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The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall have
no liability, consequential or otherwise, of any kind arising
from the use of this program material or any part thereof.
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Introduction

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

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

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

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

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

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

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

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

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

Stressonan Element .............. ... oo 04-01
Reduces data from rosette strain gage measurement and performs
Mohr circle analysis.

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

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

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

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

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

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

Beams Fixedat BothEnds............. ... ... .. ..ot 11-01
Calculates deflection, slope, moment, and shear for point, distributed,
and moment loads applied to beams with rigidly fixed ends.

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

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

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

Six-span Continuous Beams .. ............ .ot 15-01
Solves for the intermediate couples present at the supports of
continuous beams. Two to six spans are allowed.

16. Steel Column Formula ........... ... . ... .. ... oin. 16-01
Computes allowable loads for steel columns. Column ends must be
constrained by welds, rivets or in some other means which prevents
deflection and rotation.

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

I8, BoltTorque........ ... ... i, 18-01
Calculates the torque that will yield a specified bolt load or the load
resulting from a specified torque. The shear stress in the bolt may be
calculated as an option.
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A WORD ABOUT PROGRAM USAGE

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

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

If you own an HP-67, you may want more time to copy down the number dis-
played by a PRINT/PAUSE. All you need to do is press any key on the key-
board. If the command being executed is PRINTx (eight rapid blinks of the
decimal point), pressing a key will cause the program to halt. Execution of the
halted program may be re-initiated by pressing .

HP-97 users may also want to keep a permanent record of the values input to a
certain program. A convenient way to do this is to set the Print Mode switch to
NORMAL before running the program. In this mode all input values and their
corresponding user-definable keys will be listed on the printer, thus providing
a record of the entire operation of the program.

Another area that could reflect differences between the HP-67 and the HP-97
is in the keystroke solutions to example problems. It is sometimes necessary in
these solutions to include operations that involve prefix keys, namely, 8 on
the HP-97 and f§ , [, and [J on the HP-67. For example, the operation is
performed on the HP-97 as [ and on the HP-67 as B (0%). In sugh cases,
the keystroke solution omits the prefix key and indicates only the operation
(as here, (0%]). As you work through the example problems, take care to press
the appropriate prefix keys (if any) for your calculator.

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

peprrmoamrRRRRRRRRROMLR DD
o W ow W W W oW W W W oW oW oW ow W ow W ow W ow w w W

Notes



VECTOR STATICS

VECTOR STATICS

Xty Xot¥a F+d

r2¢87

Vrt¥2 U2

Part I of this program performs the basic two dimensional vector operations
of addition, cross product and dot, scalar, or inner product. In addition, the
angle between vectors may be found. Vectors may be input in polar form
(r, 8) or rectangular form (x,, y,).

Equations:

for addition: V, + i’/z = (x; + Xp) i+ (y; + Yz):i.

for cross products: V, X V, = (X2 — Xayy) K

for dot, scalar, or inner product: {/1 . {/2 = XiXe + y1¥e
| v, -V,

for the angle between vectors: y=cos™'— 1%
A

where:
X, is the x component of \71 (x; =1, cos 6,);
Xz is the x component of i.fz (Xg = 1y cos 6);
y, is the y component of i./, (y; =1, sin 8,);
y2 is the y component of \72 (Y2 = 1o sin 6,);

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

(xziyz)-‘ \‘. (th,)

A

Equations:
R, cos 6, + R, cos 6, = F cos ¢
R, sin 6, + R, sin 6, = F sin ¢
where:
F is the known force;
¢ is the direction of the known force;
R, is one reaction force;
6, is the direction of R;;
R, is the second reaction force;
0, is the direction of R,.

The coordinates x, and y, are referenced from the point where F is applied to
the end of the member along which R; acts; x, and y, are the coordinates
referenced from the point where F is applied to the end of the member along
which R, acts.

Remarks:
Registers Ry — R3; Rgy — Rgy and 1 are available for user storage.

INPUT OUTPUT

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

I S 1

1| Load side 1 and side 2.

2 To resolve a force in two

i known directions, go to step 6.

For vector addition, cross

producl,ror dot product con-

tinue with step 3. i
1 4
3 Input V, and V,:
0, in polar form ry | ry
8, a Y1
or
\7, in rectangular form Xy X3
I — Y oo Y
and
-\'/2 in polar form ra [ENTER ] r,
B s 6, a Y2
or
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STEP INSTRUCTIONS b A.'I.'Eg:”s Kevs | O s
Vz in rectangular forrn _xz_ _ o x, o
| v, | @oe| v
4 Perfor‘rn.\“r;o-lor operatlon:— R
add vectors || rne
or T
|| tekecrossproduct | o Y x Y,
or ) | o
take dot (or scalar) product. e
(Optionally, calculate anglerw ?_ T
between vectors after dot 1 E -
pmducti__. N S : E — y .
,,,s,,ﬁ For a new case, go to step 3 - § 7 ]
and cha.n_g_o_.v1 and/or V2 I f 7 ]
6 | Define reactgn 7d7|rect|ons as | : j
Cartesian coordlnarqewsr or os 1 g B
vectors of arbitrary magnitude. 1 T ]
(Use the point of force apol-i--‘"jk - ]
cations as the origin): - “ 1 . o
. _d_o[rng_olraotron one |n polar 7 |
om 4 1 i S 100 ]
B o | @ s
or B
_in rectangular form X4 i - . Vx,i
R ue | 4
- and 4 | o
| define direction two in polar | SN I
form 1 r 1.00 |
I 6 a sin 6,
or — .
_in rectangular form. Xe %
Y2 [N c ] Y2

v

o

W W W w w

mnnnmnmmnu!
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STEP INSTRUCTIONS AT UNITS | KEYS DATAONITS
. 7 Inpm k'_"o\in force — R - : ,V R
| magnitue F |
) rhen d|rect|on [ ﬂ D] F sin ¢ |
8 |Compute reactons . |oe | AA

9 To change force go to step 7

_ . To chang;o ortho_r_or both 7 )
directions, go to step 6. N B i

Example 1:

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

B=452110°. - ~

Keystrokes:

Outputs:

“A=100 < 30°

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

45 ERENID 110 @ 100 €3

EIED 30 06

é:

116.57 **x*
~127.66 ***

116.57£-127.66°
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Example 2:

Resolve the following three loads along a 175 degree line.

y
h -‘
.. — .‘.
1701b 2143° L, 185 Ib <62°
/ o
175°0 _ _ L,
—= X
e Iﬁ’
Ls [
100 1b < 261° ¥
Keystrokes: Outputs:

First add [, and [,.

185 62@ 170
143 BB

v

Define the result as \7, and add I:,.

B 100 261 @@——

Toresolve the vector, just calculated
along the 175° line.
D! 175 @8
What is the angle between the
vector and the line?

R/S

v

270.12 *** (Ib)
100.43 *** (deg)

178.94 *¥* (Ib)

111.15 *** (deg)

78.86 *** (lb)

63.85 *** (deg)

|

i W

i 1k

L)

aﬁ—

&1 L

(| @
i

m
-
14/

-
&l &l

)

1

& &) IE WOIR

&l

anmrommmmm
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Example 3:

01-06

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

reaction force transmitted along the member?

Keystrokes: Outputs:

Moment by cross product (V, % %}.

30 50 3 300
205 BB — 3803.56

Resolution along crank

| GIED 50 00

-271.89

in-1b
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Example 4;

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

57 — X
Vi
B8ft

B
Keystrokes: Outputs:
7 CHEIED 8 @0 — -8.00
10 g —— 0.00
500 WERDA — -500.00
LEIE ] » -664.38 *** (R,)

437.50 *** (R,)

Notes
s
[Za0
-9 v
i 4 (Zuo J3° 7
1 7 | 1672
i \Lﬁq [ Too
LT
71(/

01-08
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SECTION PROPERTIES

SECTION PROPERTIES - INPUT CE1-02A1

[S- START
B it yit)xiertyinn Xo* yor*d

SECTION PROPERTIES - OUTPUT CE1-02A2
XtytO+leslyd,ley
sholyby iyl «0ig v

The properties of polygonal sections (see figure 1) may be calculated using this
program. The (x, y) coordinates of the vertices of the polygon (which must be
located entirely within the first quadrant) are input sequentially for a complete,
clockwise path around the polygon. Holes in the cross section, which do not
intersect the boundary, may be deleted by following a counter-clockwise path.

Y1 oy

— (x2, ¥2)

SECTION

(xo 1Yo') HOLE
(X3 y Y3 )

(%o, Yo)
(xa! y4) \“

( Z!Y2

(X1 ’ y1

(X35 ¥Ya)

Figure 1 — Polygonal Sections

A special feature allows addition or deletion of circular areas. After the point
by point traverse of the section has been completed, circular deletions or addi-
tions are specified by the (x,y) coordinates of the circle centers and by the circle
diameters. If the diameter is specified as a positive number, the circular areas
are added. A negative diameter causes circular areas to be deleted. Example 4
shows an application of this feature.

After all values have been input, the coordinates of the centroid (X, ¥) and the
area (A) of the section may be output using card 2, key [J. The moment of
inertia about the x axis (Iy), about the y axis (Iy) and the product of inertia
(I,,) are output using . Similar moments, I3, Iy and Iz, about an axis
translated to the centroid of the section are calculated when is pressed.

—t

w i

(VN VO L |
W W W W

11

S e—

i

'
Lid

W W

I

AALYTTTRTE T
T}

WO W W W W

—y
-
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Pressing B3 calculates the moments of inertia, I, and Ig4, about the principal
axis. The rotation angle (¢) between the principal axis and the axis which was
translated to the centroid is also calculated. The moments of inertia I, I/,
the polar moment of inertia J and the product of inertia I;," may be calculated
about any arbitrary axis by specifying its location and rotation with respect to
the original axis and pressing E3B).

Equations:
A= —2, (Yier = YD) (Xisr + X)/2
% = —il—; [ier = y/8 ] [(xisn + %)% + (xir — x0%/3]
y = {;0 (s = x)/8] [(Wis + ¥ + (Yier = y0)*3]

I, = E [(Xin = X)(Yier T }’i)/24] [(Yi+1 +yi)? + (i1 — )(i)z]
i=0

n

Iy, = - [(yH] =~ ¥i)(Xijgr T Xi)1[24][(xs+: + %)%+ (X1 — Xl)z]
=0

i=0

n

2 (yH"l ¥i)*(Xier + X)(Xig i + x7)
(xm = Xj)
1

+ 3 (Yisr — ¥)Xis1 ¥i — X Yis)XKisd + X X+ X)

1
+ T (Xis1 ¥i = Xi Yis1)*(Kisn + xi)]

Ir =1 — AY®
Iy =1, — AR
s = Ly — AXY
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1 )
= — t -1 —xy_
¢ = t@n (I,; = 1;)
I, = Iz cos® 8 + Iy sin® 6 — Ig; sin 260
I,/ = I cos® 8 + Ig sin* 8 + Iz7 sin 26
I=L'+1
I,/ = @ sin 28 + Izycos 20
42
Acirc]e = ﬂ-4
4
Icircle = ﬂ-d
64
where:

Xij+; is the x coordinate of the current vertex point;

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

x; is the x coordinate of the previous vertex point;

y; is the y coordinate of the previous vertex point;

A is the area;

X is the x coordinate of the centroid;

y is the y coordinate of the centroid;

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

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

Iy is the product of inertia;

Iz is the moment of inertia about the x-axis translated to the centroid;
I7 is the moment of inertia about the y-axis translated to the centroid;
Izs is the product of inertia about the translated axis;

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

Iz, is the moment of inertia about the translated, rotated, principal x-axis;
Igg is the moment of inertia about the translated, rotated, principal y-axis;
8 is the angle between the original axis and an arbitrary axis.

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

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

l_xp

(VW

TILNNTIm.

OGR w m W oW oW oW oW W oW W ow w

.
-

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

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

d is the diameter of a circular area.

Reference:

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

Remarks:

Registers Rg, — Rgy are available for user storage.

The polygon must be entirely contained in the first quadrant.

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

Curved boundaries may be approximated by straight line segments.

STEP INSTRUCTIONS pATALNTS | KEYS | o SUTRLT
1 | Load side 1 and side 2 of B I |
card 1. D | i ]
2 Initialize. T oo o
3 | Key in (x, y) coordinates of
first vertex. X v,
2 oy
4 | Key in (x, y) coordinates of {1
next clockwise vertex. Xier D | xe
Yier a8 | vy
5 Wait for execution lh’he.ﬁd', 't'ﬁeh' - I
repeat step 4 for n—ext poin't_:u -
Go to step 6 after you have N ) 1
reinput the starting point. - ) -
6 | To delete subsections within | ) T .
the section just traversed, T
return to step 3, but traverse in| . a ) o
a counter-clockwise direcli'c;\'.' 1 . N
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E':]Hﬂ Example 1:
Isrsp INSTRUCTIONS b A.'I.“ESJITS KEVS |, ﬂgzgﬁs J What is the moment of inertia about the x-axis (L) for the rectangular section
E"‘E shown? What is the moment of inertia about the neutral axis through the
7 | Optional: Add circular areas, X X J centroid of the section (Igy)?
... X¢/
y (ENTER+) y E-j 3
0.00 = -
or delete circular areas. X X J ‘V
| e s .
y y Ej - (0, 5) L Principal Axis
1
d 0.00 S - — 13,9
8 |Lloadside1andside2of J '
card 2. - e o !
; | 1
9 | Calculate any or all of the E"I:E | i
following: ‘Iv N 5 I.Centroid
— T - 7 1 - - B o - I - _ - .
Centroid and area; (2] Xy A Eﬂj E | Principal and Neutral Axis
Properties about original E E !
axis; _ a L, L, L, ! f
Properties about axis trans- S | i
lated to centroid; &Iy Iy EIE (OJ ;T) — .‘___b;(:?,(]) X
Angular orientation of ' J ' 3 ’
principal axis and propediesku Ej E I
about principal axis; (D] ?, kg, g 5!5
or
_ JM_| Keystrokes: Outputs:
Specify arbitrary axis and E-"“.ﬂ . .
- — l Load side 1 and side 2 of card 1.
rotation and calculate = - LA RY 0
properties. x' ‘I 0 RN A | > 5.00
y Ej-ﬁ 3 50 > 5.00
- T . 3 o > 0.00
[} fi]o] L L' J, L, Eﬁ
- e 0 ENTEFH 0 0.00
10 | To modify the section, go to N E o
sto0 1. but skip 5180 2. For 8 = Load side 1 and side 2 of card 2.
P R " o > 125.00 *** (I,)
new case, go to step 1. B 45.00 *** (I,)
‘ 56.25 *** (I,)
= B - 0.00 *** (¢)

31.25 *** (Igy)
11.25 *** (Igg)
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Since ¢ = 0 we would expect Iz4 to equal I;. Press [@ to calculate Iz, I; and Izy
and you will see that this prediction is correct. Also, Iz is zero about the
principal axis.

> 31.25 *** (Ip
11.25 *** (I
0.00 *** (Igy)
Example 2:
Calculate the section properties for the beam shown below.
y
|
(0,14) (16,14)
A ] i 1
- 15 —»|(16,13)
(1,13)
14
(1,2) (11,2)
i
2
\J ! X

(0,0) B — T [

Keystrokes: Outputs:
Load side 1 and side 2 of card 1.

0o o 0

0 140 14.00
16 140 14.00
16 130 13.00
1 B —— 13.00
1 2D > 2.00
11 2 ——— 2.00

IEED Ol —— 0.00

-

1T

Wl W W W W ow w

Y-
i

m
L/

.

W ow Wl W

AL TITAN

WoW W W w ow
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0 on > 0.00
Load side 1 and side 2 of card 2.
0 > 5.19 *** (X)
6.54 **x ()
49.00 *** (A)
0 > 3676.33 **x (L)

2256.33 *** (I,)
1890.25 *** (I,.)

R 1580.00 *** (I5)
934.49 *** (I)
225.61 *** (Iz;)
B > ~17.48 *** (¢b)

1651.04 *** (Ig,)
863.46 *¥** (Io,)

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

S~

-17.48° (¢)

(5.19, 6.54)
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Example 3: = Example 4:
What is the centroid of the section below? The inner triangular boundary . = 1;0.r th: cIfart bel(;IW, Compu;e t}:]e] potl)ar tmo;pe}rlltthof i;:;ertia abOL'l;'h point A.f
denotes an area to be deleted. : oint enotes the center of a hole about which the part rotates. The area o
E‘ *! E the hole must be deleted from the cross section.
y ]
A Ew!_j‘g
M y
' )
@Gn (4D S! 1 =
T ae - = = 0,2) 5,2
@8 @8 E.;j - ( (52)
] i J"‘,_."‘"‘ P g & E (.3,1.4)
| L7 - i | (5,1.4)
wa o
L AXT A(.2,.6)
(3,1) Ei"g ‘l\_-ljl-
=X E= = (0,0)[*10:5 _
l (.8,0)
Keystrokes: Outputs:

Load side 1 and side 2 of card 1.

LT
i (W

1] A K] 1 J Keystrokes: Outputs:
3 Q > 7.00 | Load side 1 and side 2 of card 1.
14 0 7.00 1 000 D 0 E1ED 0 S50
3EIED | O — 1.00 E’i'ﬁ 105 EIED 2 0 5 EIED
Delete inner triangle: E== 1.4 .8 1.4 -3 EED
+ CIED 4 EIED 9 EIED 1 0@ 0 EIED 0 O 0.00
60 > 6.00 = = Delete the hole.
4 EIED 6 B > 6.00 1 2 EEED -6 D
4 iD > 4.00 B - 5 > 0.00
Load side 1 and side 2 of card 2. E_‘_l Load side 1 and side 2 of card 2.
Compute Centroid ' J Compute J about point (.2, .6) with
[ A ] > 6.85 *** (X) . 0 of zero.
4.94 *** () b | 2 6
28.00 *** (A) O+ To! > 3.91 *** (1)

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

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

Sections and Equations:

I-q- b-—-l

[—>—

[
»
Il

-
I

I, = ma®b/64
ab’/64
A = mab/4

L]
-
I

a’b/12
ab3%/12

I, = maild =1,

A = ma%/4

I, = a%/36
I, = ab%/36
A = abf2
~\ )
'
3
Sl - R
4 b4
IX - _.1.:-_(364—) = I}'
_ Tl'(az — bZ)
A 4

il

(S

- .

W oW W W ow W

-

g

m
1

b
) el

Ty

;_'ILT_T_’P@_TJ’
L

Ly

W oW W G LK

L&)

03-02
STEP INSTRUCTIONS paTaoNTS | KEYS | parainiTs
1 Load side 1 and side 2. B -
2 | Select cross section shape. - ] )
Rectangle (1] A] ;_000 00
Triangle (1]6] 2.000 00 N
Ellipse ng 3.000 00
Circle (]o] 4.000 00 |
Concentric Circles 7 - oo 5.000 OO_M
3 | Input two of the following:” _a a
b o b
I, ] L
4 Compute unknown yalue:‘ - [ 2] a
I B b
I,
5 | Optional: Compute area - . “E,_, _ _A_ —
6 | Optional: Compute I, e | I, |
7 | For anew case, go to step 3

and change inputs

*For circles, only one input or

output is allowed.

Input I, or a only.
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Example 1:

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

Keystrokes:
oo

\4

42509 006
a

v

Example 2:

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

Outputs:
1.000 00

2.582 06
575.7 03

I, = 10007 What is the area of the section?

Keystrokes:

0eE 50 1000380
(D]

15in

v

Outputs:

6.036 00
71.11 00

(Select)
(rectangles)
em* (1)
cm* (Iy)

in (b)
in? (A)

g

(@

LT
w wm oo o W oW W ow W

AL

i/

T

nmm
ia/

}

1
|

|
LN

|

el

Notes
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STRESS ON AN ELEMENT

STRESS ON AN ELEMENT

Eo*EptEe +E4.E2,0 Sx*sytTyy +5y

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

Correlations for rectangular and equiangular rosette configurations are
included.

Strain Gage Equations:

CONFIGURATION 1 2
CODE
RECTANGULAR DELTA (EQUIANGULAR)

TYPE OF ROSETTE

i L[‘u‘*“h*ﬁ;
| PRINCIPAL [ | 3
STRAINS: e te = Ve -y +2e—cr e
€ & : [ V26— 6) + A0 -) + 26 -6 ]
CENTER OF
E(e, +€,t€)
MOHR CIRCLE: E(ete) (€ e_,. €
2(1-v) 3(1-»)
s; ts,
2
MAXIMUM E . 2
: ——— V26 + 2 -e) Ve, — ) +2(6—€ ) +2(€ —€,)
SHEAR STRESS: gy VHETer +2a-e) 0y Ve e e

Tmux

ORIENTATION | 26,6 ¢, o Vite-«)
OF PRINCIPAL tan~! e ) Geaer
STRESSES N

-

-

Tl
§ f]

(|
L

I

)
W W

||

I
W w W w

‘._l_A
ikl e ol

an

UJ

bl

nmm
ixl

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

6 + 45°

Tmax

Maximum

Stress State Shear Stress

Principal Stresses

Mohr Circle Equations:

2
Sx —S,
Tmax=~/(x2.‘)+7xy2

Sx + s,
S 2*2—}—'{' Tmax

_ S ts,
— 2‘—‘ ~ Tmax

+ Tmax COs 26’

T = Tpax Sin 26’
where:
s 1s the normal stress, and 7 is the shear stress.

€, €, and € are the strains measured using rosette gages;
Sx is the stress in the x direction for Mohr circle input;

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

Txy 15 the shear stress on the element for Mohr circle input;
€, and €, are the principal strains;

s; and s, are the principal normal stresses;

Tmax 15 the maximum shear stress;

v is Poisson’s ratio;
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6 is the counterclockwise angle of rotation from the specified axis to the
principal axis. Note that this is opposite to the normal Mohr circle
convention.

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

E is modulus of elasticity.

Reference:

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

Beckwith, T. G., Buck, N. L., Mechanical Measurements, Addison-Wesley,
1969

Remarks:
Ry, Ry, R;, Ry, Rp and Rgy—-Rgy are available for user storage.

Negative stresses and strains indicate compression. Positive and negative shear

are represented below: s
y

Sy
Tay “'— #.' Ty

Sy Sx S8y
- — - —
Sx

e

T

Sy

Y Ty -—————

f

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load side 1 and side 2.

If a stress configuration is

known, go to step 8 for Mohr

circle evaluation. Continue

with step 3 for strain gage

data reduction.

Select strain gage

configuration:

Rectangular

1.000 00

or Delta.

2,000 00

.

V]

A

(i

e

-

W W W W

-

{1

T

LT

WoW W W W

4
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STEP INSTRUCTIONS pataumirs | KEYS | o ATAONITS
4 Input modulus of elasticity, E E |
then Poisson's ratio. v [+]o] E
5 Input strains:
€ €
€, €,
€ 4] €
6 | Calculate principal strains
and rotation angle. 6] €, €, 0
7 | Skip to step 9 for Mohr circle
applications of calculations
just completed.
8 | Input stress on element in x N
direction Sy S, i
then stress in y direction s, S,
then shear stress. Try 0.000 00
9 | Calculate principal stresses. (D] Sy, Sz, rm,,,ﬁ
PR
10 | Optional: Calculate stress
configuration at a specified
angle. 0’ a s, T T
11| To specify another angle go
to step 10. For a new case go
to step 2.

Example 1:

If sx = 25000 psi, s, = —5000 psi, and 7y, = 4000 psi, compute the principal
stresses and the maximum shear stress. Compute the normal stresses, where
shear stress is maximum (6 + 45°).
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s,=—5.524 x 10°

15.52 x 10°psi

f Txy =4000 psi f

$x= 25,000 psi s,=25.52 x 10° psi

Maximum
Stress State Principal Stresses Shear Stress
Keystrokes: Outputs:
25000 5000
4000 3B > 25.52 03 *** (s,)
-5.524 03 *** (s,)
15.52 03 *** (71,..%)
-7.466 00 *** (@)
45 > 37.53 00
a » 10.00 03 *** (s)
15.52 03 *** (7))
Example 2:

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

€ =90 X 1078 € = 137 x 107% € =305 x 107
v =03 E = 30 X 10° psi
Keystrokes: Outputs:
a0 > 1.000 00
IENEED D — 30.00 06
90 6 137
GDED 6 305 EDED
6 > 90.00-06
0 > 320.9-06 *** (g,)
74.14-06 *** (g,)
14.69 00 *** (8)
(D] > 11.31 03 *** (sy)

5.618 03 *** (s,)
2.847 03 *** (7,
14.69 00 *** (@)

T

mmamMmMAMnNNNn
ol il o owl e ow w ow oW oW ow oW ow oW

\nl

m

nmmnm
I

et

04-06

Example 3:

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

E =30 x 10°psi
v =03
/ ‘500\1‘\_
€. =-200x10"° / \ €, =-20x10"°
€, =400 x 10°°
Keystrokes: Outputs:
(1 ]s] N 2.000 00
400 GAAED 6 20
EBEDES 6 200
60 400.0-06
> 415.5-06 *** (¢,)
-295.5-06 *** (g,)
-8.498 00 *** ()
(0] > 10.78 03 *** (5))

-5.633 03 *** (s,)
8.204 03 *** (1,
~8.498 00 *** (g)

/ k‘\l

4 \
/ / \ b S, = — 5.633 x 103 psl

6=—8.498 Degrees

s1 = 10.78 x 10°psi
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BENDING OR TORSIONAL STRESS

BENDING OR TORSIONAL STRESS CE1-05A

=
%] @ siss) SM(T) Dulr) )

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

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

Equations:

_Stress
Bending Stress Distribution Shear Stress

]" v )" 0 - \

Neutral Axis :

— \_ T

- Mv _Tr
s = 1 s._T

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 shear stress at r;
T is the applied torque;
r is the distance from the shaft center to the point of interest;
J is the polar moment of inertia.

Remarks:

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

Ak

m. '_
W W W w W

05-02

STEP INSTRUCTIONS DA'T'*EUU'IITS kevs | o AoTlgS:;rT .
1 | Load side 1 or side 2. o - —

2 | Input 3 of the following: - e
Bending stress (or shear - A
stress) s | B | s |

Bending moment (or applied “
orau) M o M(_T) ,

Distance from neutral axis

(or radius) - v(n _V(f) B

Moment of inertia (mT polar
moment) 1 I(J) T a o I(J)

3 | Calculate the remaining value:

‘4

Bending stress (or shear

stress) 1 s(s)

Bending moment (or torque) o Mol

Distance from neutral axis

(or radius) v (r)d )

Moment of inertia (or polar

—4 - E—

moment) D] ) I(J) -

rTinnmn
W oW W oW W

4 | For a new case, go to step 2

|| S

{
N

and change appropriate inputs.

e

|

|

J

n1nnnn

i
—_—

W oW W W W W W

8

|

i
|

Example 1:

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

Keystrokes: Outputs:
w0480 280 — 24.00 03 in-1b (M)
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Example 2:

What torque will result in a stress of 12000 pounds per square inch at a radius
of 1 inch for a 2 inch diameter shaft?

Keystrokes: Outputs:
pX x| x: | 3] < BEpA - | 1.571 00 in* (J)

0108 1200030 18.85 03 in-1b (T)

Example 3:

A moment of 30,000 in-1b is applied to a beam with a moment of inertia of
3.8 in%. If the neutral axis is 1 inch from the surface, what is the stress at the
surface?

Keystrokes: Outputs:
300003380 1 80 —— 7.895 03 psi (x)

==

) W& W

W W W

|

H

Notes

05-04
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LINEAR OR ANGULAR DEFORMATION

LINEAR OR ANGULAR DEFORMATION CE1-06A

@A) @Al®) ot P(T) T E(G)

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

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

Equations:

_T \\/9
Linear P Angular

-

T~ T

- ¢ | —

(4
Al = Pt Al g—lé

J

where:
AR is the change in length;
P is the applied load;
 is the length;
A is the cross sectional area;
E is the modulus of elasticity;
0 is the deflection angle in radians;
T is the applied torque;
J is the polar moment of the section;

G is the modulus of elasticity in shear.

Remarks:

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

rrnrm’
Wow W W Ww ww

T
m

a

W oW W W W W

TTiTrmnmnnm
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n
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oW W W w
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INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS | pat AJUNITS
1 Load side 1 or side2. D
2 | Input four of the ibllowing:m N : 1 o
Area (or polar moment of ]
inertia) 1 K(:J)J 4] AQ) i
Linear deflection (or torswnal - ' -
deflection) . A | @ A
Longth o — ¢ , - <
Applied load (or lorqrt;e) - -_, P (T) W Iil 7 P_(T) ]
Modulus of elas;c-:“ﬁ;;_(_ln shear)! E (G) 1 G - E(é) -
3 | Calculate remaining value 5” - T 4 h
Area (or pola};r;bmentoi ] N -
noria) 1 - u z, a(J)
Linear deflection (or torsional | T ]
i :, —+ a1 WYOR
m-_ﬂ__..“;}‘a;.a,;n;r;lber S S | S 2 ]
Applied load (or torque) § » ‘ 7 f’m o
Modulus of elasticity (m ::: 4 R T
| shem | e] Ee |
o] roraronemoowsepz | | | |
and change appropriate |nputs§ R

Example 1:

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

Keystrokes: Outputs:
50000 @ .001 @ 10
20633 1130 2.418 -03 m®

For square bars, .05 meters on a side, what will the deflection be?
05 300 > 967.1 -06 m
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Example 2:

A 6 inch outside/5.5 inch inside diameter steel pipe (G = 11.5 X 10° psi) is

15 feet long. How much torque will it resist with an angular deflection of
1.00 degree?

Keystrokes: Outputs:

First compute J = m(D,! — D*/32.
6 5.5 3888

kX - > 37.40 00 in* (J)
0 15EIED 12 11.5E0
63 1 A D 41.70 03 in-Ib (T)

,f-x;—
ot

ThThLTJhT

T

W W w w W w

W

LY
W W W

W W

1)

W W W W W

i

Notes

06-04
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CANTILEVER BEAMS - M
E‘INS 6; = E}I<3 (applied moment)
el R, AR, CE107A ET -
START I*E+¢ asp b cqM
Xy X+0 x+M, .
E*B My =M,; + My, + My, (total moment)
This program calculates deflection, slope, moment and shear at any specified | :
point along a rigidly fixed, cantilever beam of uniform cross section. Distri- e My =P(X, — a) (moment due to point load)
buted loads, point loads, applied moments or combinations of all three may |
be modeled. By using the principle of superposition, complicated beams with e My = =W (X; (Xo/2 —b) +b%2)  (distributed load)
multiple point loads, applied moments and combined distributed loads may _l
be analyzed. E"‘] - My; = M (x=c¢) (applied moment)
Equations: :
4 qu» - V=V, +V,+V; (total shear)
E&‘I - V, =P (x<a) (shear due to point load)
E““'E V, =W (b—X,;) (distributed load)
- Vs =0  (applied moment)
J where:
B"j = y is the deflection at a distance x from the wall;
E.'. E 0 is the slope (change in y per change in x) at x;
Yy =y +y, +ys (total deflection) EJ 3 M, is the moment at x;
. ) J V is the shear at x;
Y1 = -%)éi— (X,—3a) — 5;1 (x—a)(x>a)* (deflection due to point load) - . I is the moment of inertia of the beam;
is the modulus of elasticity of the beam;
|- E is the modulus of elasticity of the be
_ —WX{ X, 2 == 2 is the length of the beam;
Y2 X b)+15b J
OEI 4 - a P is a concentrated load;
Wh? : W is a uniformly distributed load with dimensions of force per unit
~E (x—=b)(x>b) (distributed load) i - length.
MX.2 E M is an applied moment;
X M
Ya = 2E13 + E; (x—¢c)(x>c) (applied moment) a is the distance from the foundation to the point load;

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

L)

06=6 +6, +6, (total slope) c is the distance to the applied moment;
X, =xifx=<aoraifx > a;

X, =xifx=<borbifx>b

0, = —-——g;‘ (X; — 2a) (slope due to point load)
WX, X, b b2 l L
6, =—= - — + —
) El [Xz( 3 > ) 3 (distributed load)

Xg=xifx<corcifx >c.

*The notation (x > a) is interpreted as 1.00 if x is greater than a and as 0.00 if x is less than or
equal to a.

nTnnnm
N

| W

y
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Remarks:

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

Registers Rgo—Rsg are available for user storage.

SIGN CONVENTIONS FOR BEAMS

NAME VARIABLE SENSE SIGN
DEFLECTION y A +
SLOPE ] h +
INTERNAL MOMENT M, - ) +
SHEAR Vv T -\ +
EXTERNAL FORCE OR LOAD PorW v +
EXTERNAL MOMENT M G +

Sums of y, 6, M, and V may be stored in Rg, R;, Ry, and Ry, respectively.
Note that these registers are indicated on the magnetic card.

STEP INSTRUCTIONS pataUNTs | KEYS | DArAoNITS
1| Load side 1 and side 2.
2 | Initialize. L] A ] 0.000 00
3 | Input moment of inertia I I
then modulus of elasticity E E
T hr-r;en beam length. - Q o EI
4 Input load(s):
Location of point load a a
Point load >P 0 a
Length of distributed load b b O
) 1 Distributed load (force/length) w o b
] Location of applied moment c [enTER ] c
Applied moment M [ 1] c
| 5 | Key in x to specify the point ]
of interest and calculate
deflection - X [ 4]
or slope X (6]

1

i

m

a

W w w

oW W

S5 55N LS LS LN
W W W W W W

i

i
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INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
- ‘or moment X M,
or shear. X o \
6 For a new calculalionwwith the B -

same loading, go to step 5.

For new loads, go to step 4.

Be sure to set obsolete

loadings to zero. For new

beam properties, go to step 3.

To restart, go to step 2.

Example 1:
What is the deflection at x = 12? Neglect the weight of the beam.

100 Ib

200 Ib

E = 30 x 10° psi

| =4.7 in*
Keystrokes: Outputs:
og 4.7 30
6 1580 141.0 06

Compute deflection at 12 inches due to 100 1b weight:
8 opaE e —

Store deflection due to 100 Ib load for addition to deflection due to
200 1b load:

s10]6)

»>
>

-211.8 -06

-211.8-06

Compute deflection at 12 inches due to 200 1b load:

15 200 @@ 12 @—

Compute total deflection:

(RCLIE)] + >

v

-1.123-03

-1.335-03
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Example 2: &-iwﬂ Notes
For the beam below, compute deflection, slope, moment and shear at 0, 50, .,
and 90 inches. Neglect the weight of the beam. ~ |
P = 300lb o
—110"
-
B =
y
10 Ib/in —~ P
= - B
> M = 20,000 in-Ib -
I =23in* '
E = 30 x 10°psi Ej_‘
Keystrokes: Outputs: E‘ —E
B0 23 30 GE3 i -
6 110 @@ 40
300 @@ 60 ENED 10 3O B -
80 20000 @3 .
on > 0.000 00 (y) B -
0 > 0.000 00(6) -
0 »  -10.00 03(M,) B -
(0] > 900.0 00 (V) ——
500 > 5211 -03 o=
503 > 582.1 -06 E=
50 > 19.50 03 -
508 > 100.0 00 =
00 > 50.14 -03 =
20 O > 1.449 -03 -
90 —» 0.000 00
9008 > 0.000 00 -

mmmmmmTm
&4 &

1Y)

il
l'"
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CANTILEVER BEAMS—TRAPEZOIDAL LOADING

CE1-08A

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

Equations:

/A

e

e

- w,

/ e

/--— d -.—.‘.v:

- ,
A l >
d ( -

Y =Ya — Ye

=8x+ _ —d4* Wq + (WQ_Wd) .
Ya o Yo (" > [ 24E] 120EI(2 — d) (x d)

_ (R =4y (W — wa)
6o 6EI [w“ M ]

__@-ay (wg — wq)

(we = Wgq)

(e —d)

Ye is analogous to y,4 except wy is replaced by w, and d is replaced by e.

W, = W, (2 —d)

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

*If x—d <0, (x —d) =0.

nmnmmuny

mmmm
wWowowow oW ow ow o ow ow ow o W ow

nnnm

m
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nm
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m
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i
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T
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Definitions:
I is the moment of inertia of the section;
E is the modulus of elasticity of the material;
2 is the length of the beam,
d is the distance to the beginning of the load;
wyq is the initial value of the load with units of force per unit length;
e is the distance to the end of the load;
w, is the final value of the load;
X is the point of interest along the beam;
y is the deflection at x;
6 is the slope at x;
M, is the internal bending moment at Xx;

V is the shear at x.

Reference:

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

Remarks:
Deflections must not significantly alter the geometry of the problem.

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

Stresses must be in the elastic region.

Registers Rg-Ry are available for problems involving superposition.
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STEP INSTRUCTIONS oaTA s | KEYS | o oUT s
"1 | Load side 1 and side 2. 1T 1

2 | Input the moment of inertia I “ 'J - I B
then the modulus of elasticity E E -
then the length of the beam. T | om| E

3 | Input distance to load B d_ d ]
then initial value of Ic;ad ------ B Wy " Wy o
then distance to end of load e m 1T e ]
then final value of loading..m w. 1B Emj w.

4 | Key in x to specify ponnls of AR A
interest and calculate | - -
defiection x nﬂ ] _y
o sope . 1~ o ; ; _
— , x § +.,,,,, M*
or shear. X 2 v

5 | For a new calculation wit;; tr;ej - lk 7_ - - 4
same loading, go to step 4. For |
new loads, go to step 3. | o §L - 1 ‘

Example:

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

d =23 inches wq = 35 1b/in

I=25int

What is the deflection at x = 557

Keystrokes:

23 EED 35 CIED 47 EIED
27 (@ 5EED 30 6D

¢ ENED 75 06

400

4008
4008

400
550

Yy vy vY ¥V

E =30 x 10%psi

e =47 inches

L =75in

QOutputs:

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

197.2 00
-130.7-03

we = 27Ib/in

x = 40in

-
|

W W oW W W w

(L)
W w

m m
W L

i W W W W

T

| TRy

,i_ﬁ

W W

L)

Notes

08-04
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A
u

i - L
w |

SIMPLY SUPPORTED BEAMS -M [c - X

% =g 20

k%
- % - T] (applied moment)

CE1-09A

CtMm

M, = M,; + My, + M;3 (total moment)

—_ *
M,, = PCe— ax (moment due to point load)

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

multiple point loads, and multiple applied moments can be analyzed.

- m
Y

)
i W W W Ww W
S
Y
|
E
|

(distributed load)

({1

i
—

. *ok
Equations: M,; = (applied moment)

m
i

—

n

=
{ h "
Llj m’ .

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

y
- a3 —»|

Jr M

A‘_c —.. lA

- ¢

P(Q a)* (shear due to point load)

(i — ) (distributed load)

M
2

>
m
Y-

F—

W w W W W

Vi = (applied moment)
where:

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

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

y=yi+ty:tys (total deflection)
M, is the moment at Xx;

— * H .
Y1 = PR ax [x2 +(2—a2 —2?] (deflection due to point load) V is the shear at x;
6EI _ I is the moment of intertia of the beam;
; E E is the modulus of elasticity of the beam;

_ + _ _—
y: 2451 [0+ X (x~20]  (distributed load) g is the length of the beam;

Mg e 9 PR . P is a concentrated load,
Y = [ B3 T ] (applied moment) W is a uniformly distributed load with dimensions of force per unit

El
length;
6=6, +6, + 0, (total moment) M is an applied moment;

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

W W R W W

- Pe—a) * ;
6, = T6El [3x2 +t(e—a)? "Qz] (slope due to point load) c is the distance to the applied moment.
g, = — W [02+x2(4x —69)]  (distributed load) *If x is greater than a, (® — a) is replaced by —a and x is replaced by (x - Q).
24EI *x]f x is greater than c, x is replaced by (x —{) and c is replaced by (£ - c).

I

/ fLPL_R_E‘;_T;_T:_E}_TL_T;_@_T;_@;_T
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Remarks:

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

Registers Rgo—Rsg are available for user storage.

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

Note that these registers are indicated on the magnetic card.

STEP INSTRUCTIONS oataumTs | KEYS | o TAONITS
1 [Load side 1 and side2. |
2 |Initialize. - o oo 0.000 00
3 | Input moment of inertia S I
then modulus of elasticity E E
then beam length. 1 (5]
4 |Input load(s): R T
Location of point load a a
| Point load 1 P ] Ta
Distributed load (forceflength) | W | @ w
Location of apBI-iad moment [+ c
Applied moment M (i) E] c
5 |Key in x to specify the point of
interest and calculate - o
deflection ) X (A ] y
or slope X 8] [/
or moment X M,
or shear. X D] Vv
6 |For a new calculation with the
same loading, go to step 5.
For new loads, go a-;e—p—;. El;m .
sure to set obsolete loadings
to zero. For new beam N
properties, go to step 3. To o
restart, go to step 2.

[T
E-=

E- s
=

oy

Example 1:

09-04

Find the deflection, slope, internal moment and shear at distances of 0, 24 and

60 inches for the beam below. Neglect the weight of the beam.

M=10,000 in-lb

T

72in 'I

E = 30x10° psi

1=0.92in
Keystrokes: Oucputs:
0 92 30 G23
6 688 27.60 06
40 1000038 —— 40.00 00
on > 0.000 00 (Vo)
o > -1.771 -03 (6,)
0 » 0.000 00 (M,)
on > 138.9 00 (Vo)
240 > -30.92 -03 (Y24)
2403 — -322.1 -06 (0y,)
24 > 3.333 03 (May)
240 — 138.9 00 (V)
60 O3 > 2.415 -03 (Yso)
60 B > 40.26 -06 (Bs0)
60 > -1.667 03 (Mgo)
60 8 > 138.9 00 (Veo)

Example 2:

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

P =1000Ib

- 44in -
B o . i

W=25Ibfin | W

l
l
A

50in =A

-

E = 30 x 10° psi l
I =1.30in*
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Keystrokes: Outputs:

oo 1.30 30 G213

6 5030 39.00 06

44 1000 @383 44.00 00

25 B0 > 25.00 00

KEY & | > 3.327 -03 (in/in)
Example 3:

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

a26)

R,=1000 Ib

-—50in——

..-20_ir!_—_—l P, =4001b M=—19,qoo in-Ib

W=37Ib/in | //

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

Keystrokes: Outputs:

Bo 0@ 20

400 @O » 20.00 00

37 @8 70

e —— —F 70.00 00

70 288 21.66 03

Store values in Rg.

sTo0]|B] > 21.66 03 (in-1b)

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

answer assuming superposition is valid.

B0 50 OEED 100l — 50.00 00

KLl C | > 10.00 03  (in-Ib)
(ReL |@] +) > 31.66 03  (in-Ib)

l]i
s B e

LELE
W W W W W W W

m
| T

777
W owoWwow w W W w W

1)
A_IL. :.

1TTTITTThT

L i
W o e W W W

‘m

Notes

09-06
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SIMPLY SUPPORTED BEAMS—TRAPEZOIDAL LOADING

2 Rg,R;, Ry, Ry CE1-10A

HE*  dtwgtetw,
X+0 XM,

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

i}

— [l

| ..

A A

Equations:
Y =Yd T Ye

Ryx3 Wq Wg — Wg (x - d)
= fx + —(x—=d)* +
Ya = bx +—cr — (x = d) [ 24EI 120E1 (2 — d)

—_ 2 -
g, =L~ 9 [— wa(R? +2d8 = d) — SLTL (70 + 6dL - 3d2):|

® T 24QEI
(2 — dy We — Wg
R, =2~ + % "4
0 29 Wa 3R

+ (We _wd)(Q —e)

We = We T

Yye is analogous to y4 except wq is replaced by w, and d is replaced by e.

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

wow owow o w ow ow ol

LiJ

TTRT

TTRTY

T T TR Y

s

mmEmTTERELAM T MM MMM MM
1Y

YRRV TRy

;
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Definitions:
I is the moment of inertia of the section;
E is the modulous of elasticity of the material;
2 is the length of the beam;
d is the distance to the beginning of the load,;
wy is the initial value of the load with units of force per unit length;
e is the distance to the end of the load;
W, is the final value of the load;
X is the point of interest along the beam;
y is the deflection at Xx;
0 is the slope at x;
M, is the internal bending moment at x;

V is the shear at x.

Reference:

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

Remarks:
Deflections must not significantly alter the geometry of the problem.

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

Stresses must be in the elastic region.

Registers Rg, R;, Rg, and Ry are available for problems involving superposition.
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STEP INSTRUCTIONS oataumrs | KEYS | pATAUNITS
1 | Load side 1 and side 2.
2 Iﬁput the moment of inertia 1 I
then the modulus of elasticity E E
) then the length of the beam. L [ ]s] 1E
i —3 - Input dista'hge to load d d
| then initial value of load Wy _ Wy
then distance to end of load e e
then final value of IoadinQT . We [r]c] W,
4 _Rey in x to specify point of
ui-nterest and c;lculale
deflection o X [ 2] y |
orsiope x o 6
T Tormoment 9 M,
| orshear. X v
3 5 For a new calculatic;; WIth ;he )
. same loading, go- t;;tep 4. For
B né;viloads. go t;ste;:i

Example:

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

d =23 inches wyq = 35 Ib/in e = 47 inches we =271b/in
I=35in E =30 x 10° psi 2 =75in x =55in
What is the deflection at x = 407

Keystrokes: Outputs:

23 EIED 35 EIED 47 EHED
27 1B 5 E5ED 306D

6EHID 75 0o 150.0 06
5503 > -29.58-03
550 > 1.175-03
55 > 6.842 03
550 > -342.1 00
Y - > -40.82-03

w

W W wwuwww w

meeTEEAMTARO AN,
W W W W W W W ik

_.*;_};_.

m
I

=

Notes

10-04
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BEAMS FIXED AT BOTH ENDS

CE1-11A

cM

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

Equations:

(total deflection)

Y=Y1ty: tys

P(Q — a)? x2
1= %)L [x(¢+2a) — 3a0)* (deflection due to point load)
2
Y2 = zv:i}):i] [x(252-x) —Qz] (distributed load)
M( 2 - c)x* cX Q— 3¢ | ** '
=— 7
¥ Q2 EI Q 2 (applied moment)

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

P(% — a)® x

b = T 2E[ ¢ [x(2+2a) — 2a2]*  (slope due to point load)
Wx o
0, = 12E [X(3 R=2x) —¢ 2] (distributed load)

_ M2 o) [3u

¥k
22 El gt - 3C] (applied moment)

—_—

Hl

]

m
W OW oW ww W w

nmim
RN W A W |

m

m

TR

iy
i

E-

W

=
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M, = My, + My, + My3 (total moment)

— 2
M,, = ._E(Qa—a) [x( 2+ 2a) — aQ]* (moment due to point load)
Y
w 2 I
M,, = iR [6x( Q—x) — % ] (distributed load)

(applied moment)

- *k
M, = M(Sl}22 c) [ 6(5:2)( + 2_3{'

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

P(¢ — a)
3

2
V, = (L + 2a) (shear due to point load)

V, =—Y_ (2x —2)

3 (distributed load)

—6M( L — ¢) c**
Q3

Vs (applied moment)

where:
y is the deflection at a distance x from the left support;
@ is the slope (change in y per change in x) at x;
M, is the moment at x;
V is the shear at x;
I is the moment of inertia of the beam;
E is the modulus of elasticity of the beam;
Q is the length of the beam;
P is a concentrated load;

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

M is an applied moment;
a is the distance from the left support to the point load;
c is the distance to-the applied moment.

*If x is greater than a, a is replaced by (£ — a) and x is replaced by ( £ — x). The signs of 6, and
V, are also changed.

**If x is greater than c, x is replaced by (%= x) and c is replaced by (2 — ¢). The signs of y, and
M, are also changed.
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Remarks:

This card differs from other beam cards. The ‘‘start’” function is not included
on (EMEED. You must manually perform the ‘*start’’ function by storing
zero when P, W or M are not included in the problem.

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

Registers Rgy-Rgy are available for user storage.

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

that these registers are indicated on the magnetic card.

STEP INSTRUCTIONS DA'll'h:l';lljl;lrlTS KEYS D:T%S:;I:I'S
1 m_l-.-oad S|de 1 and side 2.
2 Inpul moment of inertia I I
- then modulus of elasticity E E
o “th‘enibeam length. ) o0 El
3| Input load(s)* R R
Location of point Io;azjm a a
a Pomt Ioad P [ ¢ ] a
o D|str;gaéa—;£)ad- (-f;}é;)l;r;gth) W“ (¢ )] Wm—
Bl “_L_ocatlon of applied moment c c
Applied moment M 2o c
u :47 7 Key in X to specify the point
| of interest and calculate -
o ﬂrwrrdellectlon X (A ] y
| or siope , o 7
| ~ or moment X M,
or shear. X (D] \")

11-04

STEP

INSTRUCTIONS

For a new calculation with the

same Ioadmg, go to step 4. For -

new loads, go to slep 3.Be

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

sure to set obsolete loadings to

zero. For new beam properues

go to step 2.

*Loads must be input, even if

zero.

Example 1:

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

shear at an x of 114 inches?

W = 141b/in
E=30x10° psi

Keystrokes:

4.74 EEED 30 GD 6 EHED

140 30

0 @@ 30 147000 ne

14 (30

v

14 0
(reL @] 6 |

v

@ee
(el ]@0]

L B J

140 in

Outputs:

142.2 06

14.00 00
43.72 -03
-3.155-03
13.05 03
4447 00

§)]
(0)
(My)
v
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Example 2:

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

E= 10%x10° psi

1=9.75 int
Keystrokes: Outputs:
9.75 10 @@ 6
7580 > 97.50 06

0 3@ 100 BB 50 EIED
1000 3B
() C |

Also, find the deflection at x = 40.

vy v

40 >

50.00 00
-52.43 03 (M,)

~101.0 =03 (Y,

x‘_

LL

m‘

mm

m
A
W W W

K P Y

mm

3

™
(S|

L!IJ-

{8 L4
1

nmmmm
H—p— b p—t
W W W W w

m
L)

il

SRS

i

W W

W W

Notes

11-06
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BEAMS FIXED AT BOTH ENDS—TRAPEZOIDAL LOADING

22§ Rq Ry Ry Ry
ItE*{ dtwytetw,

X0 X+M,

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

Equations:

A
- e - L~
We /
/ Wy /
/--—- d — /
/ : - .
-~ |~
et
Y =Yda ~ Ye
 Mex? | R Wy (wg — wa){x — d)
o= * e~ 7Y [ 24T | 120EL(8 — 9 ]

__@®-4d _ (wp — wa)
Mo =~ Evd(ﬂ + 3d) _is——(zsz + 3d)]

_&-d (wg — Wa)
Ro—‘—-ﬁé-— [Wd(g +d)+——g~ﬁ—-——(3g+2d)]

(We — Wq) _
+--————(e ! (L —e)

Wy = We

ye is analogous to y, except we replaces wq and e replaces d.

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

u;:E

9

m
LL

b

m
W W W W

/I {

- —

m
1))

{8
ll'.j

m
-

—

TN
wwwww W w

m
-

mmm
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Definitions:
I is the moment of inertia of the section;
E is the modulus of elasticity of the material;
R is the length of the beam;
d is the distance to the beginning of the load;
wgq is the initial value of the load .with units of force per unit length;
e is the distance to the end of the load;
w, is the final value of the load;
x is the point of interest along the beam,;
y is the deflection at x;
8 is the slope at x;
M, is the internal bending moment at x;
V is the shear at x.

Reference:

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

Remarks:
Deflections must not significantly alter the geometry of the problem.

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

Stresses must be in the elastic region.
Registers Rg—-R, are available for problem involving superposition.
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STEP INSTRUCTIONS paTAUNTS | KEYS | DAAONITS

1 | Load side 1 and side 2.

2 | Input the moment of inertia I I
then the modulus of elasticity E (ENTER ] E
then the length of the beam. L L1 ]s] IE

3 | Input distance to load d d
then initial value of load Wy Wy
then distance toend of load | e e
then final value of loading-; W, L] c] W,

4 | Key in x to specify point of .
interest and calculate
deflection X a Y
or slope ) X R (5] '}
or moment X M,
or shear. X (0] Vv

5 | For a new calculation with the
same loading, go to step 4. For o
new loads, go to step 3. -

Example:

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

following values:
d =23 inches wq = 35 Ib/in

I=5in! E =30 X 10®psi
What is the deflection at x = 407
Keystrokes:

2 35 47
2700 s 30

6CIED 75 B8 ——
50 >
550 —
55 >
550 —»
400 »

e =47 inches

2 =75in

Outputs:

150.0 06
=-5.331-03
387.0-06
383.7 00
-328.6 00
-9.634-03

. =27 Ib/in

x =55in

prepommmmmnMY
mmmmmL‘Jqumqum

Notes

12-04
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PROPPED CANTILEVER BEAMS

CE1-13A

c+m

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

Equations:

(total deflection)

Yy=vity: ty;

P

Y, = <ET [F(x“ —-30%x) + 3b2x]; XxX<a (deflection due to point load)
Yo =W _ (30x* — 2x* — %) (distributed load)
48EI
_M 3 2 : ;
Y3 = 58 G(x* — 32%) +2x —cx; x s¢c (applied moment)

Y3 =% G(x® —3¢%x) +0x — % (x2 + ¢?); x>c¢

6=60,+6, + 0, (total slope)

P

0, = —— |F(3x? — 30%) + 3b%|;
) 6EI[(3x 32%) + 3b?]

X<=<a (slope due to point load).

T

s
(TR
5
(T

&

0, = % [F(3)(2 - 3% — 3(x — a)2]; X >a
B, =—" (9 x*—8x® — g% (distributed load)
48EI

0, = % [G(‘_’.x2 -3 + L= c]; xX<¢c (applied moment)

6, =%’II_ [6Gxt - 38 + 2 - x]; x> ¢
M, = M,;, + M, + M, (total moment)
M, =PFx; x=a (moment due to point load)
M, =PFx —P(x —b); x > a

M, = W (3/8x £— x?/2) (distributed load)
M,; = 6MGx; x <c (applied moment)

M,; = 6MGx — M; x >¢

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

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

Vi=PF—-P; x>a

Vo =W (% - 9 (distributed load)

V; = 6MG (applied moment)
_ | 3*e—-p?
b=(2—a)
2 _ o2
G= L._E_
4¢3

13-02 I
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13-03 13-04
where: —
y is the deflection at a distance x from the left support; ,.‘l__ STEP INSTRUCTIONS D A'll"zg;ﬂrlTs KEYS D AOTUATIB:LS
6 is the slope (change in y per change in x) at x; Ej'a 5 | ey n x o specity te pot of S Bt
My is the moment at x E‘a interest and calculate
V is the shear at x; _l 7 otioch R ]
i inerti (o eflection x o y
I is the moment of inertia of the beam; I o dope . o A
E is the modulus of elasticity of the beam; - Fp— - E—
Q is the length of the beam; J e — ; - VGYVi I

P is a concentrated load;
oa 6 For a new calculation with the

W is a uniformly distributed load with dimensions of force per unit length; -
same loading, go to step 5.

M is an applied moment;
PP ’ For new loads, go to step 4.

W
1

a is the distance from the left support to the point load;
Be sure to set obsolete

et

{0
W W W W W w

c is the distance to the applied moment.

i

loadings to zero. For new

—

Remarks; beam properties, go to step 3.

m
b}

To restart, go to step 2.

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.

Example 1:

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

Registers Rgo-Rgy and Ry are available for user storage.

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

e

E"" 10001b
1 % 35000in-Ib
INPUT OUTPUT 1 - in-
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS E‘E i A (/:"
"4 | Load side 1 and side 2. A A <+
== SR
2 | Initialize. on 0.000 00 ] - 120 -
"3 | Input moment of inertia I I i
i then modulus of elasii{:ily E E ,l W =151bfin
then beam length. 2 oo El ETE Keystrokes: Outputs:
"4 | Input load(s): 5-*-5 B0 12080 30
Location of point load a a J _ 1000 3@ > 30.00 00
T ; a a & 80 GIED 35000 ERNG
_ . | 15 B0 > 15.00 00
Distributed load (force/length) w oo w - 0 N 0.000 00 (in-1b)
Location of applied moment c c J o > 1.065 03 (Ib)
| Applied moment. M ne ¢ S'Tg 120 > -35.23 03 (in-1b)

12080

v

-1.735 03 (Ib)

[.

i
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Example 2:

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

below.

P =3001b

le—40 in—»{

'

M = 20000 in-lb

P

( .

{
-A-——b-so in———:'

170 in

w:

10 Ib/in

E =30 x 10°psi
1=23in*

Keystrokes:

00 23 EED 30 65 6 EIED
17060 >
40 EIED 300 @A 10 3O

80 @EED 20000 BB —

020
0B
020
00

Yy v v v

Outputs:

690.0 06

80.00 00

=75.73 -03
920.8 -06
11.89 03

-229.0 00

(in)
(in/in)
(in-Ib)
(Ib)

.

m m
b b
L W

m
L

mm

m

m m
+'_"'_" K
W WL W W W

rpm
I W W W

m m
p—t—t—}

Notes
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PROPPED CANTILEVER BEAMS—TRAPEZOIDAL LOADING

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

Equations:

A

We

NN AN

Y =YatVe
= Bux + RGBT — (x —d )¢ | Yo 4 (e~ wa)lx — d)
Yo TR TR (x=a) [ 24E1 T20EI

_ (@ -3y (wg = waq)
RD—WE%GQ +d)+“—5d_(4sz +d)]

__(&-d’ _ (wg — wyg)
0, 48EIR [Wd(Q + 3d) T 22 + 3d)]

— (We - wd) _
Wy = W, t —_(e s (2 e)

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

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

mmmamn
L W W W o

mnm
W w

L W W I

| "
W W

mm
W L L

Definitions:
I is the hiomem of inertia of the section;
E is the modulus of elasticity of the material;
Q is the length of the beam;
d is the distance to the beginning of the load,;

14-02

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

e is the distance to the end of the load;
W, is the final value of the load;

x is the point of interest along the beam;
y is the deflection at x;

0 is the slope at x;

M, is the internal bending moment at X;

V is the shear at x.

Reference:

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

McGraw-Hill Book Company, 1975.

Remarks:

Deflections must not significantly alter the geometry of the problem.

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

be valid.
Stresses must be in the elastic region.

Registers Rg-R, are available for problems involving superposition.
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STEP INSTRUCTIONS oatauNTs | KEYS | oArATONITS
|1 | Load side 1 and side 2.

2 Input the moment of inertia I 1
then the modulus of elasticity E E
then the length of the beam. L [ ] 6] IE

3 | Input distance_"tug load d d

B then initial value of load Wy Wy
then distance to end of load e e
N then final value of loading. w, oo W,

4 | Key in x to specify point of in-

terest and calculate deflection X o y

o or élope X (& ] 0
or moment X M,

L for shear._ X v

5 | For a new calculation with the
same loading, go to step 4. For
new loads, go to step 3.

Example:

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

following values:

d = 23 inches wyq = 35 Ib/in

I=5in*

What is the deflection at x = 40?

Keystrokes:

23 EIED 35 CUED 47 EIED
27 BB 5 EIED 30 6D

6 EIED 75 06

550
550

553
550

v vy v v v

400

E = 30 x 108 psi

e = 47 inches

Outputs:

150.0 06
-8.849-03
674.9-06
-336.0 00
-472.6 00
-17.47-03

2 =75in

we = 27 Ib/in

X =55in

H

| |
W

m m m
W W

m

— g
L

N
W W W

o

Notes

P

P
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SIX-SPAN CONTINUOUS BEAMS

CET1-15A

DUPO,6'& DUP EIlL CHNG N n
Bn*Bn In*En*Ln My=Mo, My, My, Mz,...,Mn

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

1 2] 3
L

4 | |5
Mo 777 T 777 T 7T I 777
Lk i S

6 |
771 M
N

Va4

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

The first step in using this program is computation of the slope factors at each
support of the span. This is best accomplished with programs designed for this
purpose such as CE-09 and CE-10. Simply break the continuous beam at each
support and calculate the slope at each end assuming no moment is transmitted
across supports (it is not necessary to calculate the slope at the left end of the
first section or the right end of the last section).

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

next.

For subsequent spans (except the last span) input the slope factors and beam
properties only. In cases where sections repeat (same load and same proper-
ties) the §8 [ keys cause automatic span replication. This saves the effort
involved in keying in five pieces of repeated data. If the loadings on successive
spans change but beam properties remain constant, input the slope factors but
use the automatic property duplication function on the 0 keys.

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

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

_ L MR M, ) Q
M, = (6, — b)) — —ot —_ Vete / 1 2
! {‘ D" g, 6E,], } ( 3EL 35 )}

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

Reference:

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

Remarks:

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

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

—
fTEP - INSTRUCTIONS DA'II'NA';SIIIng KEYS E DET%:.I‘:TS _
1| Calculate all intermediate E |
| siopetactors g simply sup-| 5
ported beam prt;grams ; | . ? ;'
2 | Load side 1 and side 2. g‘ - { ' ? - 1
EILT number of spans inbeam T T
4 | Input rnoment ap;pliedmaf left : E g -
| support (even if zero). M | B T w
5| Input siope factor from et side| T
| otrotmemesse sppon | o, | wm| o
and from right side of support. § B - I S
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INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

“moment of inertia

~ | Tnput properties of the span:**

modulus of elasticity

~| “andlength of span.

——

————

—a1

For next span, go to step 5. For

'skip tostep 8.

| span.

"1 Go to step 5 for intermediate

number of span

' step 6 and skxp to slep B if Iast

span.

input moment at end of last |

| spans, step 4 if first span, or

last span, go to step 6 and then |

To change any span, key in |

| Foranewcase gotostep 1. |

* To duplicate 6, 6/, 1, E, and € |

from prewous span to next

~ span press

and goto step 7

previous span to next span

press

—e ... SES———

and go lo step 7

"To dupllcata I E, and !l from

Ei_

-
W

bt

m
UL

m
W

m
H—
L

W W

t

Ww W W

m
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Example:
_ ; e =340in
d=1201in w, = 66.7 Ib/in
w, = 58.3 Ib/in
6000 Ib l 16000 Ib
o o s v - - - -~ - .
120 in A A A A 120 in
w = 16.67 Ib/in w = 16.67 Ib/in w = 20.83 Ib/in
1 =109 in* I =109 in* 1=272in*
E=30x10°psi E=30x10%psi E =30 x 10°psi
¢ =480in ¢ =480in ¢ = 480in

For the three span beam above, calculate th~ internal moments transmitted
across the two intermediate supports.

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

What is 6, the slope

factor at the end of the
beam?

What is 61, the slope factor
I r 7"‘14"""' at the end of the beam?
A

w = 16.67 Ib/in
I=109in* E =30 x 10%, { = 480 in

Keystrokes using CE-10:

109 ENED 30 B3 6 EIED
430 0@
0 GIED 16.67 EIED

480 ENED 16.67 BI@ —
s300@ >

Outputs:

3.270 09

v

0.000 00
23.49-03 (6,

Section 2 is loaded the same as section 1. No values change, so compute the
slope factors at the two ends of section 2.

o -23.49-03
430 23.49-03

v

(6)
(6,)

v

Section 3 requires solution by superposition of the continuous load and the
trapezoidal load. First solve for the continuous load and store the result in
R, then add the result of the trapezoidal load.
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Keystrokes using CE-15:

272 @HED 30 B3 6 EIED
430 (1@ 0 EIED

20.83 EIED 480 EHID
20.83 BB 0 @
120 EED 58.3 EHED
0ENEID 667 BB 0@ —
>

Now we have the slopes at the supports.

Outputs:

-11.76-03

-22.74-03
-34.50-03  (6,)

Using the continuous span program,

we can compute the internal moments at the intermediate supports.

Summary of Knowns

Span 1 Span 2 ~ Span 3
M, =60001b x 120in
2 = +720,000 in-Ib
6, = 23.49 x 1073 6/ = —23.49 x 10°®
6, = 23.49 x 1072 8,/ = —34.50 x 1072
I =109 I =109 [ =272
E =30 x 10¢ E =30 x 10® E =30 x 10°
2 =480 R =480 2 =480
M, = 6000 x 120
= —720,000 in-lb
(M, is negative by
right hand rule)
Keystrokes: Outputs:
Span 1
38D 720G 3023. 49360
3ENED 23.49 38
109 ENED 30 6 ERED
480 > 1.000 00 Input for span 1

Span 2

complete.

23.49 3 EIED 3450 3@

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

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

oe >

2.000 00

}!!T
w

L)
W W W

mm

momom
W w w w

momoEomm
W w w W W w

mmmmmmmm
dow oW W W E W W
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Span 3
272 EED 30 G 6 ENED
480 > 3.000 00
720 g ——— 720.0 03 M,
-125.5 03 M,
125.5 03 M,

-698.3 03 M,
698.3 03 M,
-720.0 03 M,

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

LL

Remarks:

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

m

| W

STEEL COLUMN FORMULA CE1-16A

= Oy (N/m?2) y(psi) I

or
k +Pmax

m
w

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

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

m m

m

— b —b——r—t

Equations: K = UA

Reference:

m m

b

W W W W wwWwwwWw W

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

! 1

L L __I k e
l Remarks:
E [' Columns must be nominally straight, homogeneous, and of uniform cross
E'—b- section.
Panow = A 0y[1 = (2/k)¥2 C?]/m for 2/k < C | —
ot
Pauow = A(LO273 X 102 Nfm?)(@/k)?  for C < 2/k < 200 = | STEP|  INSTRUCTIONS oatAUNTS | KEYS | DATAUNITS
=2 17‘2Ef0'y ET 1 WLoad sidB“_1“ and sif!e-é. - I - 7
E o ___2 Input the following \i_alues: 1
m = 5/3 x 3(2/k)/8C — [(Q!k)/2C]3 l Input yield point stress of the
E “;"”E material in newtons per éﬁuare S
Foax = Fuaiew @ £ meter T oymy | o | 00000
| or pounds per square inch ay (psi) bi]e] 0.00 00
Definitions: B TE | |emdsectonaea | A | 8] A
Panow is the allowable load; B — and c?hfmn__length S ,Q N B : ! |
Ppnayx is the maximum load the column could carry; ‘ and m'TInum radmﬂ; ofgyfalnon k . , o X )
A is the area of the section: E "“' 3 ﬁA or minimum moment of me_ama - I” - iil”1 7 I ,
2 is the length of the column; - 3 | Calculate allowable load I L Patow :
k is the minimum radius of gyration of the column cross section; . andlor maximum load R I B i - Pras ‘
I is the minimum moment of inertia of the cross section; E”' 5 4 | Foranew case, go to sng 2 1 B E
oy is the yield point of the steel. |- andchange any orallofthe | I SE— ]
E is the modulous of elasticity of steel. . inputs. |
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Example 1:

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

L

1

Calculate the allowable and maximum loads using the following specifications:

k=81.0xX10Pm A =0946 X 10%*m? o, = 248 X 10° N/m?
¢ =75mand 12 m

Keystrokes: Outputs:

248 6 D 9.46 GED
3075038 EED

918.2 03  Pyuow (N)

380 >
> 1.736 06 Pnax (N)
12 BB — 442.8 03 Paow (N)
a >

844.5 03  Puay (N)

Example 2:

For a column with the properties below, what is the allowable load?
oy = 33,000 psi A = 20 in? I =223 int 2 =350in

Keystrokes: Outputs:
33000 ©¥@ 20 @ 223 @
350 B3O > 241.0 03 Pajow (Pounds)

Notes

16-04
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REINFORCED CONCRETE BEAMS

REINFORCED CONCRETE BEAMS
-] MET? -a -NA

¥ @A b =M

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

A;—The area of nonprestressed tension reinforcement (psi or kg/cm?);
b—The width of the member (in or cm);

M—The maximum internal bending moment (Ib-in or kg-cm);
d—The depth to the centroid of the reinforcing stegl (in or cm);
fo—The compressive strength of the concrete (psi or kg/cm?);
fy—The yield strength of the steel (psi or kg/cm?).

--—-—b—-—]

/ ///, Area under compression.

4
NA
AN

| |--w-;-

A
' S

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

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

17-02

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

Asmax _ fc 87000
“bd (0.6375) By f, 87000 + f,

where
_ J0.85 for f. < 4000
' 0.85 — (f, — 4000)/20000 for f, > 4000

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

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

Optionally, the depth of the compression zone (a) may be calculated using the
EiB keys and the depth of the neutral axis (NA) may be calculated using
E30. The depth of the neutral axis is important since T-beams may be modeled
as rectangular beams if the slab or flange equals or exceedes the depth of the

neutral axis.
Equations:
M=dd¢A;f, — (0.59 ¢ AZ £)/(b f)

¢ = factor of safety = 0.9

Reference:

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

Remarks:

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

This program does not check for deflection of shear stress modes of failure.
Refer to ACI 318-71 for specifics on deflection and shear stress.
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STEP INSTRUCTIONS DATAUNITS | KEYS | o SUTBUT
1 | Load side 1 and side 2. ”
|2 | Optional: toggle metric units ]
77777 | (1 = kilograms and centi- o - T
meters) or English units
(0 = pounds and inches). - oo 10r0
3 | Input5 of the following | T o
variables:
Area of tension reinforcement A, N a
B Width of beam b o b
Bending moment M - M
B Depth of section to centroid of |
B steel d d
- Wiéal;h‘[;féﬂs_s_ﬂré_ strength of o -
cbncrete f. [€ ] fe
] Yiewlé strength ofdl"ension ]
7 - ulleinforcement _ f, ne f,
R 4 | Calculate remaining unknbwn 4
” ;alue: . )
1 Area of tension r-einf‘o[cemani [ 4] A
Width of beam (5] b
- Bending momant I\_/I— B
De;;ih of section to.cenlroid
| ofseel e | d
Compre.;;\-te slreng-t;w. -c;f 7 o N
. concrete o f. ]
[ | Yield strength of tension B
,,m... reinforcement e f,
L step 4 resulted in an “Error”
or a flashing display, refer to
description for explanation.

17-04

STEP INSTRUCTIONS pATAUNITS | KEYS | parmoNiTs
6 | Optional: “C_a-lculate depth of
compressive stress block ne o a" :
-and/or depth of neutral axis 1 Fe]c] NA B
7 | For a new case, go to step 3 -
and change any or all of the _

input values. i

Example 1:
For the specifications below, calculate the amount of reinforcing steel required.

M=12x10%inlb b=18in d=26in  f. = 3500 psi

f, = 50000 psi

Keystrokes: Outputs:

a0oon > 0.000 00 (Set for English
: units.)

126D 6B 13 @260

3500@ 50000338 —— 10.50 00

(Flashing display indicates that calculated steel area is too small to meet ACI
minimum as specified in ACI 10.5. Press to halt the flashing display.
Press [ to see the calculated value, then press [J again to see the minimum
value, then use the minimum value to recalculate M.)

[R/s [Re] > 1.045 00 in* (calc)
R+ > 1.872 00 in? (min)
[a]C) > 2.116 06 in-Ib (M)
Example 2:

For the beam specifications below, calculate the area of steel required.
b=25cm d=30cm M = 1.6 X 105kg-cm f. = 281 kg/cm?
f, = 4219 kg/cm?

Keystrokes: Outputs:

a0 > 1.000 00 (metric units)
2530 1ERCE

2813 4219 330 10.32 00

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

[r/s [Re] > 17.78 00 cm?
R+ > 16.02 00 cm?

Using 16 cm? for A, what is the minimum value for d?
16 0B 32.01 00 cm

v

Example 3:

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

M =2 X 10% in-Ib b =20in d =20in f. = 4000 psi
f, = 60,000 psi

| ® |
donap | ]
20
y
® | A
Keystrokes: Outputs:
gnen > 0.000 00 (English units)
2@ 6@20@32003 400083
60000 230 1.935 00 in? (Ag)

Yy v

] c] 2.014 00 in (Neutral axis

depth and mini-
mum flange
depth.)

B

Notes

17-06
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BOLT TORQUE

BOLT TORQUE CE1-18A

a*0*f, DDt W > D¢ Tmax

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

Equations:

D tan a + fi/cos 0 D
T=wW—-2 + W f, ==
2 [1 — f, tan a/cos 9] © 2

Tmax = V(W/2 A;)? + (16T/mD2)?

D.

T=T-Wf—

where:
T is the applied torque;
W is the bolt load;
Dy, is the mean thread diameter;
« is the helix angle of the thread;
f; is the coefficient of thread friction;
@ is one-half of the thread angle;
f. is the collar coefficient of friction;
D, is the collar diameter;
Tmax iS 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.

W W

W
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STEP INSTRUCTIONS DaTAUNITS | KEYS | oot s
1 | Load side 1orside2. |
2 | Inputhelix angle of thread |  « a
“then one-half of thread angle | 6
then coefficient of thread ]
fricion f, ) 0.00
Inpui mean'iliread diameter Dn m
'~ then collar diamete_!_r T Dc R
| then collar coefficient of a T
N 7fr|7ctlan - N fe T 0 0.00
3| Input one of the followiné 1T
bolt load 1 W
bot torque T (o] T
4 | Calculate one of the following '
o bolt load . I
| bottorque o o] T
i 5 Optic;nal: Input diametﬁerirﬁbf-ﬂ;;rm
o root of ihe thread and com;;ljte -
) shear str;ss ] D, ) a Tmax
6 1 For a newnl_;aa' or torque go to
--slep 3. Fordéin;v; case go to 7
ep 2 S
Example:

Some bolts 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?

Dp = 0.3344 in fo = 0.30
a = 3.40° D, = 0.8750
fi = 0.15 D, = 0.2983
6 = 30°
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Keystrokes: Outputs:

3.40ENED 30EIED 150

3344 @I 8750 CIED

3@ 11000 B0 1876.03  in-Ib
e > 156.34  ft-Ibs
29833 > 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

m

mmmmMmmmMmmmim
llj'llJI.lillJll'llJLlJllth

momommm
w w w W w

momomom
W w W w

i
1y

momoEoom
W w w w w
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PROGRAM LISTINGS

The following listings are included for your reference. A table of keycodes and
keystrokes corresponding to the symbols used in the listings can be found in
Appendix E of your Owners Handbook.

Program Page
1. Vector Statistics .............oirrineriieiiiiain., L01-01
2. Section Properties 2 Cards)...............oiiiiiia L02-01
3. Properties of Special Sections ............... ... ... L03-01
4, StressonanElement ............... ... i L04-01
5. Bending or Torsional Stress .......... ... ..o iiiinnn.. L05-01
6. Linear or Angular Deformation ......................... L06-01
7. Cantilever Beams .............ooiiiiiiiiiiii i, L07-01
8. Cantilever Beams—Trapezoidal Load . ................... L08-01
9. Simply Supported Beams ............... ... o0t L09-01

10. Simply Supported Beams—Trapezoidal Load ............. L10-01

11. Beams FixedatBothEnds.................... ... .. ... L11-01

12. Beams Fixed at Both Ends—Trapezoidal Load ............ L12-01

13. Propped Cantilever Beams ............................. L13-01

14. Propped Cantilever Beams—Trapezoidal Load ............ L14-01

15. Six-span Continuous Beams ................... ... ... ... L15-01

16. Steel Column Formula ............... ... ... ool L16-01

17. Reinforced Concrete Beams ............................ L17-01

18. BoltTorque .........ccoiviniiiiiiiiiii it L18-01
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VECTOR STATICS

821 sLELA Convert from polar to ag? gg!‘g

aaz N=y rectangular. a;_g -

ag? +R @59 x

eea ¥y | ____ ase +

885 LBl 861 STOE

A5 ST05 Seore X, ¥ oomponsers of 862 PRTY

gar X3 Vi a3 kTN

a8 STDA 864 RCLE

089 2y 065 RCLA

aie RN ) ___ 966 RCLB | e

a ‘LS:_'e Convert from polar to :ﬁ; X:: Calculate angle between

:ig F;P rectangular. 0‘69 C[X vectors.

a4 Ky 878 RCLC

a15 sLBLb az1  RCLD

(Ul

g}g ST:\‘, §tora x, y components of szg k:‘i

@ sToC Va. a4 Fn

(TR are x

eze TN AvE b

8z; slBLd | __ __ ________ az7  Cos-

:fé Xf; Store F cos ¢ and F sin ¢. g;g Rg‘;s

I 2

8z4  £T08 @88 PRTX

023 X2y as1 RTN

aze  ST09 882 slBlLe

ezr RN @83 SPC

ezs sLBLC | ___ _ o ____ @84 RCLE | o ___

825 SPC U, 4V @85 RCLA

@3¢ RCLD Vi+V, 286 v Calculate R .

@31 RCLB a8? X

a3z + ase 1

832 RCLA L5 +R

834 RCLC @%@  STD4

835 + (3] &Y

aze +P @92  ST0S

83T PRTY @93  RCLD

ess X2y 834 PRCLC

835  PRTX ags I

8«2 RTN 8% C(LX

@41 wlBLC | _____ 897 1

a4z SPC Y ase R

843 RCLR VixVa 895  STOE

844 RCLD 108 vy

e4s  x 18; 8107

84 RCLC 182 Kt

a47  RCLE 183 X

gag X 104 Ry

49 - 185 X

258 PRTX 1686 Et

851 RIN 187 -

852 aLBLE i T 188 STCE

853 SPC v 189 RCL.E

54  RCLA 118 RCL7

855 RCLC 11 X

[:x]3 112 _RCLO

REGISTERS
o ' 2 g 4r.nsn‘i, si‘mﬂ, Gcnsﬂ, 7 sinfy chnslﬁ 9Fsin¢
[s0 1 52 53 = S5 53 57 £ 59
8

* Xy ia 1 © X3 ¥a lE sed I'

E-3
)
==
=
E-=
E-3
= =
E-=
E =

E--=
E-=
-

B =
£ 3

L01-02

113 RCLE

114 X

115 -

116 RCLE

117 %

118 PRTX

119 RCLY W e

128 RCL4 Calculate Rj.

121 X

122 RCL8

123 RCLS

124 X

125 -

126 RCLE

127 %

128 PRTX | _____

129 RTH

LABELS FLAGS SET STATUS
At P raté; o +Wa [PV xVa [V, - Vair FLAGS TRIG DISP
1ty xatya  |° “Fto “+R; R, D% | oes 9| ex ©

o T 2 3 0 v a GRAD O | sci O
- = - 5 F i g RAD O ENG D




L02-01 ETB L02-02
| S
SECTION PROPERTIES e
#61 wLBL i 857  S§T-1 ™ - 113 #LBL4 i !
@82 I’.‘LR; Clear registers. 58 RCLC Sum Alyy E‘ 3 14 it Calculation subroutine.
@03 RN | = g: Rcts e 4
684 LBLA Store coordinates. 11€ 2
685 STOD 861 RCLA ama 117 RN ad for circul
=103 Rt #62  RCLD E 3 118 sLBLC :\Wio::‘sums for circular
667  STOA ;gi X 119 ENT?
a8e Rt - - 126 ABS
889  STCR 865 ENTH E . S 126 .
a8 Rt | ___ :g 5"': 122 Pi
a1y sTOC Sum AA. 123 x
812 RCLA 868 * E . 3 124 4
813 + 869 RCLE 125 .
814 STO8 :;7 !ca 126 ST0A
615 RCLD _ 127 §Te8
16  RCLB 072 RCLC E ﬁ 128 ENTt
a7 - 77 x 159 Fhps
818 STG7 az; RCLC oA
g1s  x 8 xe _ 5
028 2 a7  ST09 E i i ;g‘l? i
ez1 + o ___ ar7 + 13 ‘.
#22  ST-8 Sum AL, 878 RCLA 1% i
827 1 v 878 x2 E i a 135 STOB
824 2 ag8  ST+9 * % 0m
a5 = 88! + B sroc
#2€  RCLC :gg '?Cf;? - 138 Ré
827  RCLA P
828 - 864 3 E s :i: srg{:
820 §TO6 885 : " k
ae X as6 + 1 A
a3 RCLE 87 x E "'E 13 RDI;
@32 6584 |- 888  RCLY et sTes
833 §T-4 Sum Al, 889 8 145 RCLB
834 RCLE 698 E 146  RCLA
835  RCLE 8s1  RCLB —— 147 ROLC
836 RCLD as2 x 148 Xz
[ ked + 893 RL‘L? ) 149 x
a3 ST09 834 Xz E | 158+
aze X a9s X
ade 2 8% ¢ 151 §T+3
a4 897  RCLE 152 RCLB
84z 2 895 Kx#0? E i E 153 RCLA
847 RCLO 898 ¢ lrg; RCLD
844 X2 100 §T+5 | T - T T
845 RCLT 181 RCLC Recall x; and v, for next _ 15  x
B4 CSB4 1862  RCLD segment. E " E 157 +
a47 ST#Z | T oTTTTTTTT @3 RN | DT T T TS - 158 ST+
A4R  RCLE Sum AM,,. 184 #LBLI Calculate AM, and AM,,. 159 RCLA
849 RCLY 185 Xt _ 168 RCLD
858  RCL7 106 3 E 161 x
85!  £SBI 107 s 162 ST+
as52 §T+2 | T oTTT T T 188 XY 163 RCLA
@53 RCL? Sum OMy. 189 G5SR4 164  RCLC
854  RCLE 118 8 E 165 x
855 RCLE 111 B } g sHi
85 ESBI He ax | mmmmmmmm--
- 168 RIN
o 4 REBIS:E’;S] g T o + 300 |° ymes + i) & LABELS FLAGS SET STATUS
ZA Ily Xy X1 =X Vier = vil | a1 + X w1 ti Tt ™ 15 ., T1ea ] o G i riacs p— oo
S0 S4 S5 S6 S7 S8 1S9 = 0 3 r] . 0 ON OFF
o O DEG ® FiIX
0 1 2 3 4 2 1 0@ GRAD O sci O
Ax, D v E | . : Calculate : ; . Calculate . ra Rl sl h ENG2D
| 3 0 ® n

LI L

[ee

o
W W W W W W ow Ww w



L02-03
(CARD 2)
881 #LBLA Output X, 7 and A, @57  RCLA
062  6SEZ @58 xe
807  PRTX 859  RCLE
084 K2y @60 x
805  PRTY @61 CHS
#0€  RCLE 862 RCL3
@87 PRTN 863+
(1] RTN | e @64 STOC
989 ¥LBL2 Calculate ¥ and 7. ees - -
018 SPC 866 xrav
a11  RCLZ 057
812 RCLE Bée  TAN4
a1 - es RN | ____
oy ot v Calculate I, I7, 1Ky
a6 RCLE 872 ST01 and output ¢.
o7 ¢ 871 2
818  STOR er4 =
353 RN e 875  PRTX Rotate to principal axis
@28 sLBLB tput I, | ] 876 sLBLG
021 sPC Output . Iy and bey 077 1 values.
622 RCLI 876 R
823 PRTX @79 ye
824 RCL4 08 STOR
825 PRTY 881  RCLC
A2€  RCLS 882 x
827 PRTX 883 xzv
a2 RTW | ____________ a4 x2
829 #LBLC Calculate 1%, 15 and 1%y e85 sT0e
830 65B3 and @86  RCLD
831 RCLC a8?  «x
832 PRTX ase +
837 RCLD 889 RCLI
a34  PRTX as@ SIN
835  RCLE 891  RCLE
a3 PRTX 832 x
837 RIN 893 -
638 slBL3 894 PRTX
039 6582 695 LSTX
846 RCLS #9€  RCLA
841 RCLG @57  RCLD
842 RCLA a%e  x
843 RCLE as9 4
644 x 180 RCLB
45 ¥ 181 RCLC
846 - 182 x
847  STOE 103+
848 ENT? 184 PRI
849 4 185  RIN
a58  RCL4 106 #LBLd T
as1  RCLE 187 ENTt Calculate Ix', Iy, J and
B52  xe 186+ ey,
:g':‘ RCLE 189 §T01
x 118 R4
55 - 111 stoc
856 STOD 112 Re
REGISTERS
1 4
° xa M, om0 om =1, o3, ) P tvier v
SO S1 52 S3 S4 S5 S9
P vt [ yinnts Xior. 17 Vier. 17 € =y | 2%

P

m m
b4}

mn
o dy

W w w w w w w w

mmmmMmmmim
TR R N TR L S A
Wow oW w W W

I:mm,mmmmmm
NS NEEE & BN S BN SN i
) W oW W oW oW

L02-04

113 8100 169 RCLI

114 6SB2 178 SiN

115 x 171 x

116  RCLO 172 RCLE

117 x 172 RCLI

118 CHS 174 0S8

119 RCLS 175 x

128 + 176 +

121 RCLD 177 PRTX

122 RCLE 178 RTH

123 -

124 RELC

125 RCLA

126 -

127 x

128 RCLE

129 X

130 +

131 STOE

132 RELC

133 xe

134 RCLC

135 RCLA

13 x

137 2

138 x

130 -

148 RCLO

141 x

142 RCL3

143 +

144 STOC

145 RCLD

146 Xz

147 RCLD

148 RCLB

149 ¥

158 2

151 x

152 -

153 RCL®

154 x

155  RCL4

156 +

157 STOD

158 RCLI

158 2

168 =.

161  ©5B6

162 +

163 PRTX

164 RCLC

165  RCLD

166 -

167 2

168 2

LABELS _l_ FLAGS SET STATUS

R owy.0 Poluyiey [-IXIyIxy [P-Ixalvaixve]t g FLAGS  TRIG DISP
2 ° iy’ [° ) oD% | oes ® | X ®
[o' Ttan-' 2%,y Thelylxy  |* 2 (=] GRAD O scl O
T 3 = 5 5 5 2 O RAD O ENGzﬂ
[ Rotate T [° 30® n




L03-01 E.J. = L03-02
@1 #LELo 757 #LBLS J 113 RN 169 sLBLS
62 1 858 RCLC - . 5 178 Xy
114 #LBL
[ 307 Rectangle Code. 859 é 115 RCLA 171 X
084 #lBLE | o e 4 16 2 7z x
aas 2 Triangle Code. 61 X " 2 173 =4
L [ e 86z  Fi E--w 3 uzo X e
118 ROLC
887 #LBLc 067 19 p 175 K2
fae 3 Ellipse Code. 864 RCLB 176 -
883 €708 e . 865 X2 E o B igf ,‘ 177 ABS
@18 xiBLd 866 xt 122 Pi 17 Pi
I € | o =
,,,,,,,,,,,, X - 188 6
124
813 aLB
i o LR B " 2 o
b Concentric Circle Code. 126 X 182 M
815 sBle | __ _ __ _______ ar1 RIN | oo __ 127 STOR 182 RTN
Nf sgoil Store Code. 872 sLBLB Store b and check for E - E 126 RIN 0 | e 184 wBLD | ___________
a1 W™ 873 ET0i circle geometry user 129 alBLC Store Lx. 185 RCLA Calculate Area.
018 sLBLA 074 eLBL4 wror. ‘ 130 stoc ' 186 RCLB
818 §ToR 875  RCLI
S ) 7
228 C0i ore & 7% SIN | LA A A
621 #LBL4 877 slBLl 132 RTN
6z2 8 878 aLBLZ 133 RCLB Caloulate Ix ;gz uu.;
823 ST08 879 alBL3 :33; gg 191 *
624 K2 980 LBLS -
625 #LBLI 881 STOB E 3 136 STOC :g?' 'Lgli;
826 aLBL2 882 F3? 137 RN s 19¢ siBL3
827 #LBL3 082 RN e 138 #LBLE Caleutas I or ly. 195 * Pi
828 tLBLE ag4  ETO0I Calculate for selected E - E b :ﬂ-: 1% *
829 F3° 055 aLBLI mometry. 140 RCL 197 ‘
e RN |____________ 886 WLBL2 ::; “E:%: 198+
831 RCLC 087 sLBLI
2 X o RTN
032 kLB Calculate a a3 RILC - 43 x2 preaA
g; X;f, for selected geometry. :g; ; ;:; .f;f; 281 sLBLS
035 cr0i 051 x B 146 x 262 RCLA
836 sBLI #92  RCLA 7 x 203 x2
: 837 1 as53 xe 148 1 ;:; m’.:
838 2 894 LSTY 142 2
839 6708 895 x E . 3 1% 206 -
848 #LBL2 896 B 151 RN 207 Pi
841 3 897  GSBi 152 #lBL2 g:: "
842 6 898 ST08 15T x
847 6708 895 RIN E - B 15 «x 218
844 alBL3 108 sLBLZ 155 3 211 RIN
845 PP 101 K 156 6
846 + 182 X 57 #
847 3 183 #LBL! E "E 158 RTN
a4e 4 104 RN 159 sLBLI
849 slBLE 185 wlBL? 166 x
Bsa  x 186 T i 161 x
851 3 T2 E E 162 P
= . e
¥ 189 6
854 S5T0R e x E -y 165 U
ass  RIN TR 166 ¢
856 sLBL4 12 s 167 BTN
REGISTERS 168 sLBL4
0 1 2 3 5 7 g 9 E -—a LABELS FLAGS SET STATUS
A etepte. P b Fowx P -a F - ° FLAGS TRIG DIsP
IS0 5 52 5 54 3 56 7 58 59 - = - ] = : ON OFF
Rect. Triang. Ellipse Circle o OB DEG B FIX O
A 8 C D E | E - 0 1 2 1 3 A 4 2 10 ® GRAD D sci O
a b Iy . g . § Y - 20 @ | RAD O | ENG B
3 0 8 n3_

[} )
W OW oW w w

mm m
i
i\



L04-01
STRESS ON AN ELEMENT
B8] sLBLa Store code: 857 Stee | ______
082 058 €8BS
083 108 o o 853 RCLE Calculate Tma and
804  slBLb ece  RCLS 5+
aes ? act 1 — from strains.
806 sLBLO a2 +
w87 STOI | ___________ 863 +
[ RTH Store v and E: 864 STx5
809 sLBLd 865 RCLE
e1e  ST09 (23 1
a1l Ry 8€7  RCLS
812 STOE | ____ ______ 068 -
812 RIN (23] +
814 slBLA Store €. ep and e 878 STxé
@15 sTOC e71  ROLC
e1é Ré a7z RCLE
817 STOB 873 -
a1 R\ __ a74 3
819  STOA ers 'E
a8 RTH Calculate €, and €;. 8%  CT0:
821 sLBLE 877 wLBLI
822  RCLA @78 2
823 ET0i 879 RCLE
824 #LBL2 888 x
825 RCLB 88!  RCLA
826 + 882 -
827 LBLI 881  RCLC
828 RCLC 884 -
829 + 885  RCLA
a3e  STOE 886  RCLC
a3t e e8?  CT04
[xr eee elBL2
831 #lBLZ age x
834 RCLC ase 2
@35 RCLA 891  RCLA
63¢ - 892 x
837 ¥LBL! 893 RCLB
@38 RCLE 894 -
#39  RCLC 895 RCLC [
048 - 856 #LBL+
41 W® s - Qutput 6.
842 RCLA 898 CSBE
843 FCLE 899 Re
844 - 186 PRTX
845 ** W RN |
a4¢ Z 182 #LBLC
47 % 183 Rt Calculate Tmax and
adg X 104 Pt sy +52)/2 from sy, sy
849 ST0S 165 §7103 ond Ty
asa 2 186 ST06
851 ETO: 187 23
852 #LELZ 188 ST+6
a5z 1 189 -
854 + 118 §TO4
855 alBLI 11
856 ST=5 112 8T+
REGISTERS
0 0 2 3 4 5 6 7 8 El
20 Sx Sx = Sy Tmax ) +s20/2 v
S0 51 S2 S3 S4 S5 S6 S7 S8 S9
N €a B N JC € 0 lE ! Control

LT M
mw

T
W w

mmmmm
} jo—o b a. ]
i W w w w

rpmmm
Wl

=

L04-02

1132 #

114 Rt

115 8702

116 5T+2

117 P

118 8105

118 RCLZ

128 CHS

121 RCL4 |

igg l‘*ﬁ:g Calculate 8 and 26,

124 ¥

125 Tan-

126 8702

127 2

128 +

129 8

138 RTN | __

131 #LBLD Output s, 53 and Trax

132 6585 and 8

133 RCLS !

134 PRTX

135 RCLZ

136 2

137 +

138 PRTX

139 RTN

146 #lBLE @~ |-

141 SPC Calculate s and t from 8.

142 ENTt

143 +

144 RCLZ

145 -

146 RCLS

147 +R

148 RCLE

149 +

158  PRTX

151 X2y

152 PRTY

153 RTN | __

154 #LBLS Calculate €, and €; or s,

155 SPC and s;.

156 RCLé

157  RCLS

158 +

159 PRTX

166  RCLE

161 RCLS

162 -

163 PRTY |- m e — -

164 RTH

LABELS FLAGS SET STATUS

Retolee [~er a0 [Cototty [Prsusarmad [0 257 |° FLAGS TRIG DIsSP
a Rectangular quuiingu\ar Etw © ! 0 Dh; O;f DEG x FIX
0 Store code |' Rectangular |2 Equiangular |° 4 Qutput 2 ! __E ; g:‘SD gﬁ(‘;
5 Calc 9 U _F_ 9 o ;25 | x! n Jx




L05-01 [ — L05-02
BENDING OR TORSIONAL STRESS E" -
BO1 sLELA J —
882 ! -
883  CTO@ ’_c‘_’d . E 5
84 #LBLB M code.
885 2 —
o6 10 | ___ E"' s
087 sLBLC v code. i
08 3 _
889 6108 | -
818 sLBLD 1ooda, E . 5
811 4 \
#12 #LBLE |- ———— o e
212 STOI Store code and input and E - E
814 Ré stop if input. |
e15 S0
816 F3?
917 RN | = 3
818 H Calculate result. ‘
818 §T0;
828 RCL2 -
821 RCL? E - E
sz x ‘
823 RCL4
824 % -
825 RCLI - 3
026+ ‘
827 E€10i
o28 B2 |ocoo E - 3
829 #LBL3 Reciprocate result to get .
aze 17X Morv. ‘
831 #lBL1  |e- o
832 sLBL4 Store result and stop. E #E
833 ST0;
03¢ RN | E ‘ E
o o |
E-d
E-d
E-=
REGISTERS -
’ [ew [um P oem o ' i ’ ’ S TABELS FiaGS SETSTATUS
% ] 5 5 = 55 56 57 5] &g " P M@ [ vwo P 1) E ° FLAGS TRIG DisP
- — a b c d e 1 ON OFF
‘ [ [ i [ [ o B R
RAD O ENG ®
i ¥ 7 F ¥ Ialnpu: :21 El g n—3
=
E-d
E-=
E-d
-

i
It



L06-01
LINEAR ORANGULAR DEFORMATION

881 #LBLA A code.

8az 1

L~ 1 P

884 sLBLE AR code.

885 2

L S~ (- o

887 sLBLC 2 code.

a8g 3

a0 6TOB 000 |-

816 #LBLD P code.

a1 ]

@iz 6106 000 | ———

813 sLBLE E code.

14 5

815 #BL8 = |

e16  STOI Store code and input and

a7 Ré stop if input.

818 STOI

e1s F3?

aze RIN e

ez1 1 Calculate result.

a2z STCi

823 RCL4

824  RCL3

825 X

826 RCLY

az7 ¥

828 RCLS

829 +

838 RCL2

831 +

832 6T0i @ | ———

833 «LBL4 Reciprocate for € and P.

834 sLBLZ

a3s 178

83 #BLI @ |-

837 #LBLZ Store result and stop.

838 #LBLS

839  ST0i

848 RIN | _

REGISTERS
0 AW A2 (6) I o m | 7 g g
IS0 S1 S2 53 54 5 S6 S7 S8 59
| |

A ° ’c ° |E I Control

m m m
et
W

W W W W

m

momomom

e

m

-

mmmmmm

momemmmm

W OW oW W W oW W ww W w W

'y

ool
W W

.
W

. - LABELS FLAGS SET STATUS
~A () LA8 (8) 2 Le (T) e [° FLAGS TRIG DISP
a & c d 0 1 ON OFF
. : . oD ® | DEG. ® | FIX O
A ZM [} 4 P 2 10 ® GRAD O sc1 O
g 5 7 B 3 20 ® RAD O ENG ®
E I T % Input 10 ® n—3_




L07-01
CANTILEVER BEAMS

881 #LBLc Initiatize @57 F2’

a2 [ ase Lo 5

eaex €103 a58  STOD va'

aa4  STO4 ace R

865  STOS @861 RCLI

aeé RTN e = 862 4

867 xLBLb Store £ and EL 863 +

@es  ST02 864 RCLB

ae9 R 8es -

a1e X @66 RCL!

P11 STOE | e e aé? X

812 RN Store P and a. 868  RCLE

813 #LBLc 069 Xz

814 5702 a7e 1

a1s Xy av! .

816  STOR 872 5

a7 RIN == ar3 X

@18 sLBLd Store W and b. 874 +

219 ST04 @75  RCLI

eze X2y 87é Xt

az21  ST0E a7? x

22 RN e 876 RCLD

823 ulBle Store M and ¢ a79 +

824  STOS #88 RCL4 .| ————— =

825 Xz 881 x ytys'

826 STOC as2 - e =

827 (3 N [P 883  RCLC

828 #LBLA vi' 884  £SB4

829 STO@ 885 6

838 RCLa 886 X

831 £5B4 887 RCLI

832  LSTX (113 3

833 X 889 X

834  CHS 98 XY vs'

a3s 3 891 F2?

836 x as2 CLx

237 F2? 093 +

a3e e 894 RCLS

839 RCL! 895 x

848 RCLA @% RCLI | _____

oo o . woewen

843 - 899 6

@44 RCLI lee #

845 X 181 RCLE

846 + 182 ¢ v

847 RCL3I 183 RTH

a4 x 104 slBLE | TT T T77

849  RCLI 185 §TO0@

858 o 186  RCLA

851 RCLB 187 GSB4

852 E5B4 188 RCLI 8’

857  RiLB 189 2

as54 Kl 118 ¥

855 ¥ 111 RCLA

a5¢€ X 112 -

REGISTERS

b . Xlal e Cw [ ° g
S0 S1 S3 S4 S5 56 S8 59
A a B |c R 0 E |

L

m
p—t—
W 1A

W A

e e e et £
W W W

mmmmmmmm
W w

} i
i W

mmmm
W W

W w

momomomommm
A W W W W W W W

m m

L07-02
113 RCL3 169 x2
114 ¥ 170 2
115 RCLY 171 %
116 X 172+
17 ROLE | _____ 73 RCL4
118 65B4 174 X
119 Ri 175 - A e T
128 RCLI 176 RCLC MM
}gé K 6, 177 6SB4
. 178 CLX M
123 RCLB 179 RCLS ’
}g: 2 188 =¥
s ' 181 F2?
126 - ’ S —m—— e
127 RCLI ::‘; ;“ M, +M; + M,
128 x 184 L:LD _________
129 RCLB ¥
e 185  ST08
13 2 186  RCLA Vi
132 187 E5B4
PR 188 [
134 4 189 F2?
o ReL 198 R | o
: 191  RCLB
R
gg e 192 &5Bd
138 * 192 0L
138 RCLC 194 RCLI
148 esea |m---———————- 195  RCLB Vi
141 R¢ o 1% -
142 RCLS s 197 RCL4
143 RCLI ;g T B
144 X -
145 A 208 RTN v
146 RCLE 8, +0;'+8,’ 281 #lBL4 | e
147 [ 282 CF2 Select smaller of x and a
148 RTH [ 283 RCLe (or b or c) and store as
148 #BLL @~ |mmmmmm———— 204 STO1 X
158 ST08 285  xav
151 RCLA " 286 Xév?
152 65B4 ! 207 s101 00 | -
153 RCL! 208 WY 1f x> a set fi
I oL 209 oF2 X aeia
155 - 218 - | e
156  RCLT 211 RN
157 x
156 ROLE @ |-—------—---
159  €SB4
160 (X
161 RCL1
162 2 My
163 &
164 RCLB
165 -
166  RCLI
167 x
168 RCLE
LABELS FLAGS Si
A Xy 13 x=+8 XMy o x>V ]'E E1STATYS
- - FLAGS TRIG DISP
Start 1tEtL atP 9 btw ® ctM ! ON OFF
- - . . 0 O DEG FX O
F . 4 Storex’ ' g GRAD O | sci O
5 5 2 0 & | RAD O | ENG
l § N 3 0 n




L08-01
CANTILEVER BEAMS—TRAPEZIODAL LOAD
Aa1 #LELE 857 *
oAz STC2 Store El and L 858 RCL4
aaz ki as58
804 X 11 ¥
e85  STOE (3] +
.13 RTN | e o - = 862 RCLI
487 #LBLc Store wq, &, wg and d 863 X2
ase P28 a64  LSTX
a3 5751 a65 X
ale Ré 866 X
a1 sTo2 867 CHS
arz R 868 RCLI
a3 sT03 865 +
a4 Ri 878 RCLE
@15 ST04 871 %
(13 5 a7z CHS
817 |31, N [ 873 RTH
@18 sLBLR Calculate y. 74 #lBLC |
#12  CSBS 875 ESE? Calculate M,
8ze 58l 876  £5BI
821  ESB7 877  &SB7
822 G5Bl a78  E£SBI
823 6706 879  ET08
824 sLBLI @88 sLBL!
azs 1 881 €
aze 2 82 +
az? a 882 RCL4
aze % 884 2
829 RCL4 835 L
a3 2 e8¢ +
831 4 @87  RCLI
@32 % 888 Xz
X + 889 X
834 RCLI 8% CHE
835 Xz 891 RTN | e
836 xe 892 LBLD Calculate V.
637 X 893  ESBY
aie - 8%4  ESBI
839 RCLI A95  GSBT
@a40  RCL2 8%  GSBi
@41 RCLE @97 elBL6 | ___ _________
::“: ; :gg gt‘s Sum loading effect and
044 . 188 RCLE stop for display.
@45  RCLE 181 4]
B4€ + 182 +
847 RN | e 183 RS | ol __
846 ALBLB Calculate slope. 184 #lBLI
849 BSES 185 2
as58  6SB1 106 #
@51 6SBY 187  RCL4
852 €581 188 +
853 €706 188  RCLI
@854 #LBLI 118 X
@SS 2 m RTN | o~
ASE 4 112 =LBLS
REGISTERS
0 1 2 3 4 5 6 7 8 9
X 8y 2 Wg O Wy
o g 52 53 54 55 S6 5 58 59
Sum We Wy d
A B w Ic ° dore IE El ' x-dlor0

—

m
W

I
—

i

B e —IT
1 § A WA

W

|
W W W

‘ S S
W W W W W

v

H

mmmmmmmmmmm

L08-02

117 §108 169 z

114 > Store x and calculate w . i7e P

115 RCL3 171 £

116 RCL: 172 +

117 RCLD 173 RCLD

118 - 174 e

119 RCL2 175 LSTX

128 RCL4 176 x

121 - 177 §Txt

122 : 176 x

123 RCL4 179 CHS -

124 x 188 RCLE | T T T T

125 - 181 RCL4 Calculate

126 STOB . 182 - (g or Wy - W) |

127 ROL? Put d and wg in the stack. 183 RCLD ®-d

128 RCLI o 184 x¢@°

129 €108 | T T 185 +

- Store sum and put e and w,

138 .;_g;-_, i stack. . 186 RCLI

121 P28 187 X

132 sT08 188 RTN

133 RCL4

13¢ RCLZ | _____

135 #LBLB x-d)

:;i S?flf If (x - d} is greater than 0,

138 pe (x =d) =1, otherwise 0 —+1.

139 STOD

148 RCLE

141 =

142 X<@?

143 CLx

144 sTOI |

::g :Ets Calculate yg in the stack

and 8 in R

147 STO1 o mr

148 -

149 3

158 8§71

151 R4

152 2

152 4

154 £

155  S8T+!

156 5

157 +

158 RCL2

159 5

166 x

161 RCLD

162 -

163 X

164  LSTX

165 RCL2

166 -

167 RCL4

168 ¥
u - ELS FLAGS SET STATUS

x+y P x=0 Cx—+M, v [f ° FLAGS __ TRIG oisp
a ° ItEtR © dtwgtetw, |° ° ! 0 05 OEF DEG ® X O
0 T Used F] 3 4 2 1 0 ® GRAD O sC O
RAI NG ®

[a T sm 7 e, w, FRete [Pows ? iom ° o




L09-01

SIMPLY SUPPORTED BEAMS

fe1  #LBLo Store zeros for P, W, and M. 57 2

aaz & ase 4

a8z 5T03 ase %

884 STD4 8ce  RCLE

aas  ST05 861 X2y

86 RN oo 862 x

887  wLELb Store € and EL. 863 Fg?

ape  sTOZ 864 LSTX

a9 Ri 86s CHS

ae X #6¢ es81 00 | --------===

a1l STOE BE7  RCL1 Compute

812 RN |- - ase X2 vi (ED)

812 sLBLc Store P and a. 869 Fa? or

014 STOZ are 2 8, (El).

a1s 4 az! Fa?

a1€  ST0R azz X

817 RTN |- 873  RCLD

@18 wLBLd Store W. a74 Xz

a18  ST04 a7s +

eza RTN |- — = 876 RCL2

821 xLBle Store M and c. azz Xt

@22 §T0S a7e -

823 Xy aze X

824 STOC age €

825 RN (4] L

@26 sLBLE ag2  &SB2

827 SFe 883 RCLI Compute

ez8 eroe | -———-——--=-- 884 xz va (ED

829 sLBLA Clear derivative flag a8  RCL2 or

L I B e (13 + 05 (ED).

831 LBLA [l 6

832 sT0@ 0] &

873 ROLZ Compute 989 Fac

2R T o

836 LSTY 892 X

a3z X 893  RCL2

838 RCL® %4

039 Fa? 8s5 +

(21 4 896 +

84! Fer as7  RCLD

642 X 898 Xt

f43  RCLZ a9 2

844 2 1608 +

845 X 181  RCL2

246 Fa? 182 +

47 3 182 A

a48 Fé? 184  RCLD

848 x 105 -

asa - 10€ X

as1  RCLe 187 RCLZ

asz X& 188 X

es? x 18 eCLI | TTTOTToTTTT

854 * 118 + ¥y=vyi+tvatvs

855  RCL4 111 RCLE or

as¢ x 112 + 0=0,+0,+0,
. ) ‘ ° °
S0 51 54 E3 5
A a 8 c ¢ El I' SUM

m m

momomom

momom

W E
VR VIR VAT VT VT

m

momm m

mom

+

W W

W

]

W W W W

W W

A W W

di

L09-02

BERLIC 168 +

114 sLBLD . fra st | oo

115 SF8 Set derivative flag. 171 RCLA Stors x and 0.

116 €708 e ——— 17 sT0!

117 #LBLC Clear derivative flag. 173 RCLC

118 cFe | _____ 174 §TOD | o~

119 sLBL® 175 X0¥7 fe>x GTOO.

128 8T06 Compute My2 176 €108 | __ _ _ _______

121 2 or Vy 177 RCLA Otherwise store x- £

122 % 178 RCL2 for x and £-c for c.

123 RCL2 178 -

124 Fo®? isa 5701

125 2 181 RCL2

126 Fa? 182 RCLC

127 ¥ 182 -

128 RCLE 184 st | e -

129 - 185 slBLE

138 RCL4 186 RCLS M

131 x 187 RCL2 L

132 X 188 +

133 Fe? 189 1

134 LSTX 198 RTN

135  65BI 181 RCLI

136 €5B2 142 X

137 RCLI 192 RTN

138 +

139 RTH

140 #BL! |22 ____ | e a

141 8101

142 RCL2

143 RCL#

144 - M

145 STOD

146 RCLE |

147 8701 Ifa>xGTO0

148 RCLA

149 X0¥?

158 €108 | _ _ _ _ _ _ ______

151 RCLA Otherwise store -a for £-a

152 CHS and x - for x.

153 STOD

154 RCL2

155 sT-1 | ____

136 sLBLO

157 RCL3 Pt -a)

158 RCLD []

159 X

168 RCL2

161 i

162 Fe" | ___

163 RTH -

164 RCLI PR ol

165 X

166 RIN |

167 #LBL2 Add first result to second.

168 RCLI

LABELS FLAGS SET STATUS
A xy T e € x=m, 0 xov E RCL x 0 Derivative FLAGS TRIG DISP
 Start © ItEME ¢ T w e ctm ! cB% | oes ® | Fx O
0 Used 1 Con 2 Mom 3 4 2 1 GRAD D SCI g
2 08 RAD O ENG

5 g 7 ]5 _F_ g 208 n




L10-01

SIMPLY SUPPORTED BEAMS—TRAPEZIODAL LOAD

[CHEET I @57 3
e8> ST02 Store El and €. as8 -
ez ke 858 RCLI
([ s ace e
ees  STOE (13} X
(3 RTN | ____ 862 RCLI
867 #LBLc Store w, &, Wy, and d. 863 x
aag P2S§ 864 +
aas  STG! 865  RCL!
aa Ri 866 2
al sT02 BE7 +
a1z ki 868 RCLE
alz  sT03 869 Xe
al4 R 878 slBLS
als  §T04 871 X
(313 28 ez +
a1? RIN | ___ 873 RCLE
818 aLBLA Calculate y. a74 :
819  £5BS 475 RTN
82e  6sel 876 #lBLC | o ____
821 eS87 87?7  ESB3 Calculate My.
822 6561 078 ESBI
823 ET06 @79  6SB?
824 slEct 8ge  E5BI
825 3 881 €706
a2é # 882 alLBL!
827 PCL4 683 6
eze - a4 +
a2e 2 885 RCL4
a3 4 03 2
871 # 887 +
832 RCLI ase -
a3z X? @es  RCLI
024 X a%e X2
@875 X as1 X
83¢ X2y 692  RCL1
837  RCLO asz  RCLe
a3e X a%4 X
839 RCLI 893 +
644 ¥ 8% RIN
04; [3 57 wlBLD 0 | o
842 # 838 GSES Calculate V.
843 + 899  GSBI
644 R(LE 186 GSE7
@45 ETOS 181 Ese1
846 sLBLE 182 sBL6é | ____________
::; ::gf ———————————— ;:: g’js Sum loading effect and
845 CSB7 Calculate slope. 185 ReLe stop for display.
ase  €SBI 186 43
a51  ET08 1e7 +
A52 xLBLI 1ee R& | _____
as7 4 189 sLBL}
854 + 1@ 2
855 RCL: 111. +
A€ - 112 RCL4
REGISTERS
0 u 2 3 5 6 7 8 9
x Ro Wg OF Wg
51 52 & 54 S5 56 57 58 53
Sum We e Wy d
A I’a C D E |
wg l dore I EL (x-d)orQ

mmmmmm m fp rr m
; i bt —} } | S P DU Pu DU [ DU -
W W W W NN W N WNKW WKWK K

}

.rl*r;wmrinmmm
(A

i

L10-02

113 - 168 -

114 RCLI 178  RCLD

115 x 171 x

116  RCLI 172 RCL2

117 + 173 Xz

118 RTH 174 7

119 sBLS | _ _ o __ 175 X

128 sT08 Store x and calculate wg. 176 N

121 RCL2 177 X

122 28 178 RCLD

122 RCLZ 179 RCL2

124 - 188 EWNTt

125 RCLI 181 +

126 RCL3 182 -

127 - 183 RCLD

128 X 184 X

129 RCL2 185 RCLZ2

138 RCL4 186 re

131 - 187 -

132 £ 188 RCL4

133 RCLI 189 2

134 + 198 %

135 STOB 191 ET+4!

136 RCL4 192 x

137 RCL3 Put d and wy in stack. 192 +

138 ET08 194 !

139 aBl?7 @ |mm———————— 185 2

148 P2s Store sum and put e and 13%€ ¥

141 STO8 Wy in stack. 197 RCL2

142 RCL2 198  RCLD

143 RCLI 199 -

144 sLBLE @ |- 208 Xz

145 P2s (x-d) 261 RCL2

146 STD4 If {x - d) is greater than 0, 262 %

147 Ré {x - d) =+ 1, otherwise 0 1. 283 STx1

148 STOD 204 S (U -

149  RCLE 245 RCL4 Calculate

15e - 286 RCLB

151 CHS 287 - {wg or we =Wy )1

152 X<@8? 288 RCLZ g

152 OLX 289  RCLD

154 ST0] |- e ———— - 218 -

155 RCLE Calculate slope in stack and 211 x#£8°

156 RCL4 Ry in Ry. 212 .

5 - 217 ReLI

158 sTO1 e x

158 3

166 F 215 RTH

161 +

162 3

167 RCLD

164 x

165 3

166  ST#!

167 RCL2

168 X

LABELS FLAGS SET STATUS
vy P x+8 [x=M | x-v [ l“ FLAGS ___ TRIG DISP
® 1Ete  |° dtwatetw, | ° ! o N%| o m | ex O
N N N N —— -4 -] b
TEl [F sum e, we 5 Ro s |0 9w g 2 g : €




L11-01
BEAMS FIXED ATBOTHENDS

ARl s BLd Store W. as: X
aaz  STO04 ase 3

a7 RIN e = = 859 pral

884 sLBLb Store € and EI. fasa X

aes sT02 13 Fa?

264 R+ 662  LSTX

aer x (1% Fa?

08 STOE Ged -

/a9 RIN |- == (33 -

81@ wLBLc Store P and a. 866 ESBE

a1y STO3 #E7 €

a1? (Y ase £

a17 S0 (3 Fa

a4 RIN | — = are 3

@15 sLBELe Store M and c. a7 Fe?

are  ST0S ez x

arr X a7z Fo?

a1g  STOC 674 £5B3

#12 RIN e ars  £SB4

@28 sLBLE Set derivative flag and start @76 kL 00 | —mmeeee——— -
821 SFa 8, calculation. er7 GBI Calculate y3 EI and/or
a2z sT0B g8 Fe? o, EL

823 ESB7 [ 3

824  RCLZ aea Fe?

azs K ael X

826 X e82 X2y

827 rlLe (LX) Fa?

A28 G5BT 8c4  £SB?

f2e T8 0 |- 8es +

a7e  sLBLA Clear derivative flag and 886  65BE

azl CFe start y; calculation. @87 6esp8 000 | ————mm=———
a3z sToe 888 RCLE Calculate y or 8.

a3z Xz aes %

834  RCL2 ase RN | ————ee ===
815 GSE7 8e1 #LELD Set derivative flag and
A€ RCLAB a8z SF@ start V, caleulation.
227 slBLE @ | e mm - es3  §T08

838 §F1 Complete calculation of 8, as4  RCL2

a39 - Elory, EL 895 K2y

848 RCLE @% &SBT | __ _ ________
84! X as?  cT0@ Clear derivative flag and
a42  RCL2 89 sLBLC start M calculation,
47 Xe @99 CF@

ad4 - 8@ STO@

a45 x 181 ROLZ

84€ 2 182 2y

847 4 1683 -

48 # 1R RCLO

843 RCL4 185 x

ase T [ iee RC#%‘

g‘;i. :.Z;lé? Calculate y, Elor 8, EL ‘;:'8 €

852  RCLI 188 %

854 X 118 sBLe | __ _ ________
855 RCLD 1 §F1 Complete calculation of

as¢  RCL2 112 - V, or My

REGISTERS
0 7 3 5 6 7 g g
x, (2 -x) P w M
S0 S 52 53 54 S5 56 S7 S8 S8
* IF © c © o, (@-a)i ¢, (-] €l ' sum

i

m
b
W W

mmmmmmmmm
A T 1 e fr
AW OA AW OW W W W

Iy
I

£

l‘"!ﬂ'lﬂ"!';l!?
T UNY VT VT VR VT

4

m o
A W

L11-02
113 H 168 RCLZ
114 B 176 RCLO
115 RCL4 171 -
116 x 172 8101
117 ROLA 173 slBLE |
118 ESB! 174 RCLS PR -a)?
19 fB? | ___ 175 F1° 3
126 €108 Caleulate V, 176 RCLI ¢
121 RCLI or My. 177 RCL2
122 x 178 ROLD
122 RCLD 179 - M(L - a)
124 RCL2 188 F1? )
125 x 181 X2
12%€ - 182 x
127 elBLE 183 RCL2
128 X 184 3
129 Fe? 185 X
138 €583 186 N
131 6SB4 187 RCLZ
132 RCLE | e 188 RCLD |
137 ©sBl Calculate Vs 188 Fi?
134 Fe” of My. 15 gTo@ (2 - 3412
135 R 181 3 2
136 Fe? 192 X
137 LK 183 -
138 Fe? 184 RCL2
138 ROLD 198 x
148 é 156 H
141 = 187 L
42 K2y 198 RCLD ax
143 ¢SB7 199 RCL!
144 + 260 x
I x S B 3 (S R —
S wlELE | oo~ 282 aldLb
147 Fe” 287 7 (€ + 2a)
148 ET04 Sion change? 264 et
148 £SR3 285 CF1
156 «lBL4 |\ __ _ _ o ____ 286 PIN | —— e
12' RCLI Calculate sum 287 #LELI Sign change
152 + 208 F2n
152 R | ______ B H
154 0B | ewresorcadem 209 e meeeooooooo
155 CF2 Store a or ¢ and sum, 216 RTJ! Calculation subroutine.
15 stop 211 WLBLE
157 R4 ere ¥
158 sT0! 213 Rl
3¢ RCLD 214 #lBLS
166 RCLE a5 X2
161 STo1 26 o7
162 xevr | T oo mmm s ar 0¥
162 E£T08 Is x beyond loading paint? 218 ¥
T4 SF2 Yes—set sign change flag o | e e
165 RCL2 wdant et 228 §LBLY 2X subroutine
166 RCLD A heremtne 221 EWTt
167 o and x =R -x. 22?2 +
168 STOD 227 RN | TTTTTT T
LABELS FLAGS SET STATUS
Ay B x—+0 3 x+My TK"V - © Derivative FLAGS TRIG DISP
a b c d B 1
ItEtE atP w ctm P v O®| o m | Fx O
0 Used 1 Cale. 2 3 Sign 4 sum 2 Sign " 0O ®| GRADO | sc1 O
5 Calc. ®  Calc. S ['_‘ P u 282 Rao O ENG




L12-01 E- = L12-02
BEAMS FIXED AT BOTH ENDS—TRAPEZOIDAL LOAD —
|
881 sLBLb Store El and £. @57 RiL4 - 113 ¥ 165 x
882  ST02 ese - E"* o e e e 176+
887 R 059 6 | 115 wLBLI 171 RCLB
gg: ST;E :? RC: ! . e z R
5 1 : - 7z -
896 RN | 962 xe E". o e Ras 174 ST
::; ‘Lgf-i Store we, &, W, and d. 863 LSTX ! 118 - 175 x
28 @64 X b T 176 2
8as  STOL 965 x E - s :5? Ff.‘;. Hid 2
a0 Ry 866 X=v 122 + i O
811 §T02 867 RCLA 123 RIN 178 &
a12 R (11 X D I - R4 [ N e ( ;
a1z 5703 69 2 E.. S :;: tgtﬂg Store x and calculate wg . ::? mg
a4 Ré aze ¥ 12% RCL2 182 8T#1
815 6704 871 RCLI 7 b2 83 x
816 P3¢ o2 - E - } 58 RCL2 184  ROL2
17 RN | __ a73  RCLO - 2. 185 .
818 sLBLA Calculate y, 874 sLBLS v -
819 €S89 Hledatey 75 x B :;? g&i :gs ReL4
820 GSBI 6+ ) z 7
821 65B7 877  RCLE E” S 12 i:g 5
822 €3B! 078+ SR 98 ¢
823 ET06 679 RN | e ;
824 #lBLI 88  eLBLC Calculate M. - 135 RCL4 191 5T
825 5 881  ESBY N E 3 3% - 192 CLX
026 ¢ 862 681 . i ;; . i :f :gliﬁ
827 RCL4 883 6SBT — t p
o2 - 884  GSBI E ”""S 139+ 195 ¢+
@z9 2 885  ET06 148 STOB 196  RCL4
838 4 886 #LBLI 141 RCL4 197 x
a31 + 887 6 E . g 142 RCLZ Putd and wy in stack. 198 2
832  RCLI ags ¢ " lrﬁ f;ﬂg 15: M
833 2 889 RCL4 R it 28 +
a34 X2 a9 2 145 28 Store sum and put e and 281 RCLZ
ars X 891 3 E J— g 146 S108 W, in stack. 282  RCLD
836 X2y 852 - 147 RCL2 203 -
a37 6 893 RCLI 148 RCLI 284 RCL2
a3e + 294 'y E i“: ‘W-g ____________ 285 STx1
838 RCLE 95 x : g 5 G (x -d) 206 :
a4p X 856 X2y 151 8704 If (x - d) is greater than 0, 207 Xe
f41  RCLI 897  RCLO 152 Re (x - d) + I, otherwise 0 ~+1. 288 18T
42 2 898 x 153 sT0D 209 X
047 s L == 3 154 RCLB 218 §Tx
a44 - 188 RCLI 155 - 211 x
a<s  RCLe 181 - 156 CHS 212 RCL4e |-
846 X& 12 RN | ___ . 157 X¢@? 213 RCLE
647 gr0s  f 183 #LBLD Corotore v ‘ 158 olx | oo ___ 214 - Calculate
848 sLBLB 184  CSBO culate ¥ 159 £T01 Calculate Ry in stack and -
a 9 Calculate slope. o o 215  RCLZ (wq or wg = wgll
a4s €5BS 185 6SB! 168  RCLD M, in Ry 216 RCLD —Tr—a
858  GSE) 186 G6SB7 E _.,3 161 8701 ’ 517 - (2-d)
851 6SB7 187 GBI 162 ENTt 518w
As?  GSBI 1ee wBLE | ____________ 163 + 210 Y
853 6706 189 CHS - 164 3 - :
854 #LBLI 18 P Sum loaing effect ind | 165, §7x] 226 ROLI
55 4 111 ROLE stop for display. 16€  RCL2 a2 x
a6 ¢ 112 P2s 167 §T+1 222 RN
REGISTERS P — 168 5T+1
0 1 2 3 4 5 6 7 8 9 E "-"5 LABELS FLAGS SET STATUS
x M, £ Wg O Wy A N 6] x 8 C M -'Fx'*v [ 0
5 5 = 53 ] 5 63 5 & 5 ., , : F'C‘):G:FF TRIG oise
Sum we e wg d E . —g ? 11EQ © dtwgtetw, ° o0 8| DEc ® | Fx O
0 g c o € i = 0 T Used B 3 O 2 + 0 ®| GRAD O | sCi D
w dore El (x-d)or0 x
2 T 5 o £3 5 3 2 0 ® RAD O ENG
| +El Sum e, Wy Ra, 8o d, wy 3 0® n—3_

L)

| TV Y

mowom



{— L13-02
L13-01 E-—=
PROPPED CANTILEVER BEAMS - )
113 €100 169 RCLI or
- = V,; + V.
= 057 ¢ . 114 sLBLE 178 RN VaVitVa+Vy
el e 858  RCL2 E g 115 RCLC 171 sLBL4 Multiply by x if integral
et Initialize a59 2 116 6SB4 172 re? flag is set.
86z - 8 - 177 RCLE
——————————— 8¢a - 117 sLBLE
b 851  STOD [ e - 174 Fe?
fas elbLd Store W. 02 x e gsea | __________ A B
P 5;?‘- 777777777777 863 RCLI 128 RCLE vy s 4y Of 176 RTN Finish v, 85, M, and
gf’; N.EL: Gé4 Xe ! 121 + 8= a: +8, 40, 177 sLBLS V, calculations.
aéa £T02 Store £ and EI. 865 + E i 122 RIN | ==- S 17¢  RCL4
PR ace  ESed 123 sLBLD Store x, clear integral flag, 179 X
b H 87 F2v 124 cFa mltiply by 2. 180 6554
" -
- g 8se  ET0R E . S 125 §T08 181 g
612 STOE R
01z &tk |—--=m=m————o ase  RCLO 2 w2 =\
i3 RTH p I 183 STO!
@14 «lBLo ! e CF. Store b.
@15 sTa? Store P and a. 871 - E 5 128 708 . un ;:; m;
T T az? '3 p— 129 #lBLC tore x, set integral flag.
P
(1 D [ —— azz Fa? 138 sFe 186 RCLA
a7 <T0R Ceru -
e FIN o e - B ame 108 stor
19 aLfLe " ] #lBL6E | o __
ggg 5;55 Store M and c. 676 FI E s 173 3 Compats M, or V. :2 ég]’x ___________
azy w2y &7z F@? 134 RCLZ 2 00 ¥a- o
2 are 2 _ 135 x 191 silBLI
822 sTOC —
2 gtn | e——mmme e e7e  Fa? T - 192 RCLC
Mj" R.':I Store x, clear integral flag, ase 2 E S ;;'.‘. x I 193 stor | o _____
e 'Lféa 10ad constants. o8 - 138 x 194 oLbLo Setx<toaorcflag.
26 sToe 882 LBLE - 132 - | _____ 195 cF2
prt e o3 3 | 148 oSS 19 FkcLa
026 EWTH 884 x 141 6584 197 xéro
aze 8 s prLI 142 F22 Compute M, or V, 198 sri ___________
a ctop @ |-------=-==-- (23 x | oo N 143 CTO6 199 RCL Calculate
g:? ‘F;fl: Store x, set integral flag, 887 ST+] Ellys +va) E, - S 144 1 280 3
032 MSF@ load constants. 88g 8 EL (0, +8,) 145 GSB4 281 x -
or  sTos L e iy . 46 - 202 F19 3a72-07
are 3 boa skl | 147 Fe? 203 RCLZ 20
L gqé m; Calcu';ta pa El ::2 ”,Eﬁi 22:; mf First pass, then
3 '2_ as? 3 or By EL 150 + 286  RCLI
437 aLBLE Colculsta 6 v, FYYR = g 151 sLBLO 207 xe
eze RcLe Elor b RoL2 — 15 RS pr S £,
32 ) 64, EL 89¢ + 152 x 200 2 4
fae R 807 GSR4 : 15 STel o
ar C #2822 155 &s@i 21 xe Second pass.
P47 RCLE pos  E10¢ - 15 6 Compute M or V3 212t
g4d 2 iy 157 x 217 ReL2
iy £ = o B
846 ROLZ S ren — F21 215 v«
w7 e ;g-: . 160 c108 206+
For S s for o AL 217 F1?
[y N
P 106 ROLC - 218 RN
o B oot e oxe = e mw 219 SF1
as ! f-‘ Calculate By, El (08 . 228 RCLI
psz FlLe or 88, EL SR _ 165 aLBLE
i vz 1 189 @’ " 166 RCLS 221 x
g5y oo w2 = w x| W Ioa e 222 RN
= 3 111 Fe? My =M, +M; +M,
ase 3 e 168 ST+
as¢ Fa7 Lt — — LABELS FLAGS SET STATUS
LABELS
- G 3 n Rﬂ?:_“i 3 7 B 9 E S A Start T ItEtR C ate d w [E ctm d Integral FLAGS TRIG
0 W OFF
. = - 55 - = Iss 56 57 58 59 ? x+y ® x-+8 © oM, [T xev ° | Momant 0 D DEG FIX O
50 51 52 E_ '4 [0 Used T 2 3 4 xmuit [2x<dorec ; g g:sog gﬁa
A a g c R ) N El I @-alc - Fw-e  Used 7 _EMult&SumF i 10® n

o
T

" m
A W W

T"l



L14-01

PROPPED CANTILEVER BEAMS—TRAPEZIODAL LOAD

801 sLBLb Store Eland £. ié; *5
s02 STO2
883 R} 859 RCLI
864 X 868 Xz
885 STOE 861 LSTX
806 1 N “i X
887 wlBLc Store w,, 0, wq, and d. 963 X
888 o4 064 RCL
889 STO! 863 :Y
818 R :—‘} ‘2
a11  sT02 posd .
812 Ré *
#13  STOS 869 Rctg
814 R aza X
015 STO4 071 #LBLS
81é P:s :g i
- S Pvivinivia 874  RCLE
818 sLBLA Calculate y. "
818  €SBS 875 +
828 &$5BI 876 (4 [ HE [
021 GSB? 877 wBLC Calculate My.
822 E5B1 078 &S5BS
823  CT06 879  ESRI
824 slBLI 888 ESB7
825 ] 881  ESB!
026 # 882 ETOé
827 RCL4 883 lBL1
828 - 084 [
829 2 885 +
030 4 886 RCL4
a3 + [t 2
832 RCLI ase +
833 Xt 8% -
834 Xt @98 RCLI
[ X~} x 891 xe
836 XY 892 :f
837 RCL8 993 X2
a3 Xz 894  RCLE
839 X 895 x
048 3 89 +
841 + 88?7 RN | -
842 RCLI 8#%8 sLBLD Calculate V.
843 - a9  £5BS
844 RCLE 188  £5B1
845 ET05 0 |- 181  €SB?
846 sLBLB Calculate slope. 182  ESB1
847  6SBY 183 #lBL6 | -
848 G5Bl 184 CHS Som Fouding eftect and
849 6587 105 Pz s10p for divplay.
858  £5B! 186 RCLO
851 ET06 187 PE
852 sLBLI 188
853 4 189 | 7T [
854 * 118 sLBL!
055 RCL
856 -
o, " . 2 g
1 S2
Sum w, wa
A B |c
| Wy

m
P\

m o m m m m
A A

Ll

LIS U

mmmmmmmmmm

W w

’ b 4 ) b——-t
A A W A A A W K K K A K

Al

A A

L14-02

117 RCL4 169 ENTT

114 - 178 +

115 RCLI 171 RCLD

116 x 172 3

11? + 173

118 RN 174

119 #BLS | ___ 175 RCLE

128 5708 Store x and calcutate w,. 176 RCL4

121 RCLZ 177

122 25 178 4

123 RCLZ 179 []

124 - 188 £

125  RCLI 181 x

126 R(L3 182 STH

127 - 183 CLX

128 x 184 LSTX

129 RCL2 185 RCL2

138 RCL4 186 4

131 - 187

132 + 188 RCLD

133 RCLI 189

134 + 198

135 STOB 191

136 RCL4 Put d and wy in stack. 192 RCL2

137 RCL3 192 STt

138 €708 194

139 #BL?7 0 | 195 LSTX

140 L) Store sum and put e and 196 Xz

141 STO08 W, in stack, 197 :

142 RCL2 198 6

143 RCLI 199 S§T#1

144 #BLE = |- 200

145 P35 (x-d) 281  RCL2

146  STO4 If (x - d} is greater than 0, 282 RCLD

147 R (x - d) =+ I, otherwise 0. 203 -

148 STOD 204

149 RCLE 285  LSTX

150 - 266

151 CHS 207 STxi

152 X<8° 288

153 CLY 289 RCL4 = |--———--——==--

154 S0 2 | -=m=mmmm—————— Calculate

155 RCLD Calculate Ry in stack and §}f m:s focg or wg — wy 1

156 §T0t iR, 212 RCL2 4o~ e

157 3 213 RCLD (2-d)

158 STxt 214

159 RCL2 .

i 25

P 217

+

163 RCL4 218 ReLI

164 8 219

165 " 220

166 STx!

167 X

168 RCL2

LABELS FLAGS SET STATUS
A xy xr [ xomy x>v_[ FLAGS ____TRIG Disp
a b c d e
ItEtR dtwgtetw, o OE'; T bEG B | FX O

g 0 2 3 g 1o®| GRADDO | sci O
F +El 6 sum 7 o, w, Re. 0 F‘ d, wy i g : Rao O ENGQE




L15-01
SIX-SPAN CONTINUOUS BEAMS
881 sLBLa Clear registers. 857  ST0i Store 2 and EL
#82  CLRG 858 DS2I
883 P28 859 Ri
M4 CLRE | asa X
865 3 If N is greater than 6, give 861 ST0i
a8 x3¥ error. 862  DSZI
ae7  XY? 863 DS2] 0 | e
eee  ETOY | - 864 alBLO
8as ‘4 Calculate 4N + 04N and 865 ROLI Compute span number for
ale . storein L 866 ENT? display and check to make
:1112 s z; ;gf, | sure index does not equal
813 . posd 2 3. If it does, make it 2.
er4  STOI aze x
815 CLx a7t X2y
fé RIN e = 72 INT
817 alBiA Store M 72 3
818 ST0i avd  X=Y?
818 DSZl 87% DSzl
a2a RIN e 07é Ré
821 #LBLib Check for error of slope 877 -
822  RCLI duplicate on last section. aze 4
823 INT ar9 L3
824 3 ase INT
825 K=y? 881 RIN e
826 ET02 00 e e a8z »LBLD Store My and set index to
27 1821 Recall last slope factor 883 (FZ begin span.

828 IsZI difference and reset index. A4 CHS
829 1521 #8s  STOé
a3 1521 886  RCL]
831 RCLi 887 FRC
832 [} ase 1
833 DSZI 889 [
834  DSZI 8% 1
835 DSZI 29 x
836 DSZ! Store difference. 892 ST0] 00 | e
837 6588 @00 | e 893 slBLE Evaluate individual inter-
838 ET0c Duplicate I E, 2. 894  CF1 mediate moments.
B3 alBLBE @ | 895 RCLi
a4e - Calculate and store differ- 8% 2
841 STOi in slope at support. 897 &
@842  DSZI asg DSz
843 RTK e 899 RCLi
844 slBLc Recall last IE product and £. 1ee Xz
845 ISZ1 181 DpsZ!
846 ISZ] 182 RCLi
847 1821 183 DSZI
848 1 184 RCLi
849 RCLi 185 B
8se  18zI 106 3
851 RCLi Reset index. 187 ]
852 DSZI 108 STOZ
53 DSzl 189 ’
854 DS2I 0 |- 118 -
@55 DsZI 11 Dpsz1
@56  #LBLC 112 DSZI

° My Eln Iy

I"‘i_otu-z S10-01 % My

i F-

Trm
AW

NG I L R I L L O R
b bt b : i i i } } b S P — I PR
A A AAAAANANAAARAANRKIUGRKNRKNGRKRKRK

L15-02

113 DSZI 169 CHS
114 RCLi 178 €104 |-
15 021 171 alBLd Reset input index for a
116 RCLi 172 ENT? icul i
17 s 173 ENT* i
18 kJ 174 RCLI
119 + 175 FRC
128 ST+Z 176 EEX
121 DSZ! 177 2
122 SF! 178 X
123 RCLi 179 4
124 X 188 #
125 2 181  x=Y?
126 + 182 €00
127 - 183 R+
126 RCL3 184 1
129 L 185 X=Y?
138 1521 186 ¢T01
131 ISZI 187 Ré
132 1821 Check new moment 188 4
132 1sZ1 against okd moment to see 189 x
134 RCLi if change has occurred. 198 F I
135 RND 191 - For intermediate spans.
136 Xy 192 RCLI
137 STOG 193 FRC
138 RND 194 +
139 X#Y? 195 STOI
148 52 = | ————— 19 R?
141 F1? More spans? 197 RTN
142 6108 20 | ——————m———— 198 #lBLE @ | e e mm ]
143 RCLI 199 RCL! For span N
144 FRC Reset index for next cycle 200 FRC
145 1 o data output. 28! H
282 +
263 STO!
204 Rt
285 RTH
206 #lBLI @ @ |--—————————
287 RCLI Forspan 1
208 FRC
20 1
218 8
n 1
212 X
213 S§TOI
214 Rt
215 RN | -—-——-—-——————
FLAGS SET STATUS
FLAGS TRIG
\l
nextwan? | PG| oo m | x o
o 1108|808 | B2
2
F 3 0 ® n




L16-02

L16-01 E- =
1
J
STEEL COLUMN FORMULA :-“ o
[T es57  CFe Clear I flag and store k. s 112 RCLD
#82 5708 Store yield point stess in #se  STOE N - 114 RCLE
:;3 ;? N/m? and store other SI ::: L:{: ———————————— | ;i:_ ;t
4 constants. ¥ P _ :
a0s ? 91 CF! Rk S o 17+
ane EEX 862 RCLD E ) 118 &LBL?
887 ] 863 RCLE 119  RCLA
88 xzy 864 Fa? - 128 x
889 = 95  GSBE E o s 121 RH
a1e Pi Béé + 122 olBLE = |---—7——————-
a1 Xt 867  STOB 123 GSED Calculate Py
e12 x 868  RCLC b 124 RCLE
813 ENTH 869 X>v? - S 125 x
814 + e7a  ¢T01 126 RIN |-
815 X ar! Xy i 127 lBLE Convert [ 10 k.
816  sTOC 872 2 - cre
ar ez @ e g 129 RoLA
818 e 074 ] s
819 2 75 K2y . e I
a2n ’ 876 Xo¥° E..., ! 132 STOE
821 3 877 705 - = B T e
82 EEX 878 SF1 134 elBLc Set 1 flag and store .
822 8 979 #LBLI P 15 sFe
824  STO? 086 k] e ! 136 STOE
825  CLX 881  RCLS . 7 R
826 RN e 832 RCLC I (L PR
827 sLBLb Store yield point stress in 88 —
628  STOS psi and store other English a4 X E“" 5
829 3 constants. 885  STO08
38 a 886  LSTX ——
831  EEX 687 R4 E,., g
832 € ess -
833 x2v 888 Rt
034 ¢ 8%  x e
035 Pi 891 8 [
836 xe 892 -
a37 x 893 3 ™
838 ENTt @94 ENTH —
, 839 + 895 3 .
o0 IY 8%
841 STOC 897+ -
842 1 898  ST06 ==
043 4 898 F1? S ey
844 9 188 €TO0R
e45  EEX 181 RCLY s
846 6 182 Xy
a4? 5707 183 = “ _a
848 CLX 184 1
848 RN | ____________ ;:2 m_g =
850 #LBLA yu—
851 709 Store area, 0+ -
es2 RN | ____________ 188 - o
853 #LBLE 189 x —
854 STOD e 18 eT0? [ (
855  RIN 111 eLBLB -
856 #LBLC 112 RCL7
REGISTERS - — LABELS FLAGS SET STATUS
° ' o 8 4 ¥ ©m e ﬂ A a P Cy Paow T P T input? FLAGS TRIG DisP
| g 52 53 = S8 _ . oy ) | oy o) | d g ‘o<t | BE| oee FX O
C<iN T m 2 3 1 2 10 ® Gmog :fé 2
Aa F < ¢ e E 5 |2 O @ | RAD
Emor 7 AxP/A I+k 30 m 3

=




L17-01

REINFORCED CONCRETE BEAMS

881 sLBLe 757 X
aa2 € 858 RCL3
ea3  ¢T0R Input values and store 85§ x
884 wLBLA control code. ase -
88s 1 861 X
#B6é  6TOE 862 +
887 aLBLE B3 RCLO
888 2 864 +
fBs  ETOR 865 <
818 sLBLC 866 £
811 3 bé7 CHS
812 €T08 BcR  CTDO
@13 #LBLD 869 #LBLI | ____________|
(L] 4 ara Xy
a5 eToe a1 - Compute M
816 sLBLE er2 e |
817 5 872 alBL2 Compute b and f.,
818 =xLBLO 874 aLBLS
a1%  ST0I 8?5  RCLI
aze ke 876 -
az1  ST0i er? %
822 F3? a7e €108
823 RIN | 879 #lBL4 | e
824 1 a8 X2y Compute d.
825 STO: Calculate for all inter- 881  RCL3
82¢ . changeable solutions, 882 +
827 5 (X 44
828 5 884 %
829  RCLS e85 slBLE | o ____]
838 RCL2 @86  ST0; Store metric constants.
83} x [ L:1g 2
832 # ase &
#33  RCL2 889 1
834 RCLE 8% STO9
35 X as1 2
83¢ X as2 1
837 LSTX 93 1
038 . 894 7
839 s 895 ST08
[17] X 896 1
841 X 897 3
842  LSTX ase M
843  RCL4 898 L]
844 X 188 3
845 ET0F 0000 e - 181 L [y ——
846 sLBLI Solve for A, and . 182  ET08 Store English constants if
847 #LBLE 183 4 flag O is not set.
21 CHS 184 EEX
849 ENT? 185 3
ase [ 186  STOS
a51 X 187 ]
as2 Rt 188 7
a5z Xt 189 EEX
as4 2y 118 3
655 ST0@ 111 STO8
(=3 4 112 2
REGISTER!
éuud " A P ‘4 5 1, 7 8, %7000, 6117|°4000, 281
1 54 3 56 i 53 53
0 i |n c |T> IE i
Control

T-T
a A

mmmommmmmmmmmmmmm
AAKAA A

m ™M m

11

me
i

mom

{ o a

1

¥

b —

i

f' H

' 1

|

&

L17-02

113 [] 169 X)Y?
114 a D I~ [ R
115 slBL® @ |- _————— 171 ROLZ Set display for too much
116  RCLé Check for minimum 17, RCL4 steel code and GTO 7.
17 + reinforcing. 172 X
118 RCLI 174 X
119 RCLZ 175 gsse
128 RCL4 176 -
121 X 177 RCLI
122 # 178 1
123 XY? 179 ]
126 €108 @0 |- 188 .
125 R 181 3
126 LSTX Reinforcing below mini- 182 2
127 X mum. Display code. 183 €TG7
128 65B8 184 xLBLE @ | ——————————-
129 + 185 RCLi Qutput answer.
138 RCL: 186 RIN | —————
131 1 187 #LBLa Metric flag toggle.
132 [} 188 Fe?
133 . 189 ET0@
134 s 19  SFe
135 #BL? @ |- m———— - 191 1
136 PSE Pause loop. 192 RTN
137 6107 @ | ——————— 193 «lBiL@
138 sLBLE Check for too much steel. 194 CFe
139 . 195 ]
148 8 196 RIN |-
141 5 197 slBLé Set a calculate flag.
142 RCLS 198 SF2
143 RCLY 199 #BLe | -——-——————---—
144 - 280 RCL1 Calculate NA or a.
145 2 28! 1
146 EEX §:§ .
147 4 ! 1184
148 x 284 8 NA = -B‘—':'-
148 {8? 285 X tie
156 Ly 2086  RCLZ a=pNA
151 - 207 %
152 ST07 208  RCL6
153 . 285 x
154 6 216 RCLS
155 3 211
15€ 7 212 F2?
157 5 213 RTN
158 X 214 RCL7
159 RCLS 215 3
ee X 26 RN | zo--—--o---
161 RCLE 317 sLBLE Calculate small deita
162 N 218 SF3 from A, to correct for any
163 RCLE 215 EEX rounding errors.
164  RCLE 220 CHS
165 +
16€ : 221 . 4
7 RCLE 222 v
:ge ¥ 223 RTN
LABELS FLAGS SET STATUS
fa - d Ft ° Metric FLAGS TRIG DISP
R [ N i c & ' oD ®| ke ® | Fx o
1 |2 RAI scr O
ol : o M : ; g gADD g ENG _®
St ° ®deita ° I 3 0 n




L18-01
BOLT TORQUE
881 sLBLA 857 RCL1
faz  STOM Store f,, cos 8, tan &, and 858 RCLE
ea3 R intermediate result. 859 X
a4 cos 868  RCL4
885 8702 861  RCLS
886 Ré 862 x
24 TaN 863 +
@es  STO3 864 RCL?
883 RCLI 865 x
ee RrCL2 866  STOB
an + 867 RN | e e e =
812 + 068 =LBLE
813 1 869 2 Calculate shear stress in
814  RCLI are Pi bolt.
815 RCL3 871 *
a16 X 72 . XY
81?7 RCL2 873 ¥
Aa1e % a74  LSTX
a19 - 875 +
828 ¥ azé [
821 sTO0M 87?7  LSTX
a2z CF3 878 +
823  [Lx 879  RCLI
824 .1/, N PP 988 RCL6
825 sLBLE Store diameters. 881 x
826  STO4 882 RCL?
az7 Ré 883 X
az8 2 684 x
829 # 885 RCL?
838 STOS 886 +F
831 Ré 887 X2y
832 2 888 Ré
813 # 889 X
834  ST0E @98 F3 0 | --m————————
835 CF3 891 RTH
836 CLY
a3? RIN e
838 sLBLC
839 sTO7 Store or calculate load.
848 F3?
841 RTN
842 RCLB
843 RCLI
844 RCLE
845 x
846 RCL4
7 RCLS
848 X
845 +
858 #
851 STO7
852 RN | __
@53 eLBLD
:g; s:_gg Store or calculate torque.
856 RTN
REGISTERS
o " fused [° coso wna fe 5 D2 [°Dpi2 °® T ® Used
IS1 S2 S3 54 S6 S8 1S9
0 IE T G [E {

T
A W

b

mom oo
A A A

_a
A

!

momomom

mmmmmmmm
A A A AAAAA
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Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

CONVENTION |

White mnemonic: |
X |

|
(A ] '
.

Gold mnemonic:

y
X

ne
X4y
a

2 BE

B!e

+ X,V¥,2

+ Xy, 2

‘6 LR

+ X, Y

INDICATED MEANING
White mnemonics are associated with the user-
definable key they are above when the card is
inserted in the calculator’s window slot. In this case
the value of x could be input by keying it in and
pressing 3.

Gold mnemonics are similar to white mnemonics
except that the gold £l key must be pressed before
the user-definable key. In this case y could be input
by pressing £ @.

4 is the symbol for EIIE. In this case is
used to separate the input variables x and y. To
input both x and y you would key in x, press BN,
key in y and press [3.

The box around the variable x indicates input by

pressing 0.

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

a required input but could be input in special cases.

=+ is the symbol for calculate. This indicates that

you may calculate x by pressing key [3.

This indicates that x, y, and z are calculated by
pressing Y once. The values would be printed in
X, Y, z order.

The semi-colons indicate that after x has been calcu-
lated using By, y and z may be calculated by
pressing 8.

The quote marks indicate that the x value will be

“‘paused’’ or held in the display for one second. The |

pause will be followed by the display of y.

The two-way arrow <> indicates that X may be
elther output or input when the associated user-
definable key is pressed. If numeric keys have been
pressed between user-definable keys, x is stored.

If numeric keys have not been pressed, the program [

will calculate x.

m

m

m m

LINELI )
st
(~]

M

m

e

b ¥

¥

momommmmmmmomm

momm
b
A A

\

l

Fp—r——}-
A A AL A

b }
A A A A

AAAARNARA

aa

A A A

| SYMBOLOR |

‘ CONVENTION

—
(A ]

START

DEL

INDICATED MEANING

The question mark indicates that this is a mode
setting, while the mnemonic indicates the type of
mode being set. In this case a print mode is con-
trolled. Mode settings typically have a 1.00 or 0.00
indicator displayed after they are executed. If 1.00
is displayed, the mode is on. If 0.00 is displayed,
it is off.

The word START is an example of acommand. The
start function should be performed to begin or start
a program. It is included when initialization is
necessary.

This special command indicates that the last value
or set of values input may be deleted by pressing
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