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Sectn48 library Version 2.0

1. Copyright and disclaimer of warranty

All the files of the Sectn48 library are copyrighted © by C. Lugtmeier. Sectn48 is distributed in
the hope that it will be useful, but THE COPYRIGHT HOLDER PROVIDES THE PROGRAM
“AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT
WILL THE COPYRIGHT HOLDER BE LIABLE TO YOU FOR DAMAGES, INCLUDING
ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM.

This version d Sectn48 is a Giftware release. You may use it as long as you like, but only for
noncommercial purposes and orly as a private person. Permisdon to copy the whade,
unmodfied, Sectn48 library is granted provided that the copies are nat made or distributed for
resale (excepting naminal copying fees) and provided that you include on each copy this
copyright natice and dsclaimer of warranty.

2. Description

The Sectnd8 library is an application for the Hewlett Packard 48G series calculators'. It is
designed to calculate the properties of crosssections.

Sectn48 can calculate almost all the characteristic properties of such a crosssection like the
area, the centre of area, the moment of inertia etc. Sectn48 can do this also for non-solid and
oddy shaped crosssections.

What's more, Sectn48 can even calculate properties of afictional (i.e. dastic) crosssection, that
is, a crosssection composed o two materials. An example of this is a crosssection d a
reinforced concrete beam. This was one of the main reasons for developing the Sectn48 library.
Sectn48 provides all of this through an easy to use interface. Additional features include a built-
in plotter to check the correctness of the geometry of the crosssection and a section wizard?.
Sectn48is completey written in SysRPL.

3. Co-ordinate system and signs

Sectn48 wees an X-Y co-ordinate system where the positive X-direction is to the right and the
positive Y-direction is upwards. Anges are positive counter-clockwise. Below the positive
directions are drawn.

Y

Note:
a Since units are nat supported with arrays on the HP48 you
x have to be careful about the values you enter. The implied
units must be compatible for meaningful results. For instance
if you enter X andY co-ordinates in meters you have to enter
the area® in square meters.

! Please note that you should use version 2.0 only on a G series. Failing to do so could result in a
“Memory Lost” event.

2 Only avail ablein version 2.0W

3 Used for fictional crosssedion calculations.
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4. QOverview

The Sectn48 library menu corsists of seven commands. These commands will be eplained
shortly below.

e S&FECT Calculates properties of a crosssection

« ESECT Calculates properties of an fictional (i.e. dastic) crosssection
e SSRT Plots the crosssection

« ESAT Plots thefictional (i.e. dastic) crosssection

« WZRDmM! Provides wizards for “standard sections”

e CFGRm Gives the Sectn48 corfiguration gotions

e ABOUTSectn48 The about screen with the version rumber

The (SJE)SECT and (S/E)SALT commands take their arguments from the stack in the form of
real arrays and real numbers.

The basic idea is to describe a crosssection with a 2-column matrix where the first column
contains the X-co-ordinates and the second column contains the Y-co-ordinates. The co-
ordinates should describe a closed polyline.

For the calculation d properties of fictional crosssections additional information is required.
This dould be provided in the form of the ratio of some material property and an array with X
and Y co-ordinates and the precise area of the second material at this point.

5. Command reference

SECT

Standard sedion command: The SSECT command calculates properties of a crosssection.

Levd 1 - Leve 20 Leve 19 Leved 1

[[matrix]] s - [[matrix]] s A o’

Affeded by Flags:
Usarflag40  clear: resultsto stack

st enter browser, only marked results to stack
Userflag43  clear: condensed autput

set: comprehensive output

Output:
With Userflag 43 s, the calculated properties are (from level 19to leve 1):

In the main x,y co-ordinate system ( reference point: (0,0) )

A : area

Xc : x-co-ordinate of “centre of area”

Yc : y-co-ordinate of “ centre of area’

SX : Static moment of area ( reference; X-axis)

Sy : Static moment of area ( reference; Y-axis)

IX : Moment of inertia ( reference: X-axis)

ly : Moment of inertia ( reference: Y-axis)

Ip : Polar moment of inertia ( reference point: (0,0) )

* Only avail ablein the 2.0W version.

C. Lugtmeier © 2000 4




Sectn48 library Version 2.0

Ixy : Centrifugal moment of inertia ( reference: X and Y-axis)

11 : Main moment of inertia ( reference: X or Y-axis rotated over a )

12 : Main moment of inertia ( reference: X or Y-axis rotated over a )

a : Ange of rotated (from X and Y axis) co-ordinate system for main moments
of inertia

In the translated X' ,y’ co-ordinate system ( reference point: (Xc,Yc) )

IX’ : Moment of inertia ( reference: X'-axis)

ly’ : Moment of inertia ( reference Y'-axis)

Ip’ : Polar moment of inertia ( reference point: (Xc,Yc) )

IXy Centrifugal moment of inertia ( reference X' and Y'-axis)

11 : Main moment of inertia ( reference: X' or Y’ -axis rotated over ' )

12 : Main moment of inertia ( reference: X' or Y'-axis rotated over o’ )

a’ Ange of rotated (from X’ and 'Y’ axis) co-ordinate system for main moments
of inertia

Note that thetag of 11 and 11’ (when necessary) will be enhanced by an indcator:

X (reference is X-axis), Y (referenceis Y-axis), 1Q (reference is axis in first quadrant, rotated
over a (or o’) from X-axis) or 2Q (reference is axis in second guadrant, rotated over a (or a’)
from Y-axis).

With Userflag 43 clear, the calculated properties are (from level 5to leve 1):

In the main x,y co-ordinate system ( reference point: (0,0) )

A : area

Xc : x-co-ordinate of “centre of area”

Yc : y-co-ordinate of “ centre of area’

In the trandlated X'y’ co-ordinate system ( reference point: (Xc,Yc) )
IX’ : Moment of inertia ( reference: X'-axis)

ly’ : Moment of inertia ( reference Y'-axis)

Remarks:

The [[matriX]]s is a {n 2} real matrix with column 1 as x-co-ordinates and column 2 as y-co-
ordinates where the co-ordinates sould describe a closed polyline (first row of [[matrix]]s
equals last row of [[ matrix]]s). The [[matrix]]s should have at least 3 rows (n = 3).

Positive area is described counter-clockwise, negative area is described clockwise. This can be
used to calculate the properties of non-solid crosssections (see Exampl es).

ESECT

Imaginary sedion command: The ESECT command calculates properties of a fictional (i.e.
dastic) crosssection. This crosssection corsists of two (1) materials. An example would be a
crosssection d a reinforced concrete beam. Note that by the nature of the calculation the area
of the second material should be small compared to that of the main material (see Theory). It is
also understood that the second material is enclosed by the main material (n-1 in formulas, see
Theory). The ESECT command uses the SSECT command internally.

Leve 3 Leve 2 Leve 1 -

n [matrix]]me  [[matrix]]s -

Level 10 Leve 9 Level 8 Leve 7 Leve 1
n [[matrix]] e [[Matrix]]s Ai . ly'i
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Affeded by Flags:
Usarflag40  clear: resultsto stack

st enter browser, only marked results to stack
Usearflag43  clear: condensed autput

set: comprehensive output

Output:
With Userflag 43 s, the calculated properties are (from levd 7 to levd 1):

In the main x,y co-ordinate system ( reference point: (0,0) )

Ali : fictional area

Xci : fictional x-co-ordinate of “centre of area”

Yci : fictional y-co-ordinate of “ centre of area’

Ixi : fictional moment of inertia ( reference: X-axis)

lyi : fictional moment of inertia ( reference: Y-axis)

In the trandlated X'y’ co-ordinate system ( reference point: (Xci,Yci) )
IX'i : fictional moment of inertia ( reference: X'-axis)

ly'i : fictional moment of inertia ( reference Y'-axis)

With Userflag 43 clear, the calculated properties are (from leve 5toleve 1):

In the main x,y co-ordinate system ( reference point: (0,0) )

Al : fictional area

Xci : fictional x-co-ordinate of “centre of area”

Yci : fictional y-co-ordinate of “ centre of area’

In the trandlated X',y’ co-ordinate system ( reference point: (Xci,Yci) )
IX'i : fictional moment of inertia ( reference: X'-axis)

ly'i : fictional moment of inertia ( reference Y'-axis)
Remarks:

n is the ratio between the material properties of the second material (i.e. sted reinforcement
bars) and the main material (i.e. concrete). For dastic aosssections this material property
would be the modulus of dasticity (i.e. Ne = Egea/Ecor)-

The [[matrix]] . is a {n 3} real matrix with column 1 as x-co-ordinates, column 2 as y-co-
ordinates and column 3 the areas of the second material. The [[matrix]] > can have any number
of rows (n=1).

The [[matriX]]s is a {n 2} real matrix with column 1 as x-co-ordinates and column 2 as y-co-
ordinates where the co-ordinates sould describe a closed polyline (first row of [[matrix]]s
equals last row of [[ matrix]]s). The [[matrix]]s should have at least 3 rows (n = 3).

Positive area is described counter-clockwise, negative area is described clockwise. This can be
used to calculate the properties of non-solid crosssections (see Exampl es).

SSPLT

Standard sedion plot command: The SSR.T command plots the polyline of a crosssection.

Leved 1 - Levd 1

[matrix]]s - [[matrix]]s
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Affeded by Flags:
Userflag4l  clear: nomal plot
set: plot is rotated 90 degrees clockwise
Usarflag42  clear: plot only to ABUFF (stack grab)
set: plot to ABUFFand PICT

Remarks:

After plotting the program waits for a keystroke to resume the normal stack display, the only
exceptionis the OFF key (rightshift ON).

The [[matriX]]s is a {n 2} real matrix with column 1 as x-co-ordinates and column 2 as y-co-
ordinates where the co-ordinates sould describe a closed polyline (first row of [[matrix]]s
equals last row of [[ matrix]]s). The [[matrix]]s should have at least 3 rows (n = 3).

Positive area is described counter-clockwise, negative area is described clockwise. This can be
used to calculate the properties of non-solid crosssections (see Exampl es).

ESPLT
Imaginary sedion plot command: The ESALT command plots a fictional (i.e. éastic) cross

section. This crosssection consists of two (1) materials. An example would be a crosssection d
areinforced concrete beam. The secondmaterial is plotted as a cross

Level 2 Level 1 - Level 2 Level 1

[matrix]lme  [[matrix]]s - [[matriX]Ime  [[matrix]]s

Affeded by Flags:
Userflag4l  clear: nomal plot
set: plot is rotated 90 degrees clockwise
Usearflag42  clear: plot only to ABUFF (stack grab)
set: plot to ABUFFand PICT

Remarks:

After plotting the program waits for a keystroke to resume the normal stack display, the only
exceptionis the OFF key (rightshift ON).

The [[matrix]] . is a {n 3} real matrix with column 1 as x-co-ordinates, column 2 as y-co-
ordinates and column 3 the areas of the second material. The [[matrix]] .» can have any number
of rows (n=1).

The [[matriX]]s is a {n 2} real matrix with column 1 as x-co-ordinates and column 2 as y-co-
ordinates where the co-ordinates sould describe a closed polyline (first row of [[matrix]]s
equals last row of [[matrix]]s). The [[matrix]]s should have at least 3 rows (n = 3). Positive area
is described counter-clockwise, negative area is described clockwise.

WZRDm

Wizard menu: The WZRDm command provides an easy menu-based interface to assemble
“standard sections’.

Leved 1 - Leved 1
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Affeded by Flags:
No

Usage:
Currently the WZRDm menu provides wizards for the foll owing types of sections:
» Triange

* Rectange

» Rectangular box

* Trapezoid

» Circle (approx)
e Circular ring (approx)
 Ange

e Channd

e T-beam

e |-beam

Remarks:

Since the WZRDm menu provides grob menulabels the section wizards are easily recogrised.
The menukeys of the WZRDm menu provide threetypes of actions: unshifted, |eft-shifted and
right-shifted. These actions are explained below:

Keypress
Action;

Unshifted L eft-shifted  Right-shifted
Runwizard | SSECT SSRT

CFGRmM

Configuration menu: The CFGRm command provides an easy menu-based interface to modfy
the behaviour of the SSEECT, ESECT, SSR.T and ESALT commands.

Levd 1 - Leved 1

—

Affeded by Flags:
No, however it affects flags (Userflag 40,41,42 and 43)

Usage:
The CFGRm menu provides four menukeys which can be togded on o off. The state of the
menulabd s will be explained below.

CMPR Userflag 43 set: Userflag 43 clear:
comprehensive output | condensed autput
BRWS Userflag 40 set: Userflag 40 clear:
browse results results to stack
ROT Userflag 41 set: Userflag 41 clear:
rotate plot default plot
-PICT Userflag 42 set: Userflag 42 clear:
export plot to PICT plot only to stack
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ABOUT Sedn48

About command: The ABOUT Sectn48 command shows the about message of the Sectn48
library.

Levd 1 - Leved 1

—

Affeded by Flags:
No

Remarks:
The current version, year of production and the name of the authar are shown.

6. Theory

Underneath a couple of formulas are shown which are used to describe the properties of a
fictional crosssection, used by the ESECT command (the ones used for the SSECT command
can be found in most textbooks). Note that all the properties of the second material are marked
by: mo.

Ai = A+(n—1)DZA112

i = XcDA+(n—1)F§A“2D(m2 Yci:ch+(n_l)_E§ A, Yoo
Ai Ai

IXi = Ix+(n-) 0y A, K, lyi =ly+(n-) 0y A, X,

IX'i = Ixi — Ai [Yci? ly'i = lyi — Ai DXci?
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7. Examples

In the next section some examples are provided to famili arise you with the Sectn48 library.

Example 1
Below an example of an |-profileis own.

Y
280 IS | 7
f
40
i
9 10 5 6
[
[
=40 300 |
[
\
12 1L 4 3
f
40
: - -

1/13 2
I

To calculate the properties of this crosssection yau have to enter the X and Y co-ordinates of
the crosssection. Since the area is positive you have to work counter-clockwise. | have chosen
the intersection d the X and Y axis on the bottom left of the crosssection. This is entirdy free
however a reasonable chaice lightens the work!

In this example | start from point 1 (and finish there also). This is also free(l could have started
at point 8, but then would have had to finish there).

Having agread onall this, you have to enter the following ({13 2 sized) array onthe HP48:

[ [ O O] [ 280 0] [ 280 40] [ 160 40 ] [ 160 260 ]
[ 280 260 ] [ 280 300 ] [ 0300] [ 0260 ] [ 120 260 ]
[ 120 40] [ 0 40] [ O 07 ]

With this array onleve 1 of the stack you can execute the SSECT command and, depending on
your version d the library and its current corfiguration, after a slight pause you will either enter
a browser ( a screen-wide chocse box), seethe output displayed online 1 to 7 or just seethe
tagged results appear on the stack.

If you want to check the geometry of the entered crosssection yau can execute the SSRLT
command.

C. Lugtmeier © 2000 10
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Example 2

This example shows the necessary input for the calculation d the dastic properties of a post-
stressed concrete T-beam. This T-beam is drawn below with the dimensions in milli metres.

4 “ 4 4 2 <7 -
7 4 < o
4
) 1
4
Z
4
2007 =
4
Aﬂ
4 4
<
g @
AA . o
Y Ap=3x1200 mm 2 « |
o000 .
X o | L4 ®

To calculate the properties of the dastic aosssection we have to knav the modulus of dasticity
of the concrete and the sted. For this example we take Egeq = 2.010° [MPa] and Egyee =
33500[MP4]. Thus the value of n, is 2.0+10° / 33500= 5.97.

If we eter everything in meters we have to knowv A, in meters too. So, 31200 [mnT] equals
3*.0012[n7].

Theinput for the ESECT commandis:

Leve 3:

5.97

Leve 2:

[ [ .4 .08 .0012 ] [ .5.08 .0012 ] [ .6 .08 .0012 7 1]
Leve 1:

[ [ .250]1 [ . 7501 [ .75 .21 ] .6 .35] [ .6 1.05]
[ 11.05] [ 121221021221 [ 0121.2]1 1 01.05]
[ 410510 .4.3517[ .25.2]1 [ .25017] 1]

The same input can be used for the ESALT command (although there is no level 3 argument
needed).
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Example 3

This example shows the necessary input for the calculation d the dastic properties of a non
solid pre-stressed concrete beam. This pre-stressed concrete beam is drawn below with the
dimensions in milli metres.

+ S

N
5010

261

14410
24510

a 361

3510
271

et
< 4 =)
< ©
Aq
pal < ’

11810
X \ |

Cenfer of presfressing steel

To calculate the properties of the dastic aosssection we have to knav the modulus of dasticity
of the concrete and the sted. For this example we take Egeq = 2.010° [MPa] and Egyee =
33500[MP4]. Thus the value of n, is 2.0*10° / 33500= 5.97.

If we enter everything in meters we have to know A, in meters too. So, let us sy that A, is
18900[mnT] equals 0.0189[ 7.

Theinput for the ESECT commandis:

Leve 3:

5.97

Leve 2:

[ [ -59 .27 .0189 ] ]

Leve 1:

[ [ OO0] [ 1.18 0] [ 1.18 2.45 ] [ 02.45]1 [ 0 0]
[ .26 .43 ] [ .26 1.87 ] [ .34 1.95]1 [ .74 1.95 ]
[ .82 1.87 ] [ .82 .43 ] [ .74 .35 ] [ .34 .35 ]

[ .26 .43 ] [ 0017 ]

For the levdl 1 argument you have to remember that positive area is described counter-

clockwise, negative area clockwise. The same input can be used for the ESALT command
(althoughthereis noleve 3 argument neeaded).
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A. Installation

The Sectn48 library can be installed in any available port on the calculator. However, it works
fastest from a nonrcovered port (port 0 or 1). To install the Sectn48 library on yaur calculator do
the following;

» Transfer thelibrary to yaur calculator and place the library onthe stack

» Placethe port number you wish to store thelibrary in onthe stack

* Pressthe STO button

» Warmstart the calculator (press ON and C simultaneously) or shut it off and then turn it on
again

*  Purgethevariable which till contains the library

If any o this gives you problems you should read the HP manual!

B. Characteristics

Sedn48 Description

Version 2.0/2.0W
Library number 1600(decimal)
Size (bytes) 57045 (2.0
8828(2.0W)
Checksum #1082 (2.0)
#2238@l (2.0W)
Systemflagsused | nore
Userflags used 40,41,42,43
Language used Sys-RPL

C. Author

C. Lugtmeier

The Netherlands
c.lugtmeer@hcenet.nl
http://home.hcenet.nl/c.lugtmeier
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