

the entry of the prerecorded magnetic card into the HP-65 (Refer to

Entering a Program, page 6).

STEP 2: This step specifies input of the variables necessary for

program operation. The step may be subdivided into three separate

parts. Each part is associated with a different program control key.

The variables I, E, and £ are associated with the u key as noted in

the KEYS column. The variable x is associated with the [F] key. The
variables a and P are associated with the key. Any one of these

three parts may be performed first. Order is not important since all

three parts are under one step number. However, order is important

within the parts. The word then is used to specify this order.

To perform step 2, key in the value of x according to the IN-

STRUCTIONS and INPUT-DATA/UNITS columns. When x is dis-

played, pressing [E] causes the value to be stored for later program

use. After pressing [BJ x is still in the display as noted in the

OUTPUT-DATA/UNITS column. Now key in the value of a, press
[ENTER#], then key in the value of P. With P displayed press [ to
initiate program execution. When execution halts, the value a is

displayed. To finish step 2, key in I, press [ENTER4], then E and
press again then key in ¢ and press|[f§ . When program
execution halts, EIis displayed and step 2 is completed.

STEP 3: The deflection y is calaculated in step 3 by pressing [} -

STEPS 4, 5 and 6: These steps are identical to step 3 except that 0

is calculated in step 4, M, is calculated in step 5, and V is calculated

in step 6.

STEP 7: This step gives information needed to start a new case or

modify the existing problem. For this program, it is possible to

change x, or the group a and P, or the group I, E and %

independently. It is not possible to input only I or only P since the

programs require all values of each group to be in place in the

operational stack, before the associated program control key is

pressed.



6 Entering a Program

ENTERING A PROGRAM

Select a program card from the card case supplied with this

application pac.

Set W/PRGM-RUN switch to RUN.

Turn the calculator ON. You should see 0.00.

Gently insert the card (printed side up) in the right, lowerslot as

shown. When the card is part way in, the motor engages it and passes

it out the left side of the calculator. Sometimes the motor engages

but does not pull the card in. If this happens, push the card a little

farther into the machine. Do not impede or force the card; let it

move freely. (The display will flash if the card reads improperly. In

this case, press and reinsert the card.)

 

When the motor stops, remove the card from the left side of the

calculator and insert it in the upper “window slot” on the right side

of the calculator.

The program is now stored in the calculator. It remains stored

until another program is entered or the calculatoris turned off.
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TWO DIMENSIONAL VECTOR OPERATIONS
 

TWO DIMENSIONA
VECTOR OPERATIONS SA1-1A fi

& e e, UVD e, eWT, S
 

This program performs the basic two dimensional vector opera-

tions of addition, cross product and dot, scalar, or inner product.

The sum of a vector addition automatically replaces ¥, in storage so

that sums of several vectors may be accumulated.

Equations:

for addition: Vv, +V; =(x; +x2)1+(y; +y,)]

for cross products: v; x v, =(X; Y2 - X2y1) K

. -> ->
for dot, scalar, or inner product: v; * v, =X1X, TY1Y2

where:

X; is the x component of V; (x; =1, cos6,);

X, is the x component of V, (x, =T, cos 6,);

y, is the y component of v; (y; =1, sin6,);

y, is the y component of v, (y, =1, sin 6,);
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [:][:]

2 Inputv) and v, 0]

radiusof v} " C0

then angle of v} 9, oAl 0.00

radius of v} ry L0

then angle ofv; 6, B] o000
 

3 Perform vector operation 11
 

add vectors, display radius LeLo
 

then display angle Lell1 e
 

or L]
 

take cross product
-+ -

Vi X Vy
 

or [L]
 

take dot product
-> -

Vi * VvV,
 

 

 

      
 

4 For new case go to step 2. If ,:][:

vector addition was performed (:[:

the sum of v; and v, is now [:]:}

stored as ;. L]

Example 1:

Resolve the following three loads along a 175 degree line.

170LB < 143°

175°

100LB < 261°

Keystrokes:

First add the three vectors.

185[1] 62 170[1) 143 0

y

 

 

185LB < 62°

270.12 1b

 100(1]) 261 83 —» 178.94 1b

 » 111.15°

Then resolve the sum along a 175 degree line.

 1117588 » 78.86 1b
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Example 2:

Forces A and B are shown below.If static equilibrium exists, what is

force C?

> - \ ->

B=452110° - ,'c A=100 < 30°

 

 

 

Keystrokes:

To obtain é, add A and B using a negative radius for both

100 30y 45 1B—116.57

> _127.66 

Example 3:

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

What is the reaction force transmitted along the member?

  

 

F = 300 LB <205°

Keystrokes:

Moment by cross product (T x f:).

30(1) so@ 300(1] 2053 B3

Resolution along crank

1@soAA » —271.89 1b

 

3803.56 in-lb

 



Notes 11
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STATIC EQUILIBRIUM OF A POINT
 

STATIC EQUILIBRIUM OF A POINT  SA1-2A 3
OR z§ re oo JAH wer eRy 3
 

By specifying a force vector and the direction of the two reaction

forces, the magnitudes of the reaction forces necessary to achieve

static equilibrium can be calculated. The direction of the reaction

forces may be specified as an angle or by Cartesian coordinates using

the point of force application as the origin.

 

 

\\0 (X1, Y1 ) 
Equations:

R, cos¢; + R, cos ¢, =F cos @

R, sin¢; + R, sin ¢, =F sin 0

where:

F is the knownforce;

0 is the direction of the known force;

R, is one reaction force;

¢, is the direction of Ry

R, is the second reaction force;

¢, is the direction of R, ;
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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, andy, are

the coordinates referenced from the point where F is applied to the

end of the member along which R, acts.

Remarks: Negative values for reaction forces indicate that the mem-

ber is under compression.

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [:]L_—_—]

2 Input the known force F 00 F

then the direction of the 0]

known force 0 Al F

Input direction of reaction 1 ¢, | [:] ¢,

then direction of reaction 2 ¢ e] o

o C]
Input y coordinateofreaction 1 Vi |:|~ v

then x coordinate of reaction 1

L « Lt x
then y coordinateof reaction 10

2 v Lt v
then x coordinate of reaction 11

2 x el]
3 Calculate reaction 1 o[ R,

and/or calculate reaction 2 [IH:] R,

4 For new case goto step 2 and ]

change appropriate inputs. C]
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Example 1:

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

  

 

   

 

-—7ft —>

 

 

 

Keystrokes:

500[1] 90[chs] (Y 8[cHs] [t] 7 [cHS]

o(t)10fchs] @ A > —664.38 Ib

E

|

—»437.50 1b

Example 2:

Find the forces in the members 1 and 2 of the structure below.

 

Keystrokes:

1000(4] 140 [[§ 110 [chs][1])130[chs] B} @ —> 2923.80 1b

3 >-2747.48 1b 
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Example 3:

What forces are present in cables 1 and 2 below?

8ft—><-——20ft

 ' 5000 LB < 270°

Keystrokes:

5000(1) 270 (Y 12 (1] 8[cns][t]5 (1) 20 [}— 5150.79 1b

3 » 2945.08 Ib 
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STATIC EQUILIBRIUM OF A RIGID BODY
 

STATI
~ on;A(:l-'flE F)ILB'g%yM . SA1-3A 3
| Y4X2O6p4F Y#x»Frpo7rMT o© START tortk M oanrreomM, POL <
 

This program may be used to solve for an unknown force and couple

for a specified point on a rigid body. Position of input force vectors

may be defined using either Cartesian or polar coordinates. The

position of the unknown force vector may also be specified using

either coordinate system. Any number of forces and moments may

be input.

Equations:

Fr=-(F +F, +F, +..+F,)

MT=— (;1 xf"l +;2 xl-ez +;3 xfi';; +'°'+;n xlz‘n) + ;T xf’T

- (fidl +1§12 +I\7[3 +...+K4n)

where:

F,, F,, F3, etc. are the input force vectors;

- i - . . . .

I, Iy, I'3, etc. are the position vectors of those forces (i.e., Iis

the position vector for Ft);
- - - .

M;, M;, M3, etc. are applied moments.

(Positive moments are counter-clockwise or come out of the

plane of the paper when using the right hand rule.)

Remarks: Polar inputs with radius vectors less than 1 will cause an

underflow halt when angles approach 90 degrees or 270 degrees.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATAUNITS
1 Enter program E[:‘

2 Initialize A 0.00

3 Input force vector located in C]

Cartesian form L]

y displacement y [:] y

then x displacement x II][:] x

then direction of force 0¢ [I][::] 0F

then magnitude of force F I 0.00

or in polar form: [::]

direction of displacement 6, [0 6,

then magnitude of displace- ]

then direction offorce OF 0 Or

then magnitudeofforce F eB 000

or input a moment M E 0.00

4 Calculate the magnitude of CC

Fr by locating the point of ]

action of Fin Cartesian coor- ]

dinates v L] y

or in polar coordinates C]

2 NR [

5 Calculate angle of Fr o] ot

6  Calculate balancing moment o] My

7 Tomodify this problem, go to C]

step 3 and add appropriate [::l

forces or moments. Fora new ]

case go to step 2. l:]:      
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Example 1:

What force and moment applied at point A will yield equilibrium for

the geometry shown? At point B?

 

   
 

 

 

 

 

 

100 LB £60°

110 LB 4150°

4in

L A B

i¢ 10in >I

Keystrokes for point A calculation:

B 4(t]0[1)150 [t]110E) 4 [t]10(4)

60(1] 100E1 03] 0} » 148.66 1b

QB > -72.27°
B » -1047.08 in-1b

For point B calculation:

otjio » 148.661b

B » -72.27°
 B > 368.95 in-lb
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Example 2:

What is the reaction at point A of the following lever?

  
—400 in-lb

50 LB ¢«70°

Keystrokes:

I} 160 [chs] [t]15[1) 70(%] so @E 20

20[1]J 40(1] 150 @ B 400[chs] [FO (1) 0 ) —>194.91 b

B »-132.63°

B » -51.53 in-lb
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PROPERTIES OF RECTANGULAR SECTIONS

 

PROPERTIES OF
RECTANGULAR SESQONS SA1-4A r’?l

1 b h +J +A o

[@
]

"\

This program performs an interchangeable solution for the moment

of inertia I, the width b and the height h of a rectangular section.

When b and h are known, the polar moment of inertia J and the

section area can also be found.

 

<
—
N
|
:
‘
—
>
’

Neutral Axis— — —|— — — — — — — —_— -

-
—
—
»

  I
<
—
—
—
—
M
|
:
‘

 

‘4——————-—b—>

Equations:

_bh
12
 I

J= bh (b? +h?)

12

A=bh

Remarks: Values of polar moment of inertia J calculated by this

program must not be used to calculate torsional stress and strain in

rectangular members.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program :H:]

2 Input two of the following 7i!r:7] 7 -

moment of inertia of section NIH 7 kij OA.O(; o

width of section b |:} 0.00

height of section Vh | [:] 0.00

3 Compute the remaining value [:I:]

moment of inertia of section 0.00 |[:] |

width of section 0.00 I: b

height of section aaifi h

   
 

4 Optional: Compute either or
 

both of the following
 

polar moment of inertia

 

area of section

 

5 For new case go to step 2 and
   change any or all of the inputs.

    
 

Example:

What is the moment of inertia of a section with b=3 and h=5?

What is the polar moment of inertia? What is the area? What would b

have to be if I = 40?

Keystrokes:

»31.25 in? asan
B »42.50 in*

» 15 in? 

»3.84 in soBn3E
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PROPERTIES OF CIRCULAR SECTIONS

( oAEFIEESy SAI5A OJ
E v v v
M r

 

v v

| d J A o

This program performs an interchangeable solution for five properties

of circular sections. Given either the moment of inertia I, diameter d,

radius r, polar moment of inertia J, or area A, the four remaining

properties can be calculated.

 

 

 

Neutral Axis — — -

Equations:

(=7 d*
64

1= fl334

A= ”22
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [:[:]

2 Input one of the following | [:”:] o

moment of inertia I . [:___] 000 o

diameter of section d E 0.00

radius of section r » [:] 0.00

polar moment of inertia J [I”_:___] 0.00

area of section A EEIE 0.00

3 Compute one of the following :”:l

moment of inertia 0.00 :! 1

diameter of section 0.00 :] d

radius of section 0.00 :] mr

polar moment of inertia 0.00 [Z}:] J

area of section 0.00 E{:’ A

4 For another calculation go to I:H::]

step 3. For a new case go to [:I:]

step 2. [:][:

Example 1:

If the moment of inertia of a section must be 60 in*, what is the

necessary radius? What is the polar moment of inertia? What is the

area?

Keystrokes:

sopQ
o B
o @

» 2.96 in 

 - 120.00 in*

» 27.46in? 

Example 2:

The diameter of a section is 10 centimeters. What is the moment of

inertia? What is the polar moment of inertia? Whatis the area?

Keystrokes:

oAan

o B

o @

» 490.87 cm* 

—» 981.75 cm? 

 > 78.54 cm?
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PROPERTIES OF ANNULAR SECTIONS

 

PROPERTIES OF
, ANNULAR segT?on SA1-6A >

@ I do di +>J +>A
 

This program provides an interchangeable solution for the moment

of inertia I, the outside diameter d,, and the inside diameter d; of an

annular section. Once d, and d; are known, the polar moment of

inertia J and the area of the section can be calculated.

— —Neutral Axis

 

Equations:

m (do4 - di4)

32

fl(do2 - diz)
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STEP INSTRUCTIONS DA#%Lns KEYS DA(')l’l:\T/ijrJJTS
1 Enter program [:IE

2 Input two of the following . l:”:

moment of inertia | 1 l:] ) 0.00

outside diameter do do e] o000

inside diameter d; di c|  oo00

3 Calculate the remainingrvalue . L__—”_:l

moment of inertia I 0.00 [: |

outside diameter do 0.00 e] do

inside diameter d; 0.00 [:I d;

4 Optional: Compute either or :H:I

both of the following I:”:]

polar moment of inertia E[:] J

area of section E: A

5 For new case go to step 2 and [:][:I

change appropriate inputs. ::

Example:

 
If d; equals 3 inches and I equals 10 in*, what is d,? What is A?

 

 

 

Keystrokes:

sgo@3dg »4.11 in

& » 20.00 in*

a > 6.18 in?

What would I be if d, equals 4.5 inches?

458108 —» 16.15 in? 
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COMPOSITE SECTION PROPERTIES

COMPOSITE SECTION o
. REG PROPERTIE81 SA1;$1'J o

S (f, R _
(in’xm) AViaAxpAg Agi PAMYX  pcl g’ilxy) o

M Q
O SRRSO SA1-7A2 ¢

= >ly>ix %
(RCL3>Izy) ¢ PhyoPhke  *Jo N

 

 

 

The properties of arbitrarily shaped sections can be evaluated using

this two card program. Exact solutions are obtained when the section

is broken into a finite number of rectangles. Approximate solutions

can be achieved by assuming that finite areas are concentrated at

their centers.

The program calculates the area of the section, the centroid of the

area, the moments of inertia about any specified set of axes, the

polar moment of inertia about the specified axis, the moments of

inertia about an axis translated to the centroid, the moments of

inertia of the principal axis, the rotation angle between the translated

axis and the principal axis, and the polar moment of inertia about

the principalaxis.

Equations:

Asi = Ax; Ay;

A=Ay +tAp tAg+.. H A,

Z Xoj As;

i=1

A

n

X =

n

D voi Ay
i=1

Y= A

n Ay2

Iy = Z ()'012"'1—21) Agi

i=1
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Iz = Iy - Ay?

Iy =1 - Ay’

Ky =Ly - Axy

Iy =1 cos® ¢ +Ix sin® ¢ + Iy sin2¢

Iz =Ix cos® ¢ + Iy sin® ¢ - Iz sin2¢

Jd’ = de) + IY¢

where:

Ax; is the width of a rectangular element;

Ay; is the height of a rectangular element;

Ag;is the area of an element;

A is the total area of the section;

X is the x coordinate of the centroid;

y is the y coordinate of the centroid;

Xo; is the x coordinate of the centroid of an element;

yoi is the y coordinate of the centroid of an element;

I, is the moment ofinertia about the x-axis;

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

J is the moment of inertia about the origin;
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Iy is the product of inertia;

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

centroid;

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

centroid;

Ix7 is the product ofinertia about the translated axis;

¢ is the angle between the translated axis and the principal

axis;

Ix pis the moment of inertia about the translated, rotated,

principal x-axis;

Iy 4 is the moment of inertia about the translated, rotated,

principal y-axis;

Jp is the polar moment of inertia about the origin of the

translated, rotated, principal axes.

Remarks: Values of polar moment of inertia J should not be used in

torsional stress or strain analysis.

References:

Crandall, S.H., Dahl, N.C.

An Introduction to theMechanics ofSolids, McGraw-Hill, 1959

Rhodes, G.F.

Section Properties, HP-65 Users’ Library, Number 262
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STEP INSTRUCTIONS ATAONITS KEYS DT

1 Enter Composite Section [::]

Properties, SA1-7A1 0]

2 Clearregisters

3 Input y coordinate of centroid :”:]

of element Yoi [: Yoi

4 Input x coordinate of centroid [:”:

of element Xoi :' Yoi ]

5 Input height of rectangular E[:]

element Avy; ::] Ay;

and width of rectangular :]I:]

element A x; :] Agi

or input area of element for l:”_____]

approximate solution Asi ,:] Asi

6 Go to step 3 for each element :l:l

7 Optional: Display area of ::]

section E”:] A

then display y coordinate of [:]:

centroid E: y

then display x coordinate of I:l___]

centroid |I”:] X

8 Optional: Display moment of '::]

inertia about y axis E][:] Iy

then display moment of :”::]

inertia about x axis E][: Ix

then display polar moment of :”:]

inertia about the origin E”: J

9 Optional: Display product of [:l:

inertia RCL 9 Ly

10 Enter Composite Section E{:
   Properties SA1-7A2   LIL_]    

Continued
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STEP INSTRUCTIONS oAtTS KEYS DA%%E?«TTS

11 Calculate momentof inertia [__:][:]

about translated y axis II”:] 15

12 Calculate momentof inertia [:”:I

about translated x axis [:l Iz

13 Display product of inertia for [:]:l

translated axis Iy

14 Calculate axis rotation angle [:] ¢

16 Calculate moment ofinertia [:”:l

about principal y axis :] Vo

16 Calculate moment of inertia [::”—_—]

about principal x axis :] X

17 Calculate polar moment of [:][:]

inertia about principal axis E][:l Jo

18 For new case, go to step 2 l:l:]       
Example 1:

What is the moment of inertia about the x-axis (I, ) for the rectan-

gular section shown? What is the moment of inertia about the neutral

axis through the centroid of the section (Ix)?

-
\
<

Principal Axis

 

|

|

|

|

I

  
| Centroid

  
—Pri—nci—pa-I and Neutral Axis
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TABLE OF INPUTS
 

 

       

 

 

 

 

 

 

Section Yo Xo Ay Ax

1 2.5 1.5 5 3

Keystrokes:

Using card SA 1-07A1.

[f]ReG]2.5(1) 1.5@51)3 A 15.00 (Ag)

B » 15.00 (A)

B » 2.50 ()

B » 1.50 (%)

a3 » 45.00 (I,)

3 » 125.00 (1)

Using card SA1-07A2.

 > 11.25 (Iy)
> 31.25(I5)
» 0.00 (¢)

> 11.25 (Iy)
> 31.25 (Iz,)

 

 

 

 B
R
O
B
A
a

Note that Iy, and I; are equal since ¢ = 0. Also note that Iy, agrees

with the moment of inertia calculated in example 1 of Properties of

Rectangular Sections, SA1-4A.
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Example 2:

Calculate the section properties for the beam shown below.

 

 

 

 

 

 
 

 
 

 

 

Keystrokes

 

 

 

I ® * (8.5,13.5) T

- 15 >|

e| (05,7)

@

| T
| ® e (b)) 2
II I ‘ —

I % .

1l 10 =l

TABLE OF INPUTS

Section Yoi X0 Ay |Ax

1 1 6 2 110

2 7 0.5 14 1

3 135 |85 115      
 

Using card SA 1-07Al.

[Rec] 1Mo@210 7(1) 5
BBBsAssE 11158 B—49.00 (A)
 > 6.54 (Y)
 »5.19 (X)
 >2256.33 (1)
 > 3676.33 (I,)
 > 1890.25 (I,y)

»5932.67 (J) H
E
Q
E
a
a

\
O



Using card SA 1-07A2.

n
o
[ReL) 3
 

 Y

 Yy

 

Below is a figure showing the translated

principal axis of example 2.
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934.49 (Iy)

1580.00 (Iz)

225.61 (Ixy

-17.48° (¢)

863.46 (I)

1651.04 (Ix4)

2514.49 (J4)

axis and the rotated,

 

 

 

y y y n

A A /

—17.48°

[~

. (5.19, 6.54) o

x"      
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Example 3:

Find the approximate section properties of the member below by

assuming that the circular parts are concentrated at their centers.

Also assume that the boundaries between the circular and rectangular

parts are straight lines.

   
 

  

 

 

 

 

 

, 1.75
® | @
© L. X

8-—-—-—>f|

TABLE OF INPUTS

Section Yoi Xoi Ay Ax A

1 0.0 4.5 1 8

2 3.0 0.0 7 1

3 0.0 10.25 9.62

4 8.25 0.0 9.62        
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Using card SA 1-07Al.

[f[recjo ()45 1] @ 3(Ho@7(1) 1@
0[1)102539.62[ 8.25(1) 0|8 9.62 [ )»34.24 (A)

 

 

 

 

 

 

 

 

 

 

 

 

B »2.93(y)

B -3.93 (X)

B8 > 121595 (Iy)

E > 747.01 (I,)

[RCL]9 > 0.00 (I,y)

E > 1962.96 (J)

Using card SA 1-07A2

B » 686.79 (Iy)

B > 452.82 (Ix)

3 > -394.56 (Ixy

B > -36.74° (¢)

— 981.34 (Iy4)

> 158.57 (Ix)

B > 1139.61 (J) 
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BENDING STRESS IN BEAMS OR TORSIONAL
SHEAR STRESS IN CIRCULAR SHAFTS

BENDING STRESS AND
TORSIONAL SHEAR STRESS SA1-8A R

@ v v v v 2

]

 

s(sg) M(T) v(r) I(J) o
 

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

parenthesis on the magnetic card.

Equations:

Stress
Bending Stress Distribution Shear Stress

 

  

   " }:eitél Axis “jx o |

   

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,;

S is the shearstress 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. Zero is an invalid input. Values of J and T are stored in

appropriate registers for use by Linear or Angular Deformation ofa

Shaft, SA 1—09A.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program EE

2 Input three of the following: [:]:

Bending stress (or shear :]:]

stress) s (sg) [: 0.00

Bending moment (or torque) M (T) [:] 0.00

Distance from neutral axis :”____]

(or radius) v (r) [:I 0.00

Moment of inertia (or polar :][:

moment) 1) o[ o000

3 Calculate the remaining value :”:]

Bending stress (or shear [:l:’

stress) 0.00 l:l s (sg)

Bending moment (or torque) 0.00 [:] M (T)

Distance from neutral axis [:”:]

(or radius) 0.00 [:] v (r)

Moment of inertia (or polar :]:

moment) 0.00 EI____—_] 1(J)

4 For 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 4.8 in*, and the maximum dis-

tance from the neutral axis to the surface is 2 inches, what is the

maximum applied moment?

Keystrokes:

10000 343023 3 » 24000.00 in-lb
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Example 2:

What torque will result in a stress of 12,000 pounds per square inch

at a radius of 1 inch for a 2 inch diameter shaft?

Keystrokes using card SA 1-05A:

2808 » 1.57(J)

Keystrokes using card SA 1-08A:

 

 

 

Bigi200308 > 18849.56 in-1b (T)

12 [$] » 1570.80 ft-1b (T)

Example 3:

A moment of 30,000 inch-pounds 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:

3000035 '@ —» 7894.74 psi 
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LINEAR OR ANGULAR DEFORMATION

 

OF A SHAFT

DEFORMATIONOIERSHAFT SA1-9A 2
[ v v v v v T

: AO) P(T) ¢ A@) E(G)
 

This card solves for linear deflection under tensile load or the analo-

gous angular deflection under torque using an interchangeable solu-

tion. Given four of the five variables, the unknown is calculated.

Variables for circular shafts in torsion are shown in parenthesis on

the magnetic card.

 

    

 

Equations:

< e
P

\

1 | or \

: > T

(—— = - ¢ -
_pt Al TtAl=F %=J6

where:

AL is the change in length;

P is the applied load,

{ is the length;

A is the cross sectional area;

E is the modulusor 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 ofelasticity in shear.
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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. Values of J and T are stored in

appropriate registers for use by Bending Stress in Beams and

Torsional Shear Stress in Circular Shafts, SA 1—-08A.

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [___][:]

2 Input four of the following: :]:

Linear deflection (or tor- L1

sional) A%(6) A 0.00

Applied load (or torque) P(T) CB] 0.00

Length ofshaft 2 (Q) (e1] 0.00

Area (or polar momentof 11

inertia) AW o] o000

Modulus ofelasticity (in 11

shear) E@ E| o000

3 Calculate one ofthe following: 0]

Linear deflection (angle of ]

deformation ) 0.00 Al Al

Applied load (or torque) 0.00 e1 em

Length of shaft 0.00 LcT e

Area (or polar moment of 0]

inertia) coo o| AW

Modulusof elasticity (in L]

shear) 0.00 e|1 Ew@

4 For new case go to step 2 and 11

change appropriate inputs. 0]
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Example 1:

A torque of 47 foot-pounds is applied to a circular drive bar 15

inches long with a diameter of 3/8 inches.

If G=11,500,000 pounds per square inch, what is the angular deflec-

tion in degrees?

Keystrokes using card SA 1-05A:

38B8 R[] (4]

Keystrokes using card SA 1-09A:

B4+7(1)12x]B 158 11,500,000 F [ —>0.3789 radians

180 [x] [9] [ [F] »21.7105°

 

0.0019 in* (J)

 

Example 2:

A load of 9000 pounds is applied to a coupler with a cross sectional

area of 1.73 square inches. The coupler is 40 inches long and the

modulusof elasticity is 30 x 10® pounds per square inch. What is the

the increase in length of the coupler?

Keystrokes:

9000 [ 1.73 B} 40 30 [Eex] 6@ B—> 0.01 in
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THIN-WALLED PRESSURE VESSELS

THINWALLED PRESSURE VESSELS SA‘l-10A
v v 2

@ D sc OR (ssL P t

 

sphr)

This program can be used to correlate diameter, stress, pressure and

thickness for cylindrical and spherical pressure vessels. Either the

hoop stress s, or the longitudinal stress s; may be input for cylin-

ders. For spheres, only the hoop stress sgphere is applicable.

Cut Cylindrical Section
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Equations:
. . Pr

for hoopstress in cylinders: s, = -

L L Pr
for longitudinal stress in cylinders: sy = T

) Pr
for hoop stress in spheres: sgppere = >t

where:

P is internal pressure;

D is diameter ofvessel (r = D/2);

t is thickness of vessel.

Remarks: The thickness of the walls must be negligible with respect

to the value of the radius. The equations are not valid in the neighbor-

hood of end closures for cylindrical vessels.

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program :]::]

2 Input three of the following 1]

vessel diameter D - X

e LB| o000
or longitudinal stress for 0]

cylinder s Cc1 000

or hoop stress for sphere sphere C| 000

pressure P o[ 0.00

wall thickness t e|1 oo00

3 Calculate one ofthe following L]

vessel diameter 0o A] D

hoop stress for cylinder 0.00 s] Sc

or longitudinalstress for ]

cylinder 0o c] s

or hoopstress for sphere 000 ¢| spnere

pressure coo o| P

wall thickness coo E] t

4 For new case go to step 2 and [

change appropriate inputs. C11

 

 

 

 

hoop stress for cylinder
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Example 1:

A basketball has a diameter of 9.3 inches. The thickness of the cord

layer which resists virtually all of the internal pressure is 1/32 inch.

The recommended pressure is 9 pounds per square inch. What is the

stress in the cord layer?

 

Keystrokes:

9.332 (9] 3 669.60 psi

Example 2:

A four inch diameter pipe contains steam at 1000 pounds per square

inch. What thickness is required if hoop stress is not to exceed 15000

pounds per square inch?

Keystrokes:

41000315000 B @ —0.13 in 
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STRESS IN THICK-WALLED CYLINDERS

 

ri4P; o4P, r+s, >S;

STRESS
C IN THICK-WALLED CYLINDERS SA1-11A
[
o M

O
I
H
L

|
This program calculates the radial and tangential components of

normalstress for thick-walled, cylindrical, pressure vessels.

 

Equations: 1’Pi-1,%P,  1;%1,% (P - Py)

o P-?)

where:

Sy is the radial component ofstress;

s¢ is the tangential component ofstress;

1; is the internal radius;

I, is the outer radius;

2 2 2 2
L Pi‘ro Po + Ii To (Pi"Po)

2 _ I.i2 I.2 (f02 — ri2)

r is the radius where calculated stresses occur;

P; is the internal pressure;

P, is the outside pressure.

Remarks: A negative stress indicates compression.

Reference:

J. E. Shigley

Mechanical Engineering Design, McGraw Hill, 1963.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program :]:]

2 Input the following (:l: o

Inside radius r |:I ri

then inside pressure P; ':] ri

outside radius o [: o

then outside pressure Po I:] o

3 Input radius of interest and I:_—_—”:]

calculate radial component of [:”:l

stress r [:I Sr

4 Calculate tangential stress |I_”: St

5 For a new radius of interest go :”:l

to step 3. For a new case go to :“:]

step 2. I:][:

Example:

A cylinder has an inner radius of 1.00 inch and an outer radius of

2.00 inches. The inner pressure is 10,000 pounds per square inch and

the outer pressure is 150 pounds per square inch. What are the values

of radial and tangential stresses for radii of 1.00, 1.25, 1.75 and

2.00 inches?

Keystrokes

1] 100002 [1]150 F 1.00 @

1.25

 

Y

 

-10,000 psi (s;)

16,266.67 psi (s¢)

» -5272.00 psi (s;)

 

Y
V

Y

.
»

 

11538.67 psis;

-1155.10 psi(s;)

7421.77 psi (s¢)

-150.00 psi (s,)

» 6416.67 psi (s;)
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INTERFERENCE FITS
 

Ho#Eot

INTERFERENCE FITS-PRESSURE  SA1-12A1
€ atdad, At cepc  pewe d

-
1
1
4

 

( INTERFERENCE FITS-STRESS SA1-12A2

PSto PStco  PStciPSti PSto PStco PStei Pt S
-
1
1
4

The first card of this two card set can be used to determine contact

pressure or interference for concentric cylinders. Once the contact

pressure has been determined, the second card may be used to deter-

mine the actual tangential stresses at the surfaces of the cylinders.

These stresses may be used in maximum shear theory of failure

analysis. Modified tangential stresses for use in maximum strain

theory of failure analysis can also be computed.

Concentric Cylinders
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Equations:

for contact pressure:

2 442 2442 .

8=chc d02d12 t doz d°2 -i+fi
Ei(dc - d; ) Eo(do - dc ) E; E,

for actual tangential stresses:

2P.d2

do2 - dc2

d02 + dc2

Stco = Pc 32
d,2? -d,

dC2 + di2

1

Sto =

G = -2P.d2
ti dc2 _ dlz

for modified tangential stresses:

,_ 2P’
S -—

to d02 _ dc2

do? +d.?
Stco = P ° <+ ,u)tco c d02 _ dc2 o/

’r P dC2 + d12

Stei = —F¢ 42 —d2 = M

' -2 Pcd02
Sti
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where:

6 is the total interference;

P, is the contact pressure;

d; is the inside diameter;

d. is the contact surface diameter;

d, is the outside diameter;

M, is Poisson’s ratio for the outside material,

u; is Poisson’s ratio for the inside material;

E, is the modulus ofelasticity for the outside material,

E; is the modulus ofelasticity for the inside material;

Sto i the tangential stress of the outer surface;

is the tangential stress in the outer material at the contact

surface;
Stco

Stci is the tangential stress in the inner material at the contact

surface;

s; is the stress at the inner surface of the inner cylinder;
' . .

Sto » Stco» Stci» and sy are the modified tangential stresses
corresponding to the actual stresses just described.

Reference:

Hall, Holowenko, Laughlin

Theory and Problems or Machine Design, Schaum’s Outline

Series, McGraw Hill Co., 1961,
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-12A1 C0

2 Input inside diameter d; l: d;

3 Input contact diameter dc [: dc

4 Input outside diameter do I:l d;

5 Input Poisson’s ratio for outer I:l___]

cylinder Mo I:] o

6 Input modulus of elasticity for [___][:

outer cylinder Eo !:| Eo

7 Input Poisson’s ratio for inner I:]:]

cylinder M l:l Mi

8 Input modulus of elasticity for I:”:]

inner cylinder E; [:I Mo

9 Input the total interference and [:”:l

calculate the contact pressure 5 I::] Pc

or [T]
input the contact pressure and :”:I

calculate the total interference Pc E”:] 8

10 Enter SAT-12A2 ]

1 Calculate the following l:][:

Stress at outer surface |:] Sto

then stress of outer material EI:]

at contact surface E Stco

Stress of inner material at [:IE

contactsurface [:] Stci

then stress at inner surface [:I Sti

Modified stress at outer sur- |:]|:]

face [(c] s'to

then modified stress of outer :”:

material at contact surface [:l SItCO
     I  
 

Continued
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STEP INSTRUCTIONS DTS
Modified stress of inner E[:]

material at contact surface E:’ s'tei

then modified stress at inner [:”:

surface EI:I s'(i

12 For new case enter SA1-12A1 1]

and go to step 9 for new inter- l:”:

ference or contact pressure or l:”:]

execute steps 2-4 or 5-8 to E:[:I

change inputs. [:”:

Example 1:

The choke at the end of a shotgun barrel is to be attached using an

interference fit. If 5000 pounds per square inch must be developed

to hold the choke in place, what is the minimum allowable interfer-

ence? What are the values of actualstress.

Keystrokes using card SA 1-12A1:

75(1).9375 [1)1.125 [ .3 30[Eex] 6 .3

d; =0.75 in

d, = 0.9375 in
d, = 1.125 in

Mo = M; =0.3

E,=E; =30 x 10° psi

[t)30[EEx] 6 B S000 B} BY (-] [5]——0.00158 in

Keystrokes using card SA 1—-12A2:

BE=R(-](2] 
 

 

 

» 22727.27 psi (s¢)
> 27727.27 psi (s¢co)
—» -22777.78 psi (8ci)

> _27777.78 psi ()
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Example 2:

Two concentric cylinders have an interference of 0.005 inches. What

is the contact pressure? What are the stresses?

d; =3in

d.=Sin

d, =6.51in

u, =0.3

E, =30 x 10° psi

u; =0.28

E;=15x10°

Keystrokes using card SA 1-12A1:

3(1)5[1)6.5 8 .3[1] 30 [EEx] 6 (1] .28 (%]

15 [Eex] 6 [F] .005 —» 3802.98 psi 

Keystrokes using card SA 1—-12A1:

—» 11023.13 psi (S¢0)

—» 14826.11 psi (Stco)

> -8081.33 psi (Sici)

-11884.31 psi (s)

> 11023.13 psi (s0')
15967.00 psi (s¢ci' )
~7016.50 psi (s¢ci )
~11884.31 psi ()

 

 

 

Y 

 

Y
Y

D
E
R
R
C
O
O
B
a
a

r
v
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MOHR CIRCLE FOR STRESS

 

S=

MOHR CIRCLE FOR STRESS SA1-13A 5

Sx Sy Sxy »SqPSy »O PSgmax »Os %

 

Given the state of stress on an element, the principal stresses and

their orientation can be found. The maximum shear stress and its

orientation can also be found.

 

  
 

Sy 82 *J/

_ I _dy_ == ;e_ _9_5_

Sx 5.

dx
sT -1

Maximum
Stress State Principal Stresses Shear Stress

Equations:

Ssmax ~

 

 

 

Sy +5
$;1 = 5 * Ssmax

Sy +8y
S = 5 = Ssmax
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where:

Ssmax 1S the maximum shear stress;

s; and s, are the principal normalstresses;

0 is the angle of rotation from the principal axis to the

original axis;

s is the angle of rotation from the axis of maximum shear

stress to the original axis;

Sy is the stress in the x direction;

sy is the stress in the y direction;

Sxy is the shearstress on the element.

Reference:

Spotts, M. F.

Design ofMachine Elements, Prentice-Hall, 1971.

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program I::]

2 Input the following values I:][:__]

stress in x direction (nega- I:”:]

tive for compression) Sx Ej Sx

stress in y direction (nega- (::]

tive for compression) Sy i:] Sy

shear stress Sxy :] Sxy

3 Compute first principal stress: [I][: Sy

then compute second prin- I:l:

cipal stress IIIE:] Sy

then compute angle of ro- :”:]

tation from principal stress [_—_—”__—]

sy to original axis [I”:] 0

4 Compute maximum shearstress E[___J Ssmax

then compute angle of ro- :I:]

tation from axis of maximum [:”:]

shearto original axis E[: 0

5 For new case change appropri- :][_:_]

ate inputs in step 2. [:”—_—]
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Example :

If s, =25000 psi, s, =-5000 psi, and sy, =4000 psi, compute the

principalstresses and the maximum shearstress.

s,=—5524.77

.__Js':r P! /{3{?

g o: >

|sy=4000psi | (,;75\/

 

   
sx= 25,000 psi s, =25524.17 psi 15524.17 psi

L. Maximum
Stress State Principal Stresses Shear Stress

Keystrokes:

25000[ 5000(chs] ] 4000 B} ——25524.17 psi (s)

—» -5524.17 psi (s;)

> 7.47 degrees (0)

» 15524.17 psi (Sgmax)

—» -37.53 degrees (6)
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SODERBERG’S EQUATION FOR FATIGUE
 

SODERBERG’CTFFOTEYTN  sar1an g[ Syp#Set  RYS R¥S R¥S 2
B K4FS Pmax Pmin A
 

This program may be used to estimate maximum safe cyclic loads for

a given size part or the minimum cross sectional area needed to sus-

tain a cyclic loading. The program uses Soderberg’s equation which is

graphically represented in Figure 1.

  
   
  

  Design _Lthg
wi

¥

Safe Loading
Areag

~

  «Sw I
- FS s |

yp >

Working Stress Diagram
Figure 1

Syp _ Smax * Smin +K Syp. (Smax = Smin)

S 2 Se 2

Smax * Smin _ Pmax * Pmin

2 2A

Smax ~ Smin Pmax = Pmin
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where:

Syp is the yield point stress of the material;

se is the material endurance stress from reversed bending tests;

K is the stress concentration factor for the part;

FS is the factor of safety (FS = 1.00)

Smay 1S the maximum stress;

Smin i the minimum stress;

P,ax is the maximum load;

Pin is the minimum load;

A is the cross sectional area of the part.

Reference:

Spotts, M. F.

Design ofMachine Elements; Prentice-Hall, Inc., 1971.

Baumeister, T.

Marks Standard Handbook for Mechanical Engineers, McGraw-

Hill Book Company, 1967.

Remarks: This implementation of Soderberg’s equation is for ductile

materials only. Values of stress concentration factors and material

endurance limits may be found in the referenced sources. In the

presence of corrosive media, or for rough surfaces, fatigue effects

may be much more significant than predicted by this program.
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INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program [:H:]

2 Input yield point stress Syp ot sy
3 Input endurance stress Se [:I Se

4 Input stress concentration 0]

factor K P00 K

5 Input factor of safety FS A Syp

6 Input two of the following: L0

maximum load Pmax

|

B

||

| Pmax
minimum load Pmin

(L

C[

]|

Pmin

area ofcross section A o] A

7 Calculate the unknown value 0]

 

 

 

 

 

 

 

 

 

 

 

 

 

maximum load Pmax

minimum load Pmin
 

area of cross section [I] A

8 For new loading or area go to :”:

step 6. For new case go to step [:][:]

2. [L]

 

 

       
 

Example :

What is the maximum permissible cyclic load for a part if the mini-

mum load is 2000 pounds and the area is 0.5 square inches?

Syp = 70000 psi

se = 25000 psi

K=1.25

FS=2.0

Keystrokes:

70000 25000 1.25 2.0 [} 2000

SOA > 8888.89 Ib 
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CIRCULAR PLATES WITH SIMPLY
SUPPORTED EDGES

This program can be used to calculate the deflection and stress at the

center of a simply supported circular plate with uniformly distributed

or concentrated central loads.

 

CIRCULAR PLATES WIT
g swu»f:\}Jsuppom'eg Eoc'r'ss SA1-15A

4 E::‘: P*Ymax ®Smax W*Ymax *Smax W
S
-
J
4
D

Equations:

for a concentrated central load:

_ QB+wP r?

Ymax Ter (1 + wD

P rSmax = 12 [(1 + 1) (0.485 In =+ 0.52) ; 0.48]

for a uniformly distributed load:

_ G+ wr?

Ymax "aD (1 + )

3@ +u)Wr?
Smax =—

8h?

where:

3
D= __Eh

12(1 = u?)

Ymax is the maximum deflection;

Smax 18 the maximum stress;

u is Poisson’s ratio;

E is the modulus ofelasticity;

h is the thickness of the plate;

r is the radius of the plate;

W is the uniformly distributed load;

P is the concentrated central load.
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Reference:

Spotts, M. F.

Design ofMachine Elements, Prentice-Hall, Inc., 1971

Remarks: Deflections must be small compared to thickness of plate.

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [:E
 

 

  

 

 

2 Input modulus of elasticity E C00 E

3 Input thickness of plate ho 0] h

4 Input Poisson’s ratio u C+1] u

5 Input radius ofplate 7 r oAl D
 

6  If the load is distributed go to L]

step 10 I:":]

7 Input concentrated load and [:][:]

calculate deflection P [: Ymax

8 Calculate maximum stress l:] Smax

9 For new load go to step 7. For [:”:‘

new case go to step 2. [:”:]

10 Input distributed load and :H:]

calculate deflection W E:I Ymax

11 Calculate maximum stress [I”:’ Smax

12 For new load go to step 10. For ::}

new case go to step 2. E___—][:I
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Example 1:

Assuming that a manhole cover with an automobile tire at its center

may be modeled as a simply supported flat plate with concentrated

central load, what is the deflection at the center of the plate? Whatis

the stress?

E =30 x 10° psi

 

h=0.75in

u=0.3

r=15in’

P=15001b

Keystrokes:

30(eex] 6 [1].75(%) .3(*] 153 1500 ——— 0.01 in

» 8119.49 psi

Example 2:

A simply supported % inch thick steel plate (E = 30 x 10°, u = 0.3)
withstands 50 pounds per square inch. If the radius is 5 inches, what

is the deflection and what is the stress at the center of the plate?

Keystrokes:

30(Eex) 6[1]).25(1]) 3[1) S} SOBAERR [-]4 —> 0.0464 in

E| » 24750.00 psi 
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CIRCULAR PLATES WITH FIXED EDGES

IRCULAR PLATES
ITH FIXED EDGES SA1-16A

E Ep”hr’ P*Ymax  ®Smax W*Ymax  ®Smax

This program can be used to calculate the maximum deflection and

stress for a circular plate with fixed edges. Either central con-

centrated loads or distributed loads may be input.

 

X
4
-
O
H
D

 

Equations:

for concentrated central load:

s
Ymax T6D

P

h?
Smax (1 +u) (0.485 In hi + 0.52)

for distributed loads:

_w r?
¥Ymax 64D

I.2

Smax = -— (at edge of plate)

where:

_ Eh’

12 (1 - u?)

Ymax 1S the maximum deflection;

Smax 1S the maximum stress;

P is the concentrated load;

is the distributed load;=

is the radius of the plate;

is the thickness of the plate;

is Poisson’s ratio;

m
T

5
-

is the modulus ofelasticity.



Reference:

Spotts, M.F.,
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Design ofMachine Elements, Prentice-Hall, Inc., 1971

Remarks: Deflections must be small compared to the thickness of

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

plate.

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program :H:]

2 Input modulus ofelasticity E I:] E

3 Input thickness of plate h I:] h

4 Input Poisson’s ratio M |:

5 Input radius of plate r [:I D

6  If the load is distributed go to L]

step 10 [:]:]

7 Input concentrated load and ::I

calculate deflection P :’ . Ymax

8 Calculate maximum stress :] Smax

9 For new load go to step 7. For ' [:I[:

new case go to step 2 L[:H:]

10 Input distributed load and cal- (0]

culate deflection w @I: Ymax

1 Calculate maximum stress [I][: Smax
 

12 For new load go to step 10. For ] 
new case go to step 2.    L]    
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Example 1:

The cap on a pressure vessel is a % inch thick steel plate (E =

30 x 10° psi, u =0.3) with a 6 inch radius. It is clamped to the
opening of the pressure vessel by a ring of bolts. What are the

maximum and minimum deflections and stresses in the plate if

pressure cycles from 50 to 60 psi?

Keystrokes for minimum pressure:

30 [Eex]6 (1) 25 (1) 3[4
 

 

 

 

650) » 0.02 in

3 —» 21600.00 psi

Keystrokes for maximum pressure:

60 > 0.03 in
38 » 25920.00 psi

Example 2:

An adjustable focal length mirroris to derive its concaved shape due

to a variable force applied at its center. The mirror is chrome plated

steel (E =30 x 10° psi, u = 0.3), 0.1 inches thick and has a radius of

12 inches. What is the deflection of the center for a force of 6.0

pounds. The edges are held securely.

Keystrokes:

30Eex]6 (1) .11 3] 12 Y

6 B DSP[-] (5] » (0.00626 in 
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RECTANGULAR PLATES
 

 

 

 

 

RECTANGULAR PLATES-INPUT SA1-17A1 fi

S Eth béa z

RECTANGULAR PLATES-
SIMPLY SUPPORTED EDGES SA1-17A2 fiw

P»Ymax ro’wsmax WPYmax »Smax »n

J

\
PLATES-ECTHERATES SA117A3 g

P*Ymax *®Smax WPYmax ®Smax T
e _J 
 

This three card set can be used to calculate the deflection and stress

at the centroids of rectangular plates. Loadings may be concentrated

at the centroid of the plate or distributed uniformly over the surface.

Card one is for data input and preliminary calculation. Card two

calculates deflections and stresses for simply supported plates. Card

three calculates deflections and stresses for plates with fixed edges.
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Equations:

for simply supported edges and concentrated central load:

_ aPa?

Eh®
Ymax =

Smax=_1£ (1+#)1n£—’)’1'
mh? o

1 26249 2
a=00807—-9—6‘ 80714 ¢ -1

) -2.6249 g

v/ =8.0714e ~1

for simply supported edges with uniformly distributed load:

0.142 Wa*
a 3

Eh?| 2.21 <?) + 1

_ 0.75 Wa?
Smax = 3 '

h?| 1.61 <i> +1
b

Ymax =
 

 
for clamped edges and concentrated central loads:

 

_ o Pa?
Ymax = E—h3

_ BP
Smax = 2

-4
o =0.0791 -0.018¢ 2

E+4
a

-4
B=1.009 -0.255 ¢
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for clamped edges and distributed loads:

 

 

oo = 0.0284 Wa*

™A% Eh® [1.056 (a/b)’ +1]

Wa® (at centers
Smax " 2h? [0.623 (a/b)® + 1] oflong edges)

where:

Ymax 1S the maximum deflection;

Smax 1S the maximum stress;

is the concentrated central load;

is the uniformly distributed load;

is the modulus of elasticity;

is Poisson’s ratio;

is the thickness of the plate;

o
o

WM
T

is the length of the plate;

a is the width of the plate;

1o is the radius of application of the concentrated load for

simply supported rectangular plates.

Reference:

Spotts, M.F.

Design ofMachine Elements, Prentice-Hall, 1971

Remarks: Deflections must be small in comparison to the thickness

ofthe plate.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter Rectangular Plates |, [:][:]

SA1-17A1 ]

2 Input modulus of elasticity E :] E

3 Input thickness of plate h [_—__] 0.00

4 Input length of plate b |:] b

5 Input width of plate a ; [____—__‘ 0.00

6 For rectangular plates with [:l[:]

clamped edges go to step 14. [:H:

For rectangular plates with [:]I:]

simply supported edges enter I:”:]

SA1-17A2 C]

7 For a distributed load go to [:”::I

step 11 [::[:

8 Input concentrated load and :]:

calculate deflection P I: Ymax

9 Input ro fo [:I o

then u and calculate u I—_—] Smax

10 For new load go to step 8. For [:”::]

new case go to step 1. :]I:’

11 Input uniformly distributed :”:

load and calculate deflection W [: Ymax

12 Calculate stress E][:l Smax

13 For new load go to step 11. For I—__—”:]

new case go to step 7. :”:l

14 Enter SAT-17A3 ]

15 For adistributed load go to step [:]:]

19 ]
16 Input concentrated load and :[_____]

calculate deflection P |:] Ymax

17 Calculate stress L___—] Smax     
 

Continued
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STEP INSTRUCTIONS DATAONITS KEYS DAATRTS

18 |For new load go to step 16. For [:][:

new case go to step 1. ‘:E____—J -

19 Input uniformlydistributed C_1C_ 1 N
load and calculate deflection w fi| Y;ax

20

|

Calculate stress ’_T__”: - Smax

21 For new load go to step 19. For [:':'

new case go to step 1. [:”:l

[L]

Example 1:

A simply supported rectangular plate has a concentrated load

(ro = 1.0 in) of 150 pounds at the center. The plate is 0.25 inch

thick steel (E = 30 x 10°%, u = 0.3). It is 3 feet long by 2 feet wide.
Whatis the deflection and the stress at the centroid?

Keystrokes using card SA1-17A1:

30(Eex]6 2536 24 3

Keystrokes using card SA1-17A2:

150 B33 (-] [4] - 0.0311 in

1 t]o3@ B=d (-] [2] » 5027.16 psi

Example 2:

 

0.00

 

 

A pressure-sensitive switch is activated by the deformation of a

rectangular plate that is welded at its perimeter. The plate is 4 inches

by 5 inches and 0.01 inches thick. What deformation occurs for a

pressure of 0.01 pounds per square inch?

E=15x10°

Keystrokes using card SA1-17A1:

15eex]6(1] 01 53] 43

Keystrokes using card SA1-17A3:

01 [c] 4 > 0.0036 in

 

0.00
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CANTILEVER BEAMS
 

 

 

 

 

.
G SA1-18A1  §

g I4E4¢ X P Moy :",

o)

Y2z SA1-18A2 3
g IE4¢ X wem e ,'J)

.
Jmem SA1-18A3 2

g I4E4¢ X wo W% :,'J 
 

This three card set solves for deflection, angle, moment and shear

at specified points along cantilever beams. By using the principle of

superposition (summing calculated values in registers 7, 8 and 9) it is

possible to solve for the effects of complicated loadings.

Equations:

for a cantilever beam with a concentrated load at the end:

 

 

Px?=2 (x-3y 6EI(x 2)

Px=X (x-2¢
BT X~ 29

My =P(x -9

V=P

 

x<9

x<9

(x<9)

x<9
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for a cantilever beam with a uniformly distributed load and/or an

applied moment at the end:

 

 

y=j§[%{x&—M}MW)—%J (x<9)

=—FXI |:W<x<%—§> +Q?2>-M:l (x<9)

_ X Q2
Mx——W<x<§—Q> +7>—M (x<9)

V=W(-x) (x<9)



80 SA1-18A

for a cantilever beam with a linear load distribution:

-
5

 W, Q (€ - x)®

Y~ 4 [23 <§'X>' 59 ] (x<9

Wo [(’2‘—")4 i, 23] (x<9) 
Y Q

M, = Vo(2-%)°
6%

- Wo (2 - %)

pA
v

where:

is the deflection at a distance x from the wall;

is the slope at x;

is the moment at x;

is the shear at x;

is the moment of inertia of the beam,;

is the modulus of elasticity of the beam;

is the length of the beam;

is a concentrated load;

is a uniformly distributed load;

g
é
"
d
m
l
‘
n
.
—
‘
<
>
<
z
<
b
‘
<

is an applied moment;

W, is the maximum value of a linearly distributed load.
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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.

x must be in the range 0 < x < L.

Cantilever 1

 
INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS ~ KEYS DATA/UNITS

1 Enter SA1-18A1" I
 

 
2 Input moment of inertia | I::'|I o
 

 
then modulus of elasticity E D E

then length of beam L [: El
  

Input distance from y axis to [:]:]
  

point of interest X [:] 7 X
 

Input concentrated load P [: P
 

3 Calculate deflection at x E”:] y
  

4 Calculate slope at x [Il[: 6
 

x5 Calculate moment at x E[::I M
 

6 Calculate shear at x [I]:] <

 
7 For new case go to step 2. [:I:]
 

  
* Registers 7, 8 and 9 are avail- [:]':]
  

able for intermediate storage. I:][:      
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Cantilever 2

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-18A2° ]

2 Input moment of inertia 1 |:] 1

then modulus ofelasticity E [:] E

then length of beam 2 :] El

Input distance from y axis to [:J:]

point of interest X [—_____l X

Input uniformly distributed :[:

load w C+1] w

then applied moment M I:] w

3 Calculate deflection at x E‘: y

4 Calculate slope at x [I”_____l 6

5 Calculate moment at x E: My

6 Calculate shear at x El:] Vv

7 For new case go to step 2. [:[:
 

[T1
 

* Registers 7, 8 and 9 are avail- L1
   able for intermediate storage.   L]  
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Cantilever 3

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter SA1-18A3 | - i[::]f -

2 Input moment of inertia I ‘[:J I
 

then modulus of elasticity€ |t|| E

then length of beam i 2 fi:] oET-

Input distance from y axis to ][ji]]

point of interest o x 8

Input maximum value of o | | E:}

linearly distributed load | Wo |:]fiCwe |

3 Calculate deflection at x LS [I”::[-,Yy

Calculate slope at x | |E:} 0

   

 

   
 

 

 

 

 

 
 

 
 

4
—t — 4 — - 1

5  Calculate moment at x ‘ | E][:] My
- %

6 Calculate shearat x ;El:] Vv
- ?

7 For new case go to step 2. l‘ [___:| |

 

* Registers 7, 8 and 9 are avail- [::H:__—_l

able for intermediate storage. l:]:]

       
 

Example 1:

Find the deflection, slope, moment, and shear for the beam below at

distances of 5, 10, 15 and 20 inches. Neglect the weight of the beam.

   

 

<«—20in

E = 30%105psi
1=2.0in4
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Keystrokes using card SA1-18A3:

2[t)30Eex]6e A]20 A5 A

150 @ B B53 (-] (5]

 

Y
Y

Y

 

 

 c
f
o
f
o
S
l
o
f
o
l
o
)

a a

 p
—

W

 

 

 

 Y
Y
Y
Y
Y
V
Y
V
Y
V
Y
Y

->

 Q
o
o

c
s
a
o
n

Example 2:

.
-~

-0.00162 in

-0.00057 in/in

-4218.75000 in-1b

843.75000 1b

-0.00510 in

-0.00078 in/in

-1250.00000 in-1b

375.00000 1b

-0.00917 in

-0.00083 in/in

-156.25000 in-1b

93.75000 Ib

-0.01333 in

-0.00083 in/in

0.00000 in-1b

0.00000 1b

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

100 LB 200LB

 

E = 30x10°psi
1=4.7 in®
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Keystrokes using card SA1-18A1:

First compute the deflection at x = 8 due to the 100 pound force

and store the result in register 8.

47 1)30Eexj6o [t s @ s

100 G B (sTo] (8] B3 -] [5] —————> -0.00012 in

Now compute the slope at 8 inches, multiply it by the distance from

8 inches to 12 inches, and add it to the value in register 8.

B2 (1) 8 [=][x](sTO][+] 8] ~0.00009

Now compute the deflection at 12 inches due to the force of 200

pounds at the end of the beam and add the contents of register 8 to

it. This yields the final result. Note from the register allocation chart

on page 124 that the new value of £ (15 inches) may be manually

stored in register 2 without reinput of I and E.

  

 

15[sTo][2] 12 @ 200 1 -0.00112 in

—»-0.00134 in

Example 3:

Compute the deflection 25 inches from the wall for the beam below.

Consider the weight of the beam to be 8 pounds per inch (applied

moment is zero).

 

 

E = 30%30° psi

1=3.7 in?

Keystrokes using card SA1-18Al:

3.7 1) 30[eex] 6 (1] 60 3 25 A
300 [chs] @ B (sTo] (8] BRR (] (5]>0.04364 in

Keystrokes using card SA1-18A2:

80 2ls 1)o@ ~0.05823 in

> _0.01459 in
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SIMPLY SUPPORTED BEAMS

 

 

 

 

 

& WEM x a8 2

(pzzzzzzzd) SA1-19A2 £
Ny x w0 n

3 SA-19A3 2
HE4 X atm 24O >
 

This three card set solves for deflection, slope, moment and shear at

specified points along simply supported beams. By using the princi-

ple of super-position (summing intermediate values in register 8), it

is possible to solve for the effects of complicated loadings.

Equations:

for a simply supported beam with a concentrated load:

 

 

 
_P®-a)X (x? +(Q —2)? — Q2

eEg * T8

0=LC-2) 3,24 (- -2)
6 EIQ

P(R-a)xM, - -

V= P(L-a)

L

If x is greater than a, ( - a) is replaced by -a and x is replaced by

x -L.
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for a simply supported beam with a uniformly distributed load and a

couple applied at the end:

y

 

X M W 3 2
y=—‘—2—(x—32)—fi EZ + X (x—2$2):|}

bfelet) 3B
MX=M——\§—x[x—Q]

w0
for a moment applied at a point along a simply supported beam:

y

<«—a—»

  

 

Mx
M =

xQ

V:M_

L

If x is greater than a, x is replaced by 2 - x and a is replaced by

L -a.
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where:

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

6 is the slope 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 ofelasticity of the beam;

{ is the length of the beam;

P is the concentrated load;

W s a uniformly distributed load;

M is an 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. x must be in the range 0 < x < L.

Simple 1

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-19A1" (0]

2 Input moment of inertia I [:] |

then modulus of elasticity E [:] | E
— |

 

 

  

 

then length of beam ¢
— — |

Input distance from y axis to DE;

point of interest X ¢[:|7‘ 7 ,,,Lfi

Input distance from origin to g :]:] 3

concentrated load ‘:a][:] . ao

then concentrated load ) P :] a

3 Calculate deflection at x - 4 II”: V y

4 Calculate slope at x , E”: B 6

5 Calculate moment at x ,I“:' M,

6 Calculate shear at x | lI“:l \

7 For new case go to step 2. | l:][:'

 

 

 

 

 

 
 

  
 

 

 

  
  
 

* Register 8 is available for ? :I[:I‘

intermediate storage. | [:”:l
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Simple 2

STEP INSTRUCTIONS DATA/UNITS ; KEYS DATA/UNITS
1 Enter SA1-19A2* i |

2 Input moment of inertia fllw T

then modulus of elasticity o é

then length of beam | ¢

Input distar:(;e ;fr:)r;wyia;};tbi I 7 7

point of interest T‘ - ;(W )

 Inputcoupleappliedatendof

beam - 1* M .

v then distributed load w

3 Calculate deflection at x 74 o

4 Calculate slope at x” -

5 flréaEI_culate moment at x ) 7?

6 Calculate shear at; Tl B

7 Fornewcamegotostep2.
|

* Register 8 is avaiili‘;able f(;r B ‘ 7 )

o 77ir;er'm;d-i;t~t; storag;. 7   
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Simple 3

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-19A3° 0

2 Input moment of inertia I 7 ‘“[:_] I

then modulus of elasticity E D E o

then length of beam Q E El

Input distance from y axis to ’:”:]

point of interest X : X

Input distance from origin to { [:l::]

applied moment a [: a

then input applied moment . M [:] a

3 Calculate deflection at x [I”:] y

4 Calculate slope at x @[:] 0

5 Calculate moment at x [EI:] My

6 Calculate shear at x \ 'IH:] Vv

7 For new case go to step 2. E[:l

L]
* Register 8 is available for [:]:]fi -

intermediate storage. !:]:

Example 1:

Find the deflection,slope, internal moment and shear at distances of

0, 24, 48 and 60 inches for the beam below. Neglect the weight of

the beam.

44——40 in
-*

 
72 in

E = 30%10° psi

  

1=0.92in

M=10,000 in-lb   
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Keystrokes using card SA1-19A3:

92 (1]30(Eex]6 (1) 72 30 B3

40(1] 10000 BB B2 (-]1(5]

 

0.00000 in

-0.00177 in/in

0.00000 in-1b

138.88889 Ib

-0.03092 in

-0.00032 in/in

3333.33333 in-lb

138.88889 Ib

-0.00386 in

0.00113 in/in

-3333.33333 in-lb

138.88889 Ib

0.00242

0.00004 in/in

-1666.66667 in-1b

—» 138.88889 Ib

 

 

Y
Y
V

 

 

 

 c
f
o
f
o
l
E
g
o
l
o
l
o
l

a o

 5 c
o

& g

 

 

 

 

 Y
Y
Y
Y
V
Y
V
Y
Y
V
Y
V
Y
Y

Y

 O
o
Q
d
s
a
o
n

Example 2:

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

P =1000

<«44in.—>
   

W= 251b/in}

E =30 x 10%psi
1=1.30in*
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Keystrokes:

First solve for slope due to the concentrated load using card

SA1-19A1.

1.30 30[eex] 6 50 Y 38 ] 44 (1]

moold BB » 0.00096 in/in

Now solve for slope due to distributed load using card SA1-19A2.

Add this result to the contents of register 8 to obtain the desired

result.

o2 @BERR » 0.00237 in/in

» 0.00333 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 or I to solve the problem. How-

ever, set them equal to 1.0 to avoid division by zero.)

P,=1000 LB

M=-10,000 in-Ib   
w =37|b/inI

Keystrokes:

Using card SA1-19A1 find the moment due to the concentrated

loads and store the sum in register 8.

13170 358 20 (1]

sR » 4000.00 in-Ib

501000 AR A 10000.00 in-Ib

Using card SA1-19A2 find the moment due to the uniformly distrib-

uted load and add it to register 8.

0(1)37 @ B B B 510l +] (8]

Using card SA1-19A3 find the internal moment due to the applied

moment and add it to the contents of register 8.

70 10000 AR -5000.00 in-1b

> 31662.5 in-lb

 

  

22662.50
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BEAMS FIXED AT BOTH ENDS

———Ff x<a SA1-20A1 3
 

 

 

& nex x ap 0 L

'I'I\

Yz, SA1-20A2 3
@ I4E4¢ x w :J)‘(;ev &)
 

 .
$e—Ff x<a SA1-20A3 3

>y>0@ IHE4/ x atm Moo  €

J

This three card set solves for deflection, slope, moment and shear at

specified points along beams rigidly clamped at both ends. By using

the principle of superposition (summing intermediate results in reg-

isters 8 and 9) it is possible to solve for the effects of complicated

loadings.

It should be noted that x must be less than or equal to a in cards

SA1-20A1 and SA1-20A3. That is, the point of interest, x, must be

between the point at which the load is applied, a, and the left sup-

port. However, this does not limit the use of the cards. If x > a,

simply view the beam from the opposite side and treat the angle and

shear as negative values. Figures 1 and 2 below and the first example

problem should make this clear.

 

 
Figure 1— Transformation of Beam
Geometry for Concentrated Load

Side
A

 

Figure 2 —Transformation of Beam
Geometry for Applied Moments
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for concentrated loads:

 

2 .2
=M[x(2+2a)—3afl x<a

6EIQ3

2POo0sa)-24  x<a
2EIQ3

M, = P(i)’ [x (2 + 2a) - al] Xx<a

2
V=—P(Q;a)(52+2a) Xx<a

Q3

for distributed loads:

y

 

 

 

 

Wx2 5
Q- QY= oper [X(Q2-%) - 2]

Wx
= 30 - 2x) - 226 3 El [x ( x) £%]

Mx=1—‘§[6x(sz-x)-sz2]

vl @x-9
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for applied moments:

<—X—>’

-«<

 

 

  

_M@®-a)x*| ax 2-3a

9? EI L 2

_M@®-2)x [3ax  2-3ag=—HX oA
CE |2 2

[
M(@®-a) 6ax 2-3aM, = +

Q? L 2

V= -6M(R-2a)a
Q3
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where:

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

6 is the slope at x;

M, is the internal moment at x;

V is the shear at x;

I is the moment of inertia of the beam;

E is the modulus ofelasticity of the beam;

¢ is the length of the beam;

P is a concentrated load;

W is a uniformly distributed load;

M is an 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.

X must be in the range 0 < x < a.

Fixed—Fixed 1

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter SA1-20A1" 1]

2 Input momentof inertia 1 ] l

then modulus ofelasticity e [t1 e

then length of beam ¢ oAl El

Input distance from y axis to [__—__]:] »

point of interest (x < a) X [::] X

Inout distance from origin to [:I:

 

 

  

 

 

 

 

 

 

 

  

 

  

concentrated load a ;I:] N a .

then concentrated load P [: a

3 Calculate deflection at x EE Y

4 Calculate slope at x - [—B—_][: 0

5 Calculate moment at x T E__—!S 1 My

6 |Calculate shear at x R[I]l:] v
  

7 For new case go to step 2. ; ’_—_H:]

L e1
* Register 8 is available for 1 :”::j

intermediate storage. i :”:I
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Fixed—Fixed 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-20A2" 1

2 Input moment of inertia I : I

then modulus of elasticity E (0 E

then length of beam Q : El

Input distance from y axis to [:I:'

point of interest X :] X

Input distributed load w Cec1] w

3 (Calculate deflection at x @:: Y

4  (Calculate slope at x El:] 0

5  (Calculate moment at x II”:] M,

6  Calculate shear at x EI: Vv

7 For new case go to step 2. ::

L]
*Register 8 is available for l:”:l

intermediate storage. ::

Fixed—Fixed 3

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA1-20A3" L]

2 Input moment of inertia I :] |

then modulus of elasticity E I:I E

then length of beam Q Al El

Input distance from y axis to [:]:’

point of interest (x < a) X l:] X

Input distance from origin to :[:I

applied moment a :] a

then input applied moment M I:] a

3 Calculate deflection at x II':] y

4 Calculate slope at x !I”: 0

5 Calculate moment at x El: My

6 Calculate shear at x [II:I Vv

7 For new case go to step 2. :”:]
 

LI1
 

* Register 8 is available for [1
  intermediate storage.   [IL    
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Example 1:

For the beam below, what are the values of deflection, slope, mo-

ment, and shear at an x of 114 inches?

Side 147,000 in-lbs Side

A B

 

 

E=30x10° psi
1=4.74 in*

Transform the problem so that x < a.

Side

 140in

 

Keystrokes using card SA1-20A3:

4.74[1) 30 [EEx]6 (1] 140326 A

 

 

 

 

110 147000 [chs) B} 0.08 in

0 » 0.01 in/in*

B » 15171.43 in-lbs

B > -1060.71%*

*To return to the original coordinant system, change the sign of these values

as shown in Figure 2.
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Example 2:

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

    E = 10x10° psi

I1=9.75 in4

Keystrokes using card SA1-20A1:

9.75@)J10Eex] 6 (] 75 I}

0 B 50 1000

 

 

BBB (sTo) (] » -5555.56 in-lbs

Keystrokes using card SA1-20A2:

mEdpoEn » -46875.00 in-lbs

—» -52430.56 in-lbs 

Find the deflection at x = 40 inches for the same beam.

Keystrokes with SA1-20A2 still in program memory:

 

 

40 @ A5 &) > -0.08 in

Keystrokes using card SA1-20A1:

50(+]1000 3 » —0.02 in

 » -0.10in
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BEAMS FIXED AT ONE END AND
SIMPLY SUPPORTED AT THE OTHER

 

F——  x<a SA1-21A1
[ uex x LAY 1

S
-
a
x
d

 

;* xZa SA1-21A2

S x atp 4O z
-

S-
ax

4d

 

Yz SA1-21A3 g}
w»
W
J

= >y>0
S ME4 X w >M,>V
 

 

J

e SA1-21A4 3
HE4 x aM :fl:.fv i
 

  .> ca SA1-21A5 3
&
0& EN x a8 ]
 

This five card set solves for deflection, slope, moment, and shear at

specified points along beams that are rigidly fixed at one end and

simply supported at the other end. By using the principle of super

position (summing intermediate values in registers 8 and 9), it is

possible to solve for the effects of complicated loadings.

Equations:

for concentrated loads:
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stbloo e
> —3Q(Q—a):| X=a

x
:
l
m=Pa2 (Q—X) _¥)2

12 £2 EI [(Q X (

___P(Q—a)x 3x<2(Q+a)—a—2> _63(2Q—a) x<a

12 22 EI L

Pa? a6=—2

_

[392-a)-3(L-x) 3——) x>a12 22 EI I: &

. 6P1§QQ22) [x <2(Q +a) - 2—2> -a(28 - a):l x<a

Pa? aM, =—2%  l6(3-2) (- >
e [( Q) ( X] T

Pa? a
V=

—

— 6(3-— =

12 22 [( Q>] T

for distributed loads:

 

 



104 SA1-21A

 

_ Wu 2 3 03Y= 19 E (3Qu -2u” -8 )

- W 2 3 03
0=W (9Qu - 8u L )

M, = % (39 - 4u)

v="(30-38u)
8

u=(2-x)

for applied moments:

y

M
X

a

a2

M 2 3 x? a?=|2 (203- -x)) +2(-2 <Y= P <2Q x*(32 x)> > Qa 5 Xx<a

2y:Flf[%_ <2Q3—x2(3§2—x)> ~a(2 - x) ] X V )

2

M aQ—%
"5 |(3x* - 62x) +x Xx<a

 

_ M 2aR-a? 2
G—EI—[ 10 (3x —6Qx)+a] X=a
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a
aQ— —2—

M, =M e (6x-6%2) +1 Xx<a

Mo=M 2222 6 6e >X = ——4Q3——(X— ) X=Za

2
V = 6M 2al —a

4¢3

where:

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

0 is the slope 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 ofelasticity of the beam;

¢ is the length of the beam;

P is a concentrated load;

W is a uniformly distributed load;

M is an 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.

X must be in the range 0 S x < L.
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Fixed—Simple 1 & 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter SA121A1if x<a, or 0

]

enter SA1-21A2 if x >a* 10 ]

2 Input moment of inertia I [:' 1

then modulus ofelasticity E l:] E

then length of beam Q E][: El

Input distance from y axis to [:E

point of interest X :] X

Input distance from y to I:]E

concentrated load a ': a

then input concentrated load P [:] a

3 Calculate deflection at x E[:] Y

4 Calculate slope at x [1—“:] 0

5 Calculate moment at x ,IH:I My

6 Calculate shear at x [EE:I Vv

7 For new case go to step 2. :”:J

[L1
* Registers 8 and 9 may be used I:][:]

for storage. I:[_—__—I
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Fixed—Simple 3

STEP INSTRUCTIONS DATAUNITS KEYS DAs

1 Enter SA1-21A3" 1]

2 Input moment of inertia o D___”:] I

then modulus of elasticity N E 7 |:| . “E

then length of beam Q [Il: El

Input distance from y axis to I:“:I

point of interest X I: X

Input uniformly distributed [:I[:l

load w el] w

3 Calculate deflection at x [__9—_]:] y

4 Calculate slope at x [I”:] 0

5 Calculate moment at x |I][:] My

6 Calculate shear at x [I}[:] Vv

7 For new case go to step 2. :][:]
 

L1
 

* Registers 8 and 9 may be L]
   used for storage.   L1   
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Fixed—Simple 4 & 5
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

1| Enter SA1-21A4 if x <a* or 11

SA1-21A5 if x >a. 1]

2 Input moment of inertia I l: 1

then modulus ofelasticity E : E

then length of beam 9 : El

Input distance from y axis to :][:]

point of interest X : X

Input distance from y axis to [:][:]

application of moment a [_____] a

then applied moment M :] a

3 Calculate deflection at x [E,:] y

4 Calculate slope at x [El: 0

5 Calculate moment at x |I“: My

6 Calculate shear at x [I][:I Vv

7 For new case go to step 2. :]:l

L]
* Registers 8 and 9 may be E:IL_—_I

used for storage. :[:

Example 1:

Find the deflection, slope, moment, and shear along the beam be-

low at x values of 0, 24, 48, and 72 inches. Neglect the weight of the

beam.

     
E=

| =

=—6000 LB

72 in

     10 %1068 psi
1.78 in4



Keystrokes using card SA1-21A1:

1.78 10[eEx]6 72 I

0B 48 (1) 6000[chs) @ B}

 

 

 

 

 

 

 

 

 

 

 

D
E
D
:
0
0
0
0
0
8

 

Keystrokes using card SA1-21A2 since x > a:

28308 —
-

—
»

-
-

Y>

 

 

 

Example 2:
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0.00 in

0.00 in/in

64000.00 in-Ib

-2888.89 b

0.66 in

0.04 in/in

-5333.33 in-lb

-2888.89 Ib

1.15in

-0.01 in-in

-74666.67 in-1b

-2888.89 b

0.00 in

-0.06 in/in

0.00 in-1b

3111.111b

Find the moment and shear at the wall for the beam below.

—6000 in-lb

64in

 

Since deflection and slope are not of interest, assume the arbitrary

value of 1.0 for I and E. Store the sum of the moments in register 8

and the sum of the shear in register 9.
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Keystrokes using card SA1-21A1:

1(1) 1[1) 64 @o B 25(F)
600 [

B & A (s (8]
B (sTo] (9]

Keystrokes using card SA1-21A3:

1068 B A A (s [+ (8]

v

 

 Yy
VY

 

 B 19/ [+ [¢] >

Keystrokes using card SA1-21A4:

25 [1] 6000 [chs)BBB

0]
Y

v

 

 [Red] (9] [#] >

251in

-7355.35 in-Ib

480.551b

-5120.00 in-1b

400.00 1b

-342.04

-12817.39 in-lb

-88.411b

792.151b
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COMPRESSIVE BUCKLING

 

COMPRESSIVE BUCKLING SA1-22A 2
v v v v 0B FoF T 1 3
 

This program performs an interchangeable solution for the four

properties of slender compression members or columns: P, the

critical buckling load; E, the modulus of elasticity; I, the minimum

moment of inertia; and £, the length of the member.

Equations:

Three configurations are possible, identified by the number of fixed

ends on the member: 0, both ends hinged; 1, one end free and one

fixed; 2, both ends fixed.

 

 

 

   

  

 

3_

2

Configuration O P.= 71"2E !

9_

2

Configuration 1 V P, = TEl

YI 4‘ ?
7 v E

42ElConfiguration 2 P, = (2

Remarks: Uncertainties such as the amount of restraint at the ends,

eccentricity of the load, initial warp, nonhomogeneity of the mate-

rial and deflection caused by lateral loads, can cause very significant

changes in the behavior of a compressive member.
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INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [:]:]
 

 
2 Select column geometry by :]D
 

inputting number of fixed ends 0,1,0r2 [I“: 0,1, 0r2
 

3 Input three of the following L]

verticalload P [:T 0.00

modulus of elasticity E e 0.00

moment ofinertia 1 o] 0.00

 

 

 

 

length of column ¢ E] oo
 

4 Compute remaining value :”:]
 

vertical load 0.00 |:I P

 

modulus of elasticity 0.00 E E
 

moment of inertia 0.00 |I”——___| I
 

length of column 0.00 El:] 2
 

5 For new case with same type of :]I:
 

column go to step 3. For a new |:”:
       type of column go to step 2. :]:l
 

Example 1:

If an 8 inch steel (E = 30 x 10°® psi) piston rod (a piston rod has zero

fixed ends) must withstand a load of 15000 pounds without buck-

ling, what moment of inertia must it have?

Keystrokes:

o15000 30Eex]c @A 0.00

D3 > 3.242x 1073

Example 2:

 

 

Steel columns 40 feet long are used to support a bridge. Whatis the

maximum load that the column can withstand without buckling?

Assume 1 fixed end. E =30 x 10° psi, I = 700 in*.

Keystrokes:

1@ 30Eex] 6 700 B40(1]) 12 [x] @—> 0.000 x 10°

a > 2.249 x 10° 
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ECCENTRICALLY LOADED COLUMNS
 

HE4¢ e4pP PYmax  PMmax CH#APSpmax =

( ECCENTRICALLY LOADED COLUMNS SA1-23A §

m

N
k

This program calculates the maximum deflection, the maximum

moment, and the maximum stress in an eccentrically loaded column

under compressive stress.

l/2 —>f<—€/2

Ymax
 

  g

Equations:

 

Ymax i8S the maximum deflection;

e is the eccentricity;

2 is the column length;

P is the compressive load;

E is the modulus ofelasticity;

I is the moment of inertia;

Mmax is the maximum internal moment;

Smax 1S the maximum normal stress in the column;

c is the distance from the neutral axis of the column to the

outer surface;

A is the area of the cross section;
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Remarks: Columns must be of constant cross section. Stresses may

not exceed the elastic limit of the material.

 

Reference:

Spotts, M.F.

Design ofMachine Elements, Prentice-Hall, 1971

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
 

1 Enter program ]

2 Input moment of inertia I C] 1

then input modulus of 0

elasticity E C+00 E

then inputlength of column 2 oA 2

Input eccentricity e 0 e

 

 

 

 

 

 

 

  

 

then input load P Ce] e

3 Calculate maximum deflection e1 ymex

or calculate maximum 7 (1

moment IZH:] Mmax
 

or input distance from 1

neutralaxis c 101 c

then section area and cal- 1

culate maximum stress A CEL smax

4 |Fornewcsegotosep2and | 1]

change inputs. ]

Example:

 

 

 
 

 
 

       
 

A column 50 feet long is to support 8000 pounds. The load is to be

offset 6 inches. What are the maximum values of deflection, moment,

and stress in the member?

E=30x10°

1=107 in*

A=7in?

c=2in

Keystrokes:

107 (¥] 30 [EEX] 6 (1] 50 %]

12x] @ e6t)s000B 0.74

0 53936.76 in-Ib

2173 > 2151.02 psi

 

Y
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RECTANGULAR, REINFORCED
CONCRETE SECTIONS

 

RECTANGULAR REINFORCED
CORGHLAR REINEOS SA1-24A §

g nefg4f +>p+k M d+b bsd O

 

While concrete has good strength in compression, it is very weak in

tension. In order to take advantage of the strength in compression,

steel reinforcing members are often imbedded in concrete beams to

carry the tension load. This program calculates the fraction of the

total sectional area that must be steel in order to reach limiting

values of load in both steel and concrete simultaneously. The ratio of

the depth of the neutral axis to the depth of the section can also be

calculated. Finally, given a section width, the depth can be calcu-

lated or,given the depth, the width can be calculated.

-~ph—>

Concret ‘“de [
under compr:sasl;gfi \ ¢ d

]

 

 

Neutral axis

Steel in tension [   
 

Equations:

k=v2pn+(pn)? -pn

_ 1 A »
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where:

p is the ratio ofsteel area (Ag) to concrete area (A.);

k is the ratio of the depth of the neutral axis to the depth of

the section;

n is the ratio of the modulus of elasticity of steel to that of

concrete (Eg/E.);

V
)
'
-
"

is the maximum tensile stress allowed in the steel;

s is the maximum compressive stress allowed in the concrete;

M is the total bending moment resisted by the section;

b is the width of the section;

d is the distance from the outer compressive fiber of the section

to the centroid ofthe steel.

Reference:

Maurer, E.R. and Withey, M.O.

Strength ofMaterials, John Wiley and Sons, Inc. 1940.

Remarks: It is assumed that the concrete supports none of the

tensile load. The value of d is the minimum possible section depth.

It does not include the concrete encasing the steel below the

centroid ofthe steel.
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INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enterprogram 1

2 Input elasticity ratio (Es/Ec) n ] n

3 Input maximum tensil stress for E:”:'

steel o Lt
4 Input maximum compressive 01

stress for concrete fe LA n

5  Optional: calculate steel ratio s] p

then neutral axis ratio I:I k

6 Input moment M e] M

7 If you know the depth calculate 11

the width d oI b

If you know the width calculate 11

the depth b e] d

8 For a new beam size go to step l—___“:]

7. For a new moment go to C_]
step 6. For a new case go to 1

Example:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
A beam withstands a bending moment of 200,000 inch-pounds. The

allowable stress in the concrete is 750 pounds per square inch and

the allowable stress in the steel is 10000 pounds per square inch. The

modulus ofelasticity of the steel is 30 x 10° pounds per square inch

and the modulus of elasticity of the concrete is 2.7 x 10° pounds

per square inch yielding an n of 11.11 (30/2.7). If the member is

limited to a width of 8 inches, what depth is necessary to support

the load? What is the necessary area of steel rods? Where is the

neutral axis of the section?

Keystrokes:

11.11 100001] 7503A

[][4] > 0.0170 

 

 

B > 0.4545 (k)

20000048 3 > 13.1478 in (d)

From the formula A; =P A.:

8 [x] .0170 [x] —» 1.7881 in? (A 

and since the distance to the neutral axis is kd:

13.1478 0.4545 [X] » 59757 in 
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BOLT TORQUE

BOLT TORQUE SA1-25A 3
@ ad04f; DméDc#fc W T D*Tmax S

 

 

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 shearstress in the body of the screw may also

be calculated.

 

 

Equations:

T=Wfi tan o + f;/cos 6 ch&

2 |1-f;tana/ cosb 2

Tmax — \/(W/2 Ar)2 + (16Tt/7TDr3 )2

D
T,=T-Wf, 2°

where:

T is the applied torque;

W is the bolt load;

Dm is the mean thread diameter;

a is the helix angle of the thread;

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 1S 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 DAtINITS KEYS oATATES

1 Enter program l:”:]

2 Input helix angle of thread a :l a

then one-half of thread angle 0 E 0

then coefficient of thread [:]:

friction fy [:l 0.00

Input mean thread diameter Dm I:l Dm

then collar diameter D¢ [:] D¢

then collar coefficient of [:l:‘

friction f, T81 o000

3 Input one of the following l:“:

bolt load w Cc1 oo

bolt torque T [_T_-H:] 0.00

4 Calculate one of the following [:H—_____]

bolt load 0.00 [c][] w

bolt torque 0.00 E”:] T

5 Optional: Input diameter of [_—_—”:'l— -

the root of the thread and com- :][:]

pute shearstress D, [I][:: Tmax

6 For a new load or torque go to :”:

step 3. For a new case go to :]I:I

step 2. ::

Example:

The head bolts on an engine must exert a force of 11,000 pounds

each. What torque is necessary to achieve this load assuming the

following specifications? What is the shear stress in the bolt?

D,, = 0.3344 in

a=3.40°

f, =0.15

6 =30°

f. =0.30

D, = 0.8750

D; =0.2983
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Keystrokes:

3.40 30(%) .15 .3344 1]

8750(1) 38 11000 B} 1876.03 in-lb

12 [§] » 156.34 ft-Ibs

2983 @ > 114335.98 psi 

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

1680[ —> 9850.61 lbs 
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128 SA1-01A

TWO DIMENSIONAL VECTOR OPERATIONS
 

 

         
 

 

  

KEYS CODE KEYS CODE KEYS CODE

LBL 23 STO 2 3302 g NOP 35 01
A 11 RCL 1 34 01 g NOP 35 01
1 01 RCL 3 34 03 g NOP 35 01
! 32 + 61 g NOP 3501
R—>P 01 STO 1 33 01 g NOP 35 01
g R 3508 f 31 g NOP 35 01
g X2y 35 07 R—>P 01 g NOP 35 01
X 71 RTN 24 g NOP 35 01
STO 2 33 02 LBL 23 g NOP 35 01
gLST X 3500 C 13 g NOP 35 01
g R? 3509 g x2y 35 07 g NOP 35 01
X 71 RTN 24 g NOP 35 01
STO 1 3301 LBL 23 g NOP 35 01
0 00 D 14 g NOP 35 01
RTN 24 RCL 1 34 01 g NOP 35 01
LBL 23 RCL 4 34 04 g NOP 35 01
B 12 X 71 g NOP 35 01
1 01 RCL 2 34 02 g NOP 35 01
f! 32 RCL 3 34 03 g NOP 35 01

R—>P 01 X 71 g NOP 35 01
g R{ 3508 — 51 g NOP 35 01
g X2y 35 07 RTN 24 g NOP 35 01
X 71 LBL 23 g NOP 35 01
STO 4 3304 E 15 g NOP 35 01
gLST X 3500 RCL 1 34 01 g NOP 35 01
g R?T 3509 RCL 3 34 03 g NOP 35 01
X 71 X 71 g NOP 3501

STO 3 3303 RCL 4 34 04 g NOP 35 01
0 00 RCL 2 34 02 g NOP 35 01
RTN 24 X 71 g NOP 35 01
LBL 23 + 61
C 13 RTN 24
RCL 2 34 02 g NOP 35 01
RCL 4 34 04 g NOP 35 01
+ 61 g NOP 35 01

R1 X1 R4 Y2 R7

R, Y1 Rs Rs

R3 X2 RG Rg Used   

 
 



SA1-02A

STATIC EQUILIBRIUM OF A POINT

129

  

 

 

  

 

 

 

        
 

 

  

KEYS CODE KEYS CODE KEYS CODE

LBL 23 RTN 24 X 71
A 1 LBL 23 RCL 4 34 04
1 01 C 13 RCL 1 34 01
f-! 32 f 31 X 71
R—>P 01 R—>P 01 - 51
STO 1 3301 g R{ 3508 RCL 4 34 04
g R{ 3508 g R{ 3508 RCL5 34 05
STO 2 3302 f 31 X 71
g R{ 3508 R—>P 01 RCL 3 3403
STO 33 gxdy 3507 RCL 6 34 06
X 71 g Rt 3509 X 71
1 01 B 12 — 51
STO 33 RTN 24 = 81
X 71 LBL 23 RTN 24
2 02 D 14 g NOP 3501
RTN 24 RCL1 3401 g NOP 3501
LBL 23 RCL6 3406 g NOP 3501
B 12 X n g NOP 3501
f 31 RCL2 3402 g NOP 3501
CcoS 05 RCL5 3405 g NOP 3501
STO5 3305 X 7 g NOP 3501
CLX 44 — 51 g NOP 3501
gLSTX 3500 RCL 4 34 04 g NOP 3501
f 31 RCL5 3405 g NOP 3501
SIN 04 X 71 g NOP 3501
STO 6 3306 RCL 3 34 03 g NOP 3501
g R{ 3508 RCL 6 34 06 g NOP 3501
f 31 X 71 g NOP 3501
CcOS 05 — 51 g NOP 3501
STO 3 3303 + 81 g NOP 3501
gLSTX 3500 RTN 24
f 31 LBL 23
SIN 04 E 15
STO 4 3304 RCL 3 34 03
gLSTX 3500 RCL 2 34 02

R4 F cos 6 R, sin ¢, R,

R, Fsin 0 Rs cos ¢, Rsg

R, cos ¢, Reg sin ¢, Rg Used    



130 SA1-03A

STATIC EQUILIBRIUM OF A RIGID BODY
 

 

     
 

   
 

 
 

 

KEYS CODE KEYS CODE KEYS CODE

0 00 SF1 51 g X2y 3507
STO 1 33 01 RTN 24 RTN 24

STO 2 3302 LBL 23 LBL 23

STO 3 3303 C 13 D 14

! 32 STO 33 RCL 4 34 04

SF1 51 + 61 RCL 5 34 05

RTN 24 1 01 — 51

LBL 23 CLX 44 RCL 1 34 01

B 12 RTN 24 + 61

f-1 32 LBL 23 CHS 42

R—>P 01 D 14 RTN 24

STO 33 f 31 LBL 23

+ 61 TF1 61 E 15

2 02 f-1 32 f 31
g R! 3508 R->P 01 SF1 51

STO 33 STO4 3304 RTN 24

+ 61 g X2y 35 07 g NOP 35 01

3 03 STO5 33 05 g NOP 35 01

g R} 35 08 RCL 3 34 03 gNOP 35 01

f 31 CHS 42 g NOP 35 01

TF1 61 STO 33 g NOP 3501

f-1 32 X 71 g NOP 3501

R—>P 01 4 04 gNOP 35 01

gR{ 35 08 RCL 2 34 02 g NOP 35 01

X 71 CHS 42 g NOP 35 01

STO4 33 04 STO 33 g NOP 3501

gR{ 3508 X 71 gNOP 35 01

X 71 5 05 g NOP 35 01

RCL4 34 04 f 31 gNOP 35 01

— 51 R—>P 01 g NOP 3501

STO 33 f-1 32

+ 61 SF1 51

1 01 RTN 24

CLX 44 LBL 23

f! 32 D 14

R4 M+ R4 xZ)Fy R,

R ZF, Rs yZFy Rs

R3 EFY Re Rg Used     



SA1-04A 131

PROPERTIES OF RECTANGULAR SECTIONS
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 1 3301 C 13 RTN 24
0 00 STO 3 3303 LBL 23
g X#£y 3521 0 00 E 15
RTN 24 g X#y 3521 RCL 2 34 02
RTN 24 RTN 24 RCL 3 34 03
RCL 3 3403 RTN 24 X 71
3 03 RCL 1 34 01 RTN 24
g 35 1 01 g NOP 3501
y> 05 2 02 g NOP 3501
RCL 2 34 02 X 71 g NOP 3501
X 71 RCL 2 34 02 g NOP 3501
1 01 + 81 g NOP 3501
2 02 3 03 g NOP 3501
+ 81 g 35 g NOP 3501
STO 1 3301 1/x 04 g NOP 3501
RTN 24 g 35 g NOP 3501
LBL 23 yx 05 g NOP 3501
B 12 STO 3 3303 g NOP 3501
STO2 3302 RTN 24 g NOP 3501
0 00 LBL 23 g NOP 3501
g XF£y 3521 D 14 g NOP 35 01
RTN 24 RCL 2 34 02 g NOP 3501
RTN 24 4 41 g NOP 35 01
RCL 1 34 01 X 71 g NOP 3501
1 01 RCL 3 34 03 g NOP 3501
2 02 1 41 g NOP 3501
X 71 X 71 g NOP 3501
RCL 3 34 03 + 61 g NOP 3501
3 03 RCL 2 34 02 g NOP 3501
g 35 X 71 g NOP 3501
y> 05 RCL 3 34 03
- 81 X 71

STO 2 3302 1 01
RTN 24 2 02
LBL 23 + 81

R1 I R4 R7

R, Rs Rs

R3 h Rs Rg Used

 

 
 



132 SA1-05A

PROPERTIES OF CIRCULAR SECTIONS
 

 

 
          
 

 

KEYS CODE KEYS CODE KEYS CODE

LBL 23 C 13 X 71
A 11 2 02 RTN 24
0 00 X 71 LBL 23
g x=y 3523 0 00 E 15
GTO 22 g X2y 3507 0 00
1 01 g xFy 35 21 g x=y 3523
g R{ 3508 B 12 GTO 22
2 02 RTN 24 3 03
X 71 RCL 1 34 01 g R{ 3508
D 14 2 02 4 04
RTN 24 =+ 81 X 71
LBL 23 RTN 24 g 35
1 01 LBL 23 m 02
RCL 1 34 01 D 14 + 81
4 04 0 00 f 31
g 35 g X=y 3523 Vx 09
y> 05 GTO 22 B 12
6 06 2 02 RTN 24
4 04 g Rl 35 08 LBL 23
+ 81 3 03 3 03
g 35 2 02 RCL 1 3401
T 02 X 71 t 41

X 71 g | 35 X 71

RTN 24 m 02 g 35
LBL 23 + - 81 T 02
B 12 f 31 X 71
0 00 Vx 09 4 04
g X=y 3523 f 31 + 81

RCL 1 34 01 Vx 09 RTN 24
RTN 24 B 12 g NOP 3501
g RY 35 08 RTN 24
STO 1 3301 LBL 23
0 00 2 02
RTN 24 A 11
LBL 23 2 02

R1 d R4 R7

R, Rg Rs
    R3 RG Rg Used   



 

 

   

 

 

      
 

 

  

SA1-06A 133

PROPERTIES OF ANNULAR SECTIONS

KEYS CODE KEYS CODE KEYS CODE

STO 3 3303 LBL 23 — 51
0 00 C 13 g 35
g x#y 35 21 STO 2 3302 T 02
RTN 24 0 00 X 71
RTN 24 g x#y 35 21 3 03

D 14 RTN 24 2 02
2 02 RTN 24 = 81
+ 81 RCL1 3401 RTN 24
STO 3 3303 4 04 LBL 23
RTN 24 g 35 E 15
LBL 23 y 05 RCL 1 3401
B 12 RCL 3 34 03 4 41
STO 1 3301 6 06 X 71
0 00 4 04 RCL 2 34 02
g XFy 35 21 X 71 1 41
RTN 24 g 35 X 71
RTN 24 T 02 — 51
RCL 3 34 03 + 81 g 35
6 06 — 51 m 02
4 04 f 31 X 71
X 7 Vx 09 4 04
g 35 f 31 + 81
T 02 Vx 09 RTN 24
+ 81 STO 2 3302 g NOP 3501
RCL 2 34 02 RTN 24 g NOP 3501
4 04 LBL 23 g NOP 3501
g 35 D 14 g NOP 35 01
Vis 05 RCL 1 3401 g NOP 3501
+ 61 4 04 g NOP 35 01
f 31 g } 35 gNOP 3501
Vx 09 y> | 05
f 31 RCL2 3402
Vx 09 4 04
STO 1 3301 g 35
RTN 24 Vi 05

R1 dO R4 R7

R, d; Rs Rs

R3 | RG Rg Used    



134 SA1-07A1

COMPOSITE SECTION PROPERTIES I
 

 

   

 

      
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 1 33 01 + 61 D 14
g R{ 35 08 X 71 RCL 6 34 06
STO 2 3302 STO 33 RTN 24
RTN 24 + 61 LBL 23
LBL 23 8 08 D 14
B 12 CLX 44 RCL5 34 05
STO 3 3303 RCL 1 34 01 RCL 6 34 06
g x2y 35 07 X 71 + 81
X 71 STO 33 RTN 24
gLSTX 3500 + 61 LBL 23
LBL 23 4 04 D 14
1 01 RCL 2 34 02 RCL 4 34 04
1 41 g R? 3509 RCL6 34 06
X 71 X 71 + 81
1 01 STO 33 RTN 24
2 02 + 61 LBL 23
+ 81 5 05 E 15
RCL2 3402 X 71 RCL 8 34 08
t ' 41 g Rt 35 09 RTN 24
X 71 - 81 LBL 23
+ 61 STO 33 E 15

X 71 + 61 RCL 7 34 07
STO 33 9 09 RTN 24
+ 61 g Rt 3509 LBL 23

7 07 STO 33 E 15
CLX 44 + 61 RCL 7 34 07
RCL 3 34 03 6 06 RCL8 34 08
1 41 RTN 24 + 61
X 71 LBL 23 RTN 24
1 01 C 13 g NOP 35 01
2 02 0 00
+ 81 STO 3 3303
RCL 1 34 01 GTO 22
1 41 1 01
X 71 LBL 23

R4 X0i R4 ZxgA R, 2y

Rx  voi Rg ZyoA Rg Zly

R3 AXi Rs A Rg |xy
 

 
 



 

 

 

 

   
 

      
 

 

  

SA1-07A2 135

COMPOSITE SECTION PROPERTIES II

KEYS CODE KEYS CODE KEYS CODE

RCL 3 34 03 X 71 f 31
2 02 RCL 6 34 06 SIN 04
X 71 + 81 RCL 3 3403
RCL 2 34 02 — 51 X 71
RCL 1 34 01 STO 3 3303 STO 8 3308
— 51 RCL 7 34 07 + 61
0 00 RCL 5 34 05 STO5 3305
g x=y 3523 1 41 RTN 24
STO 4 3304 X 71 LBL 23
RTN 24 RCL 6 34 06 C 13
g R{ 3508 + 81 RCL 6 34 06
+ | 81 — 51 RCL 1 34 01
f-1 32 STO 1 3301 % 71
TAN 06 RTN 24 RCL 7 34 07
2 02 LBL 23 RCL 2 34 02
+ | 81 C ; 13 X 71
STO 4 33 04 RCL4 3404 + 61
RTN 24 1 01 RCL 8 34 08
LBL 23 ! 32 - 51
A 11 R->P 0 STO6 3306
RCL8 3408 1 M RTN 24
RCL4 3404 X N LBL 23
1 oM STO6 3306 D 14
X | 71 RCL2 3402 RCL5 3405
RCL6 3406 X T RCL 6 34 06
+ 81 gx2y 3507 + 61
— 51 1 M STO 7 3307
STO 2 3302 X 7 RTN 24
RTN 24 STO 7 3307 g NOP 3501
LBL 23 RCL 1 34 01 g NOP 3501
A 11 X st
RCL 34 + 61
9 09 RCL 4 34 04
RCL 4 34 04 2 02
RCL5 34 05 X 71

R1 I)'(' R4 ¢ R7 Sil’\2 ¢

R2 IV R5 IV¢ Rg I?(V sin 2¢

R: Ixy Re Izp, cos> ¢ Rg Used    



136 SA1-08A

BENDING STRESS IN BEAMS OR TORSIONAL
SHEAR STRESS IN CIRCULAR SHAFTS
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO7 3307 X 71 g NOP 3501
0 00 RCL 2 34 02 g NOP 3501
g X#y 35 21 + 81 g NOP 3501
RTN 24 STO6 3306 g NOP 35 01
RTN 24 RTN 24 g NOP 35 01
RCL 2 34 02 LBL 23 g NOP 3501
RCL 6 34 06 D 14 g NOP 35 01
X 71 STO 1 3301 g NOP 35 01
RCL 1 34 01 0 00 g NOP 35 01
= 81 g x#y 35 21 g NOP 35 01

STO 7 3307 RTN 24 g NOP 35 01
RTN 24 RTN 24 g NOP 35 01
LBL ‘ 23 RCL 2 34 02 g NOP 3501
B | 12 RCL6 34 06 g NOP 3501
STO 2 3302 X 71 g NOP 3501
0 00 RCL 7 34 07 g NOP 35 01
g XFy 35 21 + 81 g NOP 3501
RTN 24 STO1 3301 g NOP 3501
RTN 24 RTN | 24 g NOP 3501
RCL 7 34 07 g NOP 35 01 g NOP 3501
RCL 1 34 01 g NOP 35 01 g NOP 3501
X 71 g NOP 3501 g NOP 3501
RCL 6 34 06 g NOP 35 01 g NOP 35 01
+ 81 g NOP 3501 g NOP 3501

STO 2 3302 g NOP 3501 g NOP 3501
RTN 24 g NOP 35 01 g NOP 35 01
LBL 23 g NOP 3501 g NOP 3501
C 13 g NOP 3501 g NOP 3501
STO6 3306 g NOP 35 01 g NOP 3501
0 00 g NOP 3501 g NOP 3501
g XFy 35 21 g NOP 3501
RTN 24 g NOP 3501
RTN 24 g NOP 3501
RCL 7 34 07 g NOP 35 01
RCL 1 34 01 g NOP 3501

R, 1) R4 R; s(ss)
R, M(T) Rs Rg

R3 Rs v(r) Rg Used
 

 
 



  

 

 

  

 

 
 

 

  
 

   

 

 

  

SA1-09A 137

LINEAR OR ANGULAR DEFORMATION
OF A SHAFT

KEYS CODE KEYS CODE KEYS CODE

STO 4 3304 RTN 24 RCL 3 34 03

0 00 RTN 24 X 71

g x#y 35 21 RCL 4 34 04 RCL 4 34 04

RTN 24 RCL 1 34 01 RCL 1 34 01

RTN 24 X 71 X 71

RCL 2 34 02 RCL5 34 05 - 81

RCL 3 34 03 X 71 STO 5 3305

X 71 RCL2 3402 RTN 24

RCL 1 34 01 + 81 g NOP 35 01

+ 81 STO 3 3303 g NOP 35 01

RCL 5 34 05 RTN | 24 g NOP 35 01

+ 81 LBL 23 g NOP 35 01

STO 4 3304 D 14 g NOP 35 01

RTN 24 STO 1 - 3301 g NOP 35 01

LBL 23 0 | 00 g NOP 3501

B 12 g x#y - 35621 g NOP 35 01
STO 2 3302 RTN | 24 g NOP 35 01

0 00 RTN | 24 g NOP 35 01

g x#y - 3521 RCL 2 34 02 g NOP 35 01

RTN 24 RCL 3 34 03 g NOP - 3501

RTN ‘ 24 X 71 g NOP 35 01

RCL 4 34 04 RCL 4 34 04 g NOP 35 01

RCL1 3401 RCL 5 34 05 g NOP 35 01

X 71 X ‘ 71 g NOP 35 01
RCL5 3405 = 81 g NOP 35 01

X 3 71 STO 1 33 01 g NOP 35 01

RCL 3 34 03 RTN 24 g NOP 35 01

+ 81 LBL 23 g NOP 35 01

STO 2 3302 E | 15 g NOP 3501

RTN 24 STO 5 - 3305 g NOP 35 01

LBL 23 0 00
C 13 g x#y l 35 21

STO 3 3303 RTN 24

0 00 RTN 24

g x#y 35 21 RCL 2 34 02

Ri  AQ) R, AR(9) R;

R, P(T) Rs E(G) Rs
R3 Q Re Rg Used   

 
 



138 SA1-10A

THIN-WALLED PRESSURE VESSELS
 

 

   
 

      
 

 

  

KEYS CODE KEYS CODE KEYS CODE

LBL 23 X 71 g NOP 35 01
A 11 B 12 gNOP 3501
2 02 2 02 g NOP 35 01
+ 81 - 81 g NOP 35 01
STO1 33 01 RTN 24 g NOP 35 01
0 00 LBL 23 g NOP 35 01
g XFy 35 21 D 14 g NOP 35 01
0 00 STO 3 3303 g NOP 35 01
RTN 24 0 00 g NOP 35 01
RCL 2 34 02 g XFy 35 21 g NOP 3501
RCL 4 34 04 0 00 g NOP 35 01
X 71 RTN 24 g NOP 35 01
RCL 3 34 03 RCL 2 34 02 g NOP 3501
- 81 RCL 4 34 04 g NOP 35 01
STO 1 33 01 X 71 g NOP 3501
2 02 RCL 1 34 01 g NOP 35 01
X 71 + 81 g NOP 35 01
RTN 24 STO 3 3303 g NOP 35 01
LBL 23 RTN 24 g NOP 35 01
B 12 LBL 23 g NOP 35 01
STO 2 3302 E 15 g NOP 35 01
0 00 STO 4 33 04 g NOP 35 01
g xFy 35 21 0 00 g NOP 35 01
0 00 g X#y 35 21 g NOP 35 01
RTN 24 0 00 g NOP 35 01
RCL 1 34 01 RTN 24 g NOP 3501
RCL 3 34 03 RCL 3 34 03 g NOP 3501
X 71 RCL 1 34 01 g NOP 35 01
RCL 4 34 04 X 71 g NOP 35 01
- 81 RCL 2 34 02 g NOP 35 01
STO 2 33 02 + 81
RTN 24 STO 4 33 04
LBL 23 RTN 24
C 13 g NOP 35 01
2 02 g NOP 35 01

R1 r R4 t R7

R2 Sc R5 Rg

Rz P Rs Ro Used   

 
 



 

 

 

 

 

  

 

        
 

 

  

SA1-11A 139

STRESS IN THICK-WALLED CYLINDERS

KEYS CODE KEYS CODE KEYS CODE

STO 1 3301 RCL 4 34 04 g NOP 3501
g R 3508 1 41 g NOP 35 01
STO 2 3302 X 71 g NOP 3501
RTN 24 X 71 g NOP 3501
LBL 23 RCL 1 34 01 g NOP 3501
B 12 RCL 3 34 03 g NOP 3501
STO 3 3303 - 51 g NOP 3501
g Rl 3508 X 71 g NOP 35 01
STO 4 3304 RCL5 34 05 g NOP 3501
RTN 24 1 41 g NOP 3501
LBL 23 X 71 g NOP 35 01
C 13 + 81 g NOP 3501
STO 5 3305 RCL 4 34 04 g NOP 35 01
RCL 2 34 02 1 41 g NOP 3501
1 41 X 71 g NOP 3501
X 71 RCL 2 34 02 g NOP 3501
RCL 1 34 01 f-1 32 g NOP 35 01
X N Vx 09 gNOP 3501
RCL4 3404 - 51 g NOP 3501
1 | 41 - 81 g NOP 3501
X f 71 - 51 g NOP 35 01
RCL 3 34 03 STO 6 3306 g NOP 3501
X 71 gLSTX 3500 g NOP 3501
- 51 2 02 g NOP 3501
RCL 4 34 04 X 71 g NOP 3501
1 41 + 61 g NOP 3501
X 71 STO7 3307 g NOP 3501
RCL 2 34 02 RCL 6 34 06 g NOP 3501
1 41 RTN 24 g NOP 3501
X 71 LBL 23 g NOP 35 01
- 51 D 14
+ 81 RCL 7 34 07
RCL 2 34 02 RTN 24
4 41 g NOP 3501
X 71 g NOP 3501

R, P R4 o R? St

R2 ri R5 r Rg

R3 PO RG Sr Rg    
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INTERFERENCE FITS — PRESSURE
 

 

   
 
       
 

 
 

  

KEYS CODE KEYS CODE KEYS CODE

STO 3 3303 4 41 RCL5 34 05
g R{ 3508 X 71 + 81
STO 2 3302 RCL 2 34 02 + 61
g RY 35 08 4 41 RCL 2 34 02
STO 1 3301 X 71 X 71
RTN 24 + 61 RTN 24
LBL 23 gLST X 3500 g NOP 35 01
B 12 RCL 1 34 01 g NOP 3501
STO 7 3307 1 41 g NOP 3501
g R{ 3508 X 71 g NOP 3501
STO 6 3306 — 51 g NOP 3501
g RY 3508 + 81 g NOP 3501
STO 5 3305 RCL 7 34 07 g NOP 3501
g RY 3508 + 81 g NOP 3501
STO 4 3304 RCL 2 34 02 g NOP 3501
RTN 24 4 41 g NOP 3501
LBL 23 X 71 g NOP 3501
C 13 RCL 3 3403 g NOP 3501
STO8 3308 4 41 g NOP 3501
E 15 X 71 g NOP 3501
RCL 8 34 08 + 61 g NOP 3501
g x2y 35 07 gLSTX 3500 g NOP 3501
+ 81 RCL2 3402 g NOP 3501
STO 8 3308 1 32 g NOP 3501
RTN 24 Vx 09 g NOP 3501
LBL 23 — 51 g NOP 3501
D 14 + 81 g NOP 3501
STO 8 3308 RCL 5 34 05 g NOP 3501
E 15 = 81 g NOP 3501
RCL 8 34 08 + 61 g NOP 3501
X 71 RCL 6 34 06
RTN 24 RCL 7 34 07
LBL 23 + 81
E 15 - 51
RCL 1 34 01 RCL 4 34 04

R4 dj R4 Mo R; Ei

R2 dc R5 Eo R8 Pc, 6

R:s d, Re Hi Ro    
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INTERFERENCE FITS — STRESS

KEYS CODE KEYS CODE KEYS CODE

LBL 23 RTN 24 E 15
A 11 LBL 23 RCL 8 34 08
0 00 C 13 X 71
RCL 3 34 03 0 00 2 02
E 15 RCL 3 3403 X 71
RCL 8 34 08 E 15 RTN 24
X 71 RCL 8 34 08 LBL 23
2 02 X 71 E 15
X 71 2 02 f-1 32
RTN 24 x 71 Vx 09
LBL 23 RTN 24 g x2y 35 07
A 1 LBL 23 f-1 32
RCL 3 34 03 C 13 Vx 09
RCL 3 3403 RCL 3 34 03 RCL 2 34 02
E 15 RCL 3 34 03 f-1 32
RCL 8 34 08 E 15 Vx 09
X 71 RCL 4 34 04 + 61
RTN 24 + | 61 g x2y 35 07
LBL 23 RCL8 3408 gLSTX 3500
B 12 X 71 — 51
RCL 1 34 01 RTN 24 + 81
RCL 1 34 01 LBL 23 RTN 24
E 15 D 14 g NOP 35 01
RCL 8 34 08 RCL 1 34 01 g NOP 35 01
X 71 RCL 1 34 01 g NOP 3501
RTN 24 E 15 g NOP 3501
LBL 23 RCL 6 34 06 g NOP 35 01
B 12 + 61 g NOP 3501
0 00 RCL 8 34 08 g NOP 35 01
RCL 1 34 01 X 71 g NOP 3501
E 15 RTN 24
RCL 8 3408 LBL 23
X 71 D 14

2 02 0 00
X 71 RCL 1 34 01

R, di Ra Mo R; i

R dc Rs Eo Rs c
R3 do Rs H| Rg   
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MOHR CIRCLE FOR STRESS

KEYS CODE KEYS CODE KEYS CODE

LBL 23 + 61 RTN 24
A 11 STO 7 3307 LBL 23
STO 1 3301 RCL 1 34 01 E 15
RTN 24 RCL 2 34 02 RCL5 34 05
LBL 23 + 61 RTN 24
B 12 — 51 g NOP 3501
STO 2 3302 CHS 42 g NOP 3501
RTN 24 RTN 24 g NOP 3501
LBL 23 LBL 23 g NOP 3501
C 13 D 14 g NOP 3501
STO 3 3303 RCL 7 34 07 g NOP 3501
RTN 24 RTN 24 g NOP 3501
LBL 23 LBL 23 g NOP 3501
D 14 D 14 g NOP 3501
RCL1 3401 RCL 3 34 03 g NOP 3501
RCL 2 34 02 RCL 4 3404 g NOP 3501
— 51 - 81 g NOP 3501
2 02 1 32 g NOP 3501
+ 81 TAN 06 g NOP 3501
STO4 3304 gLSTX 3500 g NOP 3501
4 M g 35 g NOP 3501
X 71 x 04 g NOP 3501
RCL 3 34 03 CHS 42 g NOP 3501
1 41 f-1 32 g NOP 3501
X 71 TAN 06 g NOP 3501
+ 61 2 02 g NOP 3501
f 31 + - 81 g NOP 3501
Vx 09 STO 5 3305 g NOP 3501
STO 6 33 06 g R{ 3508 g NOP 3501
CHS 42 2 02 g NOP 3501
RCL 1 34 01 + 81
RCL 2 34 02 RTN 24
+ 61 LBL 23
2 02 E 15
+ 81 RCL 6 34 06

Ri s« R, (sx—sy)/2 R, Sy

R2 Sy R5 05 R8

R3 Sxy Re Ssmax Rg Used    
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SODERBERG'S EQUATION FOR FATIGUE
 

 

 

     
 

   
 

 

  

KEYS CODE KEYS CODE KEYS CODE

LBL 23 STO 4 3304 STO 6 3306
A 11 RTN 24 2 02
STO 7 3307 LBL 23 = 81
g R} 3508 C 13 R/S 84
STO 1 3301 STO5 3305 RCL 4 34 04
g R 3508 R/S 84 RCL5 34 05
STO 2 3302 RCL 3 3403 + 61
g R 3508 RCL 1 34 01 RCL 4 34 04
STO 3 3303 X 71 RCL 5 34 05
RTN 24 RCL 2 34 02 - 51
LBL 23 + 81 RCL 3 34 03
B 12 1 01 X 71
STO 4 3304 + 61 RCL 1 34 01
R/S 84 RCL 4 34 04 X 71
RCL6 3406 X 71 RCL 2 34 02
RCL3 3403 RCL 6 34 06 + 81
X 71 RCL 3 34 03 + 61
RCL 7 34 07 X 71 RCL 3 34 03
+ 5 81 RCL 7 34 07 RCL 7 34 07
RCL5 3405 + 81 + 81
— ? 51 - 51 + 81
RCL 5 34 05 RCL 3 34 03 STO 6 3306
RCL 3 34 03 RCL 1 34 01 2 02
RCL 1 34 01 X 71 + 81
X 71 RCL 2 34 02 RTN 24
RCL 2 34 02 + 81 g NOP 3501
+ 81 1 01 g NOP 3501
X 71 - 51 g NOP 3501
gLSTX 3500 + 81 g NOP 3501
1 01 STO5 3305 g NOP 3501
+ 61 RTN 24
g RY 3508 LBL 23
+ 61 D 14
g Rt 3509 2 02
- 81 X 71

R1 k R4 Pmax R? FS

R, Se Rs Pmin Rs
R Syp Re 2A Ro   
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CIRCULAR PLATES WITH
SIMPLY SUPPORTED EDGES

 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 1 33 01 RCL 4 34 04 D 14

g R! 35 08 + 81 STO6 33 06

STO 2 3302 RTN 24 RCL 1 34 01

g R{ 3508 LBL 23 2 02

STO 3 3303 C 13 + 81

3 03 RCL 1 34 01 4 04

g 35 RCL 3 34 03 g 35

y* 05 + 81 y 05
X 71 f 31 X 71

3 03 LN 07 5 05

+ 81 . 83 GTO 22

1 01 4 04 1 01

RCL 2 34 02 8 08 LBL 23

— 51 5 05 E 15

+ 81 X 71 RCL 1 34 01

STO 4 3304 . 83 RCL 3 34 03

RTN 24 5 05 + 81

LBL 23 2 02 41

B 12 + 61 X 71

STO 5 3305 RCL 2 34 02 8 08

RCL 1 34 01 1 01 + 81

t 41 + 61 3 03

X 71 X 71 X 71

X 71 . 83 3 03

4 04 4 04 RCL 2 34 02

+ 81 8 08 + 61

g 35 + 61 X 71

T 02 RCL 5 34 05 RCL 6 34 06

+ 81 X 71 X 71

3 03 RCL 3 34 03 RTN 24

LBL 23 t 41

1 01 X 71

RCL 2 34 02 + 81

+ 61 RTN 24

X 71 LBL 23

R1 r R4 R7

R2 M R5 P RB

R; h Re W Ro
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CIRCULAR PLATES WITH FIXED EDGES

KEYS CODE KEYS CODE KEYS CODE

STO 1 3301 RTN 24 X 71

g R 35 08 LBL 23 6 06

STO 2 3302 C 13 4 04

g R} 35 08 RCL 1 34 01 + 81

STO 3 3303 RCL 3 34 03 RCL 4 34 04

3 03 + 81 + 81

g 35 f 31 RTN 24

y> 05 LN 07 LBL 23
X 71 . 83 E 15

1 01 4 04 RCL 1 34 01

2 02 8 08 1 41

+ 81 5 05 X 71

1 01 X 71 3 03

RCL 2 34 02 . 83 X 71

t 41 5 05 RCL 6 34 06

X 71 2 02 X 71

— 51 + 61 4 04

+ 81 1 01 + 81

STO4 3304 RCL 2 34 02 RCL 3 34 03

RTN 24 + 61 t 41

LBL 23 X 71 X 71

B 12 RCLS 3405 + 81

STO 5 3305 X ‘ 71 RTN 24

RCL 1 34 01 RCL 3 34 03 g NOP 35 01

t 41 1 41 g NOP 3501

X 71 X 71 g NOP 35 01

X 71 + 81 g NOP 35 01

1 01 RTN 24 g NOP 35 01

6 06 LBL 23 g NOP 3501

+ 81 D 14 g NOP 35 01

RCL 4 34 04 STO 6 3306

+ 81 RCL 1 34 01

g 35 4 04

m 02 g 35

+ 81 y* 05

R4 r R4 R,

R2 M Rs P Rs

R3 h Re Ro    
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RECTANGULAR PLATES—INPUT
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

LBL 23 CHS 42 . 83
A 1 . 83 0 00
X 71 0 00 7 07
STO 4 3304 7 07 1 01
gLSTX 3500 9 09 4 04
1 41 1 01 X 71
X 71 + 61 1 01
STO 3 3303 STO 33 — 51
0 00 9 09 STO 8 3308
RTN 24 RCL5 34 05 0 00
LBL 23 . 83 RTN 24
B 12 2 02 g NOP 3501
g x>y 3524 5 05 g NOP 3501
g X2y 35 07 5 05 g NOP 3501
g NOP 35 01 X 71 g NOP 3501
+ 81 CHS 42 g NOP 3501
STO 1 3301 1 01 g NOP 3501
gLSTX 3500 . 83 g NOP 3501
1 41 0 00 g NOP 3501
X 71 0 00 g NOP 3501
STO 2 3302 9 09 g NOP 3501
RCL 1 34 01 + 61 g NOP 3501
4 04 STO5 3305 g NOP 3501
X 71 RCL 1 34 01 g NOP 3501
CHS 42 2 02 g NOP 35 01
4 04 . 83 g NOP 3501
+ 61 6 06 g NOP 3501
1 32 2 02 g NOP 3501
LN 07 4 04 g NOP 3501
STO 5 3305 9 09 g NOP 3501
. 83 X 71

0 00 CHS 42
1 01 -1 32
8 08 LN 07
X 71 8 08

R1  b/a Rs Eh R;

R2 a’ R5 4 R8 71

R3 h2 RS Rg Ol’
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RECTANGULAR PLATE-SIMPLY
SUPPORTED EDGES

KEYS CODE KEYS CODE KEYS CODE

STO 6 33 06 f 31 2 02

RCL 2 34 02 LN 07 1 01

X 71 X 71 LBL 23
RCL 4 34 04 RCL 8 34 08 1 01

+ 81 — 51 RCL 1 34 01

RCL 3 34 03 1 01 3 03

+ 81 . 83 g 35

83 5 05 yX 05

0 00 X 71 + 81

8 08 RCL 6 34 06 1 01

0 00 X 71 + 61

7 07 g 35 GTO 22

RCL 8 34 08 m 02 2 02

9 09 LBL 23 LBL 23

. 83 2 02 D 14

6 06 + 81 RCL 7 34 07

+ 81 RCL 3 34 03 . 83

- 51 + 81 7 07

X 71 RTN 24 5 05

RTN 24 LBL 23 X 71

LBL 23 C 13 RCL 2 34 02

B 12 STO 7 3307 X 71

1 01 . ‘ 83 1 01

+ 61 1 01 . 83

g X2y 35 07 4 04 6 06

2 02 2 02 1 01

g X2y 35 07 X 71 GTO 22
<+ 81 RCL 2 34 02 1 01

RCL 2 34 02 1 41 g NOP 35 01

f 31 X 71 g NOP 35 01

Vx 09 X 71
X 71 RCL 4 34 04

g 35 + 81

m 02 2 02

+ 81 . 83

R1  b/a Rs Eh R, w

R, a’ Rs B Rs Y1

R3 h? RG P Rg Ol'   
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RECTANGULAR PLATES—FIXED EDGES
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 6 33 06 - 81 + 81

RCL 2 34 02 1 01 RTN 24

X 71 . 83 g NOP 35 01

RCL 3 34 03 0 00 g NOP 35 01

+ 81 5 05 g NOP 35 01

RCL 4 34 04 6 06 g NOP 35 01

+ 81 RCL 1 34 01 g NOP 35 01

RCL 34 5 05 g NOP 35 01

9 09 g 35 g NOP 35 01

X 71 y> 05 g NOP 35 01

RTN 24 + 81 g NOP 3501

LBL 23 1 01 g NOP 35 01

B 12 + 61 g NOP 35 01

RCL 6 34 06 - 81 g NOP 3501

RCL5 34 05 RTN 24 g NOP 3501

X 71 LBL 23 g NOP 35 01

RCL 3 34 03 D 14 g NOP 35 01

+ 81 RCL 7 34 07 g NOP 35 01

RTN 24 RCL 2 34 02 g NOP 35 01

LBL 23 X 71 g NOP 35 01

C 13 2 02 g NOP 35 01

STO 7 33 07 + 81 g NOP 35 01

. 83 RCL 3 34 03 g NOP 35 01

0 00 - 81 g NOP 35 01

2 02 83 g NOP 35 01

8 08 6 06 g NOP 35 01

4 04 2 02 g NOP 3501

X 71 3 03 g NOP 3501

RCL 2 34 02 RCL 1 34 01 g NOP 35 01

t 41 6 06 g NOP 35 01

X 71 g 35

X 71 y> 05
RCL 4 34 04 + 81

- 81 1 01

RCL 3 34 03 + 61

R, b/a R,4 Eh R, W

R, a’ I:‘5 B Rs 71

R3 h2 Rs P Rg a’
 

 
 



CANTILEVER 1
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KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 2 02 g NOP 35 01
g R{ 35 08 X 71 g NOP 35 01

X 71 — 51 gNOP 3501
STO 1 3301 2 02 g NOP 35 01

RTN 24 + 81 g NOP 35 01

LBL 23 RCL 1 34 01 g NOP 3501

C 13 + 81 g NOP 3501

STO 3 3303 RCL 3 34 03 g NOP 35 01

RTN 24 X 71 g NOP 35 01

LBL 23 RCL 4 34 04 g NOP 35 01

B 12 X 71 gNOP 3501
STO 4 3304 RTN 24 g NOP 35 01

RTN 24 LBL 23 g NOP 35 01

LBL 23 D 14 g NOP 35 01

D 14 RCL 4 34 04 g NOP 35 01

RCL 3 34 03 RCL 2 34 02 g NOP 35 01
RCL 4 34 04 - 51 g NOP 35 01

1 41 RCL 3 34 03 g NOP 35 01

X 71 X 71 g NOP 35 01

X 71 RTN 24 g NOP 35 01

6 06 LBL 23 g NOP 35 01

+ 81 D 14 g NOP 3501

RCL 1 34 01 RCL 3 34 03 g NOP 35 01

+ 81 RTN 24 g NOP 35 01

RCL 4 34 04 g NOP 35 01 g NOP 35 01

RCL 2 34 02 g NOP 3501 g NOP 35 01

3 03 g NOP 35 01 g NOP 3501

X 71 g NOP 35 01 g NOP 35 01
— 51 gNOP 3501 gNOP 3501
X 71 g NOP 35 01 g NOP 35 01

RTN 24 g NOP 35 01

LBL 23 g NOP 35 01

D 14 g NOP 35 01

RCL 4 34 04 g NOP 3501

RCL 2 34 02 g NOP 35 01

R1 El R4 X R7

R2 R5 Ra

R; P Re Rg    
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CANTILEVER 2
 

 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 RCL5 3405 + 81
g R{ 35 08 2 02 RTN 24
x 71 + 81 LBL 23
STO 1 33 01 + 61 D 14
RTN 24 RCL4 3404 RCL2 3402
LBL 23 1 41 RCL4 3404
C 13 X 71 2 02
STO 5 33 05 X 71 + 81
g RY 35 08 RCL 1 34 01 — 51
STO 6 3306 + 81 RCL4 3404
RTN 24 RTN 24 X 71
LBL 23 LBL 23 RCL2 3402
B 12 D 14 1 41
STO4 3304 RCL2 3402 x 71
RTN 24 2 02 2 02
LBL 23 + 81 + 81
D 14 RCL4 3404 — 51
RCL2 3402 6 06 RCL6 3406
4 04 + 81 x 71
x 71 — 51 RCL5 3405
RCL4 3404 RCL4 3404 + 61
— 51 x 71 RTN 24
RCL4 3404 RCL2 3402 LBL 23
x 71 1 41 D 14
RCL2 3402 x 71 RCL2 3402
1 41 2 02 RCL4 3404
X 71 + 81 — 51
6 06 — 51 RCL6 3406
X 71 RCL6 3406 X 71
- 51 X 71 RTN 24
RCL6 3406 RCL5 3405
X 71 + 61

2 02 RCL4 3404
4 04 x 71
+ 81 RCL 1 34 01

R1 EI R4 X R7

R, ¢ Rs M Rg

R; Rg W Rg
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CANTILEVER 3

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 X 71 + 81
g R{ 3508 RCL 2 34 02 RTN 24
X 71 + 81 LBL 23
STO 1 3301 5 05 D 14
RTN 24 + 81 RCL 3 34 03
LBL 23 - 51 1 41
C 13 RCL 6 34 06 1 41
STO 6 3306 X 71 X 71
RTN 24 2 02 X 71
LBL 23 4 04 6 06
B 12 + 81 - 81
STO 4 3304 RCL 1 34 01 RCL 2 34 02
RTN 24 + 81 + 81
LBL 23 RTN 24 RCL 6 34 06
D 14 LBL 23 X 71
RCL2 3402 D 14 CHS 42
5 - 05 RCL 3 34 03 RTN 24
+ 81 4 41 LBL 23
RCL4 3404 X 71 D 14
- 51 1 41 RCL3 3403
RCL2 3402 X N 1 Y
1 41 RCL2 3402 X A
x 71 + 81 2 02
gLSTX 3500 RCL 2 34 02 + } 81
X 71 4 41 RCL2 3402
X 71 X 71 + 81
RCL 2 34 02 gLSTX 3500 RCL 6 | 34 06
RCL 4 34 04 X 71 X 71
- 51 - - 51 RTN 24
STO 3 3303 RCL6 3406 g NOP 3501
4 41 X 71
4 41 2 02
X 71 4 04
t 41 + 81
X 71 RCL 1 34 01

R1 EI R4 X R7

R, ¢ Rs Rg

R3 (Q - X) Rs Wo Rg   
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SIMPLE 1

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 RCL 6 34 06 X 71
g Rl 35 08 4 41 + 61
X 71 X 71 RCL 2 34 02
STO 1 3301 RCL 2 34 02 4 41
RTN 24 4 41 X 71
LBL 23 X 71 — 51
B 12 — 51 X 71
STO 4 33 04 RCL 7 34 07 RTN 24
RTN 24 4 41 LBL 23
LBL 23 X 71 D 14
C 13 + 61 RCL 3 34 03
STO 3 3303 RCL 7 34 07 RCL 6 34 06
g Rl 35 08 X 71 X 71
STO5 3305 RCL 6 34 06 RCL 2 34 02
RTN 24 RCL 3 34 03 + 81
LBL 23 X 71 RCL 7 34 07
D 14 6 06 X 71
RCL 2 34 02 + 81 RTN 24
RCL5 3405 RCL 1 34 01 LBL 23
— 51 + 81 D 14
STO 6 3306 RCL 2 34 02 RCL 6 34 06
RCL 4 34 04 + 81 RCL 3 34 03
STO 7 3307 X 71 X 71
RCL 5 34 05 RTN 24 RCL 2 3402
g x>y 35 24 LBL 23 < 81
GTO 22 D 14 RTN 24
1 01 D 14 g NOP 3501
CHS 42 gLSTX 3500 g NOP 3501
STO 6 3306 3 03 g NOP 3501
RCL 4 34 04 RCL 7 34 07 g NOP 3501
RCL 2 34 02 f-1 32
— 51 Vx 09
STO 7 3307 X 71
LBL 23 RCL 6 34 06
1 01 1 41

R4 El R, X R; xorx-%

Rz R5 a Rg

Ry P Re L-aora Rg Used     
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SIMPLE 2

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 LBL 23 D 14
gR{ 35 08 D 14 RCL 2 34 02
X 71 RCL 4 34 04 2 02
STO 1 3301 4 04 + 81
RTN 24 X 71 RCL 4 34 04
LBL 23 RCL 2 34 02 — 51
C 13 6 06 RCL 6 34 06
STO 6 3306 x 71 x 71
g R{ 35 08 — 51 RTN 24
STO 5 3305 E 15 LBL 23
RTN 24 2 02 E 15
LBL 23 + 81 RCL 4 34 04
B 12 — 51 4 41
STO 4 33 04 RCL 5 34 05 X 71
RTN 24 x 71 x 71
LBL 23 g x2y 35 07 RCL 2 34 02
D 14 — 51 1 41
RCL4 3404 RCL 1 34 01 X 71
RCL2 3402 - 81 gLST X 3500
2 02 RTN 24 x 71
x 71 LBL 23 + 61
— 51 D 14 RCL 6 34 06
E 15 RCL5 3405 X Al
— 51 RCL 4 34 04 2 02
RCL 5 34 05 RCL 2 34 02 4 04
x 71 _ 51 + 81
2 02 RCL 4 34 04 RCL 4 34 04
+ 81 X 71 RCL 2 34 02
g x2y 3507 RCL 6 34 06 RTN 24
— 51 X 71 g NOP 3501
RCL 4 34 04 2 02
X 71 + 81

RCL 1 34 01 — 51
= 81 RTN 24
RTN 24 LBL 23

R1 EI R4 X R7

R, ¢ Ry, M Rs

R Rge W Rg   
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SIMPLE 3

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 RCL 6 34 06 — 51

gR{ 35 08 RCL 1 34 01 X 71

X 71 + 81 RTN 24

STO 1 33 01 RCL 7 34 07 LBL 23

RTN 24 RCL 7 34 07 D 14

LBL 23 t 41 RCL 3 34 03

C 13 X 71 RCL 6 34 06

CHS 42 2 02 X 71

STO 6 33 06 + 81 RCL 2 34 02

g R! 35 08 RCL 2 34 02 + 81

STO 5 3305 + 81 CHS 42

RTN 24 - 51 RTN 24

LBL 23 RCL2 3402 LBL 23

B 12 3 ' 03 D 14

STO4 3304 + 81 RCL 6 34 06

RTN 24 — : 51 RCL 2 34 02

LBL 23 RCL3 3403 + 81

D 14 t | 41 CHS 42

A 11 X 71 RTN 24

RCL 5 34 05 6 06 g NOP 35 01

STO 7 33 07 <+ ‘ 81 g NOP 35 01

RCL 4 34 04 RCL2 3402 g NOP 35 01

STO 3 3303 + 81 g NOP 35 01

g Xy 35 22 — 51 g NOP 35 01

GTO 22 RTN 24 g NOP 35 01

E 15 X 71 gNOP 3501
RCL 2 34 02 RCL 3 34 03 g NOP 35 01

— 51 X 71 gNOP 3501
STO 3 3303 RTN 24 g NOP 35 01

RCL 2 34 02 LBL 23 g NOP 35 01

RCL 5 34 05 D 14

— 51 E 15

STO 7 33 07 gLST X 3500

LBL 23 2 02

E 15 X 71

R; El R4 X R; a,%-a

R2 L R5 a Rg

Rz x,x-2¢ Re -M Ry Used
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FIXED—FIXED 1

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 6 06 RCL 1 34 01

g Rl 3508 + 81 + 81

X 71 RCL 1 34 01 RCL 7 34 07

STO 1 3301 + 81 X 71

RTN 24 RCL 2 34 02 RTN 24

LBL 23 RCL 5 34 05 LBL 23

C 13 — 51 D 14

STO 3 3303 1 41 RCL 6 34 06

g R{ 3508 X 71 RCL 4 34 04

STO b 33056 RCL 3 34 03 X 71

RTN 24 X 71 RCL 5 34 05

LBL 23 RCL 2 34 02 RCL 2 34 02

B 12 1 41 X 71

STO 4 3304 X 71 — 51

RTN 24 gLST X 3500 RCL 7 34 07

LBL 23 X 71 X 71

D 14 + 81 RTN 24

RCL 4 34 04 STO 7 3307 LBL 23

RCL 2 34 02 X 71 D 14

RCL 5 34 05 RTN 24 RCL 6 34 06

2 02 LBL 23 RCL 7 34 07

X 71 D 14 X 71

+ 61 RCL 6 34 06 RTN 24

STO 6 33 06 RCL 4 34 04 g NOP 3501

X 71 X 71 g NOP 3501

RCL 5 34 05 RCL 2 34 02 g NOP 35 01

RCL 2 34 02 RCL 5 34 05 g NOP 3501

X 71 X 71 g NOP 3501

3 03 2 02 g NOP 3501

X 71 X 71 g NOP 3501

— 51 — 51

RCL 4 34 04 RCL 4 34 04

t 41 X 71

X 71 2 02

X 71 + 81

R, El R4 X R, P(Q - a)?/e3

R2 L R5 a Rg

R3 P Rs L+ 2a) Rg    
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FIXED—FIXED 2
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 RCL 1 34 01 RCL 4 34 04

gR{ 35 08 + 81 X 71

X 71 RTN 24 RCL 2 34 02

STO 1 33 01 LBL 23 1 41

RTN 24 D 14 X 71

LBL 23 RCL 2 34 02 - 51
C 13 3 03 RCL5 34 05

STO 5 3305 X 71 X 71

RTN 24 RCL 4 34 04 1 01

LBL 23 2 02 2 02

B 12 X 71 + 81

STO 4 3304 - 51 RTN 24

RTN 24 RCL 4 34 04 LBL 23

LBL 23 X 71 D 14

D 14 RCL 2 34 02 RCL 4 34 04

RCL 2 34 02 t 41 2 02
2 02 X 71 X 71

X 71 - 51 RCL 2 34 02
RCL 4 34 04 RCL5 34 05 — 51

- 51 X 71 2 02
RCL 4 34 04 RCL 4 34 04 + 81
X 71 X 71 RCL 5 34 05
RCL 2 34 02 1 01 X 71
t 41 2 02 CHS 42

X 71 + 81 RTN 24

— 51 RCL 1 34 01 g NOP 35 01

RCL 4 34 04 + 81 g NOP 35 01
t 41 RTN 24 g NOP 35 01
X 71 LBL 23 g NOP 3501

X 71 D 14 gNOP 3501
RCL 5 34 05 RCL 2 34 02

X 71 RCL 4 34 04

2 02 — 51

4 04 6 06

- 81 X 71

Ry EI R4 X R,

R, Q Rs w Rsg

R3 Re Rg
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KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 RCL 2 34 02 RCL 5 34 05

g R! 35 08 RCL 5 34 05 X 71

X 71 — 51 6 06

STO 1 33 01 RCL 6 34 06 X 71

RTN 24 X 71 RCL 2 34 02

LBL 23 RCL 2 34 02 + 81

C 13 t 41 RCL 3 34 03

STO 6 33 06 X 71 + 61

gR{ 3508 + 81 RCL 7 34 07

STO5 33 05 STO 7 3307 X 71

RTN 24 X 71 RTN 24

LBL 23 RCL 1 34 01 LBL 23

B 12 + 81 D 14

STO 4 33 04 RTN 24 RCL 7 34 07

RTN 24 LBL 23 6 06

LBL 23 D 14 X 71

D 14 RCL 4 34 04 RCL 5 34 05

RCL 5 34 05 RCL5 34 05 X 71

RCL 4 34 04 X 71 RCL 2 34 02

X 71 3 03 + 81

RCL 2 34 02 X 71 RTN 24

+ 81 RCL 2 34 02 g NOP 35 01

RCL 2 34 02 + 81 g NOP 35 01

RCL 5 34 05 RCL 3 34 03 g NOP 35 01

3 03 + 61 g NOP 3501

X 71 RCL 4 34 04 g NOP 35 01

— 51 X 71 g NOP 35 01

STO 3 3303 RCL 7 34 07 g NOP 35 01

2 02 X 71 g NOP 35 01

+ 81 RCL 1 34 01 g NOP 35 01

+ 61 + 81

RCL 4 34 04 RTN 24

t 41 LBL 23

X 71 D 14

X 71 RCL 4 34 04

R+ El R, x R; M(R-a)/R?

R2 L RS d R8

R3 (2-3a) Re M Ro    
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FIXED-SIMPLE 1, x< a
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 — 51 RCL 4 34 04
g R{ 35 08 RCL5 34 05 X 71

X 71 X 71 RCL 7 34 07

STO 1 33 01 STO 7 3307 - 51

RTN 24 3 03 6 06

LBL 23 X 71 X 71

C 13 — 51 E 15
STO 3 3303 RCL 4 34 04 RTN 24

g R{ 35 08 t 41 LBL 23

STO5 3305 X 71 D 14

RTN 24 X 71 RCL 6 34 06

LBL 23 RCL 1 34 01 6 06

B 12 + 81 X 71

STO 4 3304 E 15 LBL 23
RTN 24 RTN 24 E 15

LBL 23 LBL 23 RCL 3 34 03

D 14 D 14 X 71

RCL 2 34 02 RCL 6 34 06 RCL 2 34 02

RCL 5 34 05 RCL 4 34 04 RCL5 34 05

+ 61 X 71 - 51
2 02 3 03 X 71

X 71 X 71 1 01
RCL 5 34 05 RCL 7 34 07 2 02

1 41 6 06 - 81

X 71 X 71 RCL 2 34 02

RCL 2 34 02 - 51 1 41

+ 81 RCL 4 34 04 X 71

— 51 X 71 + 81

STO 6 33 06 RCL 1 34 01 RTN 24

RCL 4 34 04 + 81 g NOP 35 01

X 71 E 15

RCL 2 34 02 RTN 24

2 02 LBL 23

X 71 D 14

RCL 5 34 05 RCL 6 34 06

R1 EI R4 X R7 a(2$2-—a)

R, L Rs a Rs

R3 P Rs Used Rg
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FIXED—SIMPLE 2, x > a
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KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 X 71 6 06
g R{ 35 08 STO 7 3307 X 71
X 71 — 51 E 15
STO 1 3301 RCL 2 34 02 RTN 24
RTN 24 RCL4 3404 LBL 23
LBL 23 — 51 D 14
C 13 X 71 RCL 6 34 06
STO 3 3303 RCL 1 34 01 6 06
g R{ 35 08 + 81 X 71
STO5 3305 E 15 CHS 42
RTN 24 RTN 24 LBL 23
LBL 23 LBL 23 E 15
B 12 D 14 RCL 3 3403
STO 4 3304 RCL7 3407 X 71
RTN 24 RCL 2 3402 RCL 5 34 05
LBL 23 RCL 4 3404 4 41
D 14 — 51 X 71
3 03 4 41 X 71
RCL5 3405 X 7N 1 01
RCL2 3402 RCL6 3406 2 02
+ 81 X 71 + - 81
— Bl 3 03 RCL2 3402
STO6 3306 x 71 1 4
RCL 2 34 02 — 51 X T
RCL 4 34 04 RCL 1 34 01 + 81
— 51 + 81 RTN 24
4 41 E 15 g NOP 3501
X 71 RTN 24 g NOP 3501
x 71 LBL 23 g NOP 3501
RCL 2 3402 D 14 g NOP 3501
RCL 5 34 05 RCL 2 34 02
— 51 RCL 4 34 04
RCL 2 34 02 — 51
X 71 RCL 6 34 06
3 03 X 71

R, EI R, X R; 3%(R-a)

R2 L R5 a RB

R3 P Rs 3- a/SZ Rg    
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FIXED—SIMPLE 3
 

 

         
 

 

 

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 X 71 RCL 6 34 06
g R{ 35 08 RCL 6 34 06 X 71
X 71 1 41 RCL 2 34 02
STO 1 33 01 X 71 3 03
RTN 24 X 71 X 71
LBL 23 8 08 RCL 6 34 06
C 13 LBL 23 4 04
STO5 3305 E 15 X 71
RTN 24 RCL6 34 06 - 51
LBL 23 1 41 X 71
B 12 X 71 RTN 24
STO 4 3304 gLST X 3500 LBL 23
RTN 24 X 71 D 14

LBL 23 X 71 RCL5 34 05
D 14 - 51 8 08
3 03 RCL 2 34 02 + 81
RCL 2 34 02 1 41 RCL 2 34 02
X 71 X 71 3 03
gLSTX 3500 gLSTX 3500 X 71
RCL 4 34 04 X 71 RCL 6 34 06
— 51 - 51 8 08
STO 6 33 06 4 04 X 71
1 41 8 08 — 51
X 71 - 81 X 71
X 71 RCL5 34 05 CHS 42
2 02 X 71 RTN 24
E 15 RCL 1 34 01 g NOP 3501
RCL 6 34 06 + 81 g NOP 3501
X 71 CHS 42 g NOP 3501
CHS 42 RTN 24 g NOP 35 01
RTN 24 LBL 23
LBL 23 D 14
D 14 RCL5 34 05
9 09 8 08
RCL 2 34 02 ~ 81

R1 El R4 X R7

R, ¢ Rs Rs
R3 Rs Q- X Rg    
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FIXED—SIMPLE 4, x <a
  

  

 
           
 

 

  

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 X 71 RCL 4 34 04
g R{ 35 08 2 02 X 71
X 71 X 71 RCL 3 3403
STO 1 3301 STO 7 3307 X 71
RTN 24 + 81 RCL 4 34 04
LBL 23 STO 3 3303 + 61
C 13 3 03 RCL 7 34 07
STO 6 3306 RCL 2 34 02 X 71
g Rl 3508 X 71 RTN 24
STO 5 3305 RCL 4 34 04 LBL 23
RTN 24 — 51 D 14
LBL 23 gLST X 3500 E 15
B 12 f-1 32 RCL 4 34 04
STO 4 3304 VX 09 RCL 2 34 02
RTN 24 X 71 — 51
LBL 23 CHS 42 X 71
D 14 RCL 7 34 07 RCL 6 34 06
RCL 4 34 04 + 61 + 61
1 41 X n RTN 24
X 71 + 61 LBL 23
2 02 RCL6 3406 E 15
+ 81 RCL1 3401 LBL 23
RCL 2 34 02 + 81 D 14
RCL5 34 05 STO 7 3307 RCL 3 34 03
2 02 X 71 6 06
= 81 RTN 24 X 71
— 51 LBL 23 RCL 6 34 06
RCL 5 34 05 D 14 X 71
X 71 RCL 4 3404 RTN 24
— 51 RCL 2 34 02 g NOP 3501
gLSTX 3500 1 41
RCL 2 34 02 + 61
4 41 — 51
X 71 3 03

gLSTX 3500 X 71

Ry EI R4 X R; M/EI

R2 Q RS a R8

R3 Used R6 M Rg   
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FIXED—-SIMPLE 5, x >a
 

 

         
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 2 3302 gLSTX 3500 RCL 4 34 04
g Rl 3508 4 41 X 71
X 71 + 61 RCL 3 34 03
STO 1 3301 RCL 2 34 02 X 71
RTN 24 3 03 RCL 5 34 05
LBL 23 X 71 + 61
C 13 RCL 4 34 04 RCL 7 34 07
STO 6 3306 — 51 X 71
g R{ 35 08 RCL 4 34 04 RTN 24
STO 5 3305 f! 32 LBL 23
RTN 24 Vx 09 D 14
LBL 23 X 71 RCL 4 34 04
B 12 — 51 RCL 2 34 02
STO 4 33 04 X 71 — 51
RTN 24 RCL 2 34 02 RCL 3 34 03
LBL 23 RCL 4 34 04 X 71
D 14 — 51 6 06
RCL5 34 05 RCL5 34 05 X 71
"RCL 2 34 02 X 71 RCL 6 34 06
X 71 - 51 X 71
4 41 RCL 6 34 06 RTN 24
+ 61 RCL 1 34 01 LBL 23
RCL5 34 05 - 81 D 14
1 41 STO 7 3307 RCL 6 34 06
X 71 X 71 RCL 3 3403
- 51 RTN 24 X 71
4 04 LBL 23 6 06
+ 81 D 14 X 71
RCL 2 34 02 3 03 RTN 24
1 41 RCL 4 3404 g NOP 3501
1 41 X 71
X 71 RCL 2 34 02
X 71 6 06

+ 81 X 71

STO 3 3303 — 51

R EI R, «x R; M/EI

R2 L R5 d R8

R3 Used RG M Rg
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COMPRESSIVE BUCKLING
 

 

   
 

        
 

 

  

KEYS CODE KEYS CODE KEYS CODE

g 35 RCL 1 3401 RCL3 3403
m 02 RCL3 3403 + 81
1 41 X 71 RCL5 3405
X 71 RCL4 3404 X 71
STO 1 3301 X 71 STO 4 33 04
g R} 35 08 RCL5 3405 RTN 24
0 00 + 81 LBL 23
g x=y 35 23 STO 2 33 02 E 15
RTN 24 RTN 24 t 41
RTN 24 LBL 23 X 71
CLX 44 C 13 STO 5 3305
4 04 STO 3 3303 0 00
STO 33 0 00 g x#y 35 21
+ 81 g x#y 35 21 0 00
1 01 0 00 RTN 24
CLX 44 RTN 24 RCL 1 34 01
1 01 RCL2 3402 RCL2 3402
g x=y 35 23 RCL1 3401 + 81
RTN 24 + 81 RCL3 3403
RTN 24 RCL4 3404 X 71
CLX 44 + 81 RCL4 3404
1 01 RCL5 3405 X 71
6 06 X A STO5 3305
STO 33 STO3 3303 f 31
X 71 RTN 24 VX 09
1 01 LBL 23 RTN 24
2 02 D 14 g NOP 35 01
RTN 24 STO 4 33 04 g NOP 35 01
LBL 23 0 00 g NOP 3501
B 12 g x#y 35 21 g NOP 35 01

STO 2 33 02 0 00
0 00 RTN 24
g x#y 35 21 RCL2 3402
0 00 RCL 1 34 01
RTN 24 + 81

Ry #Fixed Ends,C R4 [ R,

R, P Rs Q2 Rg

R3 E RG Rg Used    
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ECCENTRICALLY LOADED COLUMNS
 

 

     
 

   
 

 

    

KEYS CODE KEYS CODE KEYS CODE

STO 3 3303 RCL 4 34 04 RCL 4 34 04
g R! 3508 X 71 X 71
STO 2 3302 RTN 24 RCL 6 34 06
g X2y 35 07 LBL 23 X 71
STO 1 3301 D 14 RCL 1 34 01
RTN 24 C 13 + 81
LBL 23 RCL 4 34 04 RCL 7 34 07
B 12 + 61 X 71

STO5 33 05 RCL5 34 05 1 01
g X2y 35 07 X 71 + 61
STO4 3304 RTN 24 RCL5 34 05
RTN 24 LBL 23 X 71
LBL 23 E 15 RCL 7 34 07
C 13 STO 7 33 07 + 81
RCL 5 34 05 g X2y 35 07 RTN 24
RCL 2 34 02 STO 6 33 06 g NOP 35 01
+ 81 RCL5 34 05 g NOP 35 01
RCL 1 34 01 RCL 2 34 02 g NOP 35 01
+ 81 + 81 g NOP 3501
f 31 4 04 g NOP 35 01
VX 09 + 81 g NOP 35 01
RCL 3 34 03 RCL 1 34 01 g NOP 35 01
X 71 = | 81 g NOP 3501
2 02 f 31 g NOP 3501
+ 81 Vx 09 g NOP 3501
g 35 RCL 3 34 03 g NOP 35 01
RAD 42 X 71 g NOP 35 01
f 31 g 35 g NOP 3501

COS 05 RAD 42 g NOP 35 01
g 35 f 31 g NOP 3501
DEG 41 COS 05
g 35 g 35

1x 04 DEG 41
1 01 g 35
— 51 Ly 04

R1 I R4 R7 A

R, E Rs P Rg

R3 L Rs C Rg Used
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RECTANGULAR, REINFORCED CONCRETE SECTION
 

 

          
 

 

  

KEYS CODE KEYS CODE KEYS CODE

LBL 23 RCL 1 34 01 + 81
A 11 RCL 5 34 05 RTN 24
STO 3 3303 X 71 LBL 23
+ 81 - 51 E 15
STO 4 33 04 RTN 24 f 31
g RV 3508 LBL 23 Vx 09
STO 1 3301 C 13 D 14
RTN 24 STO 2 3302 f 31
LBL 23 RTN 24 Vx 09
B 12 LBL 23 RTN 24
. 83 D 14 g NOP 3501
5 05 RCL 2 34 02 g NOP 3501
RCL 4 34 04 g X2y 35 07 g NOP 35 01
RCL 1 34 01 + 81 g NOP 3501
+ 81 gLSTX 3500 g NOP 35 01
1 01 + 81 g NOP 35 01
+ 61 6 06 g NOP 35 01
RCL 4 34 04 X 71 g NOP 3501
X 71 RCL 4 34 04 g NOP 3501
+ 81 RCL 1 34 01 g NOP 3501
STO5 3305 + 61 g NOP 3501
RTN 24 1 41 g NOP 35 01
LBL 23 X 71 g NOP 35 01
B 12 X 71 g NOP 35 01
RCL 1 34 01 RCL 1 3401 g NOP 35 01
RCL 5 34 05 + 81 g NOP 35 01
X 71 RCL 3 34 03 g NOP 35 01
1 41 + 81 g NOP 3501
+ 61 3 03 g NOP 35 01
gLST X 3500 RCL 4 34 04 g NOP 3501
t 41 X 71
X 71 RCL 1 34 01
+ 61 + 61

f 31 gLSTX 3500
Vx 09 + 61

Ry n R, fe/fe R,

R, M Rs P Rs

R fc Re Ro    
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BOLT TORQUE

KEYS CODE KEYS CODE KEYS CODE

STO 1 3301 0 00 X 71
g R{ 35 08 RTN 24 STO 8 3308
f 31 LBL 23 RTN 24
COS 05 C 13 LBL 23
STO 2 3302 STO 7 3307 E 15
g R} 35 08 0 00 2 02
f 31 g x#y 35 21 g 35

TAN 06 RTN 24 s 02
STO 3 3303 RTN 24 + 81
RCL 1 34 01 RCL 8 34 08 g x2y 35 07
RCL 2 34 02 RCL1 34 01 + 81
+ 81 RCL 6 34 06 gLST X 3500
+ 61 X 71 + 81
1 01 RCL 4 34 04 8 08
RCL 1 34 01 RCL5 34 05 gLSTX 3500
RCL 3 34 03 X 71 + 81
X 71 + 61 RCL 1 34 01
RCL 2 34 02 + 81 RCL 6 34 06
< 81 STO 7 3307 X 71
— 51 RTN 24 RCL 7 34 07

- 81 LBL 23 X 71

STO 1 33 01 D 14 X 71

0 00 STO 8 3308 RCL7 34 07
RTN 24 0 00 f 31
LBL 23 g XFy 35 21 R—>P 01
B 12 RTN 24 g x2y 35 07

STO 4 3304 RTN 24 g R{ 35 08
g R 35 08 RCL 1 34 01 X 71
2 02 RCL 6 34 06 RTN 24

- 81 X 71 g NOP 35 01

STO5 3305 RCL 4 34 04

g R 35 08 RCL5 34 05
2 02 X 71
- 81 + 61
STO 6 3306 RCL 7 34 07

Ry  f, used R, fe R, w

R, cos 0 Rs D./2 Rsg T

R; tana Re Dm /2 Ro Used
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