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INTRODUCTION

This HP-19C/HP-29C Solutions book was written to help you get the most from your calculator.
The programs were chosen to provide useful calculations for many of the common problems
encountered.

They will provide you with immediate capabilities in your everyday calculations and you will
find them useful as guides to programming techniques for writing your own customized software.
The comments on each program listing describe the approach used to reach the solution and
help you follow the programmer’s logic as you become an expert on your HP calculator.

You will find general information on how to key in and run programs under “A Word about Program
Usage” in the Applications book you received with your calculator.

We hope that this Solutions book will be a valuable tool in your work and would appreciate your
comments about it.

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.

© HEWLETT-PACKARD COMPANY 1977
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PROPERTIES OF CIRCULAR SECTIONS

This program performs an interchangeable
solution for four properties of circular
sections. Given either the moment of
inertia I, diameter d, polar moment of
inertia Js or area A, the remaining
properties can be calculated.

Neutral Axis — — - - =
EQUATIONS:
EXAMPLE 1:

If the moment of inertia of a section
must be 60 in., what is the necessary
diameter? What is the polar moment of
inertia? What is the area?

EXAMPLE 2:

The diameter of a section is 10 centi-
meters. What is the moment of inertia?
What is the polar moment of inertia?
What is the area?

SOLUTIONS:

pa—

asE!
X¥¥
RY
2.3 4
RY
X¥¥
Ri
K¥K

£SR4
3.4
3
¥y
Ry
X¥x
Py
X¥¥

a I o

a > G -



User Instructions

STEP INSTRUCTIONS DA'T'::S;ITS KEYS o :T‘ZS:ITTS

1. Ke;y in the program B | H I

2. |Input one of the following: l—‘ {71
Moment of inertia I j6sB || 1 | I
Polar moment of inertia J ‘GSB ‘ (2 | - Lf
Area of section A l6sB || 3 | I
Diameter of section d l GSB ‘ [ g | I

3. |Roll the stack to see the results: H ]
(Moment of inertia already on display) H |
Polar moment of inertia Ry | J
Area of section RY H A
Diameter of section Ry H d

4, |For a new case, go to step 2

—

—J

L

—
e e Je Je g g e e e

i |
i

T O r O r
L

|
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Program Listings ’

a1

LA S Ta) Ty b D

iy Py P B Ty Pa s

g P P o
m o -y o

[
[y

4
.y

s,
[

(28
EA

ki
5

it

4
Ty

I=4/p

d2/4

J
I
*»*x T JAd

**k UPrint Stack"

may be inserted befo

re "R/S".

REGISTERS

Used

n

d?/q

3

9

5

16

19

20

21

22

23

25

26

27

28

29




PROPERTIES OF RECTANGULAR SECTIONS

This program performs an interchangeable

solution for the moment of inertia I,
the width b and the height h of a rec-
tangular section. When b and h are
known, the polar moment of inertia J

and the section area can also be found.

<—M|7—>l

Neutral Axis— -—T— ——————— - — =
h
|
—|<——b———>
EQUATIONS:
_ bh?®
=37
3 = bh(b>+h?)
12
A=bh
REMARKS:

Values of polar moment of inertia J
calculated by this program must not
be used to calculate torsional stress
and strain in rectangular members.

EXAMPLE:

What is the moment of inertia of a
section with b=3 and h=5? What is the
polar moment of inertia? What is the
area? What would b have to be if I=40?

SOLUTION:

B8 ENT?
.88 ENTT
.88 GSEI
25 kEE

R<S
B8 xxx

[

BR ENT?
A@ ENT?
.8a GSEl
B4 kky

5B EEE

(in.")

(in.)



User Instructions

INSTRUCTIONS

KEYS

Key in the program

Enter the following (enter a zero for the

]

L]

unknown quantity):

I

Height of section

[enre|[ ]

Width of section

Levrs ||

Moment of inertia of section

L]

. |[Compute the unknown quantity

lese || 1 |

(Optional) Compute the area of the section

lres |

(Optional) Compute the polar moment of

inertia




Program Listings

2

"

Cag T3 s

P PP Py Ry My Moo
L Y R IS

k{2
a1
32
3
34
335
36
7
Je
39

o

48
41
42
43
44
45
46
47

b
h

Calculate h

Calculate b
Calculate I

b
** I,h, or b

31

52

48
49
58

3P
¥2
RCLZ

*%% "Printx" may be

**A

*%x

inserted before "R/

** "printx" may replace "R/S".

REGISTERS

3

h

9

.5

17

18

19

20

21

22

23

24

25

26

27

28

29




PROPERTIES OF ANNULAR SECTIONS

This program provides an interchangeable SOLUTION:
solution for the moment of inertia I, the -
outside diameter dy, and the inside dia-

meter di of an annular section. Once

do and dj are known, the polar moment 3.ee
of inertia J and the area of the section é.66
can be calculated. 18.80
4. 11
3.ee
18.88
- - — —Neutral Axis 2.ee
20.68
6.18
7. 00
4.56
a.ae
EQUATIONS: 4.58
I = Mo%jﬁ I.ep
16,15
g = Mdarsdil) - 5
A = Tr(d 2-d.2
"Jﬁr_l_l
EXAMPLE:

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

What would I be if do equals 4.5 inches?

ENT?
ENT?
GSE!
¥
Ri
KE¥
Ri
1833

Xxx
Rl
3 8]

ENT?
ERTt
2SRI
X¥¥
R
¥E¥
Ry
¥y

do (in.)
d; (in.)
I (in.")
J (in.")
A (in.?)



User Instructions

INPUT OUTPUT
P INSTRUCTION
STE N ONS DATA/UNITS KEYS DATA/UNITS

1. | Key in the program

2. | Enter the following (enter zero for the

|

|
unknown quantity): l ]l

{

:

|

Inside diameter d; ENTT‘| l

Outside diameter dg ENT# ] | |
Moment of inertia I GSB ‘l 1 ‘ dO

3. | Roll the stack to see the results: 1! ‘
(OQutside diameter already in display) II | R
Inside diameter RY H dj
Monent_of inertia re || I
2 ]l X J
Area of section R¥ ]| A

4. | For a new case, go to step 2

|
|
|
|
|
|
Polar moment of inertia [
|
|
|
|
|
|
|




Program Listings

@1 *LBL! 48 RCLZ
2 ST0? . 49 5RO
8z Ry se LT
a4 &T0! d 51 ET07
s x2v © 52 *LBLE
8e  ST02 d; 5T ¢
87 ¥=p° 4
g crTpe 55
g; Pg; Calculate d, ¢ P;
18 ¥=87 7oF
se RCL
Ii £T0e Calculate d, ;i 9_41
I
12 RCLI Calculate I o
ki 4 6@ e
14 v 6l +
15 RCLZ 62 4
15 4 XIS
17 e g4y
18 - €5 RTN
19 P
2 ¢
2 4
27 =
24 ¢T3
25 ¥lBL7
26 RCLI
27 ye
28 RCLZ
24 vz
w -
X3 Pi
22 ¥
74
34 : A
35 RCLZ
J& RCL2
37 RCLY ***x "Print Stack" may be inserted
28 RsE **% . d: I A before "R/S”.
39 sLBLO °
48 ROLZ
41  [HE
42 copp
42 8102
44 £T07
45 ¥LBL8
46 RCLZ
47 E&T0!
REGISTERS
1 d() 2 d] 3 I 4 5
7 8 9 .0 B
3 4 .5 16 17
19 20 21 22 23
25 26 27 28 29
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THIN-WALLED PRESSURE VESSELS

This program can be used to correlate
diameter, stress, pressure and thickness
for cylindrical and spherical pressure
vessels. Either the hoop stress s. or
the longitudinal stress s may be input
for cylinders. For spheres, only the

hoop stress ssphere is applicable.

Cut Cylindrical Section

EQUATIONS:
Pr

for hoop stress in cylinders: Sc = T

for longitudinal stress in cylinders:

_Pr

S|_—2—t
for hoop stress in spheres: s - Pr
* “sphere 2t

where:

P is internal pressure;
D is diameter of vessel (r=D/2);
t is thickness of vessel

pu—
.
(o]

REMARKS:

The thickness of the walls must be
negligible with respect to the value
of the radius. The equations are not
valid in the neighborhood of end
closures for cylindrical vessels.

EXAMPLE 1:

A basketball has a diameter of 9.3
inches. The thickness of the cord
layer which resists virtually all of
the internal pressure is 1/32 inch.
The recommended pressure is 9 pounds
per square inch. What is the stress
in the cord layer?

EXAMPLE 2:

A four inch diameter pipe contains
steam at 1000 pounds per square inch.
What thickness is required if hoop
stress is not to exceed 15000 pounds
per square inch?

SOLUTIONS:

rS o

sl

ry
as]
0
-
Ty
]
k3
-
g

(psi)

2. 4,88 ENT?

15600, A8 ENT?

288 = Sc/e
ieea. Ap ENT?

8.m88 CSE!

8.17 s (din)
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User Instructions

STEP INSTRUCTIONS b AIT'::;S;”S KEYS D:TLZ;::TS
1. | Key in the program l JI ]
2. Enter the following (enter zero for the [ ‘[ }
L]

unknown quantity):

Vessel diameter D rEﬁ$;1 [ﬁ

Hoop stress/2 or longitudinal stress for Sc,SL, Ss t ENT+J‘

a cylinder or hoop stress for a sphere | 'l

Pressure P ' ENT+‘I
Wall thickness t | I[
3. | Calculate the unknown quantity I GSB ]{ 1 D,é?, S|
Sg, P, ort

4, |For a new case, go to step 2




Program Listings

#1
82
83
84
85
86
87
88
29
16
11
12
13
14
15
16
17
18
19
28
21
22
22
24
Feid
2
27
28
29
38
2
2
k£]
3
15
3
ko4
38
39
48
41
42
43
44
45

sLBL1
ST04
Ri
102
R
sT02
R

4
ST0!
X=@?
£T09
Ri
X=e?
£T08
R
=87
ET07
RCL1
RCLZ

X
RCL4
£T08
sLBLS
RCL4
RCL2

x

4

X
RCL3
ET08
*LBL8
RCLI
RCLZ
RCLZ
£T06
x(BL7
RCL4
RCLZ

X
RCLI
x.BLE

k8

sc/2 or s or sg
D/4

Calculate D
Calculate t

Calculate P
Calculate sc/2 or

SL or SS

*% S P, or t

*%% "Printx"
before "R

may be inserted
/SII .

REGISTERS

2 SX

3

9

.5

16

18

20

21

22

23

24

26

27

28

29
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STRESS IN THICK-WALLED CYLINDERS

This program calculates the radial and

tangential components of normal stress

for thick-walled, cylindrical, pressure
vessels.

A%
N

EQUATIONS:
. - ri’Pi-ro®Po  riro?(Pi-Py)
r roz_r1z r.2(‘(,024,1,2)
ri’Pi-ry 2P, rizroz(Pj-Po)
St < +
Y‘oz'r-iz Y‘Z(Y‘OZ-Y‘]'Z)
where:

S, is the radial component of
stress;

st is the tangential component
of stress;

ri is the internal radius;
r, is the outer radius;

r is the radius where calculated
stresses occur;

P; is the internal pressure;

P, is the outside pressure.

EXAMPLE :

A cylinder has an inner radius of 1.00
inch and an outer radius of 2.00 inches.
The inner pressure is 10,000 pounds per
square inch and the outer pressure is
150 pounds per square inch. What are
the values of radial and tangential
stresses for radii of 1.00, 1.25, 1.75
and 2.00 inches?

SOLUTION:

1.0@ 09B!
2,88 ENT?
158,88 ENT?
1,88 ENT?
16008, 88 RS
-1RPPR. AR  X¥%
K2V
16266.67  *k%
1.25 GSE!
pog
-5272.80  Kax
x2v  Sp
11838.67 Xk
1.75 gspr ot
RS
115518 #hx
kv "
L77 o
2.00 GSB!
RS
158,88 %¥¥
gy ST

416,67 ¥¥¥

Sy psi

St psi

St

REMARKS:

A negative stress indicates compression.

REFERENCE:

J.E. Shigley, Mechanical Engineering
Design, McGraw Hil1l, 1963.
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User Instructions

STEP INSTRUCTIONS DA$:3:WS KEYS D:xJS:Ls

1. Key in the program [ " '

2. |Enterr r 'GSB ‘L_Ig,]

3. | Enter the following: luwm_gjl ‘
Outside radius L [E&i;:’(ﬁ“ ”1
Outside pressure Py IENTf ]| uﬁ’

Inside radius ri ENIﬁJI l
Inside pressure Py | " ‘

4. | Compute radial stress component [R/S ]‘ 4 Sp

5. [ Compute tangential stress component lx++y ' Sy

6. For a different r, enter r and go to step 4 r |GSB II 1

7. For a new case go to step 2 ! ]‘ \

|




Program Listings

15

8z

bt
oy

ALBL
8705
RCL4

I
RCLZ
RCLZ

It
RCLI

RS
X2y
£z
sT02

Ri
sT0!

yeu
S i

ST03

Pi r; PO ro

Sr St

REGISTERS

r;

3 Pn

9

5

17

19

20

21

23

25

26

27

29
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MOHR CIRCLE FOR STRESS

Given the state of stress on an element,
the principal stresses and their orient-
ation can be found. The maximum shear
stress and its orientation can also be
found.

[ [
‘_,__.._dy_}:_g :‘e_ ,e'
dx !
ﬁ—’s" /T/sm
Stress State Principal Stresses S!u:f'i'ggr’:ss
EQUATIONS:
2
Sy - S
S = \/ (_X__X > + S 2
smax 2 Xy
SX + Sy
51° 2 ¥ Ssmax
s, +s
i} y
52 2 S smax
2s
o<1z (o)
Sx = S y

where:

Ssmax is the maximum shear stress;

S1 and s2 are the principal
normal stresses;

® is the angle of rotation from
the principal axis to the
original axis;
Bs is the angle of ratation from
the axis of maximum shear stress
to the original axis;
Sy 1s the stress in the x direction;
Sy is the stress in the y direction;

is the shear stress on the
element.

REFERENCE :

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

EXAMPLE :

If sy = 25000 psi, Sy = -5000 psi, and

= 4000 psi, compute the principal
stresses and the maximum shear stress.

§,=—5524.77

\<iijr

15524 17 psi

7. 470
f Sxy -4000 psi
8x = 25,000 psi

s. =25524.17 psi

Maximu

Stress State Shear Stress

Principal Stresses



SOLUTION:

e Te L0

s1 (psi)
s2 (psi)

6 (degrees)

O (degrees)

Ssmax (pS1 )

17
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User Instructions

INPUT OUTPUT
P INSTRUCTION
STE ONS DATA/UNITS KEYS DATA/UNITS

1. | Key in the program (Viigw

2. Enter the following: - \ ll

|
Stress in the x direction (negative for Sy L ENTﬂ‘ ‘
compression) LAA_*J, |
Stress in the y direction (negative for Sy | ENTH \ I
compression) i l‘ l
Shear stress Sxy I I[: ‘
3. |Compute the following: | | rﬁ |
First principal stress LAGSBf ‘ 1 51
Second principal stress [ R/S || S,
Angle of rotation (principal) | R/S |‘ 9
Angle of rotation (shear) L_E£§Jl 0
Maximum shear stress | R/S ]l S <max
NOTE: Do not disturb the stack during | |L
step 3 I

4, |For a new case, go to step 2.




Program Listings '

81 xLBL!

82 ENTt

6 R S, S, S, S

84 STDZ oy oxoxy

85 R

B6 X2

87 sT01 Sx

8 5y s

89 ST+ y

e - s, -S

X

2 y

12 8T=1

12 =

14 ST04 s -5 )/2

15 9P ( .Y)/

1€ 8702 S

17 RCLY smax

18+

19 pRsS *%x S1

2 52 2+0

21 RCL!

22 RCLZ

a2 -

24 RS ** g,

25 Xy

2 2

27 z

22 RS ** 9

29 RCL4

3@ RCL?

o=

32 CHS

37 TaN

2

I =

I RS b es ** "Printx" may replace "R/S".

7 ORCLZ !

3# RS *kk g *** "Printx" may be|inserted before "R/$".

Smax
REGISTERS

0 1 (sytsy)/2 [2 Sgmax 3 Syy (sy-sy)/2 |5
6 7 8 9 .0 A
2 .3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
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CIRCULAR PLATES WITH SIMPLY
SUPPORTED EDGES

This program can be used to calculate

the deflection and stress at the center

of a simply supported circular plate
with uniformly distributed or concen-
trated central Tloads.

EQUATIONS:

for a concentrated central load:

_ (3 + u)Pr?
Ymax ~ Tén (1 + u)D

S ——F[(Hu) (0.485 In f+ 0.5¢>+o.48]

for a uniformly distributed Toad:

_ (5 + w)urt
Ymax = 64D(T + u

- 3(3 + ngrz
Smax 8h?
where:
D= Eh®
12(1 - p?)

Ymax 1S the maximum deflection;

smax is the maximum stress;

is Poisson's ratio;
is the modulus of elasticity;

is the radius of the plate;

= S5 T mxT

is the uniformly distributed
lToad;

P is the concentrated central
Toad.

is the thickness of the plate:

REFERENCES:

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

REMARKS:

Deflections must be smalt compared to
thickness of plate.

EXAMPLE 1:

Assuming that a manhole cover with an
automobile tire at its center may be
modeled as a simply supported flat
plate with concentrated central load,
what is the deflection at the center
of the plate? What is the stress?

30 x 10° psi
0.75 in

0.3

15 in

1500 1b

1]

]

o S E S m
1]

EXAMPLE 2:

A simply supported 1/4 inch thick
plate (E = 30 x 10%, u = 0.3) with-
stands 50 pounds per square inch. If
the radius is 5 inches, what is the
deflection and what is the stress at
the center of the plate?

SOLUTIONS:

(1) Z0.+86 ENT? (2) 320.+5 ENTH

8.75 ENTY 8,25 ENT#

@.38 ENT? 8.38 ENT?

15,88 ESEI E.@8 [oP!
158880 £3RZ 58,88 CSP3

8,81 ¥¥¥ (qn) 8.85 xxx (qn)

£119.43 x¥¥ (psi) 24758.88 v (psi)



User Instructions
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go to step 2.

STEP INSTRUCTIONS DA;’::UT KEYS ouTPUT
UNITS DATA/UNITS
1. | Key in the program [ ;J‘ ]
2. | Input modulus of elasticity E L;&}; ‘| ] E
3. | Input thickness of plate h [ENIf_J[ l h
4, | Input Poisson's ratio H ENT*»)[W —
5. | Input radius of plate r |GSB 1‘ 1 ,ﬁJ .
6. | If the load is distributed go to step 10 l lfﬁ ]
\
7. | Input concentrated load and calculate | |L___;~J
deflection P 165B || 2 | | ¥pax
8. | Calculate maximum stress lR/S l‘ l Smax
9. | For new load go to step 7. For new case { ]L ‘
go to step 2. , Il ‘
10. | Input distributed load and calculate l ]‘ ‘
deflection W IGSB ’l 3 l Ymax
11. | Calculate maximum stress |R/S \L, \ S Ay
12. | For new load go to step 10. For new case { J[ }
|
|




22 P e Lo
rogram Listings
8! ¥LBL! 48 REEE
82 ST01 iz !
82 R o
a4 ST02 51 x
85 R 2.
86 ST03 52 4
g7 3 Si f
oo v 5 RCLS
e9 X ;7 ._:L
2 97
no 58 RCLZ
121 59 g2
13 RCL2 éf o xS
4 - 1 RS
. 2 $LBL3
1155 crb4 4 D ( 'I + ) 62 STOE w
3 . T
17 RS 6: -»&1
18 ¥LBL2 - 65 2
19 S§T0S m:; :
28 RCLI ié ;x "
A PR T6
22 :
23 75
;: : 71 G5B
25 P 72 RS
2o 77 RCLY
4= - 5 .
27 3 74 PLLI
28 xLBLO mo
29 RCL2 %
VR 7t
i x e
32 RCL4 793
# : *kk ge :
34 RN Ymax 81 . 3
75 RCLI 2 ReLz
3 RCLZ o
37 z ¥
LN gi ReLé
@ ) - Kk
@ 4 87 RS Smax
4 8
2 5
43 " *** "Printx" may pe inserted before
4. s IIRTNII OY‘ llR/SI.
45 5
# 2
47 4
REGISTERS
° 1 . > h ‘4 Dp(1+y) |°
6 W 7 8 9 .0 A
2 .3 4 .5 16 17
" 9 20 21 22 2
24 25 26 27 28 29
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CIRCULAR PLATES WITH FIXED EDGES

This program can be used to calculate
the maximum deflection and stress for
a circular plate with fixed edges.
Either central concentrated loads or
distributed Toads may be input.

EQUATIONS:
_ Pr?
Ymax = T6mD
_ P f r
S T,‘z'(H“) (0.485 n Bt 0.52>

for distributed Toads:

_ Wr*
Ymax = 64D
2
Shax - %f%%L- (at edge of plate)
where:
p- _Eh
12(T-u?%)

Yiax 1S the maximum deflection

Spax 1S the maximum stress;

is the concentrated load;

is the distributed load;

is the radius of the plate;

is the thickness of the plate;
is Poisson's ratio;

m T > 5 = O

is the modulus of elasticity.

REFERENCE:

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

REMARKS :

Deflections must be small compared to
the thickness of plate.

EXAMPLE 1:

The cap on a pressure vessel is a 1/4
inch thick steel plate (E = 30 x 10®psi,
u = 0.3) with a 6 inch radius. It is
clamped to the opening of the pressure
vessel by a ring of bolts. What are the
maximum and minimum deflections and
stresses in the plate if pressure cycles
from 50 to 60 psi?

EXAMPLE 2:

An adjustable focal length mirror is to
derive its concaved shape due to a
variable force applied at its center.
The mirror is chrome plated steel

(E = 30 x 10° psi, u = 0.3), 0.1 inches
thick and has a radius of 12 inches.
What is the deflection of the center
for a force of 6.0 pounds. The edges
are held securely.

SOLUTIONS:

(1) za.+85 N7t (2)  30.+8¢ ENT#

8.25 ENT# A.18 ENT?

A, 38 ENT? 8.30 ENT?

5,88 GSP! 12,88 GSP1

5R.8@ (SR .88 CSP2

a.22 xxx (in)min FISS
RS a.8862¢ xxx (in)

21¢m8.08  ¥xx (psi)
€8.88 CSBT
.83 sxr (in)max
|
25978.688 vy (psi)
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User Instructions

1. [Key in the program ‘ Il l
2. |Input modulus of elasticity E téﬁi;] FAAAAW E
3. |Input thickness of plate h \ ENT*I‘ ‘ | h
4, |[Input Poisson's ratio U ‘ ENT+|| l H
5. |Input radius of plate r [E;E‘j rW;7VW D
6. |If the load is distributed go to step 10 ‘ I[ l
7. |Input concentrated load and calculate 1 J’ l
deflection P GSB F_EVﬁW Yinay
8. |[Calculate maximum stress l R/S ‘ Smax
9. [For new load go to step 7. For new case r I‘ }
go to step 2 | I‘ ’
10. |Input distributed load and calculate L
deflection W ‘ GSB \l 3 ' Ymax
11. |Calculate maximum stress I R/S }‘ ‘ Smax
12. |[For new load go to step 10. For new case l i ’
|

go to step 2.
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2

DRI R TS~ T « T e RS

B

w3 T P T Ty o Foy bt b

Ty LN

r

Az

A L T

A R N N N N N I NI RN I T RN
R o T A T S AN S B < B [ e

eT0!
eT02
Ri
eTns
RN
7
Y
X
1
i
A
2

tn
-4

Ech
P

el
)
g oy P

e T
b R P GO Fa

RN ) B I ]

Py orn o

-

RCL2

Vz/ls

*kk
Y

max

LA I IO A, [ N N
Cad T e TR

rnwn
wn R

wn
Ty

“ng ]

tnrn
AR

g

Ty 0Ty Oy
] T +a T MO U

g T g

R )
RN

=4 Ty on

)
"y

RCLS

pCLZ

R

** "Printx" may be
**% UPrintx" may be

*kk g
max
W

r“/ls

max

*kk
Smax

replace "R/S".

inserted before "R/}$

0 1 r 2 3 h 4 5 P
6 W 7 8 9 .0 A

2 3 4 5 16 17

18 19 20 21 22 23

24 25 26 27 28 29
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COMPRESSIVE BUCKLING

This program performs an interchangeable
solution for the four properties of
slender compression members or columns:
Pcr’ the critical buckling load; E, the

modulus of elasticity; I, the minimum
moment of inertia; and 2, the length of
the member.

EQUATIONS:

Three configurations are possible,
identified by the number of fixed ends
on the member: 0, both ends hinged; 1,
one end free and one fixed; 2, both
ends fixed.

Configuration O P.=

Configuration 1

Configuration 2

REMARKS :

Uncertainties such as the amount of
restraint at the ends, eccentricity of
the Toad, initial warp, nonhomogeneity
of the material and deflection caused
by lateral loads, can cause very signi-
ficant changes in the behavior of a
compressive member.

EXAMPLE 1:

If an 8 inch steel (E = 30 x 10° psi)
piston rod (a piston rod has zero fixed
ends) must withstand a Toad of 15000
pounds without buckling, what moment of
inertia must it have?

EXAMPLE 2:

Steel columns 40 feet long are used to
support a bridge. What is the maximum
load that the column can withstand
without buckling? Assume 1 fixed end.
E =30 x 10% psi, I = 700 in".

SOLUTIONS:

(1)

480,98 GSE2
22489337 wa¥ p
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stee INSTRUCTIONS oaTAUNITS revs oATAONITS

1. [ Key in the program ‘ ]r ;J

2. | Select column geometry by entering the 0,1, or?2 ‘ GSB ] PNIAAJ
number of fixed ends B , V Lﬂ ]

3. | Enter the following (enter a zero for the | (44441 [47”71

B unknown quantity) r_gggw r—f“~1

Vertical Toad P lENT+ IL» ] ]
Modulus of elasticity E (EN¥;W r“*‘
Moment of inertia I | ENT+|[
Length of column L | —1‘

4, | Compute the unknown quantity P,E,I,0ore?

For another calculation, go to step 2

|

|

]
1
|
lase |[ 2 |
|
|
|
|




2 Program Listings

2! xLBL! 42 ylBLR
B2 s 0,1, or 2 49 RCLi
82 5708 i=5 e s
&l RS

84 Ri 51 RS **% 02 E 1. or P
es Pi
13 xe
87 cT01
ag R
#e  x=87
18 R-E c =1
11 2

12 ¥#£Y?
13 148
14 2 1/4 or 4
15 §&Txl
1€ RS
17 *%LBL2 L T1EP
18 xe
i9 €705
2e R
21 5702
22 B
22§12
24 R{
25 ST04
26 ¥=87
27 CTne Calculate P
28 DSz ,
29 R4 i=4
e y=a°
2 eT09 Calculate &%
2R
37 ps? i=3
4 g#e0
s ps? Calculate E,i=2
36 RCL4 Calculate I,i=3
37 RCL:
38 ¥

79 RCLI
48 *

41 ET0R
42 ¥LBL?
47 PRCL!
4 RILZ *** R/S may be inderted before "R/S".
45 PRCLZ
4¢ ¥

47 X

O
1}

REGISTERS

0 _i 1 C,n_Z 2 I 3 E 4 P 5 2/2

6 7 8 9 .0 A

.2 .3 4 .5 16 17

18 19 20 21 22 7

24 25 26 27 28 29
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ECCENTRICALLY LOADED COLUMNS

This program calculates the maximum
deflection, the maximum moment, and
the maximum stress in an eccentrically

loaded column under compressive stress.

/2 l/2
Ymex
P P
EQUATIONS:
- 2 P
Ymax = © [sec 2 EI 1}
Mmax =Plex ymax]
=P ecA L P
Smax - A [1 ToTosecy EI]
where:

Yiax 18 the maximum deflection;

e is the eccentricity;

is the column length;

is the compressive load;

is the modulus of elasticity;

—_ M U

is the moment of inertia;
MmaX is the maximum internal moment;

Smax is the maximum normal stress
in the column;

c is the distance from the
neutral axis of the column to
the outer surface;

A is the area of the cross
section

REMARKS:

Columns must be of constant cross
section. Stresses may not exceed the
elastic 1imit of the material.

REFERENCE:

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

EXAMPLE:

A column 50 feet long is to support
8000 pounds. The load is to be offset
6 inches. What are the maximum values
of deflection, moment, and stress in
the member?

E=130x 10°

I =107 in*

A =7 1in?

c =21in
SOLUTION:

RAD
187,88 5701
3e.+8¢ ST102
56.608 ENT?
12.e8 x
ST03
£.88 §T04
fapa. a@ STOS
GSR1
.74 xex (in)
ESB2
7€ xxx (in-1b)
ae ENT?
.B@ SSR3
82 xxx  (psi)
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User Instructions

ster NSTRUGTIONS cevs G
1. |Key in the program r““1‘ﬁf*77]
2. _Initia]ize [ﬁ,g,,J[;BAQAJ -
3. |[Store dat§: [44441 r,ww_1
Moment of inertia | | STO tl 1 |
Modulus of elasticity | STO ][ 2 ’
Length of column ‘ 5T0‘1¥ 3 l i
Eccentricity | sTo |{v~4 ;J
Load | STOAJI 5 .
4, |To calculate maximum deflection | GSB ’[ 1 Imax
5 To calculate maximum moment | GSB ]l 2 } Mmax
6. |To calculate maximum stress: L
6a. |Enter distance from neutral axis [jiigg](ggggw
6b. | Enter section area and run Ljﬁﬁ£]| 3 ‘ Smax
7+—For—a new-case to step 3 and —

).

different value(

|

]
|
[

|

.

I

|
|
|
|
]
|
I

[

I

L]
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81 #LBL!
B2 Ccpe
g2  R-S
B4 xlEL?
BS LSRR
e RCL4
87 +

A8 PRCLS
ga X

18 Rt
11 ¥LBLE
12 RCLS
17 PRCL?
14 =
15 pCLY
7

19

22 2
21 =
< 5
an

22 Lpe
A

22 17¥
2 1
L. i
2c -
Fn

2& RCL4
oz

e &roF
2! X

32 RCL4
22 X

34 PRCLI
JE ENT#
7 RCLS

[N
L]
a2l
™
T
oy

[
-]
)

o
2]
£

41 B
2 FRCLI
42 :
44 I¥

TN S
] Ty R
n
] ]
[ TR ot
wy Cag Tl

* k%
Ymax
* %% M
max
sec (x)

cA

448 178

49 X
58 !
51 +
52 PRCLE
52 RCLT
54 :
ce ¥
56  R-8

"R/S” .

* %% llprintxu may b

* k%
Smax
P inserted before

REGISTERS

0 1 I 2 3 . 2 - -
° ’ A s 9 0 R
2 3 2 = - _
18 19 5 = - -
24 25 26 = — —
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In the Hewlett-Packard tradition of supporting HP programmable calculators with quality software, the following
titles have been carefully selected to offer useful solutions to many of the most often encountered problems in your
field of interest. These ready-made programs are provided with convenient instructions that will allow flexibility of
use and efficient operation. We hope that these Solutions books will save your valuable time. They provide you with a
tool that will multiply the power of your HP-19C or HP-29C many times over in the months or years ahead.

Mathematics Solutions
Statistics Solutions
Financial Solutions

Electrical Engineering Solutions
Surveying Solutions
Games
Navigational Solutions
Civil Engineering Solutions
Mechanical Engineering Solutions
Student Engineering Solutions
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