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NOTICE

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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Printer Listing

B1eLBL "SAN
PLE"

8z

INTRODUCTION

This HP-41C 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 and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

At the end of each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation required. Before you begin keying in the program, press (XEQ] (ALPHA | SIZE (ALPHA ] and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper
execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags
are set or clear as specified.

Set the HP-41C to PRGM mode (press the key) and press lB(ET0) (<] (2] to prepare the calculator for the new
program.

Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program
listings in this handbook.

a. When you see (duote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To key them in, simply press , key in the characters, then press again. So " SAMPLE " would
be keyed in as (ALPHA) “SAMPLE " (APHA],

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings.
When you key in a program, ignore the diamond.

c. The printer indication of divide sign is /. When you see / in the program listing, press [(£].

d. The printer indication of the multiply sign is # . When you see # in the program listing, press (x].

e. Thecharacter in the program listing is an indication of the function. When you see I, press {l} in

ALPHA mode (press B8 and the K key).
All operations requiring register addresses accept those addresses in these forms:

&N

nn (a two-digit number)

IND nn (INDIRECT: @8 . followed fy a two-digit number)

X,Y,Z, T, orL (a STACK address: {*] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @ (2] followed by X, Y, Z, T, or L)

Indirect addresses are specified by pressing BB and then the indirect address. Stack addresses are specified by
pressing (2] followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing @ JandX,Y,Z T, orL.

Keystrokes Display

@8 (s SAMPLE 01 LBL" SAMPLE

a -

a3

a4
a5
26
a?
es

11
12
13
14

“THIS I8 THIS IS A 02" THIS IS A

e (alpra ]l (aPPEND] SAMPLE 03” - SAMPLE
FSANPLE @ AVIEW 04 AVIEW

AVIEHW 6 056

(=3

ENTERT 06 ENTER /

-z 2 (cHs) 07 -2

gBS &) 08/

STO IND (xEq] (arPHa] ABS (ALPHA ] 09 ABS

P Eo)@E L 10 STO IND L

ARCL @3 aena) R3= [l (arc) 03 11'R3=

AVIEW B 12 ARCL 03

RTH ALPHA 13 AVIEW

(RN 14 RTN




1.

2e

Ll-o

5e

Te

8.

9e

10.

TABLE OF CONTENTS

STEEL COLUMN FORMULA « + v v v v &+ v & « & 4

Calculates the allowable load and the maximum load
for structural steel columns.

REINFORCED CONCRETE BEAMS v + v v + v & « 4

Design and analysis of reinforced concrete beams.

STRESS IN THICK-WALLED CYLINDERS .+ + + + + + &

Calculates the radial and tangential components of
normal stress.

PROPERTIES OF SPECIAL SECTIONS . + « + + + .+

Find Ix, 1y, and Area for 5 different section types.

COMPRESSIVE BUCKLING + + v &+ & v & s v 4 & v

An interchangeable solution for the four properties of
slender compression members or columns.

VECTO RS L] ] ] ] [} L] ] . L} ] [ ] ] 1 [ ] ] 1 3 ] [ ]

Addition, subtraction, cross product, dot product or
find the magnitude, 2 or 3 dimensions.

BEAMS FIXED AT BOTH ENDS « + + v v v + 4 v 4

Calculate deflection, slope, moment, and shear.

SIMPLY SUPPORTED BEAMS « + « « v v v « 4 s &

Calculate deflection, slope, moment, and shear.

CANTI LEV ER BEAMS ] [} L] L} [} [ ] L} ] ] L} [ ] L} L] L3 [

Calculate deflection, slope, moment, and shear.

BOLT TORQUE L} L} L} L} L3 L} L} 3 1 L L] ] L} [} L} L] L}

Calculate the torque needed to supply a specified load.

19

25

34

40

50

61

71

82



N

TN -

®

STEEL COLUMN FORMULA

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

Equations:
P —— — —__:]~_‘\ P
ook
P =Ac [1- (2/k)2/2 CZ]/m for 8/k < C
allow y
P = A(1.0273 x 10%% w/m?)/(2/1)? for C < /k < 200
allow —
C2 =2 NZE/O
y
m = 5/3 x 3(2/k)/8C - [(&/k)/2C]°
Pmax B Pallow n
Definitions:
P is the allowable load;
allow
Pmax is the maximum load the column could carry;

A is the area of the section;

%2 is the length of the column;

k is the minimum radius of gyration of the column cross section;
I is the minimum moment of inertia of the cross section;

Oy is the yield point of the steel.

E is the modulous of elasticity of steel.



Reference:

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

Remarks:

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

Example 1:

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

—

—

Calculate the allowable and maximum loads using the following specifications:

k = 81.0 x 10_3m A= 9.46 % 10_3m2 Oy = 248 x 106 N/m2 2 =7.5m

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] METRIC [ALPHA] YPS?

248 [EEX] 6 [R/S] A?

9.46 [EEX] 3 [CHS] [R/S] L?

7.5 [R/S] ' K?

81 [EEX] 3 [CHS] [R/S] Pa=918.2E3

[R/S] PMAX=1.736E6

4



User Instructions

size: 010
INSTRUCTIONS INPUT FUNCTION DISPLAY
Load program ‘
Begin execution:
for metric units [XEQ] METRIC YPS?
‘for English units [XEQ] ENGLISH YPS?
and input data cy [R/S] A?
area [R/S] L?
length | [R/S] K?
K [R/S]
Allowable load is displayed Pa =
To find maximum load [R/S] PMAX =




Program Listings
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

1

STATUS .é/

00 50 size 010 TOT.REG. 36 USER MODE

A ENG FIX scl ON ofFf _X

DEG RAD GRAD

C

- FL
05 . K 55 INIT AGS

o # SIC SET INDICATES CLEAR INDICATES

constant 01 C 2 a/k C </k

(2/k)

temp storage
10 60
15 65
20 70

1
9
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY

40 90
45 95




STEEL COLUMN FORMULA HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM‘REGISTERS NEEDED: 27 CIVIL ENGINEERING

K

ROW 1 (1 - 2)

ROW

ROW 3 (10 — 16)

N
o~
(S)
|
)
~—

ROW 8 (42 — 50)

ROW 9 (51 - 5

ROW 10 (59 — 71)

ROW 11 (72 - 82)

ROW 12 (B3 - 94

RCW 13 (95

ROW 14 (10 .
5 (110 —

ROW 1




REINFORCED CONCRETE BEAMS

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

AS - The area of nonprestressed tension reinforcement

(in2 or cmz);

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

M - The maximum internal bending moment (in-1b or kg—cm);

d - The depth to the centroid of the reinforcing steel (in or cm);
fc - The compressive strength of the concrete (p51 or kg/cm )3

fy - The yield strength of the steel (psi or kg/cm ).

[— o —]

/// Area under compression.

— — e— mn e e

4
NA
LB

| |<-m->

During calculation of the parameters listed above, the calculator checks
to be sure that enough reinforcement has been specified to meet the mini-
mum allowable wvalue:

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 [R/S]. Press [R}] to see the current value of Ag.
Press [RY] again to see the minimum allowable value of Ag.

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

£ 87000

smax
1 f 87000 + f

bd - (0.6375) B

/




where {0.85 for fc < 4000
- lo.85 - (£, - 4000)/20000 for £ > 4000

If too much .steel has been specified, the calculator flashes 10.32. Stop
the flashing by pressing [R/S], then press [R¥] to see the current steel
area. Press [RY] again to see the maximum allowable tension steel area.

If the program halts displaying '"DATA ERROR", the input values are mathe-
matically impossible to satisfy. This may be due to an entry error 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 and the
depth of the neutral axis (NA) may be calculated. The depth of the neutral
axis is important since T-beams may be modeled as rectangular beams if the
slab or flange equals or exceeds the depth of the neutral axis.

Equations:

~ 2 .2
M=d oA £~ (0.5 6 A" E£/(®E)

¢ = 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
understanding of ACI 318-71.

This program does not check for deflection or shear stress modes of
failure. Refer to ACI 318-71 for specifics on deflection and shear stress.
Example 1:

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

M=1.2 x 106 in-1b b =18 in d = 26 in fc = 3500 psi

f = 50000 psi
y
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Keystrokes:
[USER]

[XEQ] [ALPHA] SIZE [ALPHA] 011
[XEQ] [ALPHA] ENG [ALPHA]

1 [R/S]

18 [R/S]

1.2 [EEX] 6 [R/S]

26 [R/S]

3500 [R/S]

50000 [R/S]

[A]

Display:

(set USER mode)

AS?
b?
M?
d?
FC?

FY?

10.50 00

(Flashing display indicates that calculated steel area is too small to meet

ACI minimum as specified in ACI 10.5.

Press [R/S] to halt the flashing

display. Press [R¥] to see the calculated value, then press [R+] again to
see:the minimum value, then use the minimum value to recalculate M.)

[R/S] [R+]
[R¥]

[sTO] 01

1 [STO] 03

[C]

1.045 00

1.872 00

M=2.116E6

¢




User Instructions

SIZE: Q11
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Load program (USER mode) [USER]
2 | Begin execution
English unit [XEQ] ENG AS?
Metric [XEQ] MET AS?
and input values Ag [R/S] b?
(input 1 for unknown Value) b [R/S] M?
M [R/S] a?
d [R/S] FC?
fe [R/S] FY?
fy [R/S]
3 | Calculate unknown
Ag [Al AS=
b [B] b=
M [C] M=
d [D] d=
fo [E] FC=
fy [F] FY=
4 |To change a value, store the new value and
place 1.0 in the register of the unknown.
Ag | Ag [sTO] 01
b b [STO] 02
M M [STO] 03
d d [STO] 04
fe fe [STO] 05
fy fy [STO] 06
1 [STO] (unk#own)
6 |[To calculate depth of compressive stress

11
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User Instructions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
block [£f] [B] a=
7 To calculate depth of neutral axis [£] [C] NA=




Program Listings

vi+l gL “EMHLG

B2 CF &g
a3z GTO Gg

@4« BL “MET

g5 SF ao
ac+L_BL &
a7 EHG 3
a8 c“AsET?e
a9 FPROMPT
1 STO @i
i1 b7~
12 FROMPT
1% STO @z
i4 =~HM7?-
15 PROMPT
ic STO 8=
17 =dz>-

ig PROMPT
19 STO A4
8 “FC7?-
21 PROMPT
22 STO oIS
23 .'F.-IJ?’.
Z4 PROMPT
25 STO as
& STOP
Zr+LEL @
=8 .52
Zz9 RECL @&
Fa RCL @
21 #*

Zz2 -
23 RLCL @1
Z4 RECL @as
25 *
5 *
=7 L
8 .
29 *
4 &
41 LASTH
4z RCL @4
G A

44 RTH
4S5+LEL A
46 HEQ 83
47 "HS="
48 1

49 ETO 1@

*

Initialization

Common to all
solutions

56 GCTo &l
Si+tBL F
52 HEg a2
53 *“F¥=-
=4 &

55 STO 14
Se«LEL A1
57 RIH

58 CHES

59 EHTERT
&8 RIH

&1 HdxY
&2 Rt

&2 HTZ

&4 MiIxY
STO G
<

E

RCL @Z3

*

ay GTOo g
88+« BL B
29 =®Ef 63
9@ llb:ll
a1 =2

92 5TO 14
93 6T g1
94+ BL E
95 =®EG 432
95 "FC=-
a7y 5

28 S5TO 1a
9o« EL 61

iBga RIDH

fe

13



Program Listings

i1 RCL &3
1@z — s
1632 -

184 GTO @
1aS+LEBL T
166 HEQ @
187 “d=-

I I R Y LV
.
e
e
-

ke pok ok
P
D A vy
LIen
d ] ]
[ I
o N W
DU

1239 Zaa
1Z8«LEL G4
121 RCL 85
ECL 81
ERCL &8z
RCL B4
*

Pub ok pok oot ok ok ok ok

(ol Cul Tod T Ca] a) 6] G

QDO B YR I R ]

Pk ok ok
o P
T e (T

=

D
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(Y
Ja
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-
m
=
[
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144 +

145 RCL &1
146 1.5
147+LEBL &7
148 PSE
149 GTO &7
1568+ EL ga

i1

11

11

11

i1

lic+LEL Qg
11 S5TO IHND
ia

112 281
112 =TO a9
128 6117
1z1 5TO 8a&
122 14.85
123 FS7? GG
124 GTO @8
125 4 EZ

Store constants

- e = = e = = -

Check for mini-
mum reinforcing

check for too
much steel

151 .35
152 RCL 85
153 RCL a3
154 -

1535 2 E4
156 -~
157 =487
158 CLH
155 -

1sd ST0O 47
161 6375
le2 =*

163 RCL @5
164 *

155 RCL 88
1es -~

167 RECL @z

168 RCL 486
+

"
Suj

RCL &8
E

AEYT
GTO v
RCL @aZ
ECL a4
B

*

“EGE Bg

bk ok o
Rl
Ll

RCL @i
1a.32
GTa a7y
134« BL QG
185 RCL IHND
1@

126 ARCL =
187 AVIEH
188 STOFRP
189+LBL b
196G SF a2
191 GTO Qo
192«LBL c
1932 CF a2
194« BL Q8
195 RCL 91
196 1.18
127 *

193 RCL Q2
199 -~

286 RCL 86

bk b pok b ok fk puk ok ok ok e

[y
RO e R [ B ¥ Bt Bt BV B
of P s 00 00~ O B ] P

Calculate NA
‘or a




Program Listings

EO1

282
283
284
2a5
2as6
287
288
a9
218
211

prY;
RCL &5
-~

Fs7? az
GTO va
RCL @7
rd

an Hn= [l
ARCL X
AVIENW
STOF

212+LBL 28

213
214
215
216

“g=n
ARCL =
AVIEW
S5TOF

Z17+LBL BB

218
219
226
221
222

SF 63
1 E-4
=

RTH

- EMD.

51

60

70

30

80

40

90

50

00
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1

DATA REGISTERS STATUS

00 temporary storagp 50 SIZE 011 TOT.REG. 62 USER MODE

As ENG 3 FIX scl oN_X__OFF

b DEG RAD .. GRAD

M

d
05 FC 55 INIT FLAGS

FY # SIC SET INDICATES CLEAR INDICATES

1 00 metric english

87000 or 6117 02 a NA

4000 or 281
10 control 60
15 65
20 70

¢
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY

40 90
45 95

|

REGISTERS, STATUS, FLAGS, ASSIGNMENTS
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REINFORCED CONCRETE BEAMS HEWLETT PACKARD

SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 32 CIVIL ENGINEERING

ROW 1 (1 - 4

i I | | | | I I

ROW 3 (8 — 16

ROW 4 (17 — 23 |"I ||||

T " | "I""l I I" " | I"mml

T " " |" | "l | "" ”I""II " """I""I"Il

ROW 7 (45 — 50)

ROW 8 (51 — 57)
ﬁ: ll ﬂi | "I || I I |"IIIIm|||II"II""l"""lll"ll" I|| |

il l |||||""||||I"| " "

lll I " " " I | ""
i | | | I""I"l " |

ROW 13 ~ 103) _ ""II

ROW 14 (104 - 110) | | I
o ROW 15 (111 — 120)

ROW 16 (120 — 124)

ROW 17 (125 - 130 ”" I

ROW 18 (131

142

i

—
——




REINFORCED CONCRETE BEAMS HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW 19 (143 — 149

I I" |
il ""I " ""II"I" II ” "I"I I"I I
oW 24 (185 — 192)
25 (193 - 201) " I I
ROW 26 (202 -
ROW 27 (209 — 218

(218 ~
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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.

Equations:

s_ is the
s, is the
r, is the
r 1s the
r is the

is the

is the

r 2P ~-r 2P r.2r 2 (P, - P)
_itd o o “io i
Sy T 2 2 2, 2 2
r -r, r" (r "= r.7)
) i i
r 2P -r 2P T 2r 2 (P, - P)
o i°d o o, _io i
St 2 2 2, 2 2
r“ -r, r (r " -r,7)
(o] 1 1

radial component of stress;

tangential component of stress;
internal radius;

outer radius;

radius where calculated stresses occur;
internal pressure;

outside pressure,

Note: A negative stress indicates compression.




Reference:
J.E. Shigley :

Mechanical Engineering Design, McGraw Hill, 1963.
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 outer
pressure is 150 pounds per square inch. What are the values of radial
and tangential stresses for radii of 1.00, 1.25, 1.75 and 2.00 inches?
Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 007

[XEQ] [ALPHA] CYL [ALPHA] RI?

1 [R/S] PI?

10000 [R/S] RO?

2 [R/s] PO?

150 [R/S] R?

1 [R/S] SR=-10.00E3
[R/S] ST=16.27E3
[R/S] R?

1.25 [R/S] SR=-5.272E3
[R/S] ST=11.54E3
[R/S] R?

1.75 [R/S] SR=-1.155E3
[R/S] ST=7.422E3
[R/S] R?

2 [R/S] SR=-150.0EQ
[R/S] ST=6.417E3




‘i§y

User Instruections

SIZE: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Begin execution and input data [XEQ] CYL RI?
ri [R/S] PI?
P; [R/S] RO?
To [R/S] PO?
Po [R/S] R?
3 r [R/S] SR=
[R/S] ST=
4 | For new r [R/S] R?

Go to step 3

21



Program Listings

GleLEL ~LCv¥i 51 +
. S22 v“ST=-
G2 EHG 32 S3«LBL 4 2 T " " -----
6% "RI7" S4 ARCL ¥ Display
G4 PROMPT 5SS AVIEW
as ®tz S5 RTH
A STO @& 57 GTa =R-
g7 “pI7- S8 .EHD.
a8 PROMPT
6% STO 61
18 =+ — - = = = = = - - =
11 =RO?*" r, Pi-r “Po
12 PROMPT
13 Xtz
14 STO BF
15 “FO7"
i6 PROMPT
17 STO &=
18 =
19 -
@ STO @6 - - - - . 70
= CL @z
2:%: gc:: aG r,’r_*(pi-Po)
3 -
24 STO B4
25 RCL Ga
Z6 RCL Gz
27w
8 RCL G1
29 RCL a3
=8 - 80
1 %
2 EBTC am . - - - - _
Z3+LEBL "R- SR
34 RCL @&
25 RCL 04
25
37 RECL as
g “RTv
29 PEOMPT
48 =tz 30
41 -
2 RCL a4
43 -
44 -
45 =SE=-
46 HEGR d
¥ OSToFR  f_ . _ _ ___._
& LASTH ST
49 2
= W




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

uy
@ DATA REGISTERS STATUS
00 | ri 50 size _007 _  TOT.REG. __20 USER MODE
Pi ENG —3  FIX — SCI ON ___ OFF X
To DEG RAD —__ GRAD
PO
i roé - ril
- [05] riZro4 (Pi = Pg) 55 INIT FLAGS
' rilPj - ry2P, # S/C SET INDICATES CLEAR INDICATES
10 60
' [15 65
20 70
45 75
130 80
1 35 85
ASSIGNMENTS
; FUNCTION KEY FUNCTION KEY
[ 40 90
k[ 45 95

23
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STRESS IN THICK—WALLED HEWLETT PACKARD
CYLINDERS SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 14 CIVIL ENGINEERING

ROW 1 (1 - 3

ROW 2 (4 - 11

20)

ROW 4 (21 | II |

ll IIIIIIII I |||||I||I|||I IR
T |

ROW 6 (41 - 48)

A

ROW 7 (49 - 56)




=

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:

|<-9|

A
l‘————b—v—‘l

——]

Ix = a’b/12 Ix = a’b/36
Iy = ab3/12 Iy = ab3/36
A = ab A = ab/2

/'/»“\
),

4 A M
= 713’ Ta m(a® - b
Ix = ma 2/64 Iy =—6Z_=Iy Iy =-—————-———( A ) = Iy
Iy = b°/6
y Ta / 4 A = 7\'32/4 _ 'n(az _ b2)
A = mab/4 A =0

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?

25



26

Keystrokes:
[USER]

[XEQ] [ALfHA] SIZE [ALPHA] 004
[XEQ] [ALPHA] REC [ALPHA]

90 [R/s]

42.5 [R/S]

[R/S]

[c]

[E]

Example 2:

Display:

a?
b?

IX?

IX=2.582E6 -

IY=575.7E3

(set USER mode)

What is the moment of inertia about the x-axis for the circle below? What

is the area? Y
4

R
AN,

+—56 cm=—»!

Keystrokes:

[XEQ] [ALPHA] CIR [ALPHA]
56 [R/S]

[R/S]

[R/S]

[C]

[D]

Display:
a?

b?

IX=482.7E3

A=2,463E3




User Instructions

Size: 004
W STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program (USER mode) [USER]
) 2 | Execute appropriate program:
i for rectangle [XEQ] REC a?
‘ for triangle [XEQ] TRI a?
for ellipse [XEQ] ELL a?
for circles [XEQ] CIR a?
for concentric circles [XEQ] CC a?
3 Input any two*: a [R/S] b?
(skip unknown with [R/S]) b [R/S] IX?
Ix [R/s]
4 Compute unknown
a [A] a =
b {B] b =
Ix [C] Ix =
5 To compute area: [D] A=
6 To compute Iy: [E] IY =

*for circles enter either a or Ix only

skipping b with [R/S]
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Program Listings

agl+LEBL “REC
862 CF @4

B3 1

g4 GTO Gg
a5+LEBL "TRI
8o CF @4

gy =

842 GTO o
B9+ BL “"ELL
18 CF O@

11 =

i2 GTO G4
13+LEBL "CIR
14 S5F anm

15 4

16 GTO a8
i7v«LBL "CC*
12 CF @a

1% 5

Z8+LBL 8.
21 EHG 2
22 5T0 ag
=3 "a¥"
=4 FPROMPT
253 STOo a1
26 CL=

2?—‘ Ilb?‘ll

28 PROHMPT
29 STO &z
28 CLX

= I A
22 PROMPT
33 S5STO G=
24 S70OF
=Z5+LEL A
36 RCL 832
27 ECL B2
38 H=a7
9 -

48 GTO IHD

B

41+LEL 91
42 12
43 GTO 8o
44«LBL 82
45 36
46 GTO @@

Initialization

Calculate a

]

=

" 47eLEBL 83
42 PI

49 -

=@ 64
Si+«LEL G&
52 ®

53 =

sS4 1

55 YT

56 STO &1
57 ta=-
=g GTo i@
S9+LEBL G4
cE+LBL 85
&1 RCL a3
=2 &4
&3k

&4 PI

55 -

&6 RCL az
&7 Ht=2

58 ¥tz

&3 +

78 SGRT
71 SeRT
72 STO et
TE vg=-
74 GTO 18
7S+LEL B
76 GTO IMD
&

TF+LEBL @1
TE8+LEBL G2
7oO+LEL @3
g8 RCL 83
21 12

23 RCL 91
84 =12

25 LASTH
85 =®

S5 HEG IHMD
a

29 STO G2
98 "h=

91 GTO 1a
azZ+LEBL G2
a3 3

94 =
aS«LEBL 81

Calculate b




Program Listings

S5 KETH
S+ BL 3
258 3
= b B
18G 16
iG1 =*
16z FPI
ig=3 -~
184 “b=-
185 CTO i1ia
G+l EL G5
1a7 FCL @i
ias =12
1ga €12
11 RCL a3
11i &4
11z =*
113 PI
114 -~
115 -
11s S5SQRT
117 5aRT
118 SE7TO &2
119 “pb=-
iz GTO 1a
1Z1«LEL ¢
i1z2 RECL Gz
1Z3 RCL Gi
124 HEQR @93
125 S7TO B3
IEE- "I .‘=n
127 GTO 18
1Zzg+LEL E
129 RCL 4Gt
iZ8 RCL @z
121 HEGQ g9
122 "Iv="
1323 GTO 1@
1Z4+LEBL a9
125 EHTEERT
126 H12
127 GTO IHD
515
1Z8+«LLBL Gl
139 =%
148 =+
141 12
14z -~
142 BTH
144+« BL Bz
145 #*

14 *

147 36

148 -~

149 RTH
158«LEL ©3=
121 *

152 =

153 P1I

154 #*

155 &4

158 ~

157V ETH
155+LEBL a4
159«+«LEBL 85
168 HI2Y
1c1 =®T2
162 *

163 K<
15 =T
1S Xt1t2
16 —

1&¥ ABS
1is8 FI

169 *®

178 &4

171 -

172 RTH
173+LEBL T
1¥4 RCL @i
175 RCL 82
175 *

177 GTO IMND
aa

178«+LBL G2
179 =2

1sa -
12i+LEBL B1
ig2 GTO 4|
18283+LBL =
igd4 FI

185 =*

156 4

= I

1588 GTO 84
129« BL a4
1%8«+LEBL 85
191 RCL @1
122 Xtz
193 RCL a2
194 Ht12

185 -
195 F1I

Calculate Area

29
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Program Listings

2az

284
285
28a

+L Bl GQ
= ﬂ=u
«LEBL 1@
ARCL =
AYIEHW
SToOP
- EHII.

20

30

40

50

51

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

w | DATA REGISTERS STATUS
00 section code 50 size __ 004 TOT. REG. _48 USER MODE
a ENG 3 FIX scl oN_X_oFF
b DEG RAD ___ GRAD
Ix
= = T FLAGS
# SIC SET INDICATES CLEAR INDICATES
NONE
10 60
15 65
20 70
- [25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

31
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PROPERTIES OF SPECIAL SECTIONS

PROGRAM REGISTERS NEEDED: 45

ROW

1

1 -

ROW

ROW

10

1

(

3

3
43

5

24

(52

62

73

- 6
-7

- 81)

- 90)

32)

1

01)

I

111

il

120)

133)

143)

HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

||
T
AR
N

I
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PROPERTIES OF SPECIAL SECTIONS HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW 19 (144 — 155)

ROW 20 (155 - 167

ROW 21 (168 - 177)
ROW 22 (178 - 188)
ROW 23 189 - 20

i (201 - 206
“ -
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COMPRESSIVE BUCKLING W

This program performs an interchangeable solution for the four properties
of slender compression members or columns: P _, the critical buckling
load; E, the modulus of elasticity; I, the mifiimum 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: O, both ends hinged; 1, one end free and one fixed; 2,
both ends fixed.

2 i
Configuration 0 P,= Fle ! |
, — B |
2 T :
Configuration 1 V P, = T El w
4L’ /

Vg (N

/5.
Configuration 2 P, = 4 T;:EI

T77777.

Uncertainties such as the amount of restraint at the ends, eccentricity
of the load, initial warp, nonhomogeneity of the material and deflection
caused by lateral loads, can cause very significant changes in the be-
havior of a compressive member.

g e

Remarks:

Example 1:

If an 8 inch steel (E = 30 x 106 psi) piston rod (a piston rod has zero
fixed ends) must withstand a load of 15000 pounds without buckling, what
moment of inertia must it have?




Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 007
[XEQ] [ALPHA] COMPRES [ALPHA]
0 [R/S]

15000 [R/S]

30 [EEX] 6 [R/S]

[R/S]

8 [R/S]

Display:

GEOMETRY ?
P
E
I
L

I=3.242E-3
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User Instructions

SIZE: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Begin execution (key [R/S] for unknown) [XEQ] COMPRES GEOMETRY?
Key in geometry 0,lor2| [R/S] P
vertical load P [R/S] E
modulus of elasticity E [R/S] I
moment of inertia 1 [R/S] L
length of column L [R/S] (Unknown) =

NN

4




Program Listings

Hi+«LBEL "COHM

PRES -
gz EHG =
€3 S5F B1i
g4 CF @z
#5 “GEOMETE
W
8o FEOMPT
gy STO &g
N =R
FREOMP
:':"'U =
.‘ Er! i‘:'
=SToO i
CL=
nE
FEOMFT

s RS B 5 O Y I R YR S O LR Y OO S TR B o I B e DO [ Y [ S I R

&

Fo Lol R Cod Gl ol Kl G Gl o ) el PO TS T T 00 T T T [0 i) bt bk b bk b ek ok ek ok bk ()

Ju
b (S0 401

r'l:l

43
44

+*
SO o X A o o

K=@7
HEQ =
STO @z
CLX
qu
PROMFT
Fiieol

LA

CHEQ

=
STO @]

T3 L3
[ s

II.J

PROMPT
A=t
HEG b
STOo 84

[y

kY]
]

Lt I RN

nhmTn
8

AR

85

e I
o]

|

ford
-
o

[y

mTm  ~in
™
]
DAl ev]
Do

o

GTO o

45«LEBL @z

45
47
45
49

SF aa
#EGR G4
4
+

oW Ly oag | _ o _ _ _ _
Sl«l BL GG
52 PI No fixed ends
54 RCL @2
Initialization =23 *
56 RCL 8=
o7 #
S8 RCL @i
=3 -
&8 RCL 94
&l HTt2
&z &
&2 FS? g
&4 RTH - - - - - - - -
ES*LBL d .
66 FS7? @1 Display
&7 1%
&3 FS57? gz
&9 ISarT
T8 CL#A
1 ARECL 8%
Y2 HECL a5
T3 ARCL ¥
4 AVIEW
TS STOF e - m = - - -
re+«lLBL b
77 CF &1 unknown
r3+«LBL =
9 HSTO a6
58 1
21 RTH
22 .EHNHI.

one fixed end

2 fixed ends

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | output label 50 sizé 007 TOT. REG. _27 USER MODE
P ENG 3 FIX SCi ON OFF _X
E DEG RAD GRAD
I
)
S 2 T FLAGS
unknown S/C SET INDICATES CLEAR INDICATES
invert don't 1invert
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION
40 90
45 95




COMPRESSIVE BUCKLING v HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 21 CIVIL ENGINEERI

ROW 1

ROW 5 (23

ROW 6 (32

O
A
T

NG

- 66
ROW 10 (66 — 74) )

a—
S————
n—

S - 82

ROW 12 (8

2 - 82)

39

N
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VECTOR OPERATIONS

This program performs the basic vector operations of addition, cross
product, and dot or scalar product. It also allows conversion between
spherical and cartesian coordinates and can find the angle between two
vectors.

Equations:

‘rsimpsine
17' y
rsingcos@ g4 ———— = /7
Coordinate conversions:
x =t sin ¢ cos 6 r=\!x2+y2+z2
y =1 sin ¢ sin 9 6 = tan - (y/x)
z =71 cos ¢ ¢ = cos ™t ( z/ \/XZ + Y2 + z2)

Vector addition:

V, + V., = (xl + XZ) i+ (y1 + yz) i+ (z1 + zz) k
Cross product:
Vl X V2 = (ylz2 - zlyz) i+ (zlx2 - XlZZ) i+ (xly2 - leZ) k

Dot or scalar product:

Vl V2 = xlx2 + yly2 + ZIZZ




w Angle between vectors:
A= cos_l Vl i V2
FARA
Example:

An aircraft flies a heading of 212 degrees at 225 knots. The wind is
reported at 20 knots and 140 degrees (which translates to 20 knots and
320 degrees since winds are reported opposite to the direction they blow).
What is the course of the aircraft? What is the ground speed?

N
; | .
Sourse-zear | Heading-2iz
© 219.64 knots 225 knots
S o
Wind =20 knots at 320
Keystrokes: Display:
| w [XEQ] [ALPHA] SIZE [ALPHA] 008
7 [XEQ] [ALPHA] SPH [ALPHA] R?
225 [R/S] PHI?
90 [R/S] THETA?
212 [R/s] R?
20 [R/s] PHI?
90 [R/S] THETA?
320 [R/S]
[XEQ] [ALPHA] ADD [ALPHA] R=219.64
[R/S] PHI=90.00

[R/S] : THETA=216.97
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User Instructions

SIZE: 008
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program
2 Begin execution:
for rectangular coordinates [XEQ] REC X?
input x1,y]1,21,%X2,¥2,22 X1 [R/S] Y?
y1 [R/S] Z?
z] [R/S] X?
X9 [R/S] Y?
y2 [R/S] Z?
z2 [R/S]
Go to step 3
for spherical coordinates [XEQ] SPH R?
input Ry,$1,671,R2,69,09 PHI?
THETA?
R?
PHI ?
THETA?
Go to step 3
3 | Execute operation
addition (then go to step 4) [XEQ] ADD
subtraction (then go to step 4) [XEQ] SUB
dot product {XEQ] DOT d=
angle between [R/S] A=
cross product (then go to step 4) [XEQ] CROSS
4 | Answers are displayed: X= (or) R=
[R/S] Y= (or) PHI=
IR/S] Z= (or) THETAS




User Instructions

SIZE:

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

5 For magﬁitude of a vector in rectangular

coordinates [XEQ] REC X?
input X, Y, Z X [R/S] Y?
Y [R/S] 2?
Z [R/S] X?

[XEQ] MAG MAG =

43



Program Listings

=T0
REIH
sSTO
R
STO
5 STOGF
~#LBL i - - - - - TTT
¥ ~ 5 Y input prompting

FC? oag

154
LI

G1+*LEBL ~SFH SFOO for
SPHERICAL

il b (T

|I"'
s

CF00 for
CF @g Rectangular b
%

kA
|

.
I

E oD 00 g e G T e 0 0 T T el P e D 0 0 T O el P s 0 0 ] LT e G T
T il e o T

iy}

input
initialization

~ e

w LE e
55

FROMPT
STO IMD

s B R B I

[
l:l' ]

ISG
“PHIT
FC?

DA A I
Dy )

iy
-
I
t
[
Y

[T R BT
¥

PROMPT
STO IND

spherical to
rectangular
conversion

fat

ECL

|
(i

Y B I S R

oy
[

0 bt 7
el T
(WY

ISC 96
“~THETAZ"
FC? aa

(13 ?‘:h us

FROMFT o
STO IMD Q@w‘

N
3]

X
e

L0 I N B W

ol el
[
M)

D #F A & NI
y bl 00

AR

Y
e
AR
[}

—_ —_— e = — = = = -

U Bt BUC TRt Bt B B B T AT T R T w AT O« SRR ) IR O R R R I I B I

) I Y
wned

%]
e
|
]
]

SF02 for subtrac-—

DRI &}
-] 1
(e
[k
(=
=) )
|
]
-]
-
[xx]
ot

SFEF Gz tion

S Gl e Ced Gl tad Cad Gl Ced o] Cad Tod ol Tod Tod To) Pod POl o0 o3 [5) bk bk ook fons pode ok pook ook bk bk ) (50 051 (50 150

STO a@ 24 SF @z | tomo
f"i;;% == éé*i-::gt gé addition or sub-
é;j;: G4 =23 RCL a3 traction ‘
SIHN =4 FsS7? 82 |
RCL B3 85 CHS |
* =h + |
41 57 STO @@ |
42 LASTH 28 RCL 491 ]
432 RCL 85 29 RCL a4 |
44 SIH 2@ FS7 Az !
45 * 21 CH= ,
46 RCL 493 32+
47 RCL @4 @3 S5TO @i |
43 COS 24 RCL a4z |
43 * %5 RCL 8% .
I




Program Listings

RN R B T R I N [ AR I R R o I O RO

ok ek ok ek ok ok ok ok ok ook ek puk [ ek pek b e ok o ok ok ek b ook ok ek ok ke ok ok ek ok fonk

oo Ja fed ed 6] Ced Cud Oa) e G G G TR T T PO T T T TN P R P b e b ek b ek ot e ek e ()

S b Tl vt 050 0 O e Gl P e G

N
RO g 1}
o

12
fd

i)
S 15

145 RCL
146 RCL
147 #*

$8 REOL

[y
o

DU I S I SRt Y )

[

Dot Product

H s

[ IR
o
i
QAN
Al
"
.
1%

Q

-
focke foke frike gk ik b ks ke ik
LN LT LN LN LRGN

STO @2

DA
iad 151

s
Ju e

Magnitude

T A |
R

Angle between
two vectors

A I )

DA A R Iy R )

|

SRR}
.u..|

O I Y|
15_!
el

I s e

E RN A B B B O SR AT ST AR MK AR
w5015

ol b 00 00 G0 O e T 0 0 T Gl e 0 D T Gl B D
¥
MG s AT 4
m = :
ol

")
[

IAIE I
RN
(KAIN Y

3
"1
A

L g =

Cross Product

]
[

[rg}
-
)
T L 5 S b B
i

- [
KA
[ e (%)

D]

TI] o

|
M
1o TV 70 070 070

o
fad {0 ™)

S R e
nl

i AL e SO0
-

o
|

=Y
or}

i

k%
= B

]

I

I

I

]

1

!

|

|
pob pod pk ok o ok ok ok ok ok ook ook ks fok ok ke ok ok ok ok ook fok fb fonk ook ol ek ki p ek puk fode ek 2
N R I N I N B W I T Y (Y Bt B

S W
it&m
ol
3]
Tl

)
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Listings

AN Y WXy IRy

b Ejl O N V|

e
ol ded

AR |
1ood T N ] T

[

Vg T I e e P e 1L

i

-
'

&
i
i
i
i
i
i
i
1
1
i

T P PO T T P T B T 3 T T8 P T P B T B T B P T T P P T [ bbb b ok i

Lomd ot L B ) T wes 53 0000

h:l o f'|,:| r'l_:| l“n_:l I

e
=
-
&
-
=
—
3
B
—
<,

Frd e 150 000 0

1 F“;

7] e
1) I,-"I
T[T

il

[

W

O WS T Wl
n [
o

1
(%]
Jousds

=TO .

hen)
[}

e e
T ) -]
] [l I
I
[RV R o B B
il et (MY

[
-4
AT TS

-

"eorl’

™
3 -4
™+
R
R Y]

X
!

™

.
' ._J
fn)
15

MER @4
RC 1

A

o
=
sy’

e
(||
AN
LRI EN Y

52 i
T LT
L el |
— -
I e
= = =
PoE d EE
T M
[N
& <
o
™ s
[ =
T 5

L
o™

N |
[
S

::I !
T

- MO,

A X

-
b
v

51

60

70

80

90

50

00

e e i



REGISTERS, STATUS, FLAGS, ASSIGNMENTS

w DATA REGISTERS STATUS
00| % 50 size _008 7TOT.REG._63 _  USER MODE
Yy ENG FIX 2__ sCl ON oFf _X
21 DEG RAD ___ GRAD
X9
Yo
- # S/C SET INDICATES CLEAR INDICATES
temp storage 00 spherical rectangular
01 +180 normal
02 subtract add
10 60 03 return continue
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 A90 NONE
45 95

47



VECTOR OPERATIONS HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 56 CIVIL ENGINEERING

ROW 1 (1 — 4

ROW 2 (4 - 9

i "I | |
ow

i I |
i I [T

ROW 9 (68 ~ 71)

O

ROW 10 (71 - 76

O

ROW 11 (76 - 80

T

ROW 12 - 90)
ROW 13 (91 -
ROW 14 (101 -

16 (118 - '

L ——————"n"

AU



"

Rt

o M"._,_-‘\)\ o

%

BBttt e et R 0

VECTOR OPERATIONS

ROW 19 (141 — 153)

ROW

ROW 22

ROW 23

ROW 24 (187 -

ROW 20 (154 -~ 159)

172 -

179 -

ROW 25

ROW 26 (

ROW 27 (

(195 -

171)

178)

86

s —
—

203

211 -

(217 -

(222 -

226 ~

_.__.

22

226)

232)

49

HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING
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BEAMS FIXED AT BOTH ENDS

This program calculates deflection, slope, moment and shear at any speci-
fied 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, compli-
cated beams with multiple point loads, and multiple applied moments can be
analyzed.

Equations:

y = + Yo + Y4 (total deflection)
P(g - )2 2
_ a X [x(8+2a) - 3ag]* (deflection due to point load)
71 6E143
sz 2
Yy = 24ET [x(22-x) - 7] (distributed load)
ML - c)x2 cx 2 - 3c *k
Vo = 7 5 — +t — (applied moment)
3 2 : 2 2
27EIL
9 = 61 + 92 + 93 (total slope)
P - )% x
8, = ————————= [x(8+2a) - 2ag]* (slope due to point load)

2EI23




B e

_ Wx 2 . .
62 = 1951 [x(32 - 2x) - 27] (slope due to distributed load)
- %
0, = M(L c)x 3cx + 2 - 3¢ (slope due to applied moment)
3 2 3
27EL
MX = Mxl + M%Z + MX3 (total moment)
P(L - a)?
Mx1 =73 [x(% + 2a) - afl* (moment due to point load)
W 2 . .
Mx2 = IE-[6x(g - x) - 2] (moment due to distributed load)
- X
M. = M - c) bex 4 g _ 3¢ * (moment due to applied moment)
%3 22 L
V= Vl + V2 + V3 (total shear)
P( - a)?
Vl i — (2 + 2a) (shear due to point load)
2
V2 =-:¥ (2x -2) (shear due to distributed load)
- - )
V3 ls): (¢ g) < (shear due to applied moment)
2
where:

o < xg D <

is the ‘deflection at a distance x from the left support;
is the slope (change in y per change in x) at x;

is the moment at x;

is the shear at x;

is the moment of inertia of the beam;

is the modulus of elasticity of the beam;

51
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2 is
P is

W is

the length of the beam;
a concentrated load;

a uniformly distributed load with dimensions of force per unit

length;

M is
a is

c is

*I1f
(2

is

]

**If x is

(2 - e).

Remarks:

x).

an applied moment;
the distance from the left support to the point load;

the distance to the applied moment.

greater than a, a is replaced by (£ - a) and x is replaced by
The signs of el and V1 are also changed.

greater than c, x is replaced by (& - x) and ¢ is replaced by
The signs of Y3 and Mx3 are also changed.

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:

For the beam below, what are the values of deflection, slope, moment,
and shear at an x of 114 inches?

Keystrokes: Display:

[USER]

W = 141b/in
E=30x10° psi
I=4.74 in*

147,000 in-ibs

(set USER mode)

[XEQ] [ALPHA] SIZE [ALPHA] 011

[XEQ] [ALPHA] FIX [ALPHA] L?

140 [R/S]

E?




Keystrokes:

30 [EEX] 6 [R/S]

4.74 [R/S]
0 [R/S]

0 [R/S]

14 [R/S]
147000 [R/S]
30 [R/S]
114 [R/S]
[A]

[B]

(C]

[D]

Display:
I?

a?

W?
M?
c?

X?

Y=43.72E-3
L =-3.155E-3
M=13.05E3

V=444.7E0

53
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User Instructions

SIZE: 011
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program (USER mode) [USER]
2 | Begin execution and input data [XEQ] FIX L?
2 [R/S] E?
E [R/S] I?
I [R/S] a?
a [R/S] P?
P [R/S] w?
W [R/S] M?
M [R/S] c?
C [R/S] X?
X [R/S]
3 | Execute desired routine(s)
deflection (Y) [A] Y =
slope (©) [B] A=
moment (M) [c] M=
shear (V) D} V=
4 For a new point on the beam [E] X?
X [R/S]

Go to step 3




Program Listings

az
a3
B4
85
85
a7
@3
89
i@
11
1z
13
14
13
15
17
is
19
28
21
22
=3
24
=25
pad =

gl EBL “F

EMHG 3
uf P
FROMPT
=TO a4z
wERe
FEROMFT
a I‘? [1]
FROMFPFT
b 3

SETO a9
” a? 22
PEOMFT
5TO @&
O =R
FROMPT
ETO 6=
8 ¥ R Rl
FEOMPT
£=T0 84
"M
FROMPT
STa a5

(1] G‘:\ ac

PROMPT
STO B7

Zz7+LEL E

28
=29
28

21

s H-? [1]

FEOMPT

STO 84
STOP

3z2«LBL B

323
24
25

44+LEBL A

45
45
47
43

49

=8

ECL aa
SF GG
EHTERT

GTO 9

lua ] ]

RCL @&
CF anm
“T2
ECL @@=
ENTEET
+

I

Initialization

deflection

51 RCL aG
SZ2+LBL @&
=3 5F a3
54 SF @Al
55 —

56 ECL g
57 #

S8 RCL &gz
59 AT2

&8 —

&1 #

&2 =4

B3

o4 RECL 84
&> #

&5 RECL Ge
&7 HXEQ 81
&8 RECL @i
&9

78 RCL ag
1 RCL @Z
G -

T2 2

T4 HLFY
F=

76 FS7T Q@
77 LASTH
T8 F57? g
T -

88 —

21 XEG 8c
82 &

832 -

g4 F57 @
85 =2

26 FS7 Qo
=27 0%

88 Fs7 Gg
29 HEG a3
9 KE@ g4
91 RCL a7y
9z HKEG @1
23 FC?T an
94 GTO ao
a5 32

96

a7 BLFY
98 EHNTEERET
o9 +

10B8«LEBL 8%

181

-+

angle or
deflection

55



Program Listings

1682 HELQ d& 1532 FS? &g

1862 HE as 154 RIDH

ig4 RECL a= 1535 FS7? @a

185 -~ 156 CL=

1@8s =" 157 FS7? Gag

1687 F57 846 128 RECL 488

188 "gL=" 159 6

189 CTO o 168 =

119+LEBL I f- - - - - - - - - 161 X<2¥

111 SF @a shear 162 EHTERT

112 RECL @82z 163 +

113 RCL & 164 +

ii4 EHTEET 155 =

iis + 1€ CF 83

116 GTO 2o 167+LEBL 8=

1i7+LEBL C 163 FCT @G

118 CF ags 169 HEQ B3

i19 RCL &2 Moment 178+LEBL @4

126 RCL a4 1¥1 RCL 18

121 - 172 +

1z2 RCL G& 172 FS52? a3

122 % 174 ETH

iz4 RCL @z 175 “HM=-

125 €12 176 FS57 48a

126 & 177 “¥=»

127 -~ 172 GTOD d

1Z3+LBL &8 179«LBL &1

iz29 SF @Z= 188 CF a7 store a or ¢ +

iZ8 SF @i ig81 STO B85 sum

131 - shear or moment 182 RDH

122 2 122 STO 183

1323 - 184 RCL @S

1Z4 RCL a4 185 RCL B4

15 * i8¢ E70 a1

132 RFECL G5 187 =RBR{=%7 x beyond loading

137 HEG @il 188 GTO Qg point?

138 FS7? G4 129 SF @z

19 CTO QAo 19a RCL @z

148 RCL @1 121 RCL &g

141 #* 19z -

142 RCL @z 1932 STO B&

143X RCL @2 194 RCL a2z

id44 =* 19S5 RCL Qg

145 - 196 -—

146+LEBL A3 197 sTO a1 o - - - - - - - -

147 * 192« BL 88 2

148 FS7 @@ 199 RCL 85 P(2-a) or

149 XEQ 83 z2B8 Fs? at p2

158 XEGQ QA4 Zz81 RCL &3 M(%-a)

151 RCL v 282 RCL az —3

15 HER @1 283 RCL 48 2
284 -—




Program Listings

285 FS7T
286 AT
287V &

282 ECL
289 3

218 YT=
211 -

212 RCL
213 RCL
214 F57
213 GTO
216
217
21%
219
226
221
222
223
224

225

226 RETH
227+LBL

B IV 2 o I 3 PN
)
-

A
o
r

. i

% A
-
-

)
]

aa

228 ENTERT

229 +
238 +

231 CF @l

232 ETH
=33+LEBL
224 F572
235 CHES
236 RETH
237+LEBEL
238 *

239 RECL
248+LBL
241 FC?
=42 K12

243 *

244 RTH

245+LBL

246 ARCL

[ i}

Ry

1501
a5
Bia

d

LN
Ry

247 AVIEW

248 S5TOP

249 .EHND.

50

51
60
(2-3a) 2
2
70
(1 + 2a)
sign change
80
common calcula-
tion subroutine
———————— 90

00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | x 50 size _011  TOT.REG. __62 USER MODE
x, (2-x) ENG — 3 FIX scl oN_X__OFF
2 DEG RAD GRAD
P
W FLAGS
05 [ M 55 INIT
a # S/C SET INDICATES CLEAR INDICATES
c 00 angle, shear deflection, moment]
a, (2-a); c,(2-c) 01 P M
EI ' 02 cHS continue
10 | SUM 60 03 used used
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




BEAMS FIXED AT BOTH ENDS HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 52 CIVIL ENGINEERING

ROW 1 (1 -

T

ROW 2 (5 -

L T
Ny LT
W"mmmmmmmm A
A

—

ROW 9 (69 — 79)
L
ROW 10 (80 - 88)
L
mmwmmmmmwmmwmwmmmwmmmwmmmmmwwwmmmWW|
ROW 12
HHMWmWMmmMWWWNMWMMMWWWMMMMMNWWWMWNMH
ROW 13 (103 —
HIMMMMMMWMWMMWWMMMMMMIWMMMWMWMMMMMHIWW
ROW 14 (109 - 117
HMMWIMWMWWMMWMMMWWMWIHMMWWWWMMMWMHHW
ROW 15 (117 -
O
ROW 16 (129 - 137)
NHIWIMWMWMWMMWMWWMMMIHIMMWWMMWWMWWH
ROW 17 148)
MIMMWWMMWMWMMWWWMMMWMMHMWMWWMMWMMW
ROW 18
O




BEAMS FIXED AT BOTH ENDS HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW 19 (154 — 164

65 - 173

ROW 21 (173 - 178

o
o]
z
N
(<3

ROW 22 (179 - 188

ROW 24 (201 - 212)

ROW 25 (213 — 223)

ROW 26 (224 - 234)

ROW 27 (235 — 245)

ROW 28 246 - 2




SIMPLY SUPPORTED BEAMS

This program calculates deflection, slope, moment and shear at any specified
point along a simply supported beam of uniform cross section. Distributed
loads, point loads, applied moments or combinations of all three may be

modeled.

By using the principle of superposition, complicated beams with

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

Equations:

vty t ;3

P(R - a)x [XZ

I
y P

-~ a ———»l

AN N

- AN, . oot T T wn RN ‘_
S —‘\\‘\\\‘WW
P |

--— ‘ VI

(total deflection)

+ (2 - a)2 - 22]* (deflection due to point load)

6EI
-Wx 3 2 . . .
EZET-[Q + x7 (x - 29)] (deflection due to distributed load)
-Mx x2 L 02
= - - 2= Tx% i i
N [c 62 "3 121 (deflection due to applied moment)
el + 62 + 93 (total moment)
Ei&géiél'[sz + (2 - a)2 - 22]* (slope due to point load)
W 3 2 . .
- EZEE'[Q + x° (4x - 62)] (slope due to distributed load)
-M x2 3 c2
i -2 _ 2 _ = 1 %% . i
BT [c 51 "~ 3 o ] (slope due to applied moment)

61
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MX = MXl + sz + Mx3 (total moment) w

- %
M, = PG - a)x (moment due to point load)
x1 L
Wx . .
MX2 = - E—-[x - 2] (moment due to distributed load)
Mk * .
MX3 =T (moment due to applied moment)
V= Vl +V, + V3 (total shear)
- *
V1 = EL&—EJEL (shear due to point load)
V2 =W C% - x) (shear due to distributed load)
M .
V3 =2 (shear due to applied moment)
where:
y is the deflection at a distance x from the left support;
8 is the slope (change in y per change in x) at x;
MX is the moment at x;
V is the shear at x;
I is the moment of inertia of the beam;
E is the modulus of elasticity of the beam;
2 is the length of the beam;
P is a concentrated load;
W is a uniformly distributed load with dimensions of force per unit length;
M is an applied moment;
a is the distance from the left support to the point load;
¢ is the distance to the applied moment/,
*If x is greater than a, (% - a) i& replaced by -a and x is replaced by
(x - ). ’
* *If x is greater than ¢, x is replaced by (x - &) and c¢ is replaced by
(2 - ¢c).
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Remarks:

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

Example 1:

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

M=10,000 in-lb

[D]

‘1!L—————40in————>i ‘*k
|- 72 in ' "

E = 30x10° psi

1=092in

Keystrokes: Display:
[USER] (set USER mode)
[XEQ] [ALPHA] SIZE [ALPHA] 011 ‘
[XEQ] [ALPHA] SIM [ALPHA] L?
72 [R/S] E?
30 [EEX] 6 [R/S] 1?7
.92 [R/S] a?
0 [R/S] P?
0 [R/S] W?
0 [R/S] . M?
10000 [R/S] c?
40 [R/S] X?
0 [R/S]
[A] Y=0.000E0
[B] L=-1.771E-3
[c] M=0.000EQ
(D] V=138.9E0 ‘
[E] : X?
60 [R/S]
[A] Y=2.415E-3
[B] L =40.26E-6
[C] M=-1.667E3

V=138. 9E0
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User Instructions

SIZE: Q11
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program (USER mode) [USER]
2 | Begin execution and input data [XEQ] SIM L?
L [R/S] E?
E [R/S] 1?
I [R/S] a?
a [R/S] P?
P [R/S] W?
W [R/S] M?
M [R/S] c?
c [R/S] X?
S [R/S]
3 Execute desired routine(s)
deflection (Y) [A] Y=
slope (8) [B] A=
moment (M) [C] M=
shear (V) [D] V=
4 For a new point on the beam [E] X?
x [R/S]

Go to step 3




Program Listings

al«l BL "S5

B2 EHNG 3
g3 =-LZ"
a4 PROMPT
g5 s5TO a2
8 "ET"
a7 PEOMPT
gz ~I7"
89 PROMFT
18 =*

11 5TO @3
12 *a?"
13 PROMPT
14 5TD &6
15 =p?2"
16 PROMPT
17 STO 83
18 "W?"-
1% PROMPT
28 STO o4
21 "mM7Z*"
22 PROMFT
23 ST0 95
24 o7
25 PROMPT
26 STO 47
27+LEBL E
28 “Rr7"
29 PROMPT
Z8 STO aa
31 STOF
32+«LBL E
232 SF 84
24 GTO 9a
Zo+LEBL R
36 CF @A
F7+LBL 90
38 RCL 92
39 ENTERT
48 *

41 LASTX
42 %k

43 RCL 9@
44 FS7? Q0
45 4

46 FS57 Qg
47 *

483 RCL A&
49
SA

[

¥ P

Im

Initialization

Calculate 8 or
4 Y

RN RER
ENE R ATNE AT

G

-
a8z

83
=4
=1
a7y
gs
a9
20
91
22
93
94
25
=]
v
oz
S9
1648
161

n

J
oyl
W)

)]

]
=
]

- (7
-
&
=

$AN4+ XD FTWM
)
r~
=
£

=4
.'-.-

RCL @@
KLY

*

FS7? 080
LASTX
CHS
RKEQ @1
RCL @1
X2
FS7 08
P

FS7 @@
#*

RCL @8
®T2

+

RCL 8Z
T2

A

&

HEQR B2
RCL @1
Rtz

A
Y]
-
i)

DA NN ETWT N DS
fowmWw
r~ J .
[l I o B v
|' 'J l:‘ Ll

)
-
)
)

65
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Program Listings

i
My

[y
®
h

¥ 1A+ A R
M ]
r r

o
[

b ok ok ook ok b ok ook ok
b ok b ek ek b b ek ek
WO g T OB G Do

A

I

r

128 GTO
121+LEBL

o]
D]

aa

a5
D

122 SF ag

123 GTO
124+LBL

a6
C

125 CF @9

1zZ6+LBL
127 2
123 -~
129 RCL
138 F57?
131 2
132 F57
123 -~
1324 ECL
RCL
*
g *

139 FS57

[y

b ok ok
RTYRT Y

R Ll

g0

az
aa
aa

aa

a8

148 LASTX

141 XEQ
142 REG
143 RCL
144 +

145 “M==

146 FS7

1 4? (1} I'..I= ax

148 GTO
149+ BL
158 ST0
151 ECL
152 RCL

81
az

Calculate V or M

f—a and
X

store

152 —
1S4 STO
155 RCL
156 STO
157 RCL

158 H>¥?

159 GTO
163 RCL
i1 CHS
162 STO
162 RCL
164 ST-—
165S+LEBL
166 RCL
167 RCL
168 =*

1692 RCL
17 -~

1i¥1 FsS?
172 RETH
173 RCL
174 =*

173 RTH
176+LBL
177 RCL
i¥8 +

1¥v9 STO
180 RECL
181 STO
122 RCL
1823 &STO

184 ¥>V7?

185 GTO
186 RCL
187 RCL
188 -

189 570
198 RCL
191 RCL
192 -

193 5TO
194+ BL
195 RCL
196 RCL
137 ~

198 F57
199 RTHN
288 RCL
281 *

282 RTH
283+ BL

ag

g
a5

aa
ac

ag
B2
g1
aa
a3
ag

ua

a1

% ey
18
14
aa
at

—
4

ag

a8
a8
az

at
a:z
av
88
aa

a5
az

as

85

P(2-a) x

store x and c

= |8




Program Listings

284
285
286
2ay

ARCL X
AYIEW
STOF

- END.

51

10

60

20

70

30

80

40

90

50

00

67
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

RS
\
w

DATA REGISTERS STATUS
00| x 50 size _011 toT. REG. _01 USER MODE
x, (x-12) ENG —— 3  FIX scl ON _X__ OFF
;} DEG RAD __ GRAD
W
o — = T FLAGS
a # S/C SET INDICATES CLEAR INDICATES
c 00 calculate Y or V |calculate 8 or M
(2 - a), -a; c, 4-c
EI
10 | suM 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




&

ROW 1 (1 - 4

ROW 2 (5 - 12

ROW 3 (12 - 20

ROW 4 (21 -

SIMPLY SUPPORTED BEAMS

PROGRAM REGISTERS NEEDED: 41

( 28
I

ROW 10 (77 -

ROW 11 (88 - 98)

ROW 12

1

ROW 13 (112 -

OW 14 (120 - 126)

ow 16 (13

ROW

ROW 17

ROW 18 (15

|||)||I|||||||||||||

127 - 13

15

HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW
11

119

I|II||||I||||||I||||||I||II|I|||||I|I||I||I||||I|||||II|||||||||I|I|||||II||I||||||||||||||||||||||I|||III|I||||I||||||||||u|||
A

69



SIMPLY SUPPORTED BEAMS HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW 19 (164 - 175)
O
ROW 20 (176 — 187)
A
ROW 21 (188 - 199)
L
ROW 22 (200 - 207)
O A

J



CANTILEVER BEAMS

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

Equations:

y=7y; ty, t Y3 (total deflection)
PXl2 Paz
Y1 = 1 (Xl - 3a) - 5T (x - a)(x > a)* (deflection due to point load)
W, 2 X 2
vo=_"2 [% [ Z2-b) +1.50
6EI 4
wb3
- BEL (x -b) (x>b) (deflection due to distributed load)
, Mc
Y3 = 2ET +‘Ef (x-2¢) (x>0) (deflection due to applied moment)
g = 61 +6, + 83 (total slope)

71



72

(slope due to distributed load)

(moment due to distributed load)

PX
- 1 _ .
el T (Xl 2a) (slope due to point load)
I T I B T T B
2 EL 2 6 2 2
MXq
63 = i (slope due to applied moment)
MX = Mxl + Mx2 + M 3 (total moment)
Mxl = P(Xl - a) (moment due to point load)
M= - W (X, (X,/2 - b) + b>/2)
x2 2 2
MX3 =M (x < c) (moment due to applied moment)
V = Vl + V2 + V3 (total shear)
v, =P (x < a) (shear due to point load)
V2 =W (b - XZ) (shear due to distributed load)
V3 =0 (shear due to applied moment)
where:
y is the deflection at a distance x from the wall;
8 is the slope (change in y per change in x) at x;
Mx is the moment at x;
V is the shear at x;
I is the moment of inertia of the beam;
E is the modulus of elasticity of the beam;
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@ 2 is the length of the beam;

is a concentrated load;

-1

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

is an applied moment;

is the distance from the foundation to the point load;

o p =

is the distance to the end of the distributed load;

is the distance to the applied moment;

[¢]

P
1

x if x < a or a if x > a;

P
I

x if x < b or b if x > b;

X, =x if x < cor c if x > ¢c.

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

Remarks:
Deflections must not significantly alter the geometry of the problem.
. Beams must be of constant cross section for deflection and slope equations
O to be valid. Stresses must be in the elastic region.
Example 1:

What is the deflection at x = 12?7 Neglect the weight of the beam.

E = 30 x 10° psi
I =4.7in*

Keystrokes: ~ ’ Display:
[USER (set USER mode)
[XEQ] [ALPHA] SIZE [ALPHA] 011

u [XEQ] [ALPHA] CANT [ALPHA] L?
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Keystrokes:
15 [R/S]

30 [EEX] 6 [R/S]
4.7 [R/S]

8 [R/S]

100 [R/S]

0 [R/S]

0 [R/S]

0 [R/S]

0 [R/S]

12 [R/S]

[A]

Display:
E?
I?
a?
P?
b?
w?
c?
M?

X?

Y=-211.8E-6



User Instructions

SIZE: 011
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program (USER mode) [USER]
2 | Begin execution and input data [XEQ] CANT L?
% [R/S] E?
E [R/S] I?
1 [R/S] a?
a [R/S] P?
P [R/S] b?
b [R/S] w?
W [R/S] c?
c [R/S] M?
M [R/S] X?
X [R/S]
3 | Execute desired routine(s)
deflection (Y) [A] Y=
slope (8) [B] =
moment (M) [C] M=
shear (V) [D] V=
4 | For a new point on the beam [E] X?
X [R/S] |

Go to _step 3
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Program Listings

T

ai+«LBL "CHH

az
a3
a4
65
(51
a7y
ag
a9
18
11
12
13
14
15
16
17
15
19
Za
=21
22
23
=4
23
g 23
e
=8
29

ENG 3
= L‘? as
PROMPT
STO a2
(1] E-'? (13
PROMPT
[T I‘?ll
PROMPT
%

STO 1@
" a-‘? L1
PROMFT
5TOa B&
(13 Fh-’? (13
PROMPT
STO 83
(1] b-’?- sx
PROMPT
STO a7y
(1] H-:_\ 1]
PROMPT
5T0 84
(13 C-? L1}
PROMPT
STO @&
(1] M-’? [ 1]
PROMPT
STO as

F8«LEL E

31
32
33
34

" :."’C:? e
PROMPT
STO a8
STOFP

Z5«+LEBL R

36
37
38
39
40
41
42
43
44
45
46
47
45
49
=15

RECL B4
wEQ G4
LAST X
*

CHS

=

sk

FE72 a2
5

RCL 81
ECL B¢

-

I

Al
g
r
=
[y

Initialization

- e = ms = o e = e

deflection

a2
53
549
a5
] o
57
58
59
&8
&1
&2
63
&g
&5
&6
=3
&9
va

-—
T

b ]
[ =

e d
=

74
=
76
vV
78
V9
aa
g1
82
83
e4
g5
g6
88
9
Q@
91

= s

a3
a4
as
=T
a7
as
a9
16@
101

51

i)
- )

ROH ®
- f =)

o

a4

a1




Program Listings

162 + g 153 GTO d
183 & 1S4«LBL C 2 [P --------
184 .~ 155 RCL @& Moment
185 RCL 1@ 156 XER @4

186 ~ 157 RCL ©81

187 =y=- 158 RCL 86

188 GTO d 159 -

169«LBL B - - 168 RCL @3

118 RCL @& slope 161 *

111 XEG @4 162 RCL &7

112 RCL @& 163 XEQ G4

113 2 164 CL¥

114 ~ 165 RCL &1

115 RCL ©1 166 2

116 - 167 ~

117 RCL 83 168 RCL @7

118 * 169 -

119 RCL @1 1780 RCL &1

120 * 171 *

121 RCL B7 172 RCL @&7

122 ¥EG @4 173 ¥t12

122 RDH 174 2

124 RCL B81 175 -~

125 & 176 +

126 -~ 77 RCL @4

127 RCL @7 178 =

128 2 179 -

129 - 188 RCL &g

138 - 1281 XEQ @4

121 RCL B1 182 CLX

132 =* 183 RCL @as

1332 RCL B7 184 ¥<>¥

134 Xtz 185 FS57 @z

135 2 186 +

126 -~ 187 "HM="

137 + 188 GTO d

138 RCL B4 189«LBL B [~ """ -~ -~
139 = 198 RCL 0é& shear
148 RCL &1 191 XEQ B4

141 = 192 @

142 - 192 FS57? 8z

142 RCL 82 194 RCL B3

144 XEG@ @4 195 RCL 87

145 RIHN 196 XEGQ 84

146 RCL @5 197 CL¥

147 RCL @1 198 RCL @1

148 * 199 RCL @7

149 + 268 -

158 RCL 1@ 281 RCL @4

151 ~ 282 *

152 "«="

283

77



78

Program

Listings

264
z2as

[13 '\.‘= "
GTO d

286«LBL G4

287
283
289
218
211
212
213
214
215
216

CF a2z
RCL Q8
STOD 81
mnixY

nE=Y72
STO &1
Al e

SF a2

RTH

217+LBL d

218
219
228
221

ARCL =
AVYIEHW
STar
- END.

Display

30

40

50

51

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS

00 x_ 50 size 011  TOT.REG. 2% ___  USER MODE

x" (a) ENG 3 FIX scl ON _X__OFF

% DEG RAD ____ GRAD

W FLAGS
05 M 55 INIT

a # SIC SET INDICATES CLEAR INDICATES

b 02 X > a X < a

C

temp storage
10 FI 60
15 65
20 70
25 75
30 80
35 85

ASSIGNMENTS
FUNCTION KEY FUNCTION KEY

40 90
45 95

79



CANTILEVER BEAMS HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 44 CIVIL ENGINEERING

W 4 (20 - 27)

ﬂﬂilﬂlﬁillilliﬂill||||I||||I||||||||||I|||||||||||||||I||||I||||||I||||||||||||||||||||||||I||||I|I|III|||||||I||||||||| i |
A

ROW 11 (91 - 1

0

ROW 12 (103 -

A

ROW 13 (111 -

il IIIiiIIII|||||||||||||||||||||||I|| QI

ROW 14 (122 -

15

ROW 16 (144 -

ROW 17 (153 -

||||I|]I|||||I|||||I|I|||||I|I|II||||||II|III|||||||I||I||II|||||||||||||I|||||I|||||||||I||III|I||IIIIIIIIIIIIIII|||||||l|||||||||| v




CANTILEVER BEAMS HEWLETT PACKARD
SOLUTION BOOK:
CIVIL ENGINEERING

ROW 19 (174 - 18

ROW 20 (185 -

ROW 21 (191 -

ROW 24 (218 — 221)

81



BOLT TORQUE

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 o + £ _/cos 8
t +wf ==
1 - ft tan a/cos 6 c 2

T = \/(W/s Ar)2 + (16Tt/1rDr3)2

where:

T is the applied torque;
W is the bolt load;
D is the mean thread diameter;
a is the helix angle of the thread;
f_ is the coefficient of thread friction;
0 is one-half of the thread angle;
is the collar coefficient of friction;
D is the collar diameter;
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.

Note:

The accuracy with which ft and fC are approximated has a significant effect

on the applicability of the resulting computations.



References:

Hall, Holowenko, Laughlin Machine Design, Schaum's Qutline Series,
McGraw-Hill Co., 1961.

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?

D = 0.3344 in = 0.30

m c

a = 3.40° c = 0.8750

£f_=0.15 = (0.2983

t r

8 = 30°
Keystrokes: : Display:
[XEQ] [ALPHA] SIZE [ALPHA] 010
[XEQ] [ALPHA] BOLT [ALPHA] a?
3.4 [R/S] L7
30 [R/S] FI?
0.15 [R/S] DM?
0.3344 [R/S] DC?
0.8750 [R/S] FC?
0.3 [R/S] W?
11,000 [R/S] T?
[R/S] T=1876.03
[XEQ] SHEAR ’ DR?

0.2983 [R/S] TMAX=114,335.98
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User Instructions

SIZE: 010
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program
2 Begin execution and input proper values [XEQ] BOLT a?
(skip over unknown with [R/S]) a [R/S] ?
6 [R/S] FT?
fr [R/S] DM?
D [R/S] DC?
De [R/S] FC?
fc [R/S] W?
W [R/S] T?
T [R/S]
T=
or
W=
3 | To find maximum shear stress [XEQ] SHEAR DR?
D, [R/S]

FRN



Program Listings

T

agls+L Bl. “BOL
g2 FIX 2
a3 “a?"
a4 PROMPT
85 TAHH

A6 STO B2
B? lld?ll
a8 PROMFPT
a9 CoOos

16 STO az
i1 "FT?"
12 PROMPT
1Z STO a1
14 RCL &z
15 -

16 RCL 8=
17 +

18 1

i9 RCL @1
B RCL 83
=1 =*

22 RCL a2
23 -

24 -

25 -

26 STO @81
27 “DM7~
28 PROMFPT
29 2

28 -

321 STO @c
F2 -DCc7?e
3 PROMPT
34 2

35 -

Fe STO 45
Z¥ "FC?z"
F2 PROMPT
39 STO B4
4@ WP
41 PROMPT
42 STO @7
432 CL=X

44 =T2"
4SS PROMPT
46 X=87
47 GTO B
48 STO A&
49«+LBL R
56 RCL @as

Initialization

Common to both
W+ T

Calculate W

S1 RCL B1

52 "RCL @6

S3 *

S4 RCL @4

S5 RCL 85

S6

57 +

58 -

59 STO @7

6@ “H="

61 GTO 85

62+LBL B

€3 RCL B1

64 RCL @6

65 *

66 RCL @4

67 RCL B85

63 *

69 +

78 RCL B7

71 %

72 STO @8

?3 IIT=II

74 GTO B85

7SeLEL
AR~

76 “DR?"

77 PROMPT

78 2

79 PI

ga -~

g1 XY

gz -

83 LASTH

a4 -

85 &

86 LASTH

87 -

28 RCL @1

89 RCL @&

28 *

91 RCL 87

9z *

93 *

94 RCL O7

a5 R-P

96 KXY

97 RDH

23 *

299 ~THMAX="
18@<+LBL 05

Calculate T

Calculate maximum
shear stress

85




Program Listings

l1a1
192
183
144

ARCL X
AV IENW
SToOP
-EHD.

51

10

60

20

70

30

80

40

90

50

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 SiZE 010  TOT. REG. _32 USER MODE
£ ENG FIX —2_ sCI ON oFf _X
cos 6 DEG RAD —_ GRAD
tan a
£
05| p/2 55 INIT FLAGS
d_/2 # __SIC SET INDICATES CLEAR INDICATES
W NONE
T
temp storage
10 60
15 65
20 70
!5 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

87



BOLT TORQUE HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 23 CIVIL ENGINEERING

ROW 1 (1 - 3)
O
ROW 2 (4 - 11)
L
ROW 3 (12 — 24)
L
ROW 4 (25 - 32)
Ot
hRow 5 (32 - 40)
K
ROW 6 (40 - 48)
i
ROW 7 (49 - 60)
O
ROW 8 (60 - 69)
O r
ROW 9 (70 - 75)
O
ROW 10 (75 - 81)
T

ROW 11 (B

2 - 94)

W 12 (95 - 101

RO 01)
iiw 13 (102 - 104)
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the HP-41 programmable
calculator is nearly limitiess. And in order to see the practical side of this potential, HP has different
types of software to help save you time and programming effort. Every one of our software solutions
has been carefully selected to effectively increase your problem-solving potential. Chances are, we
already have the solutions you're looking for.

Application Pacs

To increase the versatility of your HP-41, HP has an extensive library of “Application Pacs”.
These programs transform your HP-41 into a specialized calculator in seconds. Included in these
pacs are detailed manuals with examples, miniature plug-in Application Modules, and keyboard
overlays. Every Application Pac has been designed to extend the capabilities of the HP-41.

You can choose from:

Aviation (Pre-Flight Only) 00041-15018
Clinical Lab 00041-15024
Circuit Analysis 00041-15024
Financial Decisions 00041-15004
Mathematics 00041-15003
Structural Analysis 00041-15021
Surveying 00041-15005
Securities 00041-15026

Users’ Library

Statistics 00041-15002
Stress Analysis 00041-15027
Games 00041-15022
Home Management 00041-15023
Machine Design 00041-15020
Navigation 00041-15017
Real Estate 00041-15016

Thermal and Transport Science 00041-15019

Petroleum Fluids 00041-15039

The Users’ Library provides the best programs from contributors and makes them available to
you. By subscribing to the HP-41 Users’ Library you'll have at your fingertips literally hundreds of
different programs from many different application areas.

*Users’ Library Solutions Books

Hewlett-Packard offers a wide selection of Solutions Books complete with user instructions,
examples, and listings. These solution books will complement our other software offerings and

provide you with a valuable tool for program solutions.

You can choose from:

Business Stat/Marketing/Sales 00041-90094
Home Construction Estimating 00041-90096
Lending, Saving and Leasing 00041-80086
Real Estate 00041-90136
Small Business 00041-90137
Geometry 00041-90084
High-Level Math 00041-90083
Test Statistics 00041-90082
Antennas 00041-90093
Chemical Engineering 00041-90100
Control Systems 00041-90092
Electrical Engineering 00041-90088
Fluid Dynamics and Hydraulics 00041-90139
Games Il 00041-90443

Civil Engineering 00041-90089

Heating, Ventilating & Air Conditioning 00041-90140

Mechanical Engineering 00041-90090
Solar Engineering 00041-90138
Calendars 00041-90145
Cardiac/Pulmonary 00041-90097
Chemistry 00041-90102
Games 00041-90099
Optometry | (General) 00041-90143
Optometry Il (Contact Lens) 00041-90144
Physics 00041-90142
Surveying 00041-90141
Time Module Solutions 00041-90395

*Some books require additional memory modules to accomodate all programs.
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