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USER FLAGS

Flag 00 clear Full output, with intermediate
results

set Shortened format to save time

Flag 01 clear COGO programs use North, East
set COGO programs use X, Y

Flag 02 clear BEEP and TONE warnings disabled
set BEEP and TONEs enabled

(in subroutine S)

Flag 03 clear Geometry programs use angles in
decimal degrees (dd)

set Geometry programs use angles in
Degrees-Minutes-Seconds (DMS)

Flag 04 clear Structural programs follow AASHTO
set Structural programs use ACI/AISC/NDS

DOCUMENTATION

Documentation for most programs follows this pattern:

1) OVERVIEW Details softkey and flag use, SIZE require-
ments, input explanation, and other quick
reference information. For use once the
user has become familiar with the program.

2) EXPLANATION In-depth documentation of how the program
works. Explains the program's features,
methods, assumptions, and limitations.

3) EXAMPLES Hand-worked examples to show how the program
works and how it is used.

4) LISTING A program listing with the stack configura-
tion traced through every step, for a deeper
look at the program.

SECTIONS OF THIS MANUAL

Part A (yellow) Contents; Introductory Material

Part B (white) Geometry Programs

Part C (yellow) Utility Programs and Routines

Part D (white) Structural Programs



NOTICE

These programs and their documentation are computa-
tional aids only. They are not intended as a sub-
stitute for professional judgement and cannot be used
as such. It must be emphasized that engineering cal-
culations involve assumptions allowing the engineer to
treat real situations as mathematical problems. These
programs do not "solve" real situations; they solve
mathematical problems. The correlation between the as-
sumptions made and the real situation must be judged by
a competent qualified professional, and the results ac-
corded only as much value as the initial assumptions
merit.

As much as possible, these programs follow accepted
practice in the profession; and every effort has been
made to verify their correctness. However, the seller
makes no express or implied warranty of any kind con-
cerning these programs or their documentation, includ-
ing the sample calculations included. Anyone making
use of these programs or the material in this documen-
tation does so at his or her own risk and assumes any
and all liability resulting from such use.
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LIST OF LABELS

This is a list of all the global alpha labels in the
module, in the order of a CAT 2 listing, with the num-
ber of bytes necessary to copy the program to main
memory (RAM). The labels with the byte counts follow-
ing them are the first label of that program; i.e. line
number 0l. Parentheses indicate subroutines which are
probably not useful as stand-alone programs.

LABEL BYTES DESCRIPTION

PAGE 1

CHC 515 Horizontal curve routine for coor
dinate geometry (COGO)

HC Horizontal curve program
STOR 1186 Stores coordinate points (COGO)
INV Finds the distance and azimuth

between two points
DUP ' Duplicates points (copies to other

point numbers)
ANGL Finds the angle subtended by two

points about a third
LLI Sets a point a given distance along

a line defined by two other points
PART Sets a point part way along a line

defined by two other points
(XY) Returns the difference in X and Y

of two pts.
(FS) Appends _SQ' (square feet) to alpha
(FT) Appends ' (feet) to alpha
DUMP Dumps (lists) coordinates of

desired points
OFPT Finds the offset of a point from a

line defined by two other points
OFAZ/OFBR Finds the offset of a point from a

line defined by a point and an
azimuth/bearing

IAZ/IBR Intersect two lines, each defined
by a point and an azimuth/bearing

(SP) An internal routine to store points
IPT Intersect two lines, each defined

by two points
PRL Set two points defining a line

parallel to a line defined by two
other points

LAN Set a point by backsight angle and
distance

LAZ/LBR Set a point by azimuth/bearing and
distance

(BAa) Convert bearing (angle,quadrant) to
azimuth

ADJ Adjust a traverse by compass rule
(P) Returns the coordinates of a point

1



ARCS 838

APT

AAZ/ABR

(PM)

EXTAN/INTAN

PTAN

C3P
ATRV

ATVA

AFRC

FREE
AREA 209

(VC*) 868
vC

STA

SCOL 385
(SFa)

POB

Intersect two arcs (distance
distance)
Intersect an arc with a line
defined by two points
Intersect an arc with a line
defined by a point and an
azimuth/bearing
An internal routine used to choose
between two possible solutions for
arc routines
Finds point of external/internal
tangency for two circles
Finds point of tangency of a line
through a point to a circle
Circle through three points
Traverse along an arc by arc
distance
Traverse along an arc by angle
subtended
Traverse along an arc, a fraction
of its subtended angle
List of free (unused) point numbers
Finds the area bounded by
coordinate points
"Port of entry" to v. c. routines
Elevations along a vertical curve
across a skewed,crowned or
superelevated bridge deck
Stations along a vertical curve
at a given elevation
Steel column analysis (axial only)
Steel column allowable stress
subroutine
Coordinate geometry stationing
along aline
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BWT

(S)

(AX)

(N)

(Fc)
(Mc)

(U)

(AS)
(IS)

(IN)
(R)
(K)
(KS)
(M=)
(FK)
(M)
QUAD

(Q)

(L)
(LL)
(NO)
(L*)
(CL)

(BD)

(W)
(AA)

(OK)
NEO

WBM
WCOL

(WFc)
PLG

(V)
(PV)
(SFDb)

184

722

683

663

1700

Reinforcing bar weight
calculation/summation
Set-up routine: SIZE check, title
block, etc.
Appends the integer part of the X
register to ALPHA without disturb-
ing the stack
Prompts for reinforcing stress
and concrete strength
Prompts for concrete strength
Figures concrete cracking moment
and reinforcing
Calculates reinforcing by ultimate
strength methods
Displays area of steel
Appends _SQ" (square inches) to
contents of ALPHA register
Appends " (inches) to ALPHA
Calculates minimum reinforcing
Appends "STRS=....KSI" to ALPHA
Appends "=.,...KSI" to ALPHA
Moment display
Appends "_'K" (foot-kips) to ALPHA
Moment prompt routine
Quadratic equation solution-prompts
A, B, C
Quadratic equation solution with C,
B, A in stack
Short underline
Long underline
Appends "number" sign (#) to alpha
Line of asterisks
Long line of any user-input charac-
ter or string
Prompts for B" and D" (dimensions
in inches)
WSD/LFD prompt and set-up routine
AASHTO/ACI (AISC, NDS) display and
set-up
Displays OK or NG (no good)
Elastomeric (neoprene) bearing pad
analysis
Wood beam analysis
Wood column and beam-column
analysis
Wood compressive stress routine
Plate girder analysis
Viewing subroutine
Print-or-view subroutine
Unbraced-length bending stress
subroutine
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LFAN

Ic

WSBM
LFBM
CORBL
VST
(VS)
COMP

BM
(SBM)

(AY)

(FY)
FIS

FIS+
FIS-
FTd

IP
ST
(RH)

1159

713

260

1449

158

185

Ultimate strength (load factor)
concrete beam analysis
Working stress concrete beam
analysis
Working stress concrete beam design
Load factor concrete beam design
WSD or LFD concrete corbel design
Concrete shear design
Concrete shear design subroutine
Composite steel-concrete beam
analysis
I-beam section properties
I-beam section properties
subroutine
I-beam section properties
subroutine
Prompts steel yield stress
Decimal feet to Feet-Inches
Sixteenths
Feet-inches-sixteenths addition
Feet-inches-sixteenths subtraction
Feet-inches-sixteenths to decimal
feet
Interpolation
Storage register review
Reinforcing ratio check
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FTG

SHFTG
YZ
YT
ZT
RP
PR
FI
Sss
ASA
SARA
SAS
SSA
(Dd)

(Pd)
PIER
352
383
T4
T3
251
T2
co
SI
TA
ACO
ASI
ATA
cv
BC

SV
SSD
RW

LPT
PYR
Pl
P2
PP

AT

714

324
463

789
459

364

748

88

62

Footing analysis under biaxial
loads
Short footing analysis program
Stack manipulation: Y<>Z
Stack manipulation: Y<>T
Stack manipulation: Z<>T
Rectangular-to-polar for flag 03
Polar-to-rectangular for flag 03
PPC ROM financial analysis program
Triangle solution: side-side-side
Triangle solution: angle-side-angle
Triangle solution: side-angle-angle
Triangle solution: side-angle-side
Triangle solution: side-side-angle
Display degrees according to flag
03 convention
Prompt degrees by flag 03
AASHTO pier loads
Type 3S2 truck moment
Type 3S3 truck moment
Type T4 truck moment
Type T3 truck moment
Type 2S1 (HS20) truck moment
Type T2 truck moment
Cosine function for flag 03
Sine function for flag 03
Tangent function for flag 03
Arc-cosine for flag 03
Arc-sine for flag 03
Arc-tan for flag 03
PPC ROM curve-fitting program
PPC ROM block register-clearing
routine
PPC ROM"solve" program for F(x)=0
Stopping-sight-distance vert. curve
Retaining wall loads
Reinf. concrete WSD constants K, J
COGO: Locate by bearing thru points
Avg. area for truncated pyramid vol
Append " (" to Alpha
Append ")" to Alpha
Append " -" to Alpha
Append Greek letter mu (u) to Alpha
Append "@" (at) to Alpha
Append "&" (ampersand) to Alpha



FOREWORD

A few notes on the use of this module and its

documentation:

Starting with the basics, most programs are accessed
by keying XEQ, (alpha), "Program Title," (alpha); then
just answer the prompts. Exceptions to this are noted
in the individual program's documentation, and are
usually one of two types: some programs require input
with softkeys (e.g. HC, the horizontal curve program);
and some are written to be used as functions or sub-
routines, requiring input in the stack or specified
registers. Again, see the program's documentation. Do
NOT use the ENTER key unless directed to by an upward
arrow (A), which occur in prompts for multiple items of
input (used mostly by the coordinate geometry
routines); Jjust key in the number and hit R/S. Al-
though it was avoided as much as possible, some prompt
sequences require values in the stack above the input
value; hitting ENTER/ changes the necessary stack or-
ganization. Consult the program listings for more in-
formation.

SOFTKEYS

People who have used HP software on the HP-41, and
especially on the HP-97, will notice a difference in
the way softkeys are used in this module's programs.
(Softkeys are the top two rows of keys, A-J, and the
shifted top row, a-e, which in USER mode access local
alpha labels (A-J and a-e) in the program the user is
in.) On the HP-97, input was accomplished by keying in
a number, pushing a softkey, keying in the next input,
pushing another softkey, and so on. In most of these
programs, instead, pressing a softkey brings the
program to a given point. in the input sequence; it
brings up a prompt for the input rather than processing
the (already keyed-in) input directly. This method was
chosen because of the uncertainty of blindly pushing
softkeys. The tradeoff is that the softkeys are
slightly faster once gotten used to. Exceptions to
this idea are programs HC, the PPC ROM routines FI and
Cv, and the "function" routines (CO, SI, FIS, etc.) A
few programs (SSD and the triangle solution routines)
can be used either way.

FLAGS

The use and understanding of flags, especially flags
00 through 04 (hereinafter called "user flags") is es-
sential to the operation of these programs. Please
take the time to read the short section following on
flags. If you don't know what flags are or how to use
them, please consult your HP-41] Owner's Manual.
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DISCLAIMER

Please read and understand the disclaimer on a
preceding page. Using these programs and their
documentation as a learning aid is fine; using them as
a sole source of knowledge is not fine at all. And
using them to replace engineering knowledge and judge-
ment is criminal.

DOCUMENTATION

Documentation for most programs starts with an
"overview" sheet detailing softkey and flag usage, SIZE
requirements, and a brief explanation of input. This
is intended as a review and reference sheet once the
user is familiar with the program. To get familiar
with the program, read the full documentation and
worked examples which follow. For a really thorough
knowledge of the program, consult the listing and stack
trace. Documentation for programs which are intended
for use as functions or subroutines may deviate from
this standard.

SYNTHETIC PROGRAMMING

The user may notice a few unfamiliar symbols and
commands in the program listings, prompts, and output.
An understanding of these is not necessary to use the
program, but for the curious, see the section
"Synthetic Programming and Loose Ends."

THE PROBLEM with COMPUTERS

Finally, a plug. Studies of people using computers
have noted four major problems. First, many people
panic when first using new programs or machines.
Second, many people, even experienced users, feel a
loss of control. The computer often seems to be run-
ning things; the user can see no flow of progress in a
task, cannot change his or her mind, and is shown no
mercy for input mistakes. Third, there is often com-
placency on the part of the user over the quality of
the work being done because of boredom and the feeling
that the computer is doing the work while the user only
tends the machine. And fourth, there is a loss of
ability to do the work "the old-fashioned way", by
hand, due to simple loss of practice. These problems
have had an influence on the writing of this module;
the programs have been written to help engineers solve
problems, not to do it for them. An attempt was made
to keep the user informed of the flow of the solution
through the display of intermediate results as in hand
calculations, and by the use of units on most prompts
and output. The user has control of the programs
through the simple power of the R/S key to stop an er-
rant run, and softkey-accessible prompt sequences to
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correct and restart it. Hopefully the combination of
units on prompts and output, the documentation, worked
example calculations, and stack-traced program listings
will work to eliminate most of the confusion and keep
the user abreast of the method of solution. And almost
any program (with the exception of AX, AY, and the
neutral axis iteration portion of WSBM) can be traced
by single-stepping through it.



FLAGS

Of the fifty-six flags in the HP-41 operating sys-
tem, only the first thirty or so are accessible to the
user. Of these, flags 11 through 17 and 21 through 29
have specific meanings or functions in certain situa-
tions or with certain peripherals, and flags 18 through
20 may have on future peripherals. Flags 00 through 10
are reserved for use in users' programs; flags 18
through 20 can usually also be used.

"USER'" FLAGS

The status of flags 00 through 04 is always shown in
the display; for this reason these flags are used by
this module as mode-control or "User" flags. Typically
the user will set these as desired and then pretty much
leave them alone, Jjust verifying their status at the
beginning of each run. The programs in this module
refer to flags 00 through 04 constantly but they never
change these flags. However, other programs (either
plug-in modules or the user's programs) may alter then,
so they should be checked at each use. The modes con-
trolled by these flags are:

Flag 00 clear Full output, with intermediate
results

set Shortened format to save time

Flag 01 clear Coord. geometry programs use
North, East

set Coordinate geometry programs
use X, Y

Flag 02 clear BEEP and TONEs (e.g. warnings)
disabled in subroutine "S"

set BEEP and TONEs enabled

Flag 03 Cclear Geometry programs use angles
in decimal degrees (dd)

set Geometry programs use
Degrees-Minutes-Seconds (DMS)

Flag 04 clear Structural programs follow
AASHTO

set Structural programs follow
ACI/AISC/NDS

Flags 05 through 10, 14, 18 through 22, 25 through
27, and 29 are used by many of the programs. These
flags are set and cleared as needed by the programs;
the user does not need to worry about their status
(with the exception of flags 21 and 25--see below) as
the programs control it. Flag 14 is used for just ‘one
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thing by this module, and flags 06 and 07 are usually
used for only one purpose. Flags 21 through 27 and 29
are used for their stated purpose as given in the HP-41
Oowner's Handbook. For the convenience of users trying
to trace a program, their functions are:

Flag 06 clear WSD (Working Stress Design)
set LFD (Load Factor or Ultimate

Strength Design methods)

Flag 07 clear "OK" in routine OK
set "NG" (no good) in routine OK

Flag 14 clear Functions L and LL print a
line (===--- )

set L and LL print a line of
asterisks (**%*)

Note that flag 14 also has the function of control-
ling card-reader over-write. As used by these programs
it is cleared almost immediately after being set.
However, if a card reader is being used there is a risk
if the user single-steps through the SF 14 command but
stops before the FS?C 14 command which clears it a few
steps later.

Flag 21 Set in subroutine S to control
the display (stops at AVIEW).
If calculator is turned off
and then back on again, flag
21 must be set manually to
resume without XEQ'ing the
program from the beginning.
If there is a printer con-
nected and on, this can be
neglected.

Flag 22 clear There has been no numeric
input since cleared

set There has been numeric input

Flag 25 clear Normal operation :
set Error ignore-clear as soon as

not needed

Flag 26 clear BEEP and TONEs disabled
set BEEP and TONEs enabled

Flag 27 clear Normal mode
set USER mode-softkeys and key

assignments active

Flag 29 clear Commas and decimal points not
displayed

set Commas and decimal points are
displayed
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SYNTHETIC PROGRAMMING AND OTHER LOOSE ENDS

This section will try to explain some of the mys-
teries of the programming in this package, and pull a
few odds and ends of the module together. It probably
should have been called "Loose Ends and Synthetic
Programming", because the loose ends will be attempted
first.

"BYPASSING'"APROMPT

First, a word used often in the documentation:
"bypass." To bypass a prompt means to press the R/S
(run/stop) key and thus continue without keying in a
number or answering a prompt. Many prompts have
default values which are used if the prompt is
bypassed; consult the "Input Summary" section of each
program's documentation. To check the default, backar-
row the prompt. R/S may still be pressed to continue.

YES/NO PROMPTS

Most prompts in these programs ask for numerical
input; some, however, require a "yes" or "no" answer to
a question. This is explained in each program's Input
Summary section. These programs use a simple
convention: key in 1 for "yes", O (zero) for "no".

NUMERIC INPUT

When keying in a number in response to a prompt,
simply key it in and press R/S (or the appropriate
softkey for a few programs, e.g. HC and SSD). Do not
use the Enterf/ key unless directed to by an upward ar-
row (#) in the prompt. Although it was avoided as much
as possible, some input sequences require values in the
stack above the input; hitting Enter4d alters this stack
organization. The coordinate geometry programs typi-
cally require multiple input; a tradeoff was made for
increased speed and convenience at the cost of in-
creased concentration needed to avoid errors.

SOFTKEYS

Softkeys are the top two rows of keys, and the top
row shifted, when USER mode is on. These are labelled
A through J and a through e; When pressed (in USER
mode), they try to find and execute a label of the same
letter within the program that the calculator is cur-
rently set to. 1In order to use these keys, it is use-
ful to understand the hierarchy the calculator follows
when a softkey is pressed. First, it checks to see if
a function or program has been assigned to the key. If
not, the calculator looks for the corresponding local
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alpha label within the current program. If it finds
the label it starts running the program there; if not
it executes the function that the key would have ex-
ecuted right away if not in USER mode. If the key
wasn't a softkey, the second step is skipped. To
summarize:

1) Key assignment
2) Local alpha label
3) Native function

There are a couple of things to be learned from this
long-winded discussion. One, it's not a good idea to
assign functions or programs to the top two rows of
keys because they can't function as softkeys; and two,
if trying to execute a native function in USER mode,
the search process is maddeningly slow. Turn off USER
or assign the function to its own key (yes,
contradictions).

LABELS

Having explained everything there is to know about
softkey hierarchy, on to 1labels. Labels too have a
hierarchy, easy to remember: CAT 1, CAT 2, CAT 3.
When the user executes a label from the keyboard (i.e.
by spelling it out), the calculator looks for it first
in Catalog 1 (user-written programs), then Catalog 2
(programs in ROM, such as this module), then Catalog 3
(native HP-41 functions). This 1is useful because a
program can be copied down into Main Memory (RAM) from
ROM and tailored to the user's wishes (needless to say,
at some risk of introducing bugs). Then when executed,
the calculator finds and runs the altered version in
RAM rather than its predecessor in ROM. It also means
that a program in either RAM or ROM can have the same
label as a native function, and still be found and ex-
ecuted.

INITIALIZATION SUBROUTINE 'St

Most of the programs use subroutine "S" to initial-
ize the calculator. Among other things, it sets flag
21 for display control, checks the SIZE required, sets
flag 26 according to the status of flag 02 to silence
or enable BEEPs, and sets the trig mode to DEG. If a
printer is attached, "S" also prints a header with the
time and date (if a Time Module is present) and gives
the opportunity to print a title, which is limited to
24 characters. The time/date line works best with the
display set to FIX 4 or less. For keying the title,
"S" turns Alpha mode on and then off again; simply key
in the title and press R/S. The title may, of course,
be bypassed.



XROM vs. XE

There may be some confusion about the appearance of
XROM instead of XEQ in program listings. XROM means
"execute from ROM" (Read Only Memory, i.e. plug-in
modules) . Many of the programs in this module may be
used as subroutines 1in users' programs. They are en-
tered into a program using the XEQ key, Jjust as for a
native HP-41 function or a user-written subroutine.
The label type can be told by how it looks in a program
listing:

23 COs Execute native HP-41 Cosine
function

24 XEQ "“cos" Execute user program COS from Main
Memory

25 XROM "COS" Execute program COS from ROM

Some program listings in this documentation contain
both XEQ and XROM statements. This is due to the revi-
sion process; XEQ statements have been revised since
the first version of this software was published.
However, all these (printed) global XEQ statements were
changed during the module manufacturing process and
should now (hopefully) list as XROM.

LOGIC SEQUENCES

Another confusing thing which pops up frequently in
these programs is the use of double and triple logic
sequences. These are used for the conditionals "if A
or B then..." or "if A and B then..." For example, to
jump to label 14 if either flag 06 or 08 is set, the
sequence is:

26 FC? 06 Opposite of test A (Not Aa)
27 FS? 08 Test B
28 GTO 14

To do an "and" test requires a third conditional which
must never be true. FS? 53 is often used since it al-
ways tests clear; if it is certain that the number in X
is positive, for example, the conditional X<0? can be
used, saving a byte of memory. For example, to jump to
label 14 only if flags 06 and 08 are both set:

 

29 FS? 06 Test A

30 FC? 08 Opposite of test B (Not B)
31 FS? 53 Always false
32 GTO 14

"SIGN'" FUNCTION

Many of these programs use the HP-41 function SIGN,
a relatively little-known function. Its main useful-
ness lies in the fact that it stores the previous con-
tents of X in LastX. It does this faster than most
other functions, and uses only one byte.
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"PRGM'" ANNUNCIATOR

During 1long program runs with a printer attached,
the message or output last displayed will remain in the
display instead of being replaced by the "flying
goose." However, the PRGM annunciator stays on to
verify that the program is running. If this does not
happen, the message is a prompt and the program is ex-
pecting input.

SYNTHETIC PROGRAMMING

The rest of this article deals with a subject that
has come to be called "synthetic programming." Syn-
thetic programming is a collection of techniques that
allow the user to synthesize non-standard commands and
display characters, and to access and manipulate
storage registers normally not available to the user.

SHORT-FORM EXPONENTS

First, short-form exponents. A number such as 1000
may be keyed into a program as 1 E3, saving one byte of
memory. However, the leading "1" is not needed.
Removing it with synthetic programming methods results
in the program line E3, which still means 1000 but now
takes only two bytes and also executes faster.
Similarly, 100 can be programmed as E2, 10 as El1, and
0.001 as E-1. Also, 1 can be represented by EO0O or just
E. The replacements for 1 and 10 don't save any bytes;
however, they do execute faster. Zero can also be rep-
resented by a lone decimal point. Again, this (non-
synthetic) representation saves no program space but is
faster. To demonstrate any of these, just single-step
through them.

NOP's

The conditionals DSE and ISG are often useful as
simple decrement/increment functions. To achieve this,
these commands are followed with a command which does
nothing, or at least nothing harmful. These no-
operation (NOP) commands are often short-form 1local
labels or a STO X command. However, the only true NOP
which has no effect and also takes only one byte (STO X
takes two) is a synthetic command called Text-0. Text
strings all have headers which tell the length of the
string to follow. A Text-0 command is a header for an
alpha string of length zero (it even sounds useless).
It prints as " "; it displays as a superscript T (text
symbol) with nothing after it.



NON-STANDARD SYMBOLS

The prompts and output descriptors use a few symbols
not available on a standard HP-41. These include foot
and inch tics (',"), the "number" hash-mark symbol (#),
and parenthesis. Some of these have been made avail-
able to the non-synthetic programmer through labels FT,
IN, NO, and others; these labels simply append the sym-
bol to whatever is in the alpha register. Using these
labels actually takes one less byte than the actual
synthetic append they execute, although it is a little
slower. The HP-41 also has available to its display
several other symbols which were not thusly made avail-
able but which can be used by anyone willing to learn
synthetic programming: brackets [ ], the Greek symbol
lambda (sort of), and an exclamation point. If you
don't mind a messy display, there are many symbols
which display as a starburst but which print as
themselves: nearly the entire Greek alphabet, our
lower-case alphabet, as well as many other characters.

SYNTHETIC STORAGE REGISTERS

One of the most useful things available through Syn-
thetic Programming is the ability to access a number of
the calculator's internal storage registers for use
(within certain strict limitations) as regular storage
registers, or to control certain aspects of the
machine's behavior. These registers are located at the
bottom end (i.e. they have the lowest-numbered
addresses) of the calculator's memory. These first
registers have been given the name "Status Registers"
because their contents are recorded by the card-reader
function WSTS. Starting from the bottom, the Status
Registers and their functions are as follows:

—

 

T

Z Stack and
Y Last X
X

L i
M or [ ]
N or \ Alpha
O or ] register
P or / N

Q Printer use, internal "scratch"
- Unshifted key assignments

a Subroutine RTN chain and
b current line number

c Cold start constant, "curtain"
d Flag register
e Shifted key assignments
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The first five are the stack and LastX registers,
and are accessible through normal means. Synthetic
programming is not needed to use these.

Next comes the Alpha "register", actually four
registers of seven bytes each. Under usual conditions
the Alpha register is 24 bytes long; the last four
bytes of P are used for other things by the calculator.
Because of this, register P has some very confining
limitations on it and finds only infrequent use; see
the next paragraph. However, registers M, N, and O
have no such limitations; the only caution regarding
their use is that any text introduced into Alpha, by
the program or the user, wipes out the data stored in
these registers. They are therefore well suited to
carrying intermediate constants needed only in calcula-
tions leading up to a given item of output.

Data stored in register P is altered by, among other
things, number entry (but not RCL), any operation that
causes a number to be displayed, and SST'ing (single-
stepping) through a program. Thus, the few programs
which use register P (AX, the Trig functions, AY, and
the neutral-axis iteration portion of WSBM) cannot be
single-stepped through. If you want to trace through
any of these, either put a STOP after the area and R/S
to get through it, or copy the program down into main
memory and change command using register P to one using
a numbered storage register.

The next two registers, Q and t, are used too
frequently by the calculator to be of much outside use.
Register Q is used occasionally by some advanced syn-
thetic programmers, but it does not appear in these
programs.

Registers a and b are the line number and subroutine
RTN chain registers. Register b contains the current
line number and the first two and a half return ad-
dresses pending; register a contains the next three and
a half return addresses. Each address, as may be
guessed, is two bytes long. Every time a program comes
to a RTN, these two registers shift two bytes, and the
first RTN address pending becomes the current line num-
ber. Register a may thus be used if no XEQ's or RTN's
are met and if the subroutine return depth does not
exceed two. If an XEQ or RTN occurs, the data in

registers a and b is shifted two bytes left or right,
trashing the data. Even if it is shifted back by the
opposite function, the data is altered. If the program
has more than two RTN's pending, there is a worse
problem: part of your data gets used for a return
address, sending the calculator off into another dimen-
sion. The program pointer usually ends up somewhere in
the key assignment registers and tries to interpret
your key assignments as program steps. (If this hap-
pens, press CAT 1 to get back home, then fix the

6



problem before it happens again.)

Register ¢ contains two important pieces of
information: the location of the "curtain", the divider
between data and program storage; and a number called
the "cold-start constant." When the calculator is
turned on, and at certain other times, this number is
checked by the processor. If it is anything other than
the expected constant, the processor thinks something
terrible has happened and panics. MEMORY LOST results.
Register c is not used by any of these programs.

Register d contains all the system and user flags,
00-55. An HP-41 register is 7 bytes of 8 bits each;
each flag is one bit. A number of things are con-
trolled by different flags: the display setting (FIX,
SCI, or ENG, and the number of places displayed), the
trigonometric mode (DEG, RAD or GRAD), many print and
display functions, and other things. Register 4 is
used in these programs mostly in subroutine AX ("Append
X"), which recalls d, changes display setting to FIX O,
clears flag 29 (thus getting rid of the decimal point),
appends a number to Alpha using this display configura-
tion, and then returns the display to its former status
by re-storing to register d the value previously
recalled.

The last Status Register is register e, which con-
tains the shifted key assignments. Like register [, e
is not used by any of the programs in this package.

REFERENCES

There are several reference books available on the

HP-41 in general and Synthetic Programming in parti-
cular. The two best are:

EXTEND YOUR HP-41 by W. Meir-Jedrzejowicz, and
HP-41 SYNTHETIC PROGRAMMING MADE EASY by Keith

Jarett

Both are available from EduCALC Mail Store,
27953 Cabot Road
Laguna Niguel, CA 92677
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BRIDGE DECK VERTICAL CURVE ELEVATIONS

xeq VC (SIZE 010) to find elevations along profile grade
(# OFSTS bypassed or answered zero)

or

(SIZE 017 + number of offsets) to find elevations across
a bridge deck or street

or
(SIZE 023 + number of offsets) to find elevations across
a bridge deck or street using separate crown drops for
each point

SOFTKEYS  (USER mode ON)

C Input new crown information; same as C for profile
grade calculations (# OFSTS = 0)

d Input new offsets; same as C for profile grade calc's

e Change base (P.I.) elevation (e.g. for beam seat elev.)

C New INTERV or STA prompt; access VC from STA

E Access STA from VC once curve parameters are input

USER FLAGS

Flag 00

Flag 02

Flag 03

INPUT SUMMARY

Prompt

# OFSTS

STA PI

EL PI

vc L!

clear Full output
set Output of M and HI/LO point skipped; STA

display skipped if using INTERV

clear Warning BEEP disabled
set Warning BEEP enabled (used if STA finds

OFF CURVE error)

clear VC prompts SKEW in decimal degrees
set VC prompts SKEW in D.MS

(for # OFSTS not zero)

Input Default
Number of offsets from center- Zero(P.G.)
line, for figuring SIZE needed

Station of the PVI, in feet No default

Elevation of the PVI, in feet No default

Vertical curve length, in feet No default

1



Prompt

SL1%

SL2% (only if VvC
L' is not 0)

Note: prompts in
(number of offsets)

(SKEW)

(CRN1'/')

(TO:)

(CRN2'/")

(OFFSET#1', etc.)

(CRN DROP 1, etc.)

INTERV

STA or POB STA

EL CH (from
softkey e)

Input Default
Slope or grade of the back (left) No default
tangent, in percent

Slope or grade of the forward SL1%
(right) tangent, in percent

parenthesis do not appear if the # OFSTS
prompt was answered zero or bypassed.

Skew of the line across a bridge No default
deck (a "square" bridge has 0° skew)

Slope of the crown from the Zero
centerline to a "break" point,
in feet per foot. Bypass to
enter crown drops (CRN DROP)
directly for each offset.

Distance of the break point 12
from centerline, in feet

Slope of the crown from the 0.020
break point out, in feet per foot

Offset of a desired line from CL Zero

in feet (e.g. a beam line)

Crown drop to the desired line No default
from profile grade; a rise is
negative. Only used if CRN1l was
input as zero

Station interval at which to Previous
calculate elevations, in feet INTERV

Station at which to calculate No default
or begin calculating elevations
(in feet: 28+50.00 is input 2850)

Change in baseline elevation; No default
up is positive, down is negative

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(M)

(HI/1LO @...)

(EL)

The middle ordinate, in feet

The station of the high or low point, if one
exists

The elevation of the high or low point



L1, L2, etc.

CL EL

R1, R2, etc.

PROGRAM FLAGS

Flag 05 clear
set

Flag 06 clear

set

Flag 07 clear
set

Flag 08 clear
set

Flag 09 clear
set

Flag 10 clear
set

Flag 11 clear
set

Flag 18 clear
set

Flag 19 clear
set

STORAGE REGISTER USE

Register Value

00 Sta.

01l SL1%

02 SL2%

03 Sta.

04 r/200

05 Sta.

The elevation at offset #1, etc., on the
left side of centerline

The elevation at centerline

The elevation at offset #1 on the right
side of centerline

On or tangent to a vertical curve
VC L' = 0 (tangent--no vertical curve)

High or low point exists; two stations
for a given elevation
No high or low point; one station for a
given elevation

Left-ahead skew (positive value)
Right-ahead skew (negative value)

Profile grade only
Full bridge deck with offsets

vC
STA

Have crown slope information
Have individual crown drop points

Normal use

Portions used as subroutines

Skewed--figure both sides of crown
Crowned with 0° skew, so only figure
one side of crown

Station is on a vertical curve

Station is on a tangent

(r=g,-g9,/L)



Register Value

06 Interval

07 El. BVC

08 Input station

09 El. PI

Note: the following registers are not used if only profile grade
calculations are being done (i.e. # OFSTS was answered zero).

10 Crown drop

11 tan (skew)

12 Crown break point

13 Crown2 - Crownl

14 Crownl

15 Counter

16 Offset at centerline (zero)

17 Offset #1

18 Offset #2

19 Offset #3

20 Offset #4

21 Offset #5

22 Offset #6

23 Offset #7/Crown drop #1

24 Offset #8/Crown drop #2

etc.



VERTICAL CURVE SOLUTIONS for ELEVATION

Programs VC and STA solve parabolic, symmetrical
(equal-tangent) vertical curves. Both programs work on
a single vertical curve and the tangent on either end
(assumed to extend indefinitely). They both require
input of the PI (point of vertical intersection) sta-
tion and elevation, the back and forward grades, and
the vertical curve length. Stations are expressed in
feet, without the "+"; grades are in percent. See the
examples for clarification.

VC calculates either the elevation of a given sta-
tion on the profile grade; or, elevations at specified
offsets on a crowned section along a line at a given
skew to centerline. It prompts first for an interval,
INTERV, on which to figure elevations (typically 50 or
100 feet). If this prompt is answered, the program
prompts POB STA (beginning station) and then figures
elevations at every interval, displaying the station
and its elevation. If the INTERV prompt is bypassed,
VC prompts repeatedly for stations (STA) at which to
find the elevation. Softkey C accesses these prompts.

Typical applications of VC might be elevations of
beam lines on a bridge deck, or gutter and curb lines
along a street. For multiple elevations along a line
at a given station, in addition to the basic vertical
curve data mentioned above, VC requires the number of
offsets to be calculated, the skew, crown configuration
(see page 3), and the offsets desired. It then calcu-
lates the elevations at all the offsets on the left
side of centerline, the centerline elevation, and then
the elevations on the right side. For a crowned deck
with a 2zero-degree skew, only one side is calculated
since the crown is assumed symmetrical.

INPUT DETAILS

"Stations" are input and output in feet. For ex-
ample, if the PI is at station 28+50.00, answer the STA
PI prompt with 2850. Length of vertical curve (VC L')
is also in feet.

Tangent grades are input in percent, as mentioned,
while crown cross-slopes are input in feet per foot.
Don't waste a lot of time looking for a good reason for
this discrepancy; there isn't one.

Once the required data is input, VC will either
prompt for a beginning station and an interval, or will
prompt repeatedly for the station (STA) at which to
calculate the elevation or elevations. If the interval
prompt (INTERV) is answered with a non-zero number
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(let's say, 50) the program will ask for the beginning
station (POB STA), and then will figure elevations at
fifty-foot intervals from there, displaying first the
station and then the elevation or elevations. It will
continue doing this until it is stopped; if printing,
press R/S to stop it. Then, in USER mode, press
softkey C. (If the X key has something assigned to it,
key GTO (alpha) C (alpha) instead.) This gets you back
to the INTERV prompt.

If the INTERV prompt is bypassed (or answered zero)
the programs repeatedly prompt for the station (STA) at
which to find an elevation.

ELEVATIONS on TANGENT

If a point is off the vertical curve, VC will append
a warning, (T), that the point is on the tangent rather
than on the curve. The elevation is figured correctly:;
the warning is simply a reminder to verify that you're
still working on the tangent and not on a preceding or
following curve. This 1is especially important when
using VC on sharply skewed bridges; the stations of the
offset points are never explicitly displayed, and cor-
ners (or ends of long wingwalls) may encroach on a
closely preceding or following curve.

If the area you're interested in is entirely on a
tangent, input a vertical curve length of zero. The
program will only prompt for one grade and the (T)
warning will not be displayed, saving annoying display-
scrolling time.

ADDITIONAL PARAMETERS CALCULATED

After input of the basic vertical curve parameters
(PI station and elevation, grades, and length) the
program calculates M (the middle ordinate), and, if
there is one (if the grades are of opposite sign), the
high or low point station and elevation. If this
information is not wanted and you wish to speed execu-
tion, set flag 00 and it will not be displayed.

SKEW

In keeping with the standard flag usage of this
package, program VC prompts for skew in either decimal
degrees (dd) or degrees-minutes-seconds (DMS) depending
on whether flag 03 is clear or set. A right-hand-
forward skew is defined as negative; a LHF skew is
defined as positive. Skews are measured from a line
normal to CL Roadway; see the examples.



CROWNS

Crowns are defined by the slope from the centerline
to a break point at a user-defined offset, and another
slope from the break point on out. Unlike the tangent
slopes, which are input in percent, the crown slopes
are input in feet per foot per standard practice; see
the examples for clarification. Crowns are assumed to
be symmetrical about centerline. After the crown in-
formation is input, VC asks for offsets (any number can
be stored) from the centerline (assumed measured normal
to the centerline); these are usually input from the
centerline on out, but they need not be in any order.

CROWN ''DROP'

If a section is not easily described by a sloping
crown, the program offers the option of directly input-
ting the drop from the profile. Answering the CRN1
(crown one, the slope from centerline to the break
point) prompt with 2zero, or bypassing the prompt,
directs the program to prompt for a crown drop in feet
after each offset prompt. If the point is above the
profile grade (e.g. a curb) the crown drop will be a
negative number. When the CRN DROP feature is used,
only six offsets can be stored because CRN DROP 1 is
stored in the seventh offset's register. Because of
this overlap, the size checker at the beginning of the
program doesn't work. The minimum SIZE required is (23
+ number of offsets), and the user must verify before
starting that there are enough storage registers avail-
able. Since the maximum number of offsets is six with
this feature, a SIZE of at least 029 will always work.

OUTPUT

If the calculator is shut off during a run, and then
turned on again and restarted by pressing R/S or a
softkey, flags 18 and 19 are cleared. This may affect
the (T) warning and the displaying of only one side of
a deck for 0° skew, but the numbers are correct. See
the "Program Flags" section.

ELEVATION CHANGE

If the user needs to subtract a distance from each
elevation, the program can do it directly. Softkey e
brings up the prompt EL CH (elevation change). It adds
this number to the P.I. elevation (and BVC and EVC
elevations) stored at the beginning of the run. Thus,
if VC was being used to calculate bridge deck eleva-
tions and the user now wants to calculate beam seat
elevations (e.g. for a superstructure height of 5.90
feet), press softkey e, answer the prompt with -5.90
(5.90, chs), and press R/S. This feature works with
both VC and STA.
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XEQ V(" SKEN: L+,R- (dd)

L a5t L s, § OFSTS -30.8608  RUN

! ] ! 2.9888  RUN CRN1 "/,

[01870k7 ¥ SIZEC19 8156 RUN

! o SIZE 819 T0:

'
XEQ =VC* 20.8008  RUN

§ OFSTS | CRN2'/,
2.9088  RUN RUN

11:45:34 AW 12722788 OFFSET#1*
7.5888  RUN

J o - TITLE: OFFSET#2'

v 30d SKEW BRIDGE RUN 15.0888  RUN

ekRkkkEkEEERRREKEXXE SRkkkkkkkkkkkkkkkkkkkEXE

STA PI INTERY

| 4,380.8008  RUN 50.8868  RUM

' 20° 4H+00 EL PI POB STA

shet 879.9988  RUN 4,256.0088  RUN

e X Ve L
” | N 118.0088  RUN STA 4,250.0000:

6> SL17 L2 EL=877.3885(T)
2.5000 RUN L1 EL=877.5291

sL2% CL EL=877.7438
-3.0000 RUN - Ri EL=877.7248

oA\ A0 =-8.7563" R2 EL=877.6949

5;;?”;>/////
HIZLO @ 4,295.0888  ~o0

A EL=878.2500 STA 4,360.0000:

--------- L2 EL=878.8217

\
L1 EL=878.1374

CL EL=878.2438
R1 EL=878.1157

R2 EL=877.9783

STR 4,350.06000:
L2 EL=877.4882
L1 EL=877.4956

CL EL=877.4938
R1 EL=877.2375
R2 EL=877.8152(T)

CBC g, = Y- L. yaus.00

eley.= 4719.00- (\55+25)=<%77.61%

'Elevx = a)(l *\OX + C ;

%4 205 5

ey

s

=7 (-0 50 STA 4,400, 0000
L2 EL=876.8348(T)

b = %, = 2.50

c: 477.625

FW‘J ele\(c&‘\ms < E aMfl H{sets of 7.5, and |5 alovu& Q Souvth Abtmet )’* = o€ Y.C.

   OFFSET *Tan(20%)  STATION ELEY, __CRowN ELEV.
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with Curbs

Uee sawme vVertical curNe
i d br‘nfa\a deck: €1nd
¢leyatienic® with  CRN DROP.

OFFSET#?"
Corb heiakt = 107 15,0008  KUN

S CRN DROP 2
.2258  RUN

OFFSET43"
- 15.9008  RUM

1%°0e 209 CRN DROP 3
-.6087  RUN

- ‘VI = YD 00.00 ERRERRREKRXRRRERRRKERRKE

El. VI < %79.00 INTERY
W = 0.0 50.8088  RUM
-~ ‘ POB ST

4,250.0008  RUN
Cfoum aorogs

STA 4,250. 8088
; 2.8 01T’ sg’ L3 EL=878.1418(T)
: : . il / L2 EL=877.3885(T}
: |5 . 01T = ,2l5 L1 EL=877
‘ , , . , =877.5291
‘ 15 015" - (PAZ) = —.608D CL EL=877.7438

R1 EL=877.7248
R2 EL=877.6949
R3 EL=878.5282

XEQ "VC- STA 4,306.8008:
% OFSTS L3 EL=878.8558

3.0008  RUN L2 EL=378.8217
16:29:01 AM 12727788 L1 EL=878.1374

CL EL=878.2438
TITLE: R1 EL=878.1157
BRIDGE DECK RUN R2 EL=877.9783
EXXEXEREEKKEREKEERERKkEkX R3 EL=878_8“6

STRPI
4,300.0008  RUN STR 4,350.8008:

EL PI L3 EL=878.3215
879.0008  RUN L2 EL=877.4882

Ve L L1 EL=077.4956
110.0608068 RUN CL EL=877.4938

SL1% Rl EL=877.2575
2.5009  RUM R2 EL=877.8152(T)

SL2Y, R3 EL=877.8485(T)
-3.0088 RN e

N=-8.7561" STA 4,4980. 0000
HIZLO @ 4,295.0088 L3 EL=876.8681(T)
EL=878. 2500 L2 EL=876.08348¢T)
--------- L1 EL=876.8174(T)
SKEN: L+,R- (dd) CL EL=876.0088(T)

-30.0008  RUN R1 EL=875.7576(T)
CRN1 "7, R2 EL=875.5152(T)

RUN R3 EL=876.3485(T)
OFFSET®I*

7.5008  RUN STR 4,450, 8008
CRH DROP 1  
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Sq 1H+15.00

Elev. 423,14
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RUN
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TITLE:
EXANPLE RUN
ERERERRRRRRRRRRARRREREE

STA PI
7,325.8080  RUN

EL PI
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¥C L
6008.0068  RUN

SL1%
-4,5008  RUN

SL2%
2.00888  RUN
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INTERY
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""""" SQRT
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ERREERRRRRERERRERREREEER

INTERY
RUN

STR
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7,300.08080  RUN
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need oply
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VERTICAL CURVE STATIONS

xeq STA (SIZE 010) to find the station or stations at which an
elevation occurs

 

softkey e) up is positive, down is negative

SOFTKEYS (USER mode ON)

Cc Same as C for STA

d Same as C for STA

e Change base (P.I.) elevation (e.g. for beam seat elev.)

C Jump to program VC; new INTERV or STA prompt

E Access STA from VC once curve parameters are input

USER FLAGS

Flag 00 clear Full output
set Output of M and HI/LO point skipped

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled (used if STA finds

OFF CURVE error)

INPUT SUMMARY

Prompt Input Default
STA PI Station of the PVI, in feet No default

EL PI Elevation of the PVI, in feet No default

vC L! Vertical curve length, in feet No default

SL1% Slope or grade of the back (left) No default
tangent, in percent

SL2% (only if VC Slope or grade of the forward SL1%
L' is not 0) (right) tangent, in percent

EL Elevation at which to calculate No default
the station or stations

EL CH (from Change in baseline elevation; No default



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag

(M)

(HI/LO @...)

(EL)

STA

STAl

STA2

OFF CURVE

PROGRAM

Flag

Flag

Flag

Flag

Flag

Flag

Flag

FLAGS

05

06

07

08

09

10

11

00 is clear)

The middle ordinate, in feet

The station of the high or low point, if one
exists

The elevation of the high or low point

The station at which the given elevation
occurs, if there is only one

The first station of two at which the given
elevation occurs

The second station; will be the same as the

first if at a HI/LO point

A warning that the elevation input does not
exist on the curve (i.e. is higher than the
high point or lower than the low point)

clear On or tangent to a vertical curve
set VC L' = 0 (tangent--no vertical curve)

clear High or low point exists; two stations
for a given elevation

set No high or low point; one station for a
given elevation

clear Elevation is on curve-solution possible
set Elevation is OFF CURVE

clear Profile grade calcs only
set # OFSTS not zero

clear VC
set STA

clear BVC lower than EVC (STA only)
set EVC lower than BVC (STA only)

clear Normal operation
set Figuring HI/LO elevation

2



STORAGE REGISTER USE

Register Value
00 Sta. PI

01 SL1%

02 SL2%

03 Sta. BVC

04 r/200 (r=g,-9,/L)

05 Sta. EVC

06 El. EVC

07 El. BVC

08 Input elevation

09 El. PI



VERTICA VE SOLUTIONS for STATIO

Programs VC and STA solve parabolic, symmetrical
(equal-tangent) vertical curves. Both programs work on
a single vertical curve and the tangent on either end
(assumed to extend indefinitely). They both require
input of the PI (point of vertical intersection) sta-
tion and elevation, the back and forward grades, and
the vertical curve length. Stations are expressed in
feet, without the "+"; grades are in percent. See the
examples for clarification.

STA finds the station or stations at which a given
elevation occurs. It prompts for an elevation, calcu-
lates the station or stations at which it occurs, then
returns for another elevation. STA works only along
profile grade. If the grades are of opposite sign, STA
finds two stations for a given elevation; if not, only
one station is found. If no solution is possible, OFF
CURVE is displayed. The program correctly solves for
points either within the curve or on either tangent.
However, unlike VC, no warning (T) is given when a
point is on tangent. STA also lacks the INTERV feature
that VC has for automatic running.

INPUT DETAILS

As mentioned, "stations" are input and output in
feet. For example, if the PI is at station 28+50.00,
answer the STA PI prompt with 2850. Length of vertical
curve (VC L') is also in feet. Tangent grades are in-
put in percent.

STATIONS on TANGENT

If a point is off the vertical curve, VC will append
a warning, (T), that the point is on the tangent rather
than on the curve. Program STA does not have this

warning feature.

If the area you're interested in is entirely on a
tangent, input a vertical curve length of =zero. The
programs will only prompt for one grade.

A 0 RS C TE

After input of the basic vertical curve parameters
(PI station and elevation, grades, and length) the
program calculates M (the middle ordinate), and, if
there is one (if the grades are of opposite sign), the
high or low point station and elevation. If this
information is not wanted and you wish to speed execu-
tion, set flag 00 and it will not be displayed.



ELEVATION CHANGE

If the user needs to subtract a distance from each
elevation, the program can do it directly. Softkey e
brings up the prompt EL CH (elevation change). It adds
this number to the P.I. elevation (and BVC and EVC
elevations) stored at the beginning of the run. Thus,
if VC was being used to calculate bridge deck eleva-
tions and the user now wants to calculate beam seat
elevations (e.g. for a superstructure height of 5.90
feet), press softkey e, answer the prompt with -5.90
(5.90, chs), and press R/S. This feature works with
both VC and STA.
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CSTA - £ind stations i-cor an eleva Fion

Find ctabtions af which eley 440.0 ocevrs.

4up.00 = .SUMT(¥)- 4.50Cx) ~4db b4

70T 45D - 6.64 =0

Koot L = (.3490 - Ropt 2= 1.9197

One station s (70«25) + (1+91.27)

= 72+16.%7

(70425 )+ ((+5%.90)

= 76+63. Q0 > EVC <tq.

Cheele other <tation:

o ééComfl ")p\.u'f 14 a‘f’-(:’ CU#VQ'an'*auj.

(UU40.00 -433.14) /55 = D.430 stations

(73+ 25 ) «(23+U3.00)= 16+4,%.00

 

PI S4a. = 13+25.00

Elev. = 433.14
coo’ V.C.

STA
XEQ E

EL
437,808  RUN

OFF CURVE

EL
438.08088  RUN

STR1=7,326.20863
STR2=7,554.5629

449.0888  RUN

STA1=7,216.8678
STR2=7,668.00680

Or 14‘,'ffljfl'

XEQ@ *STR*

11:55:29 AN 12/22/88

TITLE:
EXAMPLE RUN
ERXXEEBEEXXXRRXXXRRKREX

STA PI
7,325.8098  RUN

EL PI
433.1480  RUN

vC L'
600.8088  RUN

SL1%
-4.5808 RN

SL2%
2.0088  RUN

N=4.8758"
HIZLO @ 7,448,3846
EL=437.2938

EL

438.0008  RUN
STR1=7,326.2063
STAR2=7,554.5629

437.0008  RUN

OFF CURVE

440.0008  RUN

STR1=7,216.8678
STA2=7,668.08000

?
FrowYC
6oftuey E 15
samd AS

‘xet I'STAJ

exc”fl» vseg

eszfl\‘ "

‘I&N\*Tu&

curVTe dafa

!

 



Program VC, STh-P1R2 For _VNertical Curves (E@ual Tan%-) _B5G__bytes Page!of 5

 

 

 

          

X1y lz [TlL] R AEARdEN .
B1eLBL “VYC#~ 34 ST0 61 A

82 SF 11 i x |y |z 55 =sL2%°
83 RDN x (v |2 [ 56 FC? @5

84 GTO IND T 57 PROMPT
58 STO @2 9,

@5eLBL "VC* | ' 59 RCL 01
96 SF 88 60 ¢ 924
87 CF @9 61 X)8?
88 CF 11 62 SF 86
89 CLX 63 RCL 82 92
18 % OFSTS" 64 LASTX q,
{1 PRONPT 65 - -4,
12 %=07 only 4% 66 4
13 GT0 82 67 /
14 16 68 RCL 86 i/
15 + b 69 X207
16 SF 25 70 / /2
17 ST0 15 71 STO 84
18 GTO 00 72 RCL 89 EI VT

73 RCL 81 9
19¢LBL *STA" 74 RCL 06 .
20 SF @9 75 ¢
21 CF 11 76 -

77 ST0 @7 ELW(
220LBL 82 78 FS2C 11
23 CF 88 79 RTN
24 9 80 FC? 05

81 FS? 88
25¢LBL 88 82 GT0 00
26 XROM =S° 83 RCL @2
27 E3 100D 84 RCL 01
28 FS? 08 | 85 - -4
29 ST/ 15 eey 86 RCL 96 L5

87 ¢
304LBL 07 88 4
31 CF @5 89 /
32 CF 86 98 *N=* Me(34
33 *STA PI* 91 ARCL X ¢
34 PRONPT 92 °p'-
35 STO 99 ShYT 93 AVIEN
36 STO 03 94 FS? 86
37 ST0 @5 95 GTO 08
38 “EL PI* 96 RCL 83 SBVC
39 PRONPT 97 RCL 01 a,
48 STO @9 E\ YT 98 RCL 84 &4/a
41 ve L'* 99 50 §0 |qeq/u] g, [hBVG
42 PROMPT 108 /
43 ¥=0? 181 / - (%)
44 SF 85 : 182 - /Lohqf StV
45 2 hfl% 183 “HI/LO @ *

46 / 184 ARCL X
47 ST- 83 slBNC) 185 AYIEW
48 ST+ 85 Ha TVC 186 SF 11
49 E 187 XOY SBIC 24q.
58 7 0 108 XEQ 84 El. -
51 STO 86 b f tw Statiows 189 “EL="
52 *SL1%" 0. teet 118 ARCL X o
53 PROMPT . 111 AYIEN b



\/C,STA For
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Program bytes Pagedof _D

X 1Y L | X1y lzlTtL] _

112¢LBL 90 166 XROM “AX°
113 FS? 89 167 “p
114 GTO E 168 PRONPT oftact*l2 el

169 STO IND 15
1156LBL ¢ 178 FC? 18
116 CF 18 171 GTO 86
117 FC? @8 172 RCL 15 Couter
118 GTO C 173 6
119 XROM “L* 174 +
128 CLX 175 RCL 88 123,
121 10 13 176 “CRN DROP -

177 XROM “AX"
1220LBL 89 178 PRONPT Ceubopld 1234 23204,
123 CF 87 179 STO IND 2
124 CF 10

125 *SKEM: L+,R-* 189¢LBL 86
126 XROM “Pd" 181 1SG 15 covster
127 TAN 182 GTO 86
128 STO 11 Houlde 183 FS2C 11
129 X=8? 184 RTN
130 SF 18
131 X(9? 185¢LBL C
132 SF @7 YNF 186 50
133 CLX 187 STO 86 interyal]

134 “CRNL'/," 188 XROM “Ls-
135 PROMPT
136 %=0? 189¢LBL 21
137 SF 10 199 CF 22
138 ¥=0? 191 RCL 86 Ylery
139 GT0 d 192 “INTERY"
148 STO 14 el 193 X287
141 12 194 PROMPT
142 *T10:" 195 FC? 22
143 PROMPT 196 CLX
144 STO 12 Break 197 STO 86
145 .02 198 CLA

146 “CRN2'/," 199 X287
147 PROMPT 208 “POB °

148 RCL 14 281 “HSTA"
149 - 282 PROMPT
150 STO 13 Acfn 283 STO 88 Gs,

264 RDN Tnbery
151eLBL d 285 X287
152 CLX 206 XROM °LL®
153 STO 16 obbutedl: O
154 RCL 15 Conded 287¢LBL 32
155 ABS 208 FC? 08
156 FRC 269 GT0 10
157 17 218 RCL 11 taulsle)
158 + 1.0- 211 ABS
159 STO 15 212 FS? 97

213 CHS
168¢LBL 86 214 STO 11 eb

161 “OFFSET#" 215 E3 1000
162 RCL 15 covtlalt 216 RCL 15 covrter
163 16 217 ABS
164 - 218 FRC .0-—
165 STO 88 |13el 219 # -



 

 

 

         
 

 

Program

___

NCSTAFor bytes Page3of D

Xy lz L [ Xy ilzlTtlL]
220 LASTX Fke 274 XOY Sa
221 + 279 RCL 01 q (Sta BVC222 CHS .0 276 GT0 82 |
223 ST0 15 coudar

2774LBL 03 Sta2240LBL 10 278 RCL 82 4o |S (EVC225 *STA °
226 ARCL @8 sta. 279¢LBL 82
227 *F:* 288 RCL 89 EL.YT
228 RCL 86 ntery 281 RCL 98 StaX [EIVD 370 Sha229 %207 282 Rt Sta JoiaPT230 FS? 08 283 - st |ELvr| Q% |4%
231 FS? 53 284 Rt qQ |asta
232 AVIEW 285 + o€l

286 E2 0o
233eLBL 22 287 / A€l |EYI
234 RCL 88 S4a. 288 - Eloy,235 FC? 08 289 SF 19 SF193 pn236 GT0 23 298 GTO 11 tangext "237 RCL 15 ¢ ounton

N238 ABS 2914LBL 04 ChNC

|

Siq239 6 292 - &Sa249 + 293 E 1241 FS? 18 294 ¥ etB,
242 RCL IND X [Crnbeg 295 ENTERt243 FS? 10 296 ENTER? - )244 10 14 297 RCL 04 T ITX X245 RCL IND 15 [0€Red 298 # X
246 RCL 12 Break 299 RCL 01 %l % X
247 - 300 +
248 %¢8? 391 * FX74%
249 , Dist, 302 RCL 07 1. BV

231 * Deopy

252 RCL IND 15  |oee 3040LBL 11
253 RCL 14 Crown, 385 FS?2C 11
254 + Peopr |Vp, 386 RTN
255 + Desp 307 CLA

308 FC? 88
2564LBL 14 389 GT0 11257 STO 19 Deof 318 RCL 18 oDopEle
258 RCL 88 Sta 311 - Elev.
259 RCL 11 Yanlde) 312 * R

268 RCL IND 15  [oftect 313 RCL 15 covutor
261 %=8? 314 %(8?
262 STO 18 (Deop) 35 - L
263 * Astq Sta bmf 316 ABS24 + Nouth | 317 INT caoslor

318 16265¢LBL 23 Sta 319 - V23eke| efov.266 CF 19 320 X#0?267 RCL 85 SHaEy(] 321 XROM “AX"
268 XOOY St [EVC 322 ¥=8?
269 XY? 323 “CL*
278 GT0 83 |
271 RCL 83 ShBNC| Sta 324 XOY eley.

272 %(=Y?
273 CT0 84 04 »Curve



 

 

 

Program ___\C,STA For bytes Pagedof b

TV T ] Xy lzTTiL]

3256LBL 11 3750LBL 15
326 *F EL=" eley, [1,234) 376 XROM °L*
327 ARCL X 7 CF 87
328 FC? 85 Fe? o5 ggs “EL"
329 FC? 19 o ROMPT
330 FS? 53 Fs119 333 ng 08 Eley.
33 KD 381 *STA1="
332 XEQ “PY" 382 FC? 85
333 FC? 08 383 CTO 98
334 GTO0 11 384 RCL 01 A335 XOY 12,36t
336 X287 385eLBL 13
337 GTO 98 38 E
338 FS? 18 387 4
339 GT0 11 388 RCL 88 T.pd B,348 SIGN ’ 389 RCL 89 [F)- PL341 CHS -1 399 - 193342 ST+ 11 falshas) 391 XOY s
343 ST* 15 countor 392 / aDt

393 RCL 88 SNTL 45193444LBL 00
345 1SG 15 394eLBL 16346 CT0 22 395 + Sta

396 ARCL X
3470L8L 11 397 AVIEW
348 XROM °L" 398 GT0 15
349 RCL 86 Tubery
350 %=0? 399¢LBL 08
351 GT0 21 400 FC? 06
352 RCL 88 S 481 GTO 08
353 + Nauste 482 CF 19354 STO 88 483 RCL 86 FLEC355 GTO 32 494 RCL 97 LDVC

405 X)Y?
3564LBL e 496 SF 10
357 “EL CH* 407 XOY?
358 PROMPT Ael- 488 XOY lesser (et
359 ST+ @7 el BNC 489 RCL 98 TupdBl legoor c\'“"
368 ST+ 89 ol. ¥z 418 XOY?
361 FC? 09 411 GTO 5
362 GT0 C 412 RCL 01
363 ST+ 86 oLLEVE 413 FS? 19

414 RCL 82 A4 |mE364LBL E a, 415 GT0 13
365 RCL 02 Y1
366 E ' 4160LBL 85 [oph B

|

lescar |qecor367 % au 417 RCL 2 greseq368 RCL 85 SEVC 418 XOY?
369 RCL 99 5vaL 419 GT0 88
370 - LiZ

|

4t 420 RCL 92
371 ¢ Q Ef 421 FS? 10
372 RCL 89 el1 422 RCL 01 3
373 + el¥ 423 GT0 13
374 STO 86

|         
 

 



 

 

 

Program __VC STA For bytes Page_\[iof 5

XY |Z L | Xy [z 1T 1]

424+LBL 88 4724LBL 08 L |Pist

425 RCL 07 E.BW 473 RCL 08 Tupd Fl

426 RCL 08 Lot €l 474 RCL 89 E1.PT
427 - bg 475 - BE|
428 RCL 91 Q% 476 RCL 82 9t
429 RCL @4 /1 3, axl 477 7

438 SF 25 478 E2 _

431 ¥ROM -Q* 479 Dist
432 FC2C 25 488 RCL 00 iPT
433 GT0 01 0 oLl
434 E2 '
435 * Dig 1 482 + S

436 XOY 483 *STA2="
437 LASTX 484 ARCL X
438 * Dist 2 Dist 1 . 485 AVIEN
439 FC? 96 Tede =g 486 CT0 15
448 GTO 88 wd &y e
441 %(=0? came” sign- 4874LBL 91
442 XOY Diet ““:‘vif*“& 488 SF 67
443 RCL 83 oBy ke 489 -OFF-
444 GT0 16 498 BEEP

491 AVIEN
445¢LBL 08 492 GTO 15
446 XOY? 493 END
447 XOY Min [Fox
448 ¥)8?
449 GT0 05
458 CLX
451 RCL 08 T8 Moy
452 RCL 07 LBve
433 - o€l

454 RCL 01 Q
455 7
456 E2 (b0
457 * vist

453¢LBL 085
459 RCL 03 oVC.
468 + St
461 ARCL ¥
462 AVIEN
463 XY VitL
464 RCL 05 AaFye
465 LASTX e
466 - Ve |

467 X(=Y?
468 GTO 08
469 CLX
478 LASTX S| Dist
471 GT0 05          

 

 





STOPPING SIGHT DISTANCE

xeq SSD (SIZE 004)

SOFTKEYS (USER mode ON)

A Input vertical curve length, solve for SSD

B Input design speed (mph), solve for VC L

D Input stopping sight distance, solve for VC L

USER FLAGS

Flag 00 clear Full output
set No title block printed

INPUT SUMMARY

Prompt Input Default
Gl% Foreslope in percent (up to the No default

right is positive)

G2% Backslope in percent No default

L MPH SSD A "menu" to the softkeys, as No default

(A) (B) (D) shown

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

SSD The available stopping sight distance in feet

VC L The required vertical curve length in feet

PROGRAM FLAGS

Flag 05 clear Sag crve
set Crown curve

STORAGE REGISTER USE

Register Value
00 A (G2% - G1%)

01l (400 + 3.5S)/A

02 400

03 3.5



STOPPING STIGHT DISTANCE

Program SSD does stopping sight distance calcula-
tions according to the standard AASHTO road design
equations and tables (with two exceptions for design
speed input, given below). Given the grades, it com-
putes the available stopping distance from the vertical
curve length; or the allowable vertical curve length,
from either the design speed or stopping sight dis-
tance. The program will not backsolve to find the
design speed.

The grades are input in response to prompts. Then
either the SSD, curve length, or design speed is input
using softkeys, as indicated by a crude "menu" in the
display. Once the grades are input, they need not be
re-input; the program returns to the softkey prompt.

As mentioned, the program will solve a vertical
curve length given a design speed. It does this by
equating the design speed to a stopping sight distance
with an equation derived from the tables in the AASHTO
Road Design Manual. This equation gives the correct
distance, and thus curve length, fro speeds at five
mile-per-hour increments, except for 20 and 65 mph (due
to a "bump" in the tabular values. Thus, if you have a
design speed of either 20 or 65 mph, either input the
tabulated SSD values (shown below) or live with a minor
error. To compare tabular (AASHTO) values with the
program's calculated values:

Design Speed AASHTO S.S.D. Program S.S.D.
20 125 100

25 150 150

30 200 200

35 250 250

40 325 325

45 400 400

50 475 475

55 550 550

60 650 650

65 725 750

70 850 850

1
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Tesire a 6\‘0‘)"}3\&0 $iakt Victanre

ot 450’ 0 mpl\),> v

op<3.58|- 25 - 4

_ U00+3.5(4%0)

\
" 735.7°

L <SS : OK

 

 
M

Vesign « vectical eorve for 55 mgh

L= 25- 34

Lx mph = S = T50" Lroun table

L=2-550- B2 - (570’

L >35S > vse other e@}ud}m

_sLA | BBO<D ,
L 957q = Tezq LAl

ZE@ =535D"
1:16:88 PN @3/153/83

TITLE:
STOPPING SIGHT DISTANCE

RUN
rkkkkkkkkkRERkbkky

G1%
-1.8888  RIN

G2%
2.0888  RUN

L MWPH S5D
go@.aema  XEQ T

¥C L=733.7143"

L MPH 355D
7d.8888 XEQ B

YL L=735.7143"

L MPH S5D
686.00@88 XEQ A

S5D=0an. 2837

 

L MPH 5SI

XEQ "S5D*
1:17:13 PH  83/15/89

TITLE:
CRORN RUK
RkRRkRRk

G1%
2.8888  RUN

62%
-1.8888  RUM

L MPH SSD
a5.0888e  JEQ B

¥C L=682.8442"

L WPH SSI  



 
 

    



 

 

 

      

 

    
 

 
 

progran SSD____ For Q\‘mgpimg Siglt Distance bytes Page_!of Z

X1y lZ2TlL] X1y lz!TiL]

@1eLBL *55D° 51 RDN bz
82 SF 27 52 %12 v
83 3 53 RCL 81 Pt -84 XRON °S° 54 / Ve L L= VA
85 “G1%" 55 GTO 88 3 Sv-lm
@6 PRONPT TS
87 =G2% S6eLBL 87
@8 PROMPT G. |G, 57 RDN zp |V
89 CF 85 58 RCL @8 o Crown
18 ¥(=Y? 59 1/% 1329
11 SF @5 68 - -2 D [= 2B- 5=
12 - G- C, 61 X(=Y? e L
13 ABS 62 GTO 88
14 1329 A o 63 X0 D
15 FC? 85 =g 64 %12 D*
16 SIcH A_q. f crown 65 RCL 00 Mg D4

\3Z 66 * =
A Ne L 13T18 STO @0 ferin £7 CT0 88 1

£ L>D

19¢LBL 66 68¢LBL A NC L
28 L WPH SSD* 69 ENTER? L |L

21 PROMPT 79 *5op="
71 RCL 69 AL L

22¢LBL B Mph 72 FS? @5
23 1.7 5 73 GTO 89
24 Y% iwph 74 » AL |L
25 48 75 RCL 82 ywo (AL L
26 7/ 76 + ‘ ALs4ov L

27 .2 77 RCL 00 A L
gg ;ur 78 ST+ X 2A L

79 RCL 03 3.5 L Saq
38 25 89 - 2435 Abdw| AL-d0Q
3 » SsD 81 / sor L L |t " 7833

82 X)¥?
32¢(BL D $SD 83 GTO 68
33 *¥C L=" N 84 RDN L
34 ENTER? 85 RCL 09 A
35 ENTERt » |v |D 86 RCL 82 amo 4 L L
36 ST+ ¥ D 2D |V 87 Rt L upe A L
37 FS? 85 88 * o A L L
38 GTO 87 89 RCL 83 3.5 |UolL| A L

39 3-5 315 D lb v 90 R' L 3.5 ueo L A

49 STO 03 91 # 350 [dsoL A A
41 * 3Xb| v D D 92 R¢ A
:g 375292 400 93 CHS —A |3.5L |4o0L

, 94 XROM *0°  |c<p44+ 3,T
95 GT0 98

45 RCL 90 A

46 / SAC
47 STO 81 40 v

|

D

T

__3,ED00
48 - VCL7| D L- Zb-—'r—-'
49 %(=Y?
58 GT0 88 0 LY



Program _SSD For Sfigg}mg '57%\«'f Didauce bytes Page_Zof _2&

 

X yl=z]T[L] Xy lz !7TlHo]
 

964LBL 89 L L
[ ou 97 / gl

il 98 SORT FE- L
ssb - [F4 99 %(=Y?

168 GTO 98
Dl 181 XOY L

182 RCL 98 A4
183 1/% IS1YA
104 + L

L |sop Lo B15 :
WD

 

N
I s

~N »
l
~

187¢LBL 98
188 X(8?

189 CLX
118 ARCL X
111 XE@ °FT°
112 AVIEN
113 XROM -L*
114 GTO 86

115¢LBL “RW°  

          



HORIZONTAL CURVE SOLUTIONS

xeq HC  (SIZE 002)

NOTE The USER FLAGS, OUTPUT SUMMARY, PROGRAM FLAGS, and STORAGE

REGISTER USE portlons of this documentatlon, as well as
much of the full write-up which follows, pertains to
program CHC as well. CHC is also documented in the
Coordinate Geometry section.

SOFTKEYS (USER mode ON)

Arc Length
* Radius

Chord length
* Degree of curve

Delta angle
External

(x<>y) Exchange menus (no input)
(mid) Middle ordinate
(tan) TangentQ

X
Y
M

H
O
Q
L
O
W
Y

*

At least one item must be an asterisked item, and this item must
be input first.

If the degree of curve or delta angle are input, it is up to the
user to verify that the input agrees with the status of flag 03,
i.e. if the angles are in degrees-minutes-seconds, flag 03 must
be set. This is not prompted as in most programs.

USER FLAGS

Flag 00 clear Full output
set Sector, segment, and fillet areas

not output

Flag 03 clear Angular input and output in decimal
degrees (dd)

set Angles in degrees-minutes-seconds (DMS)

INPUT SUMMARY

Program HC does not use prompts for input as do most of the
other programs in this package. The two prompts which are used
are intended as crude menus to the softkeys, for which see above.

Note that all the softkeys are active even when their menu is not

displayed. For example, to input radius and delta, it is not
necessary to bring back the first menu. Simply key in the
radius, press softkey B, key in the delta angle, and press
softkey D.



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

RAD Radius

DEG Degree of curve

DEL Delta, the central angle or angle subtended

ARC L Arc length

T Tangent length

CH Chord length

M Middle ordinate

E External dimension

(SECT) Area of the sector

(SEGM) Area of the segment

(FIL) Area of the fillet

PROGRAM FLAGS

Flag 06 clear In second menu
set In first menu

Flag 07 clear Don't have radius
set Have radius--solve after Delta input

Flag 09 clear HC
set CHC

Flag 10 clear Don't have Delta
set Have Delta--solve after radius input

Flag 21 set Controls display and print behavior

Flag 27 set Sets USER mode

STORAGE REGISTER USE

Register Value
00 Radius

0l Delta/2 (decimal degrees stored)



HORIZONTAL CURVE SOLUTIONS

Programs HC and CHC are used for the solution of
horizontal (circular) curves. HC computes all the com-
monly needed parameters, given any (well, almost any)
two of them as input. CHC computes these same
parameters from the coordinates of the PC, PT and RP
(point of curvature or beginning, point of tangency or
end, and radius or center point). CHC also computes
the azimuths of the incoming and outgoing tangents (PC
to PI and PI to PT, respectively, the PI being the
point of intersection).

For input, program HC uses the softkeys A, B, C, D,

d (shifted), E, F, H, and J in USER mode. USER mode is
automatically turned on by the program to facilitate
input. Parameters are input by keying the number in
and pushing the appropriate key, as follows:

Key Parameter

First Menu Arc Length
* Radius

Chord length
Degree of curve
Delta angle
External

*

Second Menu (x<>y) Exchange menus (no input)
(mid) Middle ordinate
(tan) TangentX

"
H
O
Q
A
O
Q
D
»

»
*

The program requires two of these parameters. At
least one item must be an asterisked item, and this
item must be input first. Radius and degree of curve
are not sufficient since they are derivable one from
the other; if both are input, HC will ignore the first
one and await further input.

MENUS

HC uses menus to prompt input, displaying the above
mnemonics (R, DL, etc.) roughly above each Kkey. The
first-row parameters are prompted first, then the
second-row menu appears. To return to the first-row
menu, press softkey F (x<>y). Pressing it again brings
back the second-row menu. These menus are only
mnemonic aids; the first-row keys are still active when
the second-row menu is on, and vice versa.



ANGLES

As with the other geometry programs in this package,
HC and CHC format output and expect input for angles to
be in decimal degrees (dd) if flag 03 is clear, and in
degrees-minutes-seconds (DMS) if flag 03 is set. This
is not reflected in the prompts; the user must consider
the status of flag 03 when inputting the degree of
curve or the delta angle. The output is labeled.

COORDINATE GEOMETRY

Input for CHC is much simpler (assuming your point
coordinates are already stored by other coordinate
geometry routines). The program prompts for the point
numbers of the PC, RP, and PT. As with most other
coordinate geometry routines the numbers are keyed into
the stack: key in PC point number, enter, key in
radius point number, enter, key in PT point number
(don't enter), press R/S. CHC checks the radii PC-RP
and PT-RP. The two are first rounded to the accuracy
of the display setting and then tested for equality.
If they aren't equal, a warning is given; the radius
used is from PC to RP. (Thus, don't set the display to
FIX 4 if the coordinates are only good to two decimal
places.) It also calculates the north azimuths of the
incoming and outgoing tangent, again in either D.MS or
decimal degrees depending on flag 03. It then drops
into the HC output routine, displaying all the
parameters listed on the first page and the area of the
sector, segment, and fillet. All the linear output is
labeled with dimensions of feet and square feet. The
programs will also, of course, work with inches,
meters, or furlongs.

Both programs set the calculator to DEG (degree)
mode upon execution (in subroutine S). If for some
reason this is changed by the user during use, errors
will result.

If USER mode is set when CHC is run, the softkeys
are active, and once pressed (accepting whatever is in
the X register as input), the menus will come up as
though HC had been executed. However, when all the
output has been displayed, the program returns to the
CHC prompt. When using HC, all the output need not be
viewed; the softkeys are active at any time to accept
new input and start over (or to bring up a menu, in the
case of softkey F).

FLAGS

If flag 00 is set, the areas of sector, segment, and
fillet are not displayed by either HC or CHC; in CHC
the distances PC-RP and PT-RP, and the tangent
azimuths, are not diplayed either.

2
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Yo a 720" Curve,
colve for iesing

parame ters  and> <tations

WD -7930/ ; A :700

R - SIS0 . 5059447

T =% tan (%) =524,919’\\

o '
L= 5 ~ 100 = ZF <100 = 933,33

Chotd = 2" Rain(%)= 76.3¢0

M = R-Recos (M) = 134.15%

tE - cos(°/7_) —R = lé%.GSq

C Sector = 3%0 YR = 356,507,074

D Se%wxeu'f = Seclor = * Chords R cosg

=47,300.07 v

A Fillet = %&or&*CM*Ev'Se%mem‘(’

= 52,403 o 

SF @3
XE@ “HC" :

5:34:58 PH 91/85/89 |

TITLE:
CURYE EXAMPLE RUN
EREEEERRRREERERRRRRRRRKR

LRCHA/DE
7.3880 XEQ d

> MWD T
XEQ F

LRCHd/DE
70.8088 XEQ D  

RAD=763.9437" }

DEG=7.3608 DNS ;

DEL=78.8068 DMS é

ARC L=933.3333" |

1=534.9192"

CH=876.3682"
H=138.1577"
E=168.6394"

SECT=356,507.8723 5Q°

SEGM=82,3008.8591 5@

FIL=52,141.8612 5Q°

LRCHJ/DE

Sla. PC:12+50 - E34.1(9

=107+15.0%]|

Sta PT- SHaPC « L = 164LY

SHofil;FORM - SF 0D
 

 

SF 84

XEQ “HC*
LRCHA/DE

7.38088 XEQ d
¢ HNID T

78.6008 XEQ D

RAD=763.9437"
DEG=7.30088 DS
DEL=78.6008 DNS
ARC L=933.3333"
1=534.9192"
CH=876.3682" !
M=138.1577" |
E=168. 6594 " @ |

LRCHd/DE  
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_CHC Example

   
 

 

PI*3

PL

= 40°39'24"
RP

CP*2) PC -1

SF 98
XEQ *CHC"

Shert version

with Flas 00

set %‘.vc s

onlsf these

parameters

PCtRP4PT

1.88088 ENTERt
2.0808 ENTERt
3.00080  RUN

RAD=304.6000"
DEG=19.8535 DS
DEL=48.3934 DMS
ARC L=212.8924"
T=111.1583"
CH=208.4533"
M=18,6873"
£=19.9287"

PCtRP4PT

XEQ "STOR"

PTENTE
1.80888 ENTERt

3.183.6749 ENTER?
9,827.2778  RUN

PTENtE
2.080888 ENTER?

3,1086,1477 ENTER
9,527.2898  RUM

3.A088 ENTER?
3,299.7338 ENTERY

756.4711  RUN

PTHNE

XEQ "CHC*

9:53:34 AN 18/15/87

TITLE:
STERLING ST. RUN
ERERRRRRRRRRRRERRRRERKKK

PCERPTPT
1.80888 ENTER?
2.8088 ENTER?
3.0008  PUN

PC-RP=304.08000"
PT-RP=384.00088"
PC-PI AZ=8.2828 DMS
PI-PT AZ=-48.1114 DHS

RAD=304, 3604
DEG=19.83555 DMS
DEL=48.3934 DMS
ARC L=212.8925"
T=111.1504"
CH=208.4534"
M=18.6874"
E=19.9288"

SECT=31,933.8785 SQ°
SEGM=2,613.5858 5@
FIL=1,411.2467 SQ°
 

PCtRP4PT

Flafl

15 4

= ovt

n Dc

o>

pt

MS

 



 

 

 

    
 

 
186 GTO @@

   
 

  

C T2 000 _ _

progran HC. CHC For_Horizowda| Curve s 5|5 bytes Page| of =

X1y !z ]TlL | X TV T T T ]

81¢LBL “CHC*
S6¢LBL 18 |

02 E
57 FS? 88

83 XROM *S° 58 RTN

94 SF 89 59 “F AZ"
60 XROM “Dd-

85¢LBL 88 61 AYIEN

86 FC? 89
62 RTN

87 GTO 14

g o B
89 "PCtRP1PT"

XY+ (aX |a

16 PROMPT YT |RP IRC 65 R-P d -AYe

11 ST0 81 YT | 66 XOY Az

12 RDN
67 CHS A2

13 STO 88 RP [Pf T 68 X>8?

14 XEQ 89 AZee

|

dye 69 RTN

15 X¢> 81 YT 78 368

16 XOY doe

|

YT 71 4+

17 %O 09 RP |PT 72 RTH Az

|

4
18 XEQ 89 Aty

|

dyr
19 XOY d pr 73¢LBL “HC*

20 RCL 00 dre

|

dpe

|

Aae 74 CF 89

21 “PC* 75 SF 27 "Uger®

22 XEQ 11 7% E

23 XOY der

|

dye

|

A2pe 77 ¥ROM -S°

24 “PT*
25 XEQ 11 78¢LBL 14

26 "PC#PT" 79 CF 87

27 %2Y1? 80 CF 18

28 BEEP
29 %2Y? 814LBL 67

30 AVIEW 82 SF 86

31 XaY? 83 L R CH d/D E*

32 XROM °L° 84 PRONPT

33 Rt
34 Rt Az or 85¢LBL d desrg

35 RCL 81 Az pe 86 FS? 83

36 X(=Y? 87 HR

37 670 08 88 E 1

38 188 89 Jeglioo

39 - 99 1/% '4o

48 XY 91 R-D rad.

41 LASTX
42 - 92¢LBL B Rl

43 XOY Az

|

8.7 93 STO 89 of-

fre

|

Aerr 9 SF 87 F5 07

44¢1BL 00 95 FS? 10 have radivg

45 “PC-PI- 96 GTO 68 :

46 XEQ 18 97 GTO 86

47 XOY Aegr

|

Aty -
48 “PI-PT" 98¢LBL D | A

49 XEQ 18 99 F5? 03

58 - o 108 HR A

31 2
181 2 _

52 / o 162 / o/ |
53 ABS 183 STO 01 Fé 10

54 STO 81 aly 104 SF 10 = have delta

55 GTO 88 185 FS? 87 ; @

 



 

 

 

     
 

     

Program

HC

_CHCFor Heciopntal Covves bytes PageLof 2

X Y TiL] X

I

Y1lz 1T L]

}33’%3% ;6 155¢LBL 81 T
: 156 RCL 90 Red

189 GTO 87
157 7/ T/R

118¢LBL 86 158 ATAN aly
159 STO 81

H11 CF 86 168 CTO @9
112 <¢> MNID T

113 PROWPT 161¢LBL H M

1144LBL A Are 162 FS? @7
" 163 GTO 84115 R-D L1 163 ¢T .

116 FS? 87 ;
165 RCL 81 I

H7 CT0 81 o 166 COS s || M
118 RCL 81 lz el cewt|

119 ST+ X A |

126 €10 &3 168¢LBL 03

1214LBL @1 :gg gm s Rad.

V-\afl

122 Rel 9 171 CTO 80
123 ST+ ¥ 2R

129 s &2 « 1720LBL 04 M
125 510 1 & 173 CHS -M
126 CTO 99 o

/
N,/ 174¢LBL 85 [Eer-N

e Fhod \Q‘A’/ 750088 Rl
129 / Ch/. \ 176 + RE/Rn

L 177 LASTX R
130 FS? @7 !

131 GTO @2 178 X(Y?
179 ROY hyttesnd adsaend

132 RCL 61 Al 1o

154 €10 63 | % 181 ACOS A
182 STO 81

135¢LBL 82 chyy
136 RCL 08 Red :gi'légloge e

13? /
l?fifl‘"

man, sed139 STO 81 Ie
148 GTO 00 167 ¥e? 8

=42

141LBL E Ext. }gg érg'r

14z Fs2 87 191 RCL 08 Red |10D
143 GTO 85 &
144 RCL 81 8l L

::2 3 Oy 194 CF 10
195 =RAD"147 TAN Hantfy| E 15

148 / T 197 7 0%
- 4

149¢/BL J Tan% igg ?ngc- ogreq

158 FS? 87 _
200 XROM “Dd151 GT0 @1 oxR

152 RCL 81 A/,
153 TAN ot |T

@154 6TO 03



 

 

 

-
Program C CHC For ClE bytes Page_:é_of ~

X[y Tz L | XTvIiz 1T L]

244 RCL 00 Raf
202 RCL 01 By 245 X2 R*
283 ST+ X o 246 RCL 01 (1
284 “DEL" 247 # 1205 XROM -Dd* 248 D-R oO] Areq: 3%9’W206 AVIEW 249 “SECT="
267 RCL 00 Rof

|

A 250 XE@ 13
208 + 251 ENTERt
289 D-R L 252 ENTERt S |5 |5 v
218 “ARC L- 253 RCL 81 Z
211 XEQ 12 254 RCL 00 Red |81

|

S |5
212 RCL 81 Sl 255 P-R X, Yy |¢ |5 @
213 TAN an87y 256 * Aea”214 RCL 00 v 257 - Y215 * T 258 ~SEGH=" Segm| S IS |G216 T 259 XEQ 13
217 XEQ 12 268 RCL 01 Al218 RCL 81 47 261 TN Va2, Fille t219 SIN =Y 262 RCL 08 .
228 RCL 08 Rad || T 263 X142 RY [tSeqm| S
221 * ch/z 264 * Q
222 ST+ X cle 265 Rt S
223 “CH" 266 -

225 E ‘ 268 XEQ 13 Segmen
226 RCL 81 b1 269 XROM “LL"
227 C0S cee

)

| el 270 GTO 08
228 - t‘—?\w;
229 RCL 08 as 271LBL 11
230 WM ek

|

T 272 RND
231 N 273 FS? 08
232 XEQ 12 274 RN
233 Rt T 275 “H-RP-
234 RCL 01 &lg
235 2 2764LBL 12
236 / Sly 277 =
237 TAN 278 ARCL X
238 * 279 ¥ROM “FT-
239 “E- B 280 AVIEN
240 XEQ 12 281 RTN
241 XROM -L-
242 FS? 00 282¢LBL 13
243 GTO 08 283 ARCL X

284 XROM “FS-
285 AYIEW
286 END          





COORDINATE GEOMETRY PROGRAMS

SIZE (2N+2) for "N" points

xeq STOR
DUMP
FREE
DUP
INV
LAZ
LBR
LAN
LPT

LLT

ANGL
PART
OFPT

OFAZ

OFBR

IAZ
IBR
IPT
PRL

ATRV
ATVA
AFRC
ARCS
APT
AA7Z

ABR

to initialize points and store point coordinates
to list ("dump") points
to find free (CLR'd) points
to duplicate a block of points
to find distance and azimuth between two points
to set (locate) a point by distance and azimuth
to set a point by distance and bearing
to set a point by backsighting on another point
to set a point by distance, on the bearing through
two other points
to set a point along a line determined by two other
points
to find the angle between two points about a third
to set a point part way between two other points
to find the offset of a point from a line defined
by two other points
to find the offset from a line defined by a point and
an azimuth |
to find the offset from a line defined by a point and
a bearing
to intersect two lines defined by points and azimuths
to intersect two lines defined by points and bearings
to intersect two lines each defined by two points
to set two points defining a line parallel to a line
defined by two other points
to set a point along an arc by arc length
to set a point along an arc by angle subtended
to set a point partway between two points along an arc
to intersect two arcs
to intersect an arc with a line defined by two points
to intersect an arc with a line defined by a point and
an azimuth
to intersect an arc with a line defined by a point and
a bearing

INTAN to find the internal tangency points of two circles
EXTAN to find the external tangency points of two circles
PTAN to find the points of tangency of two lines through

a point, to a circle
C3P to find a circle through three points
ADJ to adjust a traverse by compass rule
AREA to find the area bounded by points
CHC to calculate horizontal (circular) curve data between

two points about a third

SOFTKEYS (USER mode ON)

C Correct a point input error in AREA

None of the other COGO routines makes use of softkeys. However,
the softkeys of HC are accessible during use of CHC and should be
avoided.



USER FLAGS

Flag 00

Flag 01

Flag 02

Flag 03

clear Point protect on
set Point protect off

clear North-East mode
set X-Y mode

clear Warning BEEP disabled in point-protect
set Warning BEEP enabled

clear Angles in decimal degrees (dd)
set Angles in degrees-minutes-seconds (DMS)

INPUT SUMMARY
A

Al, A2

B

Quad

N1,

~
%
!
Z

2
B

R
4

H
O

0O

=

» R1,

Angle or north azimuth

Azimuth

Bearing, measured from North or South; between 0° and
90° in one of the four quadrants.

Quadrant of a bearing: 1 = NE
2 = SE

3 = SW

4 = NW

Center point (radius point)

Distance

First point in a series

Point of beginning: "From point J, ..."

Backsight or reference point, or last point in a series

Points defining a line

"Proximity" point; choose the point closest to point M

Point number to be solved or found; point number under
which to store the solved coordinates

R2 Radius or radii of arcs

OUTPUT SUMMARY

PT

N

E

D

Point number stored and displayed

Northing (flag 01 clear)

Easting (flag 01 clear)



X X coordinate (flag 01 set)

Y Y coordinate (flag 01 set)

D Distance

AZ North azimuth

A Angle

OFFSET Offset from a line

PROGRAM FLAGS

Flag 08 clear Don't calculate offset
set Calculate offset

clear PART
set LLI

Flag 09 clear Quadrant 2 or 3 (in BA)
set Quadrant 1 or 4

clear INTAN or ATVA
set EXTAN or ATRV

Cclear More than two points input in AREA
set Only one or two points input in AREA

Flag 10 clear Softkey C has not been used in AREA
set Softkey C has been used in AREA

Flag 14 set Line type control

Flag 21 set Display control

Flag 26 clear BEEP disabled according to flag 02
set BEEP enabled according to flag 02

Flag 29 clear Display of decimal point disabled

STORAGE REGISTER USE

Register Value
00 Working register
01 Working register

02 Easting (X) coordinate of point #1
03 Northing (Y) coordinate of point #1

04 Easting (X) coordinate of point #2
05 Northing (Y) coordinate of point #2

Etc.





COORDINATE GEOMETRY PROGRAMS

There are thirty-three user programs in the coor-
dinate geometry section of this module (CHC, LPT, and
most of those between STOR and AREA, inclusive, in a
CAT 2 listing). Each of the routines has its own short
description, with a sketch, and input and output infor-
mation. These individual writeups follow this intro-
duction, which gives an overview of the coordinate
geometry group.

All the routines work with points, lines, and curves
in two-dimensional (plane) space.. The routines will
work in an X-Y system if flag 01 is set, and in a
North-East system if flag 01 is clear. This may be
changed at any time as long as a prompt isn't pending.
No matter which orientation is being used, the X (East)
coordinate of a point "N" is stored in register (2N);
the Y (North) coordinate is stored in register (2N+1).
Thus , to store a given number of points "n" requires a
SIZE of 2n+2. The available SIZE is checked when in-
itializing points in STOR.

POINT STORAGE

All points are protected by a point storage sub-
routine which checks to see if a pair of registers al-
ready contain coordinates before it stores a point
there. If the user designates a point number which is
already used, the program BEEPs and displays USED-NEW
PT? If another point number is keyed in, the program
tries to store the coordinate as that point. If in-
stead the prompt is bypassed, the existing coordinates
are overwritten. The program recognizes as unused,
those points which have first been initialized
(cleared) in program STOR. Thus, the first thing done
at the beginning of a project is usually to initialize
points and then store the coordinates of one or more
points in STOR. It is important to note that point-
protection is disabled if flag 00 is set; and that the
BEEP is disabled if flag 02 is clear.

ANGLES

All the COGO (coordinate geometry) routines which
use angles recognize the status of flag 03. If flag 03
is clear all angles (input and output) are in decimal
degrees. If flag 03 is set, all angles are in degrees-
minutes-seconds. This is shown clearly in all prompts
and output as (dd) or (DMS).



INPUT FORMAT

Most of these routines require multiple input. Un-
like most programs in this module which prompt for in-
put one item at a time, many of the COGO routines
require two, three, or four items to be input into the
stack at once. This is signified in the prompt by an
upward arrow, 4/ , meaning "Enters/." Thus for the STOR
prompt PTA/ N/ E, key in the point number, enter, key in
the northing, enter, key in the easting (don't enter),
press R/S. The program uses whatever it finds in the
stack. This can produce some shortcuts; for instance,
if the coordinates of point #10 are (2,2), simply key
in 10, enter, 2, enter, R/S. None of the routines use
numbers in the stack above the numbers requested in the
initial prompt, so if you realize a mistake was made
before R/S 1is pressed, nothing needs to be cleared;
just key in the right numbers. However, if a program
has a second prompt (usually"N", asking for the point
number to store the coordinates under, or "M", the
"proximity" point), important data are carried in the
stack; if a mistake is caught, use RDN (roll down) to
avoid changing the necessary stack configuration. This
rather poor explanation will become clearer with a
little use, and perhaps an examination of the program
listings with the stack usage traced. If at all uncer-
tain, just re-execute the routine.

TEMPORARY POINTS

As mentioned, each point "N" stores its coordinates
in registers 2N and 2N+1l. Registers 00 and 01 are the
only storage registers used by the programs as working
registers, the rest of the work being done in the stack
and synthetic registers (about which see the section
"Synthetic Programming and Other Loose Ends" at the
front of the documentation). This means that if you
just want the coordinates of a point displayed but not
stored, call it point #0, override the point protec-
tion, and it will be temporarily stored until another
program needs registers 00 and 01, at which time it
will be gone.

PROXTMITY POINT

Many of the routines dealing with arcs find two
points instead of just one. The routines use a simple
method to determine which one to store; they prompt for
a "proximity" point (always prompted as point M) and
pick the point closest to it. If both points are
wanted, bypass the "M" prompt and they will both be
stored. 1It's especially important in this case to keep
a running sketch to designate which point is which.



PRINTERUSE

Most routines, upon finishing, return to their ini-
tial prompt to go again. The first time each routine
is executed, a line of asterisks is printed (that is,
if a printer is present) across the paper. If a
routine 1is used repeatedly (for example, LAZ to
traverse around an area) it's difficult when reviewing
the output to tell which routine is being used. The
line of asterisks makes this a little clearer; directly
above the last line is the function execution. See the
examples for clarification. Using a printer 1is
strongly recommended; tracing down mistakes without one
is almost impossible.

LIMITATIONS

It's important to keep in mind the scope of this
COGO package. The intended uses typically involve
layouts of small structural components or minor 1land
surveying tasks. While a completely "empty" HP-41CV or
CX (one with no program storage or key assignments) is
capable of storing up to 158 points, anything over
thirty or forty points starts to get clumsy. Large
complicated 1layouts can be done, but only with very
strong concentration and constant cross-checking, be-
cause of some of the following disadvantages:

1) There is no graphics capability. Anyone used to on-
screen graphics knows how useful a simple picture can
be in terms of ease of use, confidence, and error
detection. For anything more than about four points,
it is almost essential to have a carefully scaled draw-
ing with point numbers, distances, and azimuths shown.
It is also a very good idea to write out the intended
procedure, with input, before starting. Just using the
routines and getting through the input sequences
requires a lot of concentration. Don't try to think
your way through the problem at the same time. And, as
mentioned, a printer is extremely helpful. Don't let
this discourage use of the routines, though; all com-
puter coordinate geometry work was originally done on
batch machines with exactly these limitations. They
simply require a little caution and concentration.

2) Although stored points are protected from alteration
by other COGO routines (if flag 00 is clear), the
storage registers they reside in are used quite
cavalierly by other programs, wiping out coordinates.
However, only a few programs in this module (PIER, PLG,
and sometimes FTG) use registers above #30. It may be
worthwhile to start with point number 15 or so (or 25
if PIER may be used), leaving the lower-numbered
registers for use by other (non-COGO) programs.
Program DUP may also be used to duplicate a block of
points to a safer (higher-numbered) 1location for

3



storage, to be used as re-numbered points or copied
back down later.

3) The HP-41 is limited to ten significant figures.
It's not a good idea to waste too many of them in front
of the decimal point; use of more than four figures
before the decimal point is not recommended. Also, in-
tersections involving two lines with not-very-different
bearings 1is inherently inaccurate, with any COGO
package.

4) While angles may be input in bearing/quadrant mode,
it is clumsy; and all output is expressed as north
azimuths. At best, bearings are handled awkwardly by
this package. Those used to working with bearings
(i.e. surveyors and others who know more about these
things than the author) will probably grit their teeth
and use azimuths.

5) As stated, all points are two-dimensional. Eleva-
tions are not stored.

6) There is no provision for storing descriptors with
points. Those used to large-scale professional coor-
dinate geometry programs (the author included) will
miss this greatly; good descriptors are second only to
interactive graphics in inspiring confidence and ease
of wuse. Both elevations and short description
capabilities (one register, six letters) were con-
sidered. However, both complicate (swell) the program-
ming immensely; also, each point would require four
registers to store instead of just two, halving the
available point storage. A realistic assessment of the
uses, intended scope, and inherent limitations of this
package made both elevations and descriptors seem an
expensive luxury.

As mentioned five disadvantages back, this 1listing
is intended to caution, not discourage. A great deal
of useful, accurate work has been done on systems with
exactly the limitations stated here. People used to
the o0ld batch programs will feel right at home using
these programs. They simply require a little more care
than their $12,000 siblings.



COMMAND INPUT

STOR IAK CLR; PTANAE (flag 01 clear)
IAK CLR; PTAXAY (flag 01 set)

Clear (initialize) all points from I to K inclusive, then store
the North and East (or X and Y) coordinates of points. The I/K
CLR prompt is not repeated; the PTA... prompt is. If enough
points have already been initialized, the IAK CLR prompt may be
bypassed.

DUMP I/K

Dump (display or 1list) the coordinates of points I through K.
Skips free (initialized) points.

FREE (No input)

Finds free or unused points (points which have been initialized
(CLR'd) in STOR).

DUP IAK/NEW I

Copies a block of points from I to K, to a new block starting at
NEW I. Leaves the original points I through K intact. To just
copy one point, key I,AZ,#, NEW I. Point protection is not active
with DUP; it will overwrite points with with no warning. The
user must also check for overlap.

INV JAK

Finds the distance and azimuth between points
J and K. The K point of one INV is the
default J of the next. Thus to inverse from
point #1 to #2, then #2 to #3, then #3 to #4: K W
Xeq (alpha) INV (alpha); key in 1, Enteryf, 2, ///
R/S; 3, RAS; 4, RAS. 1In addition, the ,
sum of the distances is stored in register 00 3
for use by program ADJ.

ANGL JACAK X

Find the angle between points J and K,
measured about point C. The distances from J Angle 3
to C and K to C need not be the same. *\\\

— C

Note: the "/ " symbol means "EnterA." (dd) means "decimal
degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-Seconds"
(flag 03 set). Clockwise angles are positive.

1
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COMMAND INPUT

LAZ J/D/A (dd or DMS); N

Locate by azimuth. From point J, set point N
at distance D and azimuth A.

LBR J/D/B (dd or DMS); QUAD; N

Locate by bearing. From point J, set point N
at a distance D and bearing B in quadrant
QUAD.

LPT J/D/K/L; N

Locate by point bearing. From point J, set
‘point N at a distance D, at the azimuth of
the line through K to L.

LAN J/K/D/A (dd or DMS); N

Locate by angle. From point J, backsight on
point K; turn angle A (clockwise is positive)
and set point N at distance D.

LLI J/K/D; N

Locate on line. From J, set point N a dis-
tance D toward point K. A negative D sets
point N in the opposite direction of K.

PART J/K/FRC; N

From point J, set point N a fraction FRC of
the distance to point K. If FRC is greater
then 1, N will be set beyond K. Like LLI, if
FRC 1is negative, N will be set away from
rather than toward K from point J.

 
Note: the "/ " symbol means "Enterf." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set). Clockwise angles are positive.

2



COMMAND INPUT
 

 

3
OFPT JAKAP; N D

Offset by points. Find the offset of point P N\0¢fset
from the line through points J and K; set (N)
point N on line J-K. The prompt for point N
may be bypassed (or answered 0) to avoid
setting a point there. K

OFAZ JAPAAZ (dd or DMS); N

Offset by azimuth. Find the offset of point
P from the line through J at azimuth AZ; set
point N.

OFBR J/P/B (dd or DMS); QUAD; N

Offset by bearing. Find the offset of point
P from the line through J at bearing B; set
point N.

IAZ JAALAK/A2; N

Intersect by azimuth. Set point N at the
intersection of the line through point J at
azimuth Al; with the line through point K at
azimuth A2.

IBR J/AB; QUAD; K/B; QUAD; N

Intersect by bearing. Set point N at the
intersection of the line through point J at
bearing B; with the line through point K at
bearing B.

Note: the "/ " symbol means "Enterd." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set). Clockwise angles are positive.



COMMAND INPUT

IPT J/K/L/M; N

Intersect by points. Set point N at the
intersection of lines J-K and L-M. J and K
need not be on opposite sides of line L-M and
vice versa.

 

- ' < -

PRL JAK/D; L; M

Parallel line. Set points L and M a distance
D from points J and K such that line L-M is
parallel to line J-K. From J facing K, D is »\
positive to the right. L7

ATRV J/C/ARC L; N

Arc traverse. From point J, about point C,
traverse a distance ARC L along the arc to
set point N. ARC L is positive measured
clockwise.

 

ATVA JACAA (dd or DMS); N

Arc traverse by angle. From point J, about J
point C, turn an angle A to set point N on N
the arc. Angle A is positive measured clock-
wise. This function is identical to LAN ex-
cept the distance (here, radius) is set by
point J. C

_ »

AFRC JACAKAFRC; N N ,/

Arc fraction. Set point N a fraction FRC of ’
the way along the arc from J to K about C. /
If J and K are not the same distance from C, /
the radius used is from J to C.

Note: the "/ " symbol means "Enter/." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set).__Clockwise angles are positive.



Note: The following arc commands have two possible solutions; the
routines will pick the one closest to point M to store as point N
(the solved point). If the prompt for M is bypassed, both solu-
tions will be stored as N1 and N2.

If the prompt for a radius is answered as a negative number (e.g.
-12) it is taken as point #12 and the radius to be used is the
distance from that point to the center point.

COMMAND INPUT

ARCS J/R1/K/R2; M; N (or N1; N2)
J/-P1A/KA-P2; M; N (or N1; N2)

Intersect arcs. Intersect the arc of radius
R1 about point J, with the arc of radius R2
about point K, to set point N.

 

APT JARAKAL; M; N (or N1; N2)
J/-PAKAL; M; N (or N1; N2) P K

Intersect arc by points. Intersect the arc
of radius R about point J with the 1line
through points K and L.

AAZ JARAK/A; M; N; (or N1l; N2)
J/-P/KA/A; M; N; (or N1; N2)

Intersect arc by azimuth. Intersect the arc
of radius R through point J with the line
through point K at azimuth A.

ABR JAR/KAB; QUAD; M; N
| JA-PAKAB; QUAD; M; N

 

Intersect arc by bearing. Intersect the arc
of radius R through point J with the 1line
through K at bearing B in quadrant QUAD.

Note: the "/ " symbol means "Enter/." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set).

.



Note: The following three arc commands have two possible
solutions; the routines will pick the one closest to point M to
store as point N (the solved point). If the prompt for M is
bypassed, both solutions will be stored as N1 and N2.

If the prompt for a radius is answered as a negative number (e.qg.
-12) it is taken as point #12 and the radius to be used is the
distance from that point to the center point.

COMMAND INPUT

INTAN JAR1/KfR2; M; N
JA-P1/K/-P2; M; N

Internal tangent. Finds the two points of
internal tangency which are on the circle
about point J.

 

EXTAN J/R1/K/R2; M; N N
JA-P1/K/-P2; M; N

External tangency. Finds the two points of O
external tangency which are on the circle
about point J.

 

PTAN J/RAK; M; N
JA-PAK; M; N N1

Tangents through a point. Finds the points %
of tangency to the circle about point J of 1 K
the two lines through point K. Qi

C3P J/K/L; RAD PT ,

Circle from three points. Finds the radius 3 RAD PT
and sets the center point RAD PT of the
circle through any three non-colinear points. K

L

Note: the "/ " symbol means "Enter/." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set). Clockwise angles are positive.



COMMAND  INPUT

CHC PC/RP/PT

Coordinate horizontal curve. Calculates the
following horizontal curve data from the
three points (point of curvature, radius
point, and point of tangency):

Distance PC to RP
Distance PT to RP
Azimuth of incoming tangent (PC to PI)
Azimuth of outgoing tangent (PI to PT)

 

RAD Radius, taken as PC to RP
DEG Degree of curve
DEL Delta or central angle
ARC L Arc length
T Tangent length (PC to PI)
CH Chord length
M Middle ordinate (arc to chord)
E External (arc to PI)

SECT Sector area
SEGM Segment area
FIL Fillet area

SEGM

If the distances PC to RP and PT to RP aren't /;k;7
equal, the program displays a warning and
uses the former as the radius. In this case
the PT input is used only to find the angle
subtended (Delta).

rw/~75
For more information see the documentation

for program HC, of which CHC is a part.

Note: the "/ " symbol means "Enter/." A semicolon means the
items of input are prompted in separate groups. (dd) means
"decimal degrees" (flag 03 clear); (DMS) means "Degrees-Minutes-
Seconds" (flag 03 set). Clockwise angles are positive.

7 &)



COMMAND INPUT

ADJ BEG PT; END PT; DIST'; PT#; PT#; PT#; etc.

Traverse adjustment by compass rule. Adjusts all point coor-
dinates of a traverse proportionally to make the END PT close on
the BEG PT (i.e. to make the END PT coordinates the same as the
BEG PT coordinates).

The &£DIST' prompt asks for the total distance around the
traverse, from BEG PT (beginning point, P.0.B.) to END PT. If
this distance is known, simply key it in and go on. If not (the
usual case), one of three routines may be run before the ADJust-
ment to find the distance. If the points in the traverse are
being set by LAZ or LBR from field notes, the distance around the
traverse is accumulated (in register 00). If the points are al-
ready set, routine INV may be used to inverse around the loop; it
also accumulates the distance. If using any of these three, they
must run the entire traverse without stopping, since re-executing
them zeroes the distance accumulated to start over. Once one of
these three routines has been run from the BEG PT to the END PT,
xeq ADJ, input the beginning and ending points, then bypass the
$ DIST' prompt (press R/S without keying anything in). The cor-
rect value will be inserted.

After the g DIST' prompt, ADJ begins prompting for points in the
traverse. The first PT# prompt is the second point in the
traverse, and so on; continue answering the PT# prompts until
you've keyed in the END PT. Respond to the next PT# prompt with
a 0 (zero), or just XEQ your next command (typically a DUMP to
list the adjusted points). See the example. It is important
when keying in the PT#'s not to disturb the stack, which carries
needed data. Do not use the Enterf key; and if an incorrect num-
ber is keyed in and R/S has not yet been pressed, use RDN
(rolldown) or CLX to remove it before keying in the correct num-
ber. Unfortunately, ADJ is very unforgiving of mistakes made
during PT# entry, and since the points are altered as one goes
around the traverse, it's also impossible to start over. Thus it
is a very good idea to duplicate the original coordinates in a
safe block of registers with routine DUP in order to provide a
method of error recovery. DUP does not use register 00, so it
does not interfere with the storage of a g, DIST' value by LBR,
LAZ, or INV as long as one of these three routines is run com-
pletely around the traverse first.

AREA PT1; PT2; PT3; PT4; etc.

Calculation of area bounded by any number of points (greater than
two) . Input points bounding the area in a clockwise direction.
The same caution applies to the stack and the Enter/ key as for
routine ADJ. However, if an error is discovered after pressing
R/S but before keying in the next point number, use softkey C
(with USER mode on) to correct the error. See the example. To
end input and calculate the area, key in 0 (zero).

8
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Q) A"S“fi wm Desrm-”u‘nvfis-éumfls

= Set 4‘143 03

Desire North/Eagt format
»> Clear ‘€la3 ol

b) Set pant*| : N = 20.00 E- 500,00

STOR | 220 2500 (Rfs)

¢) et poTnt 2 @ Wist = 20-4, Az, €X' 130"

LAR | /20.333 743.1320 A

§)Sed goint *3 fom ¥ T by backeighting o *|

LAN 22 12 150° 7 130.U5 + 3

&) Se¥ potnds *E and 6 porallel Yo *|-°2 ;
st Pe‘w&o *Y and =7 pM‘a”d Yo *3-*2 PRL 122 7=l (w2 5+ 6

U‘}?‘-—Q(r);7;u

()Iu\‘{a‘rsed' [Tnes “5-*6 awd *4-*7 b sev a

new Fo‘m‘f'-?:

IvT A0 2 a9 ; 7

3) Compuie Ardmces *5-*7 a«fl '7"4, aMfl MQQ;
: QMfl ) Po\lfl'}’ COOT&\W\d{es M& -rew\a‘m,',\g -&\QQ ?o“‘k'

|i

|
!

|

!
|

SF @3

XEQ “STOR"
[tk CLR

1.6808 ENTERt
10.8088  RUN

11:87:25 AN 89/86/88

TITLE:
ABUTMENT FOOTING

RUN
SEXEEREABARERRRRERRRRNLSE
PTENE

1.0080 ENTER?
20.0008 ENTERt

508.00080  RUN

PTENE
XEQ “LAZ"

SESEEERREXERREXERRRLRRRL
JtDtA (DMS)

1.8000 ENTER?
28.33333 ENTER?
83.1328  RUN

2.0088  RUN

PT2: N=22.3997
£=528.1912

JtDtR (DMS)

XEQ “LAN"
BEEEERREEARRRRXABERARES

JEKtDtA (DMS)
2.8000 ENTER?
1.8088 ENTERt

15.0000 ENTERt
136.4568  RUN

3.8008  RUN

PT3: N=34.8393
E=528.5731

JIKtDtA (BMS)

Sedt @\Q%

o W b

T vx]+'.ali!¢

P+s.%|110

SToR

P+ *|

R

q0 2033’

G Az WYB’

+ et

b+

backightms], 
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Note that +he €irst use (4he "KM'") of eack rotine
?r‘n&"s with a2 line O'C dfiefi:kb + M&Lé— “\e

outpt easier tt follow.

XEQ “PRL"
FEREERERERRRRARERERRARL
JtKD

1,8080 ENTERt
2.8000 ENTERt
11.8086  RUN

5.8008  RUN

PTS: N=9.8769

E=581.2982

6.8008  RUN

PT6: N=11.4766
E=521.4894

1.8808 ENTER?
2.8008 ENTERt

-11.00888  RUN

L
5.0008  RUN

USED-NEN PT?
RUN

PT5: N=38.9231

£=498.7618

M

6.0888  RUN
USED-NEW PT?

RUN

PT6: N=33.3228
E=518.8930

JHKtD
2.08888 ENTERt
3.8000 ENTERt

-9.8088  RUN
L —

7.8088  RUN

PT7: N=27.4288

E=512.7275

4.0000  RUN

PT4: N=39.8685
E=521.1093

00”' wvent

‘He wrow
va.' ( sho

have been

-1L0%)

Vo over

Bypaes
overwrite

Bypass

XE@ “IPT*
BEEEEERERERRERERELRRRREE
JEKLN

- 5.0000 ENTERt
6.8008 ENTERt
4.88080 ENTERt
7.0088  RUN

N
7.00080  RUN

USED-NEW PT?
RUN

PT7: N=33.8394
E=516.5878

JEKELH
XEQ "INV*

SEEREERAREERABERRARRRRAE
JHK

9.8088 ENTERt
7.8808  RUN

D=17.9314
AZ=83.1328 DNS

JHK
4.0008  RUN

D=8.2347
AZ=33.5828 DNS

XEQ “OFPT"
SEEBEERAREAEXRRARERRAERE
JKEP

1.0800 ENTERt
2.0008 ENTERt
4.0000  RUN

OFFSET=17.2383"
N

8.8808  RUN

PT8: N=22.7586
E=523.1438

JHKP
1.08008 ENTER?
2.0000 ENTERt
3.0088  RUN

OFFSET=11.3635"
N

8.0880 _ RUN

PT8: N=23.5533
£=529.9142

Overwrite the
old P+87

W.I'H\ ‘HAQ

nw one,

Fl‘om ’5

+*7

Feom™7 (dafalt)
o Y

F‘ml OGPu“'

of P+‘H 4\"0;‘4

h“e.'"L 
Set dummy”
Pofifl' otfset

locetion [ow
Twe - L "'o

obtain coprdindtes

Offset 4-{’
POTV\+ ’3| %M

ne 'I-’L
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JHKEP
5.08008 ENTERt
6.0088 ENTERt
4.0088  RUN

OFFSET=6.2383"
N

RUN
JHKP

XROM “ARER"
BREERRRRRRRRRRRRRRRRARS

PT1
1.8688  RUN

PTe
2.0088  RUN

PT3
3.0088  RUN

PT4
4.08880  RUN

PT5
J.6888  RUN

PT6

XEQ C
PT5

7.0886  RUN
PT6

6.6888  RUN
P17

REQ C
PT6

2.0088  RUN
FT7

8.6886  RUN
AREA=-315.8119 SB&°

O¢4set of

W*Yq From

,ine .5- ‘6

E\H!bb ‘o aweid

tg,‘HTV\S GM\.( fb\nd’

Find aveq

Oops- the £eth
point should be

=7

Oors aQ q\-y\— Uvsg

SO'{,‘“LQY ‘.C“ ‘o

cotreey CUSER Mole, o»\).

End win PO
 

Yoints weve
TAW+CW6W“

clockwise <o

ocea displays
as nesa‘hv e,

¥ROM “FREE"
EREREERRRERRRRRRARRRERRS
FREE PTS:

XER “DUMP*
11:17:47 AN 89/86/58

TITLE:

ABUTMENT FOOTING RUM
EERREXXRXAKXEXERARREKEKXX

11K
1.80088 ENTERt

18.8888  RUN

PT1: N=28.06008
E=500. 6600

PT2: N=22.3997
E=526.1912

PT3: N=34.8393
E=528.5731

PT4: N=39.8685
E=521.1893

PT5: N=38.9231
E=493.7018

PTe: N=33.3228
E=518.8934

PT7: N=33.8394
E=516.5678

Hawe +hede
poivts URused.

 
Prwts 4-10
ov e w0+

ll’:%efl ‘ETy\(‘Q

‘,‘\ne\( MQ,
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SF 61

XE@ “STOR"
[#K CLR

1.8008 ENTER?
1.0088  CLX
9.8080  RUN

4:57:51 PH 88/38/88

Use X,Y) rathov
thauw (Novth, East)

Initialize q pots

00pS

XE@ “APT"
EREEERERERRRRRRRRREREERL

Irerge ct the circle about

Yoint *3, of radivs 4.0,

with the lne ‘H\vau%k

pints *3 od *Y

0"l "H\e +wo 5o|\!’kon6' P:(L

the ome closest <o Pt B2Y,

Coll T+ PH2|[

- must Te- execule -

not ewpual data f.efiidw‘s ?

Yo stare Pt %))

Stere as Py *7)

TITLE: JIRTKAL

CURVES RUN 1.0868688 ENTERt
ERERXERRERRAERRRRRRERREE 2.8888 ENTERt

PTHXtY 1.0008 ENTERt

1.008008 ENTERt 3.0000 RUN
5.00800 ENTERt M

15,0008 RUN 3.8008 RUN

-------- N

PTAR4Y 5.0688 RUN

2.0088 ENTERt

6.0000 ENTERt PTS: ¥=6.9799

18,0060 RUN Y=14.7172

PTERtY JIRTKLL
3.00088 ENTERt 3.0080 ENTERt

12.00088 ENTER? 8.0008 ENTERt

14,0008 RUN 3.0008 ENTERt

--------- 4.0000 RUN

PT4XtY N

XEQ “PTAN" 4.0000 RUN
EEERERXRRRERRRARRREAAR N

JIRTK 11.00086 RUN

1.08880 ENTER? NONEXISTENT

2.0008 ENTERt XE@ “APT"

3.0000 RUN SREREERRAXERREREAREREREL

M JIRTKLL

2.0008 RUN 3.0008 ENTERt

N 8.000808 ENTERt

4.0008 RUN 3.0008 ENTERt

4.0000 RUN
PT4: ¥=5.8313 M

¥=16.8191 4.9080  RUN
""""" N
JIRTK 7.0000 RUN

cFThl the +a~°¢v\+ po?n+ o‘f ‘“\e

[T ne ‘HM‘wsln P+¥*3, +he ¢ivele PT3i1§=;é§§38

zbod W1 of cadivs 2.0 of IR

one c(bsesd o N7,

|
XEQ “ARZ"

EREREERERRRREERRRRREKRS

JIRTK4R (dd)
3.00008 ENTERt
8.0008 ENTERt
1.0888 ENTERt

 

85. 0088 RUN

M

RUN

N1

6.00080 RUN

PT6: ¥=19.6673

Y=16.2832

N2 |
8.0808 RUN

PT8: X=4,8527

Y=14.9171

JERTKEA (dd)

XEQ “FREE"
EXEXKERRXXEEERAEREXXXXX

FREE PTS:

9

Y44Q <+
avarlalle
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. MRCS 12-374szBus. 72, §
| (3,cns)

,'€> Sed fo‘m'lté by of the Way between

| 27 ad 2 alms the ave aboyd * 1.

A¥RC 2 A m::/.zS; G

@ Cet pond ° %, 10°35 " comdor-clockuise (=)
frowm poinl * T about

ATVA 22417 -10.3% - &
(10.38, CHS) ’

"1) PV\fi MMQ"”.‘M% ee po‘n\*; and run ot
cvtve data frowt 23 % * 7 cbout

3.00888  RUN

PT3: N=361.4851
£=828.7368

JECHARC L

 

/
Arc E xawmple Z

CF 81 Werk Tu(Nor¥4,East)
SF B3 Wk m DMS

XEQ ~STOR"
14K CLR

1,800 ENTERt  T.ikialize
9.0008  RUN  pote (-9

. 5:39:47 PN 98/30/88

J @ (403,1050) TITLE:
CD (100,500) ARCS

RUN
EEEREEATXXXRXEREERRKRXX

PTANSE
) Set poiut *1: STOR [7100/ Boo 1.8088 ENTERt G, pys|

109.0008 ENTER*
D St gt *Z feea 'L @ ReUTOT500.8089  RUN

Az - 10" 35 : PTANSE
XEQ *LAZ"

LAZ | A420210°3%° 2 SEERREEREAEEEREEERARRRES
! J1DtA (DHS) St W2

_r . , 1.8080 ENTER?
c) Set point *D e 2, 0.0 alowg 420.8800 ENTER?

the ave aberd *1 (clockwise = +) 18.3508  RUN
N

ATRV 2214300, 3 2.8089  RUN

. PT2: N=512.8553
J) 6+°TC (00\""'“6{65 O'(\ PO\IV\.{ ’a . E=577.1395

(bqpass TMHT&”&M& seemcey' N=400 mmmmeeeee

E:1050 JADA (DNS)
STOR  (bypacs CLR) H7400R 1050 XEQ “ATRY"

EEEXEEREEXXRXRRRRRRXX%KX

€) Sey point *F5 @ wlergectiog of JICHARC L >.4809 ENTERY

we dboad >4 @ R:1E4.5with 1.9906 ENTERt  ~¢% ¥+ 3
ave sbod *l @ R - 420-0'(radivs of *3) 300.0000 RN

prek the pomt closest v *2 N
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XEQ “STOR"

[tK CLR
RUN

PTANtE
4.0000 ENTERt

- 480.06008 ENTERt

1,850.8088  RUN

PTENtE
XEQ “ARCS"

IRERERAREEAREAREARRAEEEE

JIR1TKHR2
1.00808 ENTER?

-3.8000 ENTERt
4.080088 ENTERt

254.5608  RUN

H 2.8888  RUN

' 5.00080  RUN

PT5: N=398.4577
E=795.5047

IRIAR?
XEQ “AFRC"

SESERBRRERERRREARARARENS
JECHKHFRC

2.00088 ENTERt
1.608008 ENTER?
3.0000 ENTERt
.2588  RUN

N 6.8008  RUN

PT6: N=492,5884

£=649.2458

HEAIFRC
XEQ “ATYA"

XXXXXRRERXRLKXX

JACHA (DNS)
2.0000 ENTER?
1.8980 ENTER?

-16.3560  RUN
N

8.8008  RUN

PT8: N=520.8008
E=560.06008

JECHA (DHS)
XEQ “FREE"

SERERERXRRARERRXREABRARY
FREE PTS:

7
9
 

XROM “CHC*"

5:45:83 PN 88/38/88

TITLE:

428 FT RAD. RUN

FEXEXLXXRRXXXLEXLKRR

PCtRP+PT

3.0008 ENTERt

1.8000 ENTERt

2.0000 RUN

PC-RP=420.00668"

PT-RP=420.00006"

PC-PI AZ=-38.2928 DMS

PI-PT RZ=-79.2508 DMS

RAD=4208.080060°
DEG=13.3831 DMS
DEL=48.5532 DNS
ARC L=3600.6008"
T=156.7287"
CH=293.6638"
N=26.5822"
E=28.2871"

SECT=63,0006.00088 SO
SEGN=35,222.1295 S@°
FIL=2,822.6734 SQ"
 

PCHRPAPT
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Traverse +his cirevit and
O«oosus‘{' Po?w}s \0\1 +Hae

Cowmp ass ‘rvle 4o close.

 

%.0.B 70’ v20" 0 A® ©: Q@ =P.0.B.

Yerimeter (ZDisT) = udp.Q’

Travecsing from © (30,530) » @ (29.2477,529.475)

Eeror in Northing: 30.0-29.2%717 = g’
<~ Easting: 530.0-529.4765 = 5235’

xe? SToR

I7K CkR ), 6

PTANA/E 1,20 530

xeq, [ BR

J2 078 dh). Quab; N

L0T
L1046’ ] - 3

5 lo a4, 2. 4

4,100746" 3. &5

5, 70" ‘670; ‘-}; G

M;.ART_
BEG PT |
END PT 6

ZDIST” (R/9)  (deflt £rom LBR)
YT¢ 2
PTe 3

etec.

XEQ@ =STOR"

[#K CLR
1.8608 ENTER?
6.0088  RUN

SIZE<14

SIZE @14
XEQ “STOR"

[4K CLR
1.80888 ENTER?t
6.00880  RUN

4:37:43 PN 88/29/88

TITLE:

TRAYERSE ADJUSTMENT RUN
EEREERRAXRRRERERRARRRRKS

PTNE
1.00808 ENTERt

38.0000 ENTER?
938.00880  RUN

PTENTE

XEQ “LBR"
EERRERARRERERRRRARREERKX

JtDtB (dd)
1.0000 ENTERt

78.0000 ENTERt

8.6068  RUN
QUAD

1.8088  RUN

2.8888  RUN

PT2: N=100.040800
E=530. 0008

JtDtB (dd}
2.0088 ENTER+

108.80080 ENTER*

46.80080  RUN
QUAD

1.6088  RUN
N

3.8088  RUN

PT3: N=169.4658
E=681.9348

JtDtB (dd)
3.00808 ENTERt

100, @088 ENTERt
44,0089  RUN

QUAD
2.0888  RUN

N

4.0080  RUN

PT4: N=97.5319
E=671.3998

In?fiah;e

points 1-0

00'5’. Not e

Ffoom - f;SlL:S

TrY QSQT“

Tatialize

Tit e

STIR coord
\l Ilipfi 0{ Y.o o

N -30.0

E:%530.0

Ees'\ w traverse

Feom pt. %1,

40 70.0" ot

a Lm?nfl o'P

O-w,?n 0\/001

(Northeast)

Y set poiat 42

Cooed. of

fo\lvd’ nz  
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Jt1B (dd) YEQ - DUNP-
4.8008 ENTER? 7:36:38 AN 98/16/88

1008.6008 ENTERt

46,0000 RUN TITLE:

QUARD : ADJUSTED POINTS RUN

3.0088  RUN SEEREAEEAREREREREAERAREL
N [tK

9.08000 RUN 1.00008 ENTER?t

6.0000 RUN
PTS: N=28.0668

E=399.4658 PT1: N=39.0000 Adjusted
--------- E=530.0000 — Pointe -
e @dd> e ap s

5.0080 ENTERY PT2: N=188.1133 )
70.0008 ENTERt F=5308.0833

89.00600 RUN  a———m

QUAD PT3: N=169.74186
4.6000  RUN E=682. 1362
Ne

6.8008  RUN PT4: N=97.9690
E=671.7211

PT6: N=29.2877 Pond *6 didut gudte L
E=529.4765 close ow powmt *1 PTS: N=28.6650

""""" £=599.9861
Mme@Q@ad e

XEQ °RDJ" PT6: N=30.08000
EEEERAREAEEREEERERRRAREE E=539.08000
BEGPT a—ae

1.0008 RUN 1§14

END PT . 8900 o XROM “ARER" Find Areq
— ;;Ttttt#ttttttttttt#tttt o4 “fy«fiei

RUN Bypess Simee TV shred 1.6668 RUN *ra\(erse_
PT# by LBR run *

PT2
2.00068 RUN B(fm with €irst poiwt to

PT' be va""e" - P\’CC @e&) PT3 2.0008 RUN

3.0000 RUN arcvwd traverse

PT# oTa 3.0000 RUN

PTH PTS :
5. 0008 RUNPTS ore 9.0008 RUN )

PT# 000 ROK 6.0800  RUN Siquify e 'c-P

0.0800 RUN  Siquify enlof ARER=12,443.9676 SO Travenge witl
BEGC PT traverse with Pc?n‘l’ - Pccvd O

*0
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I‘€ COOYJTnate,s av'e

already storeduse
[NY +0 accumvlate

distauce :

XEQ “INV"
SEEETBXARERREEARRERREARE

JHK
1.6888 ENTER?
2.8088  RUN

D=70. 68000
AZ=0.08000 dd

JHK

3.0008  RUN
D=108. 8060
AZ=46.6088 dd

JHK
4.0008  RUN

D=1600. 60808
AZ=136.0608 dd

JHK
5.8088  RUN

D=100.0680
AZ=-134.08060 dd

JHK
6.0880  RUN

D=78. 60808
RZ=-89.8600 dd

JHK
XEQ@ “ADJ"

SEERRERRELERRAREAAREARS

BEG PT
1.6860  RUN

END PT '
6.0888  RUN

Z DIST” -
RUN

PT#
2.80880  RUN

PT#
3.00080  RUN

PT#
4.0008  RUN

PT#
5.0080  RUN

PT#

6.06088  RUN
PT#

8.8868  RUN
BEG PT

Lom®L % 23
(defavlt “F" 3s

praviove "K")

Last leq 75

frow *5 Yo *6

Bypass

Firet Po‘ln‘i’ +

Bc cu‘ucflJ

Last point % be
al;vdcl

Stanify eaf with
MO

XEQ ~DUMP*

4:49:00 PN 88/29/88

TITLE:
ADJUSTED POINTS RUN
SEEEERREEREEARRERARERRRE
11K

1.8808 ENTERt
6.8088  RUN

PT1: N=38.00806—
£=530. 060060

PT2: N=108.1133

£=336.8833

PT3: N=169.7410
E=682.1362

PT4: N=97.9698

E=671.7211

PT5: N=28.6658
£=599.9061

PT6: N=38.00880
£=530. 06008

XROM “ARER"
EREEEEREERARALERRALRARASE
PT1

1.8088  RUN
PT2

2.0868  RUN
PT3

3.8008  RUN
PT4

6.8000  RUN
PTS

Xe@ C
PT4

4.0080  RUN

PTS
9.8888  RUN

PT6
6.0008  RUN

P17
XEQ C

PT6
8.0668  RUN

AREA=12,443.9676 SQ°

Oops

Cotrect vffi
aofd key C

“dv’n-s a ad

day - end

with ?+‘0

(8o not vee

4% 0 since

it s new

Tdatical H

)O\u* . |  



  

 

 

        
 

 
 

Program For Coordinate Geo me+r¥ \Z9Z_bytes page_Lof b

33 "USED-NEW PT#- |

814LBL “STOR" gg gg}%a

82 "Itk CLR" > Fer o0

gi glégnpr K |1 37 F5? 33
85 X=8? 58 PROMPT Newb| ¥V

|

X

' 59 F5? 22
86 GT0 10 o ETo 30

87 ENTERt | ! 00 < |y

32 s? * £ ZKK \f 1 | 62STOINDL

|

X 1P
63 1SG L

:? ;nv Tke|

|

K | I 64 =* NoP’
. 65 XOY Y |X

R T SO ML |y 2hel
14 7 67 LASTX AN

15 + 1.k 23 _E Iofteegfy

|

X

16 E-5 o

17 + 7/
18 ST+ X Umndz P IY

|

X

|

X
19 E9 72 RTN

20 CHS —=1<10%

|

conmlen T30LBL 16

214LBL 64 ;; Fg; 22 v Ix

22 STO IND Y 5 :m

24 CT0 77 0 3
78 ADY

25¢LBL 10
26 “PTENtE" E |N |P+ ;3%%_56

27 FS? 81
28 "PTHXIY" Y |x | 81 RCL d k‘qug LY |X |,

29 PRONPT gg gng Shre vue coords,

3 152 ol X |y |P+" 84 ARCL Y

Y W ; 85 ST0 d
32 X0 2 ly 86 RDN P Y

|

X

A XL 8 12 o
35 CT0 18 88 GT0 @0

89 °F: N=°

364LBL 38 ‘9’? 35?%.."

37 SF 21 RYIEN

. 539 CF 26

amx || o
41 SIGN
42 RDN Yy |X % RTN Y |V

|

X

43 CF 10 _

44 RCL IND L ,
45 E9 X |

46 CHS
47 %=1 ot XY X 1
48 SF 10 clear? |

49 X2Y?

5@ BEEP
51 Rt
52 R¢ Yy I'X L



 

 

 

    

 

       

Program T

] for__Coordinate Geg "‘fig 1Z%Z _bytes Pageof

97+LBL 68 149 RDN |

98 “F: X=" X |-t

|

m|y 150 + U -w1

99 ARCL 2 151 X5 0e IN.oo%

188 AYIEN 152 ST0 @1

181 = y=" | 153 E-3 .00|

182 ARCL Y | 154 +

183 AVIEW | 155 LASTX 001 [iN.oof 11

104 XROM -L- 136 *

185 RTN 157 + 4001pos
158 SF 25

1064LBL *INV" 159 REGMOVE Uee REGHIVE

167 SF 14 160 FS7C 25 i awilable

188 CLX 161 GT0 83

189 STO 98 Witz b, 50
| 7e V.27 1624LBL 76

110¢LBL 67 163 RCL IND @8 Xetf

111 ¥ROM -L- \ 164 STO IND @1 xey

112K- ) o\ 165 ISC 81

113 PROMPT N 166 =*

114 STO @1 L‘ T \u N 167 15G @8

115 XROM “XY*  [ax sy |y 7 - 168 GTO 76

116 XOY NPT 169 GTO 83
117 R-P d |A:z
118 ST+ 00 st Ny 178¢LBL “ANGL"

119 =D="
171 SF 14

120 ARCL X
121 AVIEW 172¢LBL 11

122 %O Az

|

d 173 XROM -L"

123 Az 174 =JHCHK" K ¢

|

T

124 XROM “Dd" 175 PROMPT

125 AVIEW 176 STO @1 ¢ <

126 RCL 01 K

|

Az

]|

d 177 RDN %

127 GT0 @7 178 STO 00 c |3 A
179 XROM “XY- &%y |o ¥y

128¢LBL “DUP* 180 R-P dr

|

67 ¢

129 SF 14 181 RDN &z
182 ¥(> 01 K B; ‘RO

1394LBL 03 183 RCL 88 c |K

131 XROM L 184 XRON =XY=  |°Xe|2¥,

132 “I4KINEW I- 185 R-P d, |e.

133 PRONPT NewI| K

|

T 186 RDN O«

134 2 2 [N | |1 187 RCL 01 s
135 ST+ T

188 - o6

136 ST* Z 189 -A°

137 = IN |1k |21 198 XROM “Dd°

138 STO 88 TN 191 AVIEM

139 XOY K 192 GT0 11

148 E | 1k |TN |21
D

141 + 193¢LBL “LLI" |

142 STO Y Wel |2kl |2 T |22 194 XROM “L*- ! K

143 Rt LT 195 SF 88 g

144 - sveq-

|

2Ke|21

|

2T 196 GT0 89 |

145 E3 1000

|

*fea (Zke] |TT

146 ST/ Z | 1974LBL “PART" '

147 7 .0ps [T ! 198 XROM “L**

148 ST+ 00 = 1t eT (el 199 CF 68 L
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XEYZTL[ Xy lz TV ]} .

268¢LBL 89
281 "JHKt 248¢LBL 51
202 FC? 08 249 ENTERt P4V
203 “HFRC" FRe |k

|

T 250 XROMN =P- |V

|

X

|

W
264 FS? 8 251 RCL Z v Ly

|

X
285 D" b K |T i 252 XEQ 56 vl Y| X
286 PRONPT ; 253 15G ¥ Bt g
267 ST 09 Vor FRA a 254 GT0 51
268 RDN Lo T 255 GT0 @2

209 XROM “XY* oX oY ixr |Ye
218 R-P dx N 2564LBL “OFPT
211 FC? 08 I-noww 257 XROM “L¢-
212 ST+ @8 eye
213 %(> 08 dy |0

|

X; |Yg [FRe w720 258¢LBL 14 a,t P
214 PR K ¥ ; 259 SF 68 &
215 §<ZY oYu [o¥y

|

Xy

|

Y7 260 =JtKtp- 1\,’\69
216 “N 261 PRONPT PolK T

217 XROM “SP- 262 STO @9 P J
218 GT0 89 | 263 %O 2 s | | | ?/{

; 264 STO 01 I
219¢LBL "XY" K T , 265 XROM “XY* ox  |aY K
220 XROM °P* Ye [X,

|

T 266 XOY oY |ax
221 XO Z. i T

|

X

|

Y, 267 R-P d |6
222 XROM -P Y‘E Xr

|

X, YK | 268 RCL o1 T
223 RDN ok S e 269 RCL 00 P |T |4 |6
224 - » X 278 Rt e |v

|

T
ggg ;?grg Xrlex

|

Yo

|

Yy 271 XEQ 66
Y, : 272 GT0 14207 b e |aX |X7 lel’

228 - 8Y fex |Xg 273¢LBL “OFAZ*
229 XOY oX leY |xg 274 XROM “L*"
238 LASTX Yy
231 RN 2750LBL 64 N g
232 RN oX laY [Xg¢ Y:r 276 *JIPtAZ" e

277 XROM °Pd- re [P (T N
233¢LBL “FS" 278 XEQ 66 it234 *F S0* 279 GT0 64 f—i

ggoLsL “FT- 2884LBL “OFBR" 3
“}- XRON “Le"

237 RTN | 281 XR0
| 282¢LBL 65

238¢LBL “DUNP* ' | 283 ~Jtp"
239 E } 284 XROM “BA" Az [P |3
248 XROM -S- 285 XEQ 66

; T0 65
2414LBL 82 286 G10 |
242 “I1K° < |z | 287¢LBL =IRZ- |
243 PROMPT ’ : 288 XROM °L%*

244 E3 1000 i '
gzz : C o ; 289¢LBL 13

: ; 29 CF 08 |
247 ADY | 291 = JtAItKtA2" |

: b67 292 XROM “Pd= |A,

1

K [ A; 1T
293 X(> Z Ar K AT 



 

 

 

     
 

  

 

 
 

     
 

Program For Coordinate Geo me‘h‘\lg 127 bytes Pageiof L

XT}‘/ Z [T |L ] X1y lz"TroT
| 3444LBL 00 d 0 Xy |vy

234 F5? 83 ; 345 XO> 00 Av 18 1 Xs vy

|

4w295 HR | 346 + '
296 X(> 2 Ay

|

K | YRRRy K ;1T ' 347 LASTX Ao lgeh, ! N5 |Ys
48 X()> 89 W WX,298 GT0 13 N Ya

|

Xy [Red] 349 P-R ‘fi ',?“A‘; b k00
. ‘ 358 X(OY i

299¢LBL “16R" ; 351 RN { %Y [ v308 XROM “L# | 352 ¥() 00 f, !
; 353 RCL 01

3814LBL 43 | 354 - A-’;,
302 CF 88 355 CHS A-A,
383 )t 356 SIN

Eg;SXRgfl BA 357 ST/ @8 loawes D v R.00

“K* RDN X5

|

Y-
386 XROM °BR" ggg RCL 81 A.I ?
387 XEQ o; 360 RCL 08 D |4
388 GTO 4 361 P-R oY |ax

|

X3

|

Y

3094LBL 66 A= |P

|

T 362 GI0 08
310 SF 08 T363¢LBL 86 Az |D
311 98 10 1A T 13 364 XOY D |As |3
312 XOY Az

|

40 365 ST+ 00 aceum.
313 - 0-#e 366 P-R oY x| T
314 CHS A;_-‘fa P |T (73 367 %O 2 T X LY
315 Rt

“p- Y Xy [6X |aYe ey pe |7 |hsol 368 XROM v

|

X3

317 Rt 369¢LBL 00
318 Rt Az-4p| ¥ At |J 378 “N"

319¢LBL 01 A, ¥ |A, |7 3716LBL “SP" oY [oX

|

X7

|

Vg
328 STO 69 A, 372 8T+ T Y s X X5

|

Yy321 RDN K AT 373 RN 6 X IXy |Yu |aY
322 XOY Ay

|

KT 374 + Xu

|

Yo |aY [uY
323 ST0 81 A 375 ROY Yn

|

X324 RN e |7 | 376 CF 22 - :
325 XROM XY oX WY lxyiYy ! 377 PRONPT N

[

Y| X |
326 R-P d |e | 378 €10 16 N
327 FC? 68 |
328 GTO0 00 3 379¢LBL “IPT"
329 §T0 [ d 8 XROM “Ls- T,338 RDN 9@ X

|

Ve

|

d 3 |
331 STO0 a ‘¢ i
332 RCL 61 A, ggg 'E,EL,;" ; N
gi ;CL ! GiA' 383 -JHKtLtH" | k

, 384 PROMPT M L |K 1335 P-R 0 f{eet (Q XJ' Y’I 385 STO [ ‘W\ T l ¢

336 “OFFSET=" 386 RN |
337 ARCL X 387 ST0 01 L |
338 F 388 RDN i339 AVIEW 389 STO 89 K jJ j»w ¢ !

341 Rt é: T 391 XOY oY [aX |
342 RCL a | |R-P |343 LASTX d |8

|

Xy |Y; ggg YO Az, {
' 394 XO [ M l 1AZ,, Tw R,M

395 RCL 01 ( M
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XY 1Z [T]L ] X TV T T 7]

396 XROM “XY=  [oX | — —

397 XOY sY o X 449¢LBL “LAZ"

398 R-P J |A7 450 XROM "L

399 X(> 99 K At 451 CLX

408 RCL [ Afn 452 ST0 88 Wwitialive Rej.OO

481 RCL 81 L P

482 RIN hese| K| Ao

|

L 453eLBL 88 ioace
483 XEQ 81 v 454 *JHDHR-
494 CT0 18 N Yo

[

Xy R4 455 ¥ROW *Pd"

|

Az

|

D
| 456 XEQ 86

485¢LBL “PRL" | 457 GT0 88 N Y
486 XROM “Ls* |

| 4580LBL “LBR"
4974LBL 85 459 XRON “Ls®
488 -JK1D" 460 CLX
489 PRONPT > |k |3 461 STO 09
418 STO [ D
411 RDN ¢ |3 4620LBL 48

412 XROM XY

|

oK |o¥

|

X| Vs 463 10"
413 STO 09 > X ‘ 464 XROW BR-  |A. |

|

T
414 XOY 465 XEQ 86
415 STO 81 Y |2 X “D" 14 pos, 466 GTO 48
416 R-P d |As bt rig
417 %O [ D |42 as looks 467¢LBL “BA"
418 P-R aX |-aY fou Tk 468 “HB"
419 XOY 469 XRON *Pd"  [pro |
420 CHS aY |aX

|

Xt |Y. 478 STO 81 .Bf‘b a | b ¢

421 L ? 471 RN 3y C

22 won e+

|

£

|

Ve

|

X [Rd Jpromft muct ke 472 -quRD- Qb1 Aok

423 X0 Z Xe [, (L ausweve f: L4 0 473 PRONPT Q |a'!b |e 3

4RCLBB |2 474 Rt , | 1+ heet60-Bey
425 RCL @1 sY [oX |X_

|

YL 475 STO [ ' C : i :pe-Bry-te0

426 X" 476 RDN Q : IA =bny

427 XROM *SP* M Y

|

X RS 477 E | Q| a|b

428 CT0 85 478 XY? 4Gud1T
9CHs X |2 |Q |qa |b |

429¢LBL “LAN" 488 ST+ 01 * F5209» Gut T

430 XROM “L=- 481 RDN QR

|

a b 2475201°QJNeI

482 CF 09 )i

4310LBL 12 N 483 1.6 A
432 - Jfl(fllfil' : X 484 - 0,"" a b b

433 XRON “Pd" Al |k T 485 X(8?
434 STO [ A | pSS 486 SF 89 X
435 RN | 487 LASTX
436 STO 81 D | 3 488 - 0-3.7]
437 ST+ 89 489 X)8?
438 RDN K |3 490 SF 89 ¥¥

439 RON =Xv=  |2X |aY

|

X5

|

Yo 491 180 w0 losz| o

|

&

449 R-P d |6 492 FS? 89
441 XO [ A 16 493 CLX

442 - 6-A 494 ST+ 01 120 oc)
443 RCL 01 v o|6-4 495 RDN 0-3.2
444 P-R sX (&Y 4% E |
445 XOY aAY 1aX

|

Xy Yy 497 + 2.2l a

|

b |b

446 “N° | 498 SIGN i
447 XROM -SP- N YN )(N R.J 499 CHS T | o b L @

448 GT0 12
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X1y lz

I

lTlL] X vz T 10o]

5324LBL 41

00 mpe” 533 RIN X,

|

v,
582 RCL 61 = | g—ac 934 “PT#-

s83 + e . 1w |L P 535 PROMPT Py
536 ¥=07

584 RCL [ c 36 X
<85 RIN 537 GT0 53

=8 RTN Az

|

o |b | 538 LASTX O
539 STO ] £ dict. O]
548 RDN P4=

S87¢LBL “ADJ" .

szngt 14 J S41 XROM “P* v,

|

X,

|

X, |Y
542 %O L ZPs| ' )

Y w L%'{X

5894LBL 53 243 510 [ ZPel
sig YROM -LL° 544 XC) L v,

[

X % Y

511 *BEG P g:g iz;YT

gig gg"z o 547 §T- Z Xo

|

Yo |ox [aY
548 Rt

514 “END PT*
515 PRONPT  [E=/Pi [beght o o e Ny
516 ¥<) 80 €t [Baghy Tod v O T .

517 =% DIST " w7 ¥ e k00, 931 ST+ Z BA accom.

519 17X Ve4 [BeyT cene tute ggi :EL : ;;;_* Y.

528 ENTERt ~
521 %> 81 BegP

|

Y4 oo 595 ENTERt Ldist |1iet| X,

|

Y2

522 %OY Ved [Begh, 24 e Ror TEEOE S arr
523 X(> 88 I |Beghe - ==p %<3 0] erry ol=¥ TR0

524 XROM XY= |aX oY Xy| Xp| T4 2777 550 6T- IND I oy by e diclaeg
525 ST+ 80 o X , -

y -

526 XOY ii)’i V. 568 CLX Q‘;cumulo*e <0

erfl - | ‘w‘

527 ST+ 81 o |Lx 561 RCL 60 X iX

|

Yz -M'\ze:a g 0Y

528 R4 ‘;ffl:y ", ¥ 0; 962 * o Ko

539 0 964 °* # sSoblrad oY

\ | 966 RCL ] distagm X, Y‘L o’ the Pt.

967 SIGN x subtred o X

968 RDN X Y o~ Yhe X

569 CTO 41 ot cormd- ol ViB4,

579¢LBL “P* Y [al|b |e
571 SF 21
572 ST+ X Ty
9573 SIGN ' TP wloet X

574 RDN a ¢
575 RCL IND L X la b |ec
576 156 L ZPel n Lad X
577 =
stsRCLINDL [Y

|

X

|

a (b
579 END     
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X1y lzlTlL ]| X 1y lz TF7T ]
53 RN | AYy YT Kz 16Xg
o4 + YN-‘L XN.l

55 XRON *PN-
ALeLBL *ARCS® 56 GTO 84
82 XROM “Ls*

A3eLBL 04 57¢LBL "APT"
84 = JIR11KAR2" iR <074 58 XROM “L#*

85 PRONPT ty
@6 XEQ 88 R, K|RAT yf‘?f?ui 59eLBL 62
87 ST0 [ Circle - cadivs 68 " JAREKL"
88 Rt s {ond ia LMOS 61 PROMPT L K R T

89 Rt 1T IR, K 62 Rt
10 XEQ 08 63 Rt
11§70 R, 64 XEQ 68
12 %) T K T |R, |R, 65 STO 01 R T L |K

13 XROM XY= X [V |xy lys 66 XOY
14 Rt 67 STO [ T
15 STO 90 Yy 68 Rt
16 Rt ¥ 69 STO 90 K
17 570 01 I 78 Rt L K |J |R
18 Rt 71 XROM “XY*  |ax |aY
19 Rt aX |aYf 72 ROY ay o %
28 R-P d |6 73 R-P d |Az
21 510 1 d 24 %O T |4
22 RCL \ }f"i ; 75 RCL 1 R
23 R-P p.x) Twbgt 6 76 RCL 08 K
24 XOY 77 Rt Ae K R |T
25 RDN Gl 78 XEQ 85
26 %12 R | 79 GTO 82
27 RCL [ vft vl
28 ENTER® or e |0 e 89eLBL -nsz-

% v ) ol g*gg ' #xx)e o o KoKy-8deog 81 XROM

312 Cosp. Wi di-Rp  B2eLBL 12 {
32/ Zh, d 83 = JIRMKHA" 5
33 RCL ) d g4 XROM -Pd-  |A |K |R?2|T
34/ 85 XEQ@ 11 A |k R IT
35 RCL R, 86 CT0 12 Nt
36 /
37 AC0S 1§ (616 |6 g7¢LBL -ABR" M
3 - o-4 88 XRON “Le* K
39 XOY e |6-f
48 LASTX ¢ 894LBL 87
a4 O+¢ |0-4 i 99 *JIRMK"
42 %O R 6+6)in RN 91 XROM *BA* (A K [R1| T
43 PR 3%, |, | 92 XEQ 11 Al te T
44 %O 81 LS | 93 GTO 67
45 ST+ 61 AX,+ X 4% Xn.{ in¥.

46 KOV Y (X516 | 57 Yo R4 94eLBL 11 A |k IRYIT
47 X< 89 V3 oY, ) 95 Rt
48 ST+ 08 6ud TT: YTnR00 96 Rt RL IS LA |k
49 RCL \ 97 XEQ 08 Rl T A ix
58 LASTY Ry e ¥ X5 98 Rt
51 P-R 8Kz |aYe |vy Xg 99 Rt A KR TT
52 6T+ T Xyl | 
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X'Tr\{ 2 el 154 ¥ROM -P Xy T T L] -. ‘ “Pe Y X Yy | X
18ReLBL 45 AW iR T 155 Rt MR
1A1 5TO A | 156 STO I Knz
182 RDN ; ko :3 : 157 Rt y
183 XY Lo 158 STO a N1
184 STO \ R ; 159 R Xar Yael Xz 1o
185 %> 2 T OIW iR A 168 ST- 2 K (Ve ek Vo

106 ¥RON XY"  Lx Ly |x, |y, 161 Rt Yo lXn ez laX,
107 R-P i |6 | 162 ST- 2 Ym [Xm |ay, axXe
198 Rt ; 163 Rt
189 STO 00 Ye 164 Rt a¥Xe 18l |Ym X
119 Rt i 165 R-P dy |aprierd
111 STO 81 Xy . 166 Rt
112 Rt | 167 Rt Yo Xe| dy
113 Rt ; 3 168 RCL 98 ™
114 XOY 169 - aY,
115 RCL [ A - 178 XOY Xu |sf, 4y 4,
116 + o h 4 O+4=90- (7L RCL 81 [x,,
117 XOY 4|90 172 - X, |»Y,
118 P-R YO D 173 R-P dy ey 4,
119 X12 by | 174 XOY | ;
120 RCL \ R . 175 %O [ Xna| 4, 4o}
121 ENTERt F[R MY D 176 RDN Lo\ [ Xaa
122 ¢ RE YYD b 177 N o
123 XOY YL R? 178 X(=Y? |
124 - , 179 GT0 o1
125 SQRT X" |D |D |D 189 Rt Xue
126 - D, 181 RCL a Yur
127 RCL [ A |{D, D D 182 XOY %n| Yuq
128 Rt v 183 GTO 10
129 LASTX x 1o A [P
130 + D, [A |V, 1844LBL 89 |
131 RCL € A v |4 |b, | 185 %¢> Z Xug Yoq| O |
132 Rt D, A |V, |A | 186 *N1®
133 P-R o, |aX, | 187 XEQ 10
134 %> 99 Yy | 188 N2
135 ST+ 08 .

Pe aT ee Ve |
138 ST+ 81 Xut Rl 191 RCL 81 *ua Yoy
139 Rt — | ‘
149 Rt V. A ' :3§°L8L 19 0
141 P-R o |aX .
142 ST+ T Av'{ ixf ;(‘ ;{" | 194 ENTERt o |0 X |Y
143 RDN X [Xe [Yaig [ay] 195 XRON *SP*
144 + Xnz! Yag | 196 RTN
145 XOY |

et Xy 197¢LBL “EXTAN"
1460LBL “PH" 198 SF 89
147 CF 22 199 GTO 08
148 *N-
149 PRONPT M Ve| Xaa 280¢LBL " INTAN" ,
158 FC? 22 201 CF 89
151 . 0
152 %=8? |
153 GT0 89 | |

| | !      



 

 

 

            

Program For COOFJTnd"’i Geo Me.“’r‘\# <96 bytes Page_3_of __5_

XiVY [Z [TlL] X1y lz TV ]
255 XOY oV,

2824LBL 99 256 %¢) 88 Yr
203 XROM “Ls#- 257 ST+ 88 Y TuR.00

2084 = JIR11KIR2" Re K| R[T 258 LASTX Ry Ys! X5 l6-w
285 PROMPT 259 Rt
206 XEQ 01 268 XOY Ry [6-u
207 GT0 00 261 P-R aXy |aYe| Y7

|

X7
| 262 ST+ T X1

288¢LBL "PTAN" ; 263 RDN aYa

|

Y

[

Xy |ax,
209 XROM “Ls 264 + Yo

|

X,
265 XROM “PN°

2184LBL 13 266 RTN
211 *JIRHK"
212 PRONPT K |Rq| 3 267eLBL "C3P"
el3 . O |k Ry |3 268 XROM -Ls*
214 XEQ 01
215 GT0 13 269¢LBL 24

278 =JIKL"
2164LBL 01 271 PRONPT L |k T
217 ROY K

|

Ry 272 STO 99 L
218 RDN Ry |Re

|

T

|

K 273 RDN
219 XOY Ry Bk 274 ST0 o1 K T L
228 XEQ 88 275 XROM XY oX [ay x, |Yq
221 ST0 [ Ry 276 STO \ o X
222 KOY Rk 277 RDN of-

|

X5

|

Vg
223 XEQ 88 278 2

224 FS? 09 279 / a¥a xr |y
225 CHS R Ry T |K WSz v fxs | | |- ¥
226 + 281 KO \ aX | .
227 ST0 © Rrsk 282 LASTX T fex x5 Y
228 RDN T |k |k [R 283 /
229 XY e T 284 + Xg

230 ROW “xv*  |ax |a¥

|

Xy |v, 285 RCL \ e

|

%

|

v
231 R¢ 286 LASTX sz
232 STO 98 Vs 287 CHS -oX/z
233 Rt 288 R-P drwg Ae,,
234 STO 01 X4 289 RDN Ain
235 Rt 298 STO \ Az
236 Rt oX oY 291 RDN Xao 4
237 R-P 4. 1€ 292 %() 09 L Xo'~ R.00
238 X12 — 293 ST0 ] L
239 RCL \ aR 294 XOY Yretd
249 ENTER? s AR 4" |6 295 %O 81 K L Yo iR0
241 * R gt e |6 296 XROM *XY* ¢
242 - 297 ST0 [ 8% s X, |y
243 SORT L |e 298 RDN Y i e
244 RCL © sR (L 6 299 2
245 R-P d [« |6 |6 360 / M X | Yy ~
246 RN o« 391 STO a o¥fi K4
247 - 6| @ 302 ST+ 2 Yo
248 XOY 6 |6-d 303 RDN
249 LASTX 384 RCL [
259 + O+4 |6-4 385 LASTX
251 RCL [ Ry 306 /
252 P-R X, [aY) 387 STO ( o XL

|

X
253 X(> 81 Xy | 308 +

254 ST+ 8 - X, 1= R0l %



 

 

 

 

    

 

      

Program T

? ror__Coordinate Geom__y_e,fi 216 bytes Pagedof _5

399 RCL 99 Xny |
318 - 01|
31 XOY %
312 RCL 81 5 3624LBL “ATYA"

33 - .y 363 XROM “Ls

314 XOY X |ay 364 CF 89

315 R-P dio| 8n
316 XOY Sov

|

di 365¢LBL 14

317 RCL a oYy 366 "JiCtA"

318 RCL ( 2Ky ; 367 FS? 89

319 CHS - (Y2t B,

|

dysy 368 “HRC L*

320 R-P dur

|

¥ur 369 FS? 89

321 RN feo

|

¥ 370 PRONPT kel

|

C

|

T

322 STO [ Bur

|

¥, 371 FC? 89

323 + 372 XRON “Pd" A |

324 XOOY &u-L 373 STO @8 Prgloc beel 1w R.OC

325 P-R 374 RN C

|

T

326 RCL \ 375 XOY N

327 ST0 2 376 XROM “XY* oX laY

|

X, |Ye

328 RCL [ 377 R-P d |p

329 - 378 Rt Ye |4

|

& |Xe
338 SIN 379 X() 08 Aol V. 1w X.00

331 / 389 FC? 89

332 P-R 381 GTO 86

333 RCL 81 382 XOY d |weel

334 RCL 00 383 / Me/rd)

3358+ T 384 LASTX d

336 RDN " 385 XOY Au/ufi d

337 + 386 R-D Ande

338 RCL ]
339 XROM °P* 3874LBL 86 My

|

4 {6

|

X

340 Rt 388 XOY I |«

341 ST- 2 389 RDN d | |X,

|

d

342 Rt 399 - 6-d

343 ST- 2 391 Rt d |6-a

344 Rt 392 P-R oX oY
345 Rt 393 XOY of |aX

|

X,

346 R-P 394 RCL 90 Y,

347 “R=" 395 RDN aY [oX

|

Xe |Y,

348 ARCL X 396 °N°
349 “p+- 397 XROM °SP*

350 AVIEN 398 GTO 14

351 CLX
352 RDN
353 CLX
354 RDN
355 “RAD PT*

356 XROM =SP-
357 GTO 24 |

358¢LBL “ATRY" ,

359 XROM °Ls-
368 SF 89
361 GTO 14



  

 

 

 

 

.
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X iy lz[TlL] X1y lztT! L]

399¢LBL *AFRC" A X0 445 RCL IND ¥ -490 XRON "L+ 446 FC? 25 ‘
- LI

481eLBL 19 4::3x$ggc ;5
482 = JACHKAFRC" '_ 449 STOP

483 PROMPT FRe {K

|

&

|

3 458 RCL 81 €9

|

X;
484 STO [ FRC 451 X2Y?
485 RDN 452 GT0 @3486 STO 01 K 453 RCL 99 12
487 RDN 454 = -
488 STO 90 ¢ 455 XROM -AX"
489 XOOY T |C 456 AYIEW

418 XROM =RY- oX oY

|

X,

|

Y, 457 GT0 83
411 R-P d |@
412 X{> 88 C |6 Lad *u R.00 458¢LBL 68
413 KOY 8 |c 459 X287
414 %> 01 K |e 6, in R0l 460 %)8?415 XRON *XY* 14X foy

|

X, |V, 461 RTN - K ja b416 R-P d |6, 462 Rt417 RDN 6. 463 STO 80 b418 RCL 81 Os |10u

|

X,

|

¥, 464 Rt
419 - 46 465 STO 81 a
428 RCL [ Fre 466 Rt
421 * A 467 STO0 ]
422 RCL 01 O7 468 R ‘423 + Oy 469 CHS P+*

|

K424 RCL 09 “;’ 6w 470 XROM “XY*  |ax oy

|

Xu

|

Y«425 P-R 8X |y 471 R-P Rad.

|

©426 XOY o |ax

|

Xe |Ye 472 RCL 09 b427 “N- 473 RCL 01 Q428 XROM *SP* 474 RCL ] K429 GT0 19 475 Rt Rad

|

K

|

a

|

b
476 END

430eLBL "FREE" 7
431 XROM “L#-
432 SF 21

433 *FREE PTS:*
434 AVIEN
435 .4
436 STO 00
437 E9
438 CHS
439 STO 01

449+LBL 03
441 1SC 09
442 RCL 08 120 i
443 ST+ X reg®          



Program AE}EA For _Atea \°\$ COO‘(‘ATV\QJFQ.S |76 bytes PageJ_of l

 

 

54 RCL 61 5Aven].
81¢LBL “AREA" 55 2 <

82 SF 14 56 7 4htea

57 “AREA="
B83¢LBL 88 58 ARCL X
84 XEQ "L 59 XEQ “FS-
85 SF 21 68 AYVIEW
86 SF 89 61 GTO 68
87 .
88 ST 61 5 Area 62¢LBL C
89 “PT1" il within 63 FS? 89
18 PROMPT P+¥ Lirgt oy 64 GTO 88
11 E3 prints? 65 LASTX kTP,)
12 7 00P svort over 66 ROY
13 =pT2" 67 F5? 18
14 PRONPT 1 68 RIN
15 + Pt 2,004 69 FS? 18
16 ST+ X 792.0) 76 GT0 85
17 E \ 71 SF 18 |
18 + oT 72 Rt kY,
19 STO 08 73 ST- 61 (Ehvea)
28 3 74 RDN 2P,,
21 510 [ Coucteq] 75 E |
22 RDN li2pz.0| O 76 - 2P,

77 ST0 [ cwfir
23¢LBL 05 78 Rt
24 SIGN 1 |+Z¥z.60tp| 79 GTO @5
25 RDN ' w last-x
26 RCL [ conde 8aeLBL 89 v, |18
27 “PT* 81 XOY k¥,

28 ¥ROM “AX" 82 FRC 002P
29 PRONPT Pt 83 LASTX 2pe
38 CF 10 84 XOY oozf|12,| 2P,
31 XOY covter 85 E3 1600
32 ISG X covdlq 86 * 2v,(2B2P, 2P,
33 = Nop” i 87 X(> 2 Z?r\ |+2P ZP

34 STO [ ecud 88 RCL IND X X " "Hebas
35 RDH P43 89 RCL IND T Xuz Xu [2P, f12p.]
36 ST+ X L P4 98 - aX (2, lize, '
37 LASTY a7l 91 RCL IND Z Yot
38 XOY -3 ||7%, 92 * aXey [2P, 2B,
39 CF 89 93 ST+ 61 ay
48 X)8? 94 SIGN 1 AK- Yao
41 XEQ 89 428, 95 RDN 2P, WY w Lagf X
42 X>8? 96 XOY WP2P,
43 GTO @85 97 E-3 001 fuzp, [2P,
44 RDN Ty 98 ST+ Y (0420}
45 RCL 80 \+Z¥,0p 2, 99 ST- ¥ ozt) e
46 FRC 108 X0 L X-Hoy "
47 E3 \0>0 181 RDN ooz,2P, AX-Y
4 ¢ 20, ity 162 + ™
49 XEQ 89 \+2¥, 103 l .
58 RCL 80 |*P 104 + Wp g, .
51 E l 185 END "
52 - v, |,
53 XEQ 89           



STATIONING of POINTS on a LINE

xeq POB (SIZE 2n + 2 for "n" points)

SOFTKEYS (USER mode ON)

No softkeys are used by POB

USER FLAGS

Flag 00

Flag 03

INPUT SUMMARY

Prompt

POB

PT ON CL

AZ

PT

clear Station and offset displayed
set Only station displayed

Clear Azimuth input in decimal degrees
set Azimuth input in degrees-minutes-seconds

Input Default
Point of beginning. Defined No default
as being at station 0+00.

A second point on the line, used No default
to define the line. Bypass to
enter an azimuth from the POB.

Azimuth of the line from the No default
POB, in decimal degrees (dd) or
degrees-minutes-seconds (DMS)

Point for which station and No default
offset are desired

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag

STA

(0S)

PROGRAM FLAGS

Flag 14

Flag 21

00 is clear)

The station of the point input, in standard
"sta + feet" notation.

Offset of the point from the centerline, in
feet. A negative offset is to the right of the
line looking forward on station.

set Line printing control

set Printer/aview control

1l



STORAGE REGISTER USE

Register
00

01

02
03

04
05

etc.

Value

POB

AZ

Point
Point

Point
Point

#1 Northing (Y)
#1 Easting (X)

#2 Northing (Y)
#2 Easting (X)



STATION and OFFSET of POINTS ON A LINE

Program POB finds the station and offset of coor-
dinate points along a (straight) centerline. These
points must be defined by other coordinate geometry
routines in the ROM, or by user routines. A point of
beginning is used, defined as station 0+00. The line
is defined by either another point on the line, or the
azimuth of the line. The normal procedure is that
points are being created in the coordinate geometry
routines which have a known relationship to a center-
line. If one of these points (which must be on the
centerline) has a known station, the POB is set by
projecting backward from that point along the line, a
distance which is that point's station in feet. Then
all other points can be stationed from this POB.

If flag 00 is set, only the station is output; if
flag 00 is clear, both station and offset are given.
Stationing is in the standard '"sta + feet" notation.
The offset is in feet, a positive offset being to the
left of centerline looking forward on station (i.e. the
POB at your back).

SUBROUTINE USE

Parts of POB are useable as subroutines for other
programs. The calling program needs to SF 11, xeq POB
with either 2 or 3 in the X-register (to access label
02 or 03 in POB; see the listing). The required input
(in the Y-register) is the point number for which
stationing is desired (Lbl 02) or the station to be ap-
pended to Alpha (Lbl 03). The listing for POB is part
of program SCOL.





(SIZE 002)

SOFTKEYS

A

H
O

QO
W

(USER mode ON)

SSS

ASA

SAA

SAS

SSA

USER FLAGS

Flag 00

Flag 03

INPUT SUMMARY

Prompt

S1/S2/S3

Al17S24A3

S2/A1/A2

S1/A34S2

S1/S2/A1

(SSS)

(ASA)

(SAA)

(SAS)

(SSA)

TRIANGLE SOLUTIONS

Three sides known

Two

Two

Two

Two

clear

clear

angles and included side known

angles and non-included side known

sides and included angle known

sides and non-included angle known

Full output
Only area displayed

Angles in decimal degrees (dd)
Angles in Degrees-Minutes-Seconds (DMS)

Input

Three sides

Two angles and included side

angles and non-included side

sides and included angle

sides and non-included angle

Default

None

None

None

None

None



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(Al, A2, A3) Angles, in decimal degrees or DMS

(S1, S2, S3) Length of sides

AREA Area of the enclosed triangle

PROGRAM FLAGS

Flag 21 set Display control

STORAGE REGISTER USE

Register Value
00 Working; S1

01l Working; S2

02 A3

03 S3

04 A2



TRIANGLE SOLUTIONS

There are five programs concerned with solving tri-
angles. Starting with different information, they all
calculate and display the internal angles, 1lengths of
the sides, and the area of the solved triangle. The
standard triangle notation is used; e.g. side #1 is op-
posite angle #1.

All of the routines are accessible either by softkey
or by alpha label (xeq .). These softkeys operate a
little differently than most softkeys in this module.
Instead of bringing up a prompt for the required input,
they assume the input is already in the stack; pressing
the softkey starts execution of the desired routine.
The triangle solution routines, and their softkeys,
are:

Key Label Description
A SSS All three sides known
B ASA Two angles and included side

known
C SAA Two angles and non-included

side known
D SAS Two sides and included angle

known
E SSA Two sides and non-included

angle known

Each of the routines requires three items of input,
keyed into the stack: Item one, enterf/, Item two,
enter/, Item three, softkey or R/S. If using softkeys,
simply key the three items in and press the softkey
(making sure USER mode is on). If prompts are desired,
execute the desired label from the keyboard, key in the
three input items in response to the prompt, and press
R/S.

Like any other HP-41 program, in order for the
softkeys to be active, the program pointer must be
within the program that the local alpha (softkey)
labels are in. The easiest way to do this is an alpha
GTO; just GTO any of the six global labels listed
above. Thereafter, the softkeys will be active.

Routine SSA usually has not one but two possible
solutions; both are given. See the examples for
clarification.

WSTZE CHECK"

None of the triangle programs use subroutine S.
This means that the user must verify that the SIZE is
at least 005, and that DEG mode is set.

1



FLAGS

Like all the geometry programs in this module, the
triangle routines recognize the status of flag 03. If
it is clear, all angular input and output is in decimal
degrees (dd); if set, degrees-minutes-seconds (DMS) is
used. The output displays and input prompts are
clearly labeled to reflect this. However, if softkeys
are used for input, the user must verify that flag 03
matches the desired format.

Flag 00 is used by all of the triangle programs;
output of the angles and sides is skipped if flag 00 is
set, and only the area of the enclosed triangle is dis-
played.
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Ufe “XE@I'S

A.=50°15"pp"  

  
 

S, - 5.0

(Hece, 'plql 03 wos sel - awagles ave

TAPV* and ouflyu% i Deorees - Minvtes-

5€C0-\A£5, as ‘Yhe Pr&w&p‘*damfl resy lts

indicate.)

( same HTmz;le—usw must eheck
statvs of fI 9 03 b wateh Ty\fu'f Bewat)

Hwee ‘Hm\v\%s arte ragu?reflz

D Calevlator Tw User wode .
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n ‘;ues‘{‘TOV\,
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that 75, the pro Sfowm Fo?vx o

some where between the €3rsd
ond the eud. Loabng at +he

A, =30°00'00"

laloe‘i (T1a User mofle)

local labels,

re I'M;

£ER “SAR®

S2tA11AZ (DMSD
5.80@¢ ENTER?

36.0808 ENTER?
26.1508  RIN

A1=30.0448 NS
Az=58, 1588 DMS
A3=99.456@8 DMS

S2tA1tAZ (DMS?

GTO =SS5~
a.00808 ENTER?

30.0000 ENTERY
98.1368 XEG ©

A1=30.a088 DNS
A2=56.1368 DNS
R3=99.4584 DMS

51=3.2316"
52=5.08008"
53=6.4894"

AREA=8.8117 S8

of the T‘O%V‘W

roavrawmt Ts47n ,a“ ot

+he rovtines (555 A5A, ete.) have "a Common Send"

statewvnent. Thevefsre +he @asiest w
local label s Y a0 Yo

lobal labels within “the

(GTO, nt XEQ) an

rogram (here "555" an d

49 access a
O'€ “HAQ

+hevyy use the local CLQY-GCGQSSC£> labe [s. This OV\W needs
Y be dyne Oflce,a* @TT§+’
%\obq[ label oo ?ACKTV‘%.

and Fhiew aftec 607h3 Yo amother  
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(here flag 03 was clear; angle s
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§=ZI AJ SL-’- l’

Ay A
 

or Use local label € In User mode) ¢

C Hete  flaq 03 was set: angles
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¥EQ ~85S"
51452453

3.0008 ENTER!
4.80088 ENTER*
5.8088  RUN

A1=36.8699 dd
A2=53.1381 dd
R3=98.9409 dd

$1=3.0008"
§2=4,0008"
§3=5.0088"

AREA=6.00088 SO°

51452153
2.08088 ENTERt

2.08088 ENTER?
3.0008  RUN

Ai=41.489%dd
A2=41.4896 dd
A3=97.1888 dd

51=2.0088"
§2=2.0008"
§3=3.0089"

AREA=1.9843 S@°

51152153

2.8800 ENTER*
2.80080 ENTERt
2.0088 XEQ R

A1=68.080808 DMS
A2=68.08008 DNS
A3=68.080808 DNS

51=2.0060"
52=2.0088"
5§3=2.0008"

AREA=1.7321 S@°    
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(Heve  flaq 0B was clear, Ax

ave TnputS and ou’r?u’f TA
decimal a[my‘ees.‘)

 

 

Q'tes

XEG "SAS®
SITA3TSZ (dd?

2.80088 ENTER?

68.8088 ENTER?
2.6888  RUN

A1=60, AR08 dd
A2=60.6@898 dd
A3=n#.0880 dd

S1tA3tS2 (dd)
3.0008 ENTERY

98.0000 ENTERY
4.0088  RUN

A1=36.8699 dd
A2=33.13681 dd
A3=98.0008 dd

$1=3.0088"
$2=4.0090"
§3=0.00088"

AREA=6.00688 50

S1tA3tS2 (dd)  
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“Side - Side- Anale’ definitions have
two POGSTble solutions. Both are

%TVQn-

60[\/‘“07\ i :

 

so(u‘Ho n 7.

 

XEQ -SS5A"
S1t52tA1 (DMS)

2.000808 ENTERt
3.8808 ENTERY

jg.aeea  RUN

R1=30.08008 DMS
A2=48,3325 DMS
A3=181.2435 DS

S1=2.0008
52=3.0600"
§3=3.9218"

AREA=2.9487 SQ°

R1=30.60800 DNS
A2=131.2435 NS
A3=18.3525 DNS

$1=2.0008"
$2=3.0000"
$3=1.2732"

AREA=8.9364 SQ°

S1tS2tA1 (DNS)

 



 
4
2
.
1
8
2

1
0
0
S
H
L
E
T
S

M
o
d
e

i
n
U

S
A

 

T
.
‘
\
.

n
v
a
r
i
o
n
v
a
c

 

   A, = Z20.0°
 

S, = 4.0’

(Fla% 03 clear —> dee’ mal J?e%recgb

<F[a3 0D set > Dee)feefi 'MImu’fe5—5ecmzps‘)

 

 

S, =q.0/ 2 Q.O LAB = uzo 30100"

A =20°00'00" ‘
)

%EQ@ “ASR"

A1tS24A3 (dd?
20,0088 ENTER*
4,0008 ENTER?

42,5888 EUN

A1=28, 0488 dd
A2=117.5048 dd

A3=42,5088 dd

S1=1.542%"
§2=4,B488"
§3=3.8406"

AREA=2.484@ S0

A1t52tA3 (dd?

XEG “ASR"
ALt524R3 (DHS)

28.0808 ENTER?*
4,0868@ ENTER*
42,3088 RIN

A1=208.00888 DMS
A2=117.3088 DMS
A3=42,3088 DM

A11521A3 (DMS)

 

 



 

 

 

 

   

 

  
 

    
 

 

Program SS5 ete. For TNM%{QL 6olu+nm\5 476  bytes page|of B

X Y lz T[L] X1yl lz T
f 54 XEQ 12 |

B14LBL "S55 | 55 GTO 85
82¢LBL 94 |

83 *S1152153" 56eLBL 12
84 PRONPT 5 |5 S, 57 ST0 T A A |S, A

| 58 XEQ 13 Mo ls, |4 |4
85+LBL A c 59 STO 94 A, :
86 STO 03 . ; 60 SIN Sinfy
87 XOY T 153 |5 | 61 XOY Se
98 STO 81 P | 62 STO 91 2
89 + 51 S 63 XOY '
18 KOV ) 64 / 5%R A A
11 STO 99 | 65 RCL 82 L;AJ
12 + s 66 SIN ';Aa
13 2 67 # 3
14 / Wiz 68 STO 83
15 RCL 81 S 69 LASTX
16 RCL 689 3 P 70 / 4l
17 RCL 83 s 1S (S | 71 %O AT AL A,
18 XEQ 14 A, 72 SIN sl A,
19 STO 04 73 S,
26 RDN Vi 74 ST0 89
21 RCL 83 >3 75 XOY A s, A A,
22 RCL 90 S
23 RCL 01 S. |5 |55 " 760LBL 81 A
24 XEQ 14 A 77 RCL 04 L
25 ST0 62 > 78 RCL 62 As Az A
26 RCL 04 A,
27 XEQ 13 A, 79¢LBL 11
28 XEQ 01 89 SF 21
29 GTO 04 81 FS? 09

82 GTO 00
38eLBL 14 83 *A1°
31 % 53’5, 51, f’/z P/L 84 Rf

32 RDN S Ve (e B8, 85 Rt A |5, A, |,
33 - . 86 XROM °Dd"
34 XOY ¢ 87 AVIEW
35 Vilug) 53, |55, (58, 88 “A2*
36 LASTX "2 [re) g5, 89 Rt A
37 %O 2 %S, M) v 99 XROM *Dd" R8s
38 / 91 AVIEW

39 SQRT 92 -A3"
48 ACOS 93 Rt Ay AL A, Sy
41 ST+ X A, P 94 XROM *Dd-
42 RTN 95 AVIEN

9 ADY
43¢LBL “ASA" 97 *S1="
440BL 85 98 ARCL @0

45 "A11524A3" 99 AVIEN
46 XEQ 82 Ay |6 A 109 -52=-

181 ARCL 01
476LBL B 162 AVIEN
48 FS? 03 163 *§3="
49 HR 104 ARCL 03
59 STO @2 Ay 185 AVIEN
51 RCL 2 A, 186 ADY
52 F$? 83
53 HR | As o, A |



 

 

 

 

         
 

 

Program For Te :avlajie Solutigus bytes Page<of 2

A 1[ v 12

|

T 1L | X v [z 1717 L]

| 159 X12 st |

1674LBL 98 Ay [ A A 168 X¢OY ]

108 SIN | 161 ST+ X 25,5, s sl

189 RCL 89 5, o 162 - |
118 * ’ AA’= Ao

|

A 163 Rt s: ~15,5, 008 Ay

111 RCL 81 s, “ oA 164 + 57

112 * a, | | 165 SART S,

13 2 A, | 166 STO 83 ,
14 / 5505 | 167 RCL 82 >
115 ABS T At A A | 168 SIN sinhy) S,
116 -ARER=" i | 169 XY o

117 ARCL X 178 / =

118 XEQ "FS" 171 ST0°Y s
119 AVIEN 172 RCL 81 s, |kt
128 XROM °L* 173 # i Ay
121 RTN 174 ASIN A,

175 STO 84 Y
122¢LBL “SAA" 176 XY =7 A,L

1236LBL 07 177 RCL 09 s,

124 =S21A1tA2° 178 # ,
125 XEQ 02 A 179 ASIN

RS 189 ¥EQ 01 |
1264LBL C 181 GTO 68
127 FS? 83
128 HR 1824LBL *SSA"
129 STO 94 ko 183¢LBL 89
138 X< 184 *S11521A1°
131 F§? 83 185 XEQ 82
132 HR A |Al s,
133 STO 80 1864LBL E
134 XEQ 13 A 187 FS? 03
135 ST0 82 188 HR A ]SS,
136 RCL 80 A|S, 189 STO T
137 XEQ 12 198 SIN sieAl S |S.

|

A

138 GTO 87 191 XOY
192 STO 01 S

139LBL “SAS" 193 # sopl s

|

A |A

1484LBL 98 194 XOY
141 *S1tA31S2 195 STO @9 S,

142 XEQ 82 5. A, |5 196 / Sb sin A,

197 ASIN Ar el S

1430LBL D 198 STO 04 s Smdrg

144 STO 01 5, 199 XOY A

|

AL

145 XOOY A, 200 XEQ 13 A,

146 FS? 83 281 STO 62 :
147 HR 202 SIN ek

|

oA,
148 STO 92 A, s,

|

s, 203 RCL 69 5
149 C0S e Ay 204 » 5,5y

158 XOY . 285 XOY A

151 * 286 SIN el
152 LASTX 5. |sca 5, 207 / Ss
153 Xt2 268 STO 83
154 RDN Seeh| st 269 RIN A
155 XOY | ' 219 XEQ 81 area |Ay A LA

156 * 211 CLX 0 |4, |

157 LASTX S, |55 5t 212 XEQ 13 \a0-A, L

158 STO 88 * 213 STO 84 A A | A=120-A,



  

Program For Tr\avxa\)le éo‘u47hg_;w;p_h4¢143¥5__ bytes Page2of <3

 

2 L | X1y lzIT!VL ]—

 

VY

214 ROV Ao 1A A,
215 XEQ 13 As |a |4
216 STO 02 ' Y '
217 SIN a4
218 XOY A
219 SIN i
220 / SinAy
221 RCL 99 g,
222 S4
223 ST0 83
224 XOY A,
225 XEQ 91
226 GTO 89

>
I

 

227LBL 13 A, LA,
228 + As Ay
229 C0S
238 CHS - cos
231 ACOS A, cosll8D-d)=-¢
232 RTN 0 ‘) 76

233¢LBL “Dd"
234 k="

235 FS? 83
236 GTO 83
237 ARCL X
238 °F dd°
239 RTN

240¢LBL 83
241 HAS
242 ARCL X
243 HR
244 °F DNS*
245 RN

246¢LBL “Pd"
247 XEQ 82
248 FS? @3
249 HR
258 RTN

251¢LBL 82
252 FS? 83

253 “F (DNS)*
254 FC? 83
255 °F (dd)"
256 PROMPT
257 END           



DIMENSION and TRIGONOMETRY ROUTINES

This module contains several short dimension
"functions" which work with feet-inches-sixteenths ad-
dition, subtraction, and conversions to and from
decimal feet. It also contains trigonometry
"functions" which take or give angles in either
degrees-minutes-seconds (DMS) or decimal degrees (dd)
depending on whether flag 03 is set or clear; and use-
ful utility routines.

The "functions" mimic native HP-41 functions as
closely as possible. They leave the operand in Last X
and are thus reversible. They use no numbered storage
registers (i.e. they work with SIZE 00). Binary func-
tions like PR and all unary functions leave the rest of
the stack completely undisturbed, while the two binary
functions FIS+ and FIS- effect stack rolldown. They
are most useful from the keyboard when assigned to a
key and executed in USER mode; they may also be ex-
ecuted from programs.

Dimensions

These routines work with dimensions in feet-inches-
sixteenths, and are intended to be used with the dis-
play mode set to FIX 4. The form used is very similar
to that used by the HP-41 function HMS. For example,
12' 2-7/16" is 12.0207. All fractional inches must be
in sixteenths. Thus 6' 5-3/4" 1is 6.0512. Trailing
zeroes need not be keyed in; 3'-10 may be keyed in as
3.1 instead of 3.1000.

FIS Converts decimal feet to feet-inches-
sixteenths. Once executed, pressing R/S
once resets the display to FIX 6 (for
example, to see the next digit in order
to round to the nearest eighth of an
inch). Pressing R/S (or executing any
of the dimension routines) again resets
FIX 4 format.

FTAd Converts feet-inches-sixteenths to

decimal feet. Does not have the FIX
6/FIX 4 feature like FIS.

The functions FIS+ and FIS- are for adding and sub-
tracting dimensions directly instead of converting them
to decimal feet, adding, and then converting back.
Their only drawback is that they are rather slow. It
is helpful to realize that when adding dimensions, if
there 1is no carryover from sixteenths to inches or
inches to feet, the numbers may be added (or
subtracted) directly instead of using FIS+ and FIS-.

1l



Another way to add dimensions directly is to wait until
both sixteenths and inches require a carryover, then
add 0.8884 to the sun. This effects a carryover
automatically. If all this is confusing, just use
these two functions. They work far easier if assigned
to a key.

FIS+ Adds dimensions in feet-inches-
sixteenths. Key in first dimension, en-
ter, key in second dimension, xeq FIS+
(or assign to a key). Stack is rolled
down just as for normal addition. Does
not have the FIX 6/FIX 4 feature like
FIS.

FIS- Subtracts dimensions in feet-inches-
sixteenths.

Trigonometry Functions

These functions accept and output angles in degrees-
minutes-seconds if flag 03 is set, and in decimal de-
grees if flag 03 is clear. Thus if flag 03 is clear
they are identical to their namesake HP-41 functions
(except a little slower). This saves converting angles
to decimal degrees to operate on them. All the func-
tions save their operand in Last X and are thus revers-
ible. All of them require the calculator to be set to
DEG (degree) mode. Subroutine return depth is limited
to two.

CcO Cosine
SI Sine
TA Tangent
ACO Arc cosine
ASI Arc sine
ATA Arc tangent
RP Rectangular to polar conversion
PR Polar to rectangular conversion

SHORT UTILITY ROUTINES

These routines find use in daily manual calcula-
tions. They all use the full stack.

QUAD Quadratic equation solution. The program
prompts for A, B, and C, the constants
in the quadratic equation Ax“ + Bx + C =
0. It then solves (in subroutine Q) for
the two Sssible values of x, where x =
(-B + \/'5 = 4AC)/2A. If B2 - 4AC is
negative, the calculator flashes DATA
ERROR and quits.



IP

PYR

Linear interpolation or extrapolation.
IP solves for Y2, where

X1=-> Y1

X2 Y2
and X3-> Y3.

The program prompts for X1, Y1, X3, and
Y3, then repeatedly prompts for X2 and
solves for Y2. The prompts are X1/ Y1,
X3¢ Y3, and X2; the upward arrow in the
first two means "enterf ." Thus, key in
X1, enter, key in Y1, press R/S. Repeat
for X3 and Y3. Then key in X2 and press
R/S to get Y2 as many times as you want.
The program will continue to solve for
Y2 until the X2 prompt is bypassed.
The routine has a default value of X1 =
0O; i1f X1 is zero, just key in Y1 and
press R/S. The user should note that
the entire stack is used; any inter-
mediate calculations during input will
cause an error.

This is an extremely simple routine that
does part of the work in calculating the
volume of a truncated pyramid. It uses
the approximate formula

V= (A + Ay + A, x A,) x H/3

PYR doesn't actually calculate the
volume. It takes as input the dimen-
sions of the top and bottom, assumed to
be parallel rectangles. The output,
multiplied by the height H, is the
volume (or a close approximation). See
the examples.
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Conveyt 4o feet:

\0-q A, = 0'-(9.1975 /1)

= 10.7656"

Converd 4o Leet-nches- sixteerths -

3.1294" - B'vU «12”

= 3+ 1.gT"

= 3'«|”+ ,ELslb

= 3«|"« 3,95/45

= 3'-' l q/(b

/
-

Sobbvact © 4-7% 3, 3-145%
-4'-9', -4'-9 %

4'-9 "y

18,8983
XROM “FTd"

18,7636 *¥x

3.1294
XROM “FIS®

3.8189  *xx
RUN

3.0108884  *xx
RUN

3.8189 *xx

9.8783 ENTER?
4.8988

XROM “FIS--
4.8911 =

9.8783 ENTER?

4,08908
XROM “FIS+"

7.8618
%ROM “FIS+"

21,1185 #%x

9.8763 ENTER?

       

 pid s TN om
q'- 9z : .Ao5 20,2221  *%x

20-27 %Y .8884 +
’ < 21,1185  *%¢

= 2=\ The

Quadvadic Egquobion

Ay + Lx -2 =0 XROM ~QUAD"

2T 9.0088  RUN
_ =L -4 TD)

X = \ - = =-2.0019T 2.0808  RUN
<9

o= 1.ROTD -33.0089  RUN
R1=1.8678
R2=-2.8292
A
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FTV\A) "HAEL VD‘U\MC 6'(‘ +L\‘!:)
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Ev\fi P\.fram.l /_’;7 12x 2" = 4.0 ¢ 4.

Pfoa\x{‘a VYR a@?fcy‘\ »w,‘fi‘.'m

A,:gfl“l = 12.00’ !

A, =54 =40Do’

AA = 2141 8’

Vol = ;'5’ o« (12+uo+21.9))

= ('~ 24,64 v’

= lq7. %Z c,‘().

et = 0.1 %7

3.0088 ENTERt
4.08000 ENTERt
8.0000 ENTERt
J. 0008

XROM “PYR"
24.6363  #xx

6. 0000 *
147.8178  #*x

 

»”~ ~ ©4.0

67%?6614:5 Meth od

V=g CAYA, 4A)

Am‘.,! = (:}_%E >'(q_'2'-:5 )"2,24109/

V=70124D+ d x 24)

= |4%.00 £, - 0°7° effto

 

Ceter "Z.S 172| = 4.0

\7%.0 ¢,

End pypanad \3é I'd"= 4.0 o
™ R<1> 0

Ceonter >l -:Q

Truneated vol,=176-2%- 1U%.00 ¥  Pw&. End Areq

V=1ArR)M = 201240},

= lEG,O c:p: 5,”070 erceo

Tesv H’3

l
U{?MSCL dhe interyal

Y the evrov.  



 

 

 

’ Trtergolale /E x*mgola“’i.

Sa 26+00

elevs7
   

 

Stq.79+0D

elev. 903.00)

SHq 24+00

elev 4496.00

2600 - 1400
296.0 + Zqop-zupp * (103.0-4%.0)

= 449,90

XROM “IP-
X1tY1

2,400.08088 ENTERt
896.0688  RUN

X3tY3
2,900.0008 ENTERt

963.00088  RUN
X2

2,6008.8008  RUN
Y2=898. 8660

X2

3,000.0008  RUN
Y2=984. 4006

X2
RUN

1Yl
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FUNCTIONS and UTILITY ROUTINES

This module contains several short routines which
were written to mimic or emulate HP-41 functions;
several others which are short, useful time savers for
everyday work; a number of output, display, and print
format functions, and several programming routines to
simplify writing and using programs.

In the following write-up, one asterisk (*) sig-
nifies the use of register "a", meaning a shortened
subroutine return chain. Two asterisks (**) mean part
or all of the alpha register is used for "scratch-pad"
storage. Three asterisks mean both are used. See the
section "Synthetic Programming and Other Loose Ends" in
the first part of the documentation for an explanation
of these and other things that your Owner's Handbook
never told you about your HP-41l.

FUNCTIONS

The following routines mimic HP-41] functions as
closely as possible. They leave the operand in Last X
and are thus reversible. They use no numbered storage
registers (i.e. they work with SIZE 00). Binary func-
tions like PR and all unary functions leave the rest of
the stack completely undisturbed, while the two binary
functions FIS+ and FIS- effect stack rolldown. They
are most useful from the keyboard when assigned to a
key and executed in USER mode; they may also be ex-
ecuted from programs.

Stack Manipulation
Just like X<>Y or X<>Z, these exchange registers in

the stack.

YZ Exchange the Y and Z registers.
YT Exchange the Y and T registers.
ZT Exchange the Z and T registers.

Dimensions (**)
These routines work with dimensions in feet-inches-

sixteenths, and are intended to be used with the dis-
play mode set to FIX 4. The form used is very similar
to that used by the HP-41 function HMS. For example,
7' 11-13/16" is 7.1113; 12' 2-7/16" is 12.0207. All

fractional inches must be in sixteenths. Thus 6' 5-
3/4" is 6.0512.

FIS Converts decimal feet to feet-inches-
sixteenths. Once executed, pressing R/S
once resets the display to FIX 6 (for
example, to see the next digit in order
to round to the nearest eighth of an

1



inch). Pressing R/S (or executing any
of the dimension routines) again resets
FIX 4 format.

FIS+ Adds dimensions in feet-inches-
sixteenths. Key in first dimension, en-
ter, key in second dimension, xeq FIS+
(or assign to a key). Stack is rolled
down just as for normal addition. Does
not have the FIX 6/FIX 4 feature 1like
FIS.

FIS- Subtracts dimensions in feet-inches-
sixteenths.

FTd Converts feet-inches-sixteenths to

decimal feet. Does not have the FIX
6/FIX 4 feature like FIS.

Trigonometry Functions (*)
These functions accept and output angles in degrees-

minutes-seconds if flag 03 is set, and in decimal de-
grees if flag 03 is clear. Thus if flag 03 1is clear
they are identical to their namesake HP-41 functions
(except a little slower). They all save their operand
in Last X and are thus reversible. All of them require
the calculator to be set to DEG (degree) mode. Sub-
routine return depth is limited to two.

Cco Cosine
SI Sine
TA Tangent
ACO Arc cosine
ASI Arc sine
ATA Arc tangent
RP Rectangular to polar conversion
PR Polar to rectangular conversion

SHORT UTILITY ROUTINES

These routines find use in daily manual calcula-
tions. All of them use the full stack.

QUAD Quadratic equation solution. The program
prompts for A, B, and C, the constants
in the quadratic equation Ax“ + Bx + C =
0. It then solves (in subroutine Q) for
the two possible values of x2 where x =
(-B + (B® =ZAC)/2A. 1If B% - 4AC is
negative, the calculator flashes DATA
ERROR and quits.



IP Linear interpolation or extrapolation.
IP solves for Y2, where

X1l=—=Y1

X2=>Y2
and X3-> Y3.

The program prompts for X1, Y1, X3, and
Y3, then repeatedly prompts for X2 and
solves for Y2. The prompts are X1/ Y1,
X34 Y3, and X2; the upward arrow in the
first two means "enterfd ." Thus, key in
X1, enter, key in Y1, press R/S. Repeat
for X3 and Y3. Then key in X2 and press
R/S to get Y2 as many times as you want.
The program will continue to solve for
Y2 until the X2 prompt is bypassed. See
the example for clarification. The
routine has a default value of X1 = O0;
if X1 is zero, just key in Y1 and press
R/S. The user should note that the en-
tire stack is used; any intermediate
calculations during input will cause an

error.

ST Storage register review. Displays first
the stack and Last X, then all the
storage registers from 00 on up, until
R/S 1is pressed or the SIZE 1limit is
reached.

PROGRAMMING, OUTPUT, and DISPLAY

These are used almost exclusively in programs,
having very little use from the keyboard. They are in-
cluded in a user's program by keying (in PRGM mode) xeq
(alpha) "Title", (alpha); they list as XROM "Title",
which means "execute from ROM."

AX (*%) Append X. Very similar to the ARCL X
command. Rounds the contents of the X
register and appends the integer portion
of that to alpha, but 1leaves the
original X (and the rest of the stack
and Last X) undisturbed. AX is very
useful, for instance, if the X register
contains a counter number. Subroutine
returns are limited to two deep when AX
is used. AX is one of a few routines in
this module that cannot be single-
stepped through, because it uses
register P (see "Synthetic Programming
and Other Loose Ends"). If you want to
single-step through it to see how it
works, copy it down into RAM and replace
every line using the P register with one
using a numbered register instead. Since

3



the P register is used, only 21 charac-
ters can be placed in Alpha instead of
the 24 usually available.

Setup routine. Checks the program's
SIZE requirements (the largest numbered
storage register used must be in X);
sets or clears flag 26 to control the
beeper according to flag 02; sets flag
21 to control viewing and printer use;
and sets DEG mode. If a printer is
present, S prompts for a title; if a
time module (or a =-41CX) 1is also
present, it prints a time and date
header first. Typically, a program
using S looks like this:

01 Lbl "YOUR TITLE"

02 12 (or whatever the
largest storage
register used by
the program is)

03 XROM "g"

04 etc.

If your program requires no numbered
storage registers, substitute

02 1

03 CHS (change sign)
04 XROM "g"

to indicate SIZE 000 required (since if
S sees zero, it thinks register 00 is
needed and sets the size to 001.

View. Appends "=" and the contents
of the X register to what the program
has already (hopefully) placed in alpha,
and displays it if flag 00 is clear. If
flag 00 is set, V returns without doing
anything. V starts at 1line 392 of
program PLG, and is used mostly by that
program. The only reasons V wasn't used
in more of the module programs are that
it makes it impossible to append units
to the output, and that while the cal-
culator is displaying something from V,
all of the calling program's softkeys
are dead (since the calling program
doesn't share the same END as V). If the
user sees an answer which doesn't look
right, the instinctive (well, 1it's
acquired) move to correct something by
pressing a softkey gets nowhere.



PV

L, LL,
L*, CL

OK

Pd

Print or View. If no printer is at-
tached, behaves just like an AVIEW com-
mand. However, if a printer is on 1line,
PV prints the contents of Alpha (PRA)
without displaying it on the screen.
With a long text string, this eliminates
the infuriatingly slow scrolling
process, speeding up output greatly.
Its main disadvantage is the same as V:
a program's softkeys are dead while in
PV. To use a softkey, SST to return to
the calling program first.

Line printing commands. L prints a
short line of minus signs; LL prints a
line all the way across the paper (24
places). L* prints a full-length line
of asterisks. CL prints a line of any
character (or string of characters) the
program has placed in alpha; the number
of times the character is repeated, and
thus the length of the line, is deter-
mined by the number in the X register.
This number shouldn't be larger than 24
for one character in alpha.

If flag 14 is set, both L and LL
clear it and then jump to L*. Thus, a
loop such as the following will print a
list of asterisks the first time and a
short line (----) thereafter:

42 SF 14

43 LBL 01
44 XEQ "L"
45 o

49 GTO 01

L* and CL change the stack if actually
executed full length (i.e. if a printer
is plugged in). LL and L also alter the
stack if flag 14 is set, sending them to
L*. Thus, necessary data in the stack
should be stored and then recalled if
these are to be used.

Appends "OK" to alpha if flag 07 is
clear. If flag 07 is set, appends "NG"
(no good) and BEEPs.

Prompts for degrees. Appends " (dd)" to
Alpha and then prompts if flag 03
is clear. Appends " (DMS)", prompts,
and then converts the input to

5



Dd

KS
AS

FY

5
=

decimal degrees if flag 03 is set.

Display degrees. If flag 03 is clear,
appends an "=", the contents of the X
register, and " (dd)". If flag 03 is
set, appends "=", the contents of the X
register converted to degrees-minutes-
seconds, and " DMS". If flag 03 is set,
the contents of X are converted to
degrees-minutes-seconds and then back to
decimal degrees; X 1is thus unaffected,
but Last X contains the angle in
degrees-minutes-seconds.

Appends " (inches) to the alpha register
Appends _SQ" (square inches) to alpha.
Appends ' (feet) to alpha.
Appends SQ' (square feet) to alpha.
Appends the number symbol (#) to alpha.
Appends " (" to alpha
Appends ")" to alpha
Appends " " (the perpendicular sign)
Appends the Greek "n" (mu) to alpha
Appends "@" (the "at" symbol) to alpha
Appends "&" (ampersand) to alpha

Appends M=, divides the moment (in the
X register) by 12 and appends it and 'K
Appends 'K (foot-kips) to alpha.
Appends STRS=, the contents of the X
register, and KSI to alpha.
Appends KSI to alpha.
Appends A-S=, the contents of the X
register, and _SQ"
Prompts for M, 'K
Prompts for F-Y KSI

Prompts for F-Y or F-S, and Fc', solving
for By, .75P, and M,,, and leaves "N" in
Alpha for the calling program to prompt
Prompts for B" and D"
XEQ's "S" and asks WSD?, setting flag 06
XEQ's "S" and then displays the contents
of the alpha register if flag 04 is set,
"AASHTO" if flag 04 is clear



ADDITIONATL PROGRAMMING ROUTINES

The following routines are used by programs in the
ROM, and are briefly described here in case they may be
of some use.

Mc

SBM

R

RH

U

VC*

Displays 1.2 Mfir and calculates reinf.
"Port of entry" to program COMP
Displays max/min reinforcing
Displays .75P
Calculates ultimate strength reinf.
"Port of entry" to programs VC and STA
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Inter Po\a‘{c’, :

7400~ 2335.0

28072.5-10335,0

~471.65= 274,706

(279.537-<71.65)

.Iv\‘(ev“e o ‘a“:c

  

  

 

Stq 24+00

elev ? Sta 15+02.50
elev. $9.5370

s‘_q 23*35 a) Ex‘\‘rago\g*e

eley, €71.65

Stetaae awd Stack Review

(here <ize 013)

1 u[;n:

Xitrt
2,335.908@ ENTER?

gvi.6508  RUN
23473

2,582.5888 ENTER?
879.5378  REUN

A2
2,408,888  RUM

Y2=874.7186

¥
2,508.8888  RUM

¥2=879.4193

X2
2,608,0888  RUN

Y2=884,1279

X2
3,806,.80888  RUM

Y2=982. 9626

RUMN

2141

XEQ 5T
%=1, Anaa

¥=17,391. 8645
Z=311.51%
T=1.545,9885
L=153.2249

R.8=3.5008
R.1=8.6667
R.2=8. 00800
R.3=23,258.0004
R.4=-8.1111
R.5=23,5508. 0080
R.6=0.00a80
R.7=896, abAa
R.8=23,341.3104
R.9=897.000n4
R.16=17,391.864¢
R.11=37,33@,5362
R.12=17,391.8046

 



 



  

 

 

 

  
 

  

Program SL 1 . e .

) ¢-c. _For Uil 'Jr\! Roqu eS 210 _bytes Page]of Y

ALt | X [y [z T 1]
A1eLBL 5" Y 99 SF 25 , SF L5 n case

82 SF 21 e foc aview 36 RND X"

|

Y

|

2 |T |K-req- contains

83 SF 26 f4r BEEP 37 X0t L Alpha

"

datq - $or

84 CF 14
58 XOO L X Y {2 |T

|

RND fiuction

85 FC? 82 39 X0 a d |Y |z |T |xuvra

96 CF 26
60 ARCL * et todef X

87 DEG
61 STO d

88 SF 25 | 62 CLX o |Y |2 |T

89 STO IND X 'S 1RE check 63 STO ¢ clear Raq. P

18 FC2C 25 | 64 Xa X |Y |2

|

T |L clearReq.q

11 %¢8? i 65 RTN 1

12 GTO 83
13 E

664LBL “N°

14 + 67 *ACI*

15 “SIZE<"
68 XEQ 11 Code Display

16 XROM “AX-
69 FS? 86

17 PROMPT
70 GTO 84
“F-§ 20,24

18¢LBL 83
72 24

19 RDN Y T 73 XEQ 85

20 FS? 88 74 XOY 24 hF

21 RTN
7 - Wor b

22 FC? 55
7% .4

23 RTN
77 7 60o4}

24 SF 25 78 X(> 81 F, FY W R.O|

25 CLA
79 ST0 13

26 TINE Thme Z 80 GT0 67

27 FC2C 25
28 GT0 18 814LBL 85

29 ATINE
82 ENTERt Attt

|

Bt

0+ - 83 PRONPT K

31 RDN Y T 84 X)Y?

32 DATE Date 2 85 BEEP

33 ADATE 86 STO 61

34 SF 25 87 ST+ X Z¥s |detat

35 PRA 88 X(=Y?

36 RDN Y T 89 BEEP

37 FC2C 25 99 RTN

38 RTN 91eLBL 64

394LBL 18 Y T “F-Y 48,68°

49 ADY 93 60

41 “TITLE:" 94 XEQ 85 Fy wmR Ol

42 AON
43 PRONPT 95+LBL 67

44 AOFF 9 CLA

45 GT0 19 97eLBL “Fc"

464LBL “AX" X Z L 98 4

47 %O L L % 99 *HFc'KSI® ,

48 STO ¢ lad)X 1uR.P 180 PRONPT I

49 CLX 181 9 QL

50 RCL d |4 2 X 182 X(Y?

51 Xa a d":.R.Q 183 BEEP ,

52 X< L X > a 184 RDN L,

53 FIX @ 185 FS2C 10 @

54 CF 29 186 RTN ' ‘
|      



  

 

 
 

        
 

  

Progran O ete: for U4l ”L\f Routiv es 110 _bytes Page l of Y

XY [z

[

[T|L] XTIV I T
| —

187 ENTER? | i ggog% U "

188 ENTER? o i 139 sxcna ‘

189 SORT &

|

£

|

€, ; 163 SToN, “

118 233 w3 | &L 1 .

11y 7
. M |

112 STO 86 , 163 ECL ) Ly

113 RDN < | , igs / %u C L |

i:; f 4Rk | 166 RCL 01 .«&7

' ’ 167 /
A | 168 RCL 85 gedt
117 CLX 168 R

118 CHS ‘ 169 /

119 20 /05 178

120 7
I S

T B 173 RCL 00 £,

123 .69 6B B | 175 ReL fii,

i§§ :Z;’v B 176 %OV A, M
' 177 RTN126 RDN s e le

127 ST0 [ L
128 LASTX .45 ‘ , :??goEsE 82

129 Rt ¢ e8| B | |
139 + m

131 RCL 01 \0, :g?oEgk_sgg

132 / | . =

133 STO 00 Sk, B, |4

|

€ 182 ARCL X

g; ;7 183¢LBL *IS"

136 * 184 °F SQ°

137 RCL 01 Fy .

138 LASTX 27 :gzoEEE_ IN

g 7 o 187 RTN149 / Prai

13 ;75 TR 188eLBL “R" d pb
189 = Arl.qu143 ST0 02 19 . :

144 RCL [ B 19 LIST d

145 Rt o , r

146 "% B' -75P.. fi' PNP”J {or :33 '2 200

ek “NI,\f'Wf* ' 194 RCL 81 ¥y
callvg Pt0qfawm 100

148¢LBL “Mc* L}" 169 :‘;2: “fv

149 ROlB Rehe bf 1L OsfmE) 197 FC? 04 -

109+ o LINBIE) 98 w0 A
131 *1.2Mc=" 12,000 199 FS? 09

152 ARCL X N TE
153 XROM “FK" ¥ /53 §3§’ :;: .
154 FC? 99 281 XEQ €2

199 EQ p¥* 283 AVIEN
57 v ane] 204 ~200/FY="
o7 * e 285 ARCL L

206 AVIEN
207 XEQ 82
208 FS? 84
209 AVIEN
218 *.75Pb=" .
- - A&nl



 

 

 

   

 

 

  
 

 
 

 

Program £_29¢ _ For £10 bytes Page=of Y

Xy lz [TlL] X1y lzTTTL]
2126L8L K" |
213 *F STRS"

263¢LBL “L-
214¢LBL “KS" 264 E

215 k=" 265 GT0 81
216 ARCL ¥
217 *F KSI- 266¢LBL “LL"
218 RTN 267 4

219¢LBL “N=" M"Y 268¢LBL 61
220 12 269 RDN
221 / mek 270 FS2C 14
222 °F M=" 271 GT0 19
223 ARCL ¥ 272 *--mm-n

273 GT0 86
2244LBL “FK"
225 °F K- 274¢LBL “NO"
226 RTN 275 “H*

276 RN
2274LBL M-
228 12 2770LBL “L#"
229 CF 22 278¢LBL 19
238 "IN, ‘K" 279 “xsxssx”

231 RTN 289 4

232¢LBL "QUAD" 2810LBL “CL®  [candd] X |V |2
2334LBL 08 282 RDN
234 A
235 PROMPT 283¢LBL 86 X Y |2 |conder
236 “B* 284 FC? 55
237 PRONPT *n 285 RTN
238 “C* C (B |A Ryl = 286 ASTO L
239 PRONPT .
248 %() Z A B |C 287¢LBL 88
241 XROM =@° Ri |R2 288 ARCL L
242 SF 21 289 DSE T
243 “R1" 298 GT0 00
244 XROM -V- 291 SF 25
245 XOY RT R} 292 PRA
246 “R2* 293 CF 25
247 ¥ROM V- 294 RTN XY |2 |0
248 GT0 08

295¢LBL “BD"
249¢LBL *0" A B C 296 RCL 63 [Prev.®
258 ST/ Z 297 =B=*
251 ST+ X A |v |YA 298 PRONPT B
252 / 299 STO 83
253 CHS -Bal YA 380 RCL 04 Pre.d
254 ENTER? o 5 e 301 “D=-
255 ENTERt 4R |-Bha |- %a

|

/A 382 PRONPT D
256 X2 . ¢ unc 303 STO 04
257 Rt /A i I 304 RTN
258 - L-ac .
259 SORT WYY |~ 74
260 ST- Z Rz
261 + R, (R,
262 RTN (::::)   



Program < ¢ie.  For €10 bytes Pageqof_l‘{__

 

Xy lzIlT/lL] X 1y 7z "7V L]
 

3856LBL "N°
386 XROM "S-
387 CF 86
388 “NSD?"
309 E 1
318 PRONPT
311 ¥=07
312 SF 06
313 RTN

314¢LBL “AR"
315 RSTO Y Mu.hqA
316 XROM =S° ‘Alsct| 2
317 CLA
318 ARCL X

V
e

319¢LBL 11
328 FC? 04
321 “AASHTO"
322 FC? 66
323 AVIEN

324 RTN ‘Asetl 2 |V

325¢LBL -0K"
326 FS? 87
327 “F-NG*
328 FC? 67
329 “+-0K*
3308 FS? 87
331 BEEP
332 END

  

          



 

 

 
 

  

Program F IS FT F

9 o |57 bytes Page_lof _|

x;;\/ Z

|

T L | XV =TT

B1eLBL “FIS* !

82 XEQ 81 ¥4 Y ? T 48¢LBL “FT"

83 XEO 94 F.IS

|

Y F+4 49 XEQ 81 Fls

|

¥ |2

|

T

84 XEQ 82 Y 2 T |Fs 98 XEQ 83 ¥+,

85 Rt Fis|vy lz

|

T |F4 51 XEQ 87 F+t. F.\S

86 RTN 52 XEQ 82 v |z |T |¥

87 FIX 6
33 Rt

.

88 STOP i 54 RTN k| Y |2

|

T |FIS

89 FIX 4
-

18 STOP
99¢LBL 85 Fis | Fis,;

56 XEQ 01 Fio |FSg| 2

|

T

11eLBL “FIS-*
57 XEQ 83 Fi.dec,| F IS,

12 XEQ 85 Fty |H, 58 XOY vas, |F{-ded

13 XOY WH, |F4

14 - K SoeLBL 83 |Fs| Y

15 GT0 96 ' 60 INT F
61 LASTX . y

166LBL “FIS+"
62 FRC 16 +

17 XEQ 85 Fy

o

|FY 63 E2 wo |16

[

Ft.|Y

18 + ¢
64 * 1’5;‘

65 FRC L5

66 -16 olé 67!’ F‘f. Y

19¢LBL 86
,

20 XEQ 64 F1S 67 ST/ ¥ 6

|

dee| ¥|V

21 RCL ° , 68 RDN

TR
69 LASTX T

22¢LBL 82
78 INT 17w, |.dec |E- Y

23 RCL N
;; ‘1’2 In.dec

24 R T

|

X

25R$L] v’ 73/ JeelFt

|

Y 1Y

2 RN T ;; ;m Fle Y

|

Y |Y

27+LBL 04

28 INT 764LBL 81 x |y |2 |T

29 LASTX
77 FIX 4

36 FRC . Ft
78 STO [ X

3112 v |Fre |F4. 79 Rt

32 * In, Y 80 STO \ T

33 FRC FRC
81 Rt

34 .16 a6

|

FRe'l¥e. 1Y 82 ST0 ] Z

35 ST« ¥ e et Ty

|

Y 83 Rt

36 RIN
84 Rt X Y 2 T

37 LASTX I..
85 END

38 INT Tn. [Sirteat] Ft.

|

Y

39 + In. l*s

40 E2 0o

41 / dallEY. LY Y

42 + F.IS

43¢LBL 67

44 RCL [ Ft
45 SIGN 1 Ft o Lot X

46 RDN s |Y (Y |1
47 RTN           



Program TP, ST, For 1V\'*e\f90lafl’;0vt
 

;Sj{wqqf P\evlfiuj‘ 20! bytes Page_IOf 1

 

 

   

RH Rwo check

xIvylz ITlL] X1y lz!TlL]
59 -2="
51 ARCL Z
52 AVIEN

B1eLBL *IP" 53 ==
82 SF 21 54 ARCL T

55 AVIEW
A3eLBL 82 56 “L="
94 . 57 ARCL L
85 -X11y1® 58 AVIEN
06 PROMPT v, X 59 ADY
A7 XOOY x, VY, 68 CLX
88 -X3tY3*
89 PRONPT Y X5 X Y 61eLBL 11 coules
18 Rt 62 *R."
11 670 1 Yo Vs %5 X 63 XRON “AX"
12 - aY [ X, % 64 SF 25
13 %O 2 X, x5 |ay X, 65 “F="
14 - ox |oy % X, 66 ARCL IND X
15 7 x| v, 7 X, 67 FC2C 25
16 RCL ] Y, 68 STOP
17 XOY sk Y x| X 69 AVIEN *
18 Rt A X 70 1SG X cvter

X Y| T 7 - NOP”
19¢LBL 10 72 GTO 11
28 RDN
21 $T0 a Y 1Y X, X 73eLBL "RH* |0
22 CF 22 74 SF 21
23 =2 75 ENTERt P |P
24 PROMPT X, 76 “RHO"
25 FC? 22 77 XEQ -y
26 GTO 82 78 RCL 62 IEp
27 Rt Xo X Vx Y, 79 /
28 STO ] 88 .75
29 - X |k |y, | 81 * /Pl P

30 X ax 82 LASTX R
31 XOY Y 83 X(OY x<y?
32 + Yo 84 X(Y? i
33 RCL ] X, .y« 09 FC? 80 ¥g' 00

34 LASTX Y, Y< (VN86 %<8
35 RCL a oY/aX y v 787 RIN |
36 Rt Y, |*%el Y, X +Y, 88 *P/Pb="
37 *y2=- R R ' 89 ARCL X P/Py 78 /O
38 ARCL X 98 CF @7
39 AVIEW 91 Y7
40 XEQ °L- 92 SF &7

41 GTO 16 93 XEQ "0K'

94 XER "PV"
42¢LBL *ST" 95 END
43 SF 21
44 -¥="
45 ARCL X
46 AVIEN
47 -y=-

@ 48 ARCL Y
49 AVIEN        



PPCROMPROGRAMS

This package contains, by permission, four programs
from the PPC ROM. By way of explanation, PPC is a
large user's group dedicated to personal programmable
calculators and computers; thus the name. Several
years ago they undertook to write a group of math and
general utilities programs to fill what they saw as
gaps in the HP-41 function set, and to expand its use-
fulness. These programs were assembled into an 8K ROM
module which has become something of a legend, both for
its usefulness, and general excellence of programming
and documentation.

The programs from the PPC ROM which have been in-
cluded in this module are:

FI Financial analysis
cv Curve fitting (linear, exponential, log,

power)
BC Block clearing of registers
SV Solution of a function f(x)=0 on an interval

Documentation from the original manual has been in-
cluded. However, three minor changes must be noted.

First, the line numbers of the routine listings in
the original documentation do not correspond to the
line numbers in this module for BC and SV, due to rear-
rangement of the routines. Local labels have also been
changed in these two routines for the same reason.

Second, BC has been modified to use the Extended
Function CLRGX if it is available. This function does
the same thing as the original BC but is much faster.
However, the stack 1is affected differently by CLRGX
than by BC, so carry data in the stack with caution if
using this function.

Third, SV has been modified to follow this package's
use of flag 00. To view successive iterations, clear
flag 00 instead of setting flag 10 as the original
documentation indicates.





FINANCIAL ANALYSIS

Gto (not xeq) FI (SIZE 010)

SOFTKEYS/INPUT SUMMARY (USER mode ON)

Softkey

a

b

C

Input/Function
Multiplies contents of X by 12 and stores result as "n"

Divides contents and stores result as "%i"

Toggles between Continuous and Discrete compounding

Toggles between Beginning or End of period payment

Clears financial registers n, %i, PV, PMT, and FV.
Sets the compounding frequency and the payment to the
default value of unity. Displays a two-character
mnemonic indicator of softkeys c and d (C or D, B or E)

Enters or solves for number of periods, n (the total
number of payments or compounding periods).

Enters or solves for the interest rate. %i is the nom-
inal rate for the period implied by the compounding and
payment frequency values (usually the nominal annual
‘rate).

Enters or solves for the present value.

Enters or solves for the periodic payment.

Enters or solves for the future value.

Enters the compounding frequency if different than the
default, 1. CF is the number of times the interest
rate is compounded during the period implied by %i.
CF is ignored when continuous compounding is specified.

Enters the payment frequency when different than the
default, 1. PF is the number of payment periods occur-
ing during the period implied by %i. When no payments
are involved, PF must be set equal to CF.

Displays a two-character mnemonic indicator of soft-
keys c and d (C or D, B or E)

USER FLAGS

Flag 00 clear View succeeding approximations of %i
set View only final solution when solving

for %i



OUTPUT SUMMARY

Output consists of the correct value in the X-register. No
output description or units are given. See the examples in the
original PPC documentation which follows.

PROGRAM FLAGS

Flag 08 clear Discrete compounding
set Continuous compounding

Flag 09 clear End of period payments
set Beginning of period payments

STORAGE REGISTER USE

Register Value
00 not used

01 n

02 %1

03 PV

04 PMT

05 FV

06 function call number (indirect label)

07 %1 as decimal

08 CF

09 PF



a. the compounding frequency CF Is not Identical
to the payment frequency PF, and/or,

b. Interest Is compounded In elther discrete
Intervals or Is continuously compounded.

When flag FO8 Is cleared, the discrete case Is
selected. When flag FO8 is set, the continuous case
Is selected. FO08 Is toggled by LBL c.

Solving For n, PV, PMT, or FV.

When a solution for n, PV, PMT, or FV Is required, the

nominal annual Interest rate |, supplled by the user,
must first be converted to the effective Interest rate
per payment perlod by LBL 07. This rate, | _, Is then
used by LBL 01, 03, 04, or 05 respectively ~to
calculate the selected varliable. To convert | to |
the following expressions are used: ©

CF/PF _
(19) lg = (1+1/CF) 1 (discrete case)

(20) le = e('/PF) -1 (continuous case)

where:

I = nominal annual Interest rate
e effective Interest rate per pmt. period

CF = compounding frequency per year
PF = payment frequency per year

Solving for Interest

When a solution for interest Is required, LBL 06 (for
PMT#0) or LBL 09 (for PMT=0) produces Ie as the

calculated Interest value. This value of le must

then be converted to | using LBL 11, [t Is the value
of I, not 'e which Is returned as a percentage

to the X-register and register R0O2.

To convert Ie to I, the following expressions are

used:

(21) 1 CF[(1+Ie)PF/CF - 1] (dlscrete case)

(22) 1 LN[(1+Ie)PF] (continuous case)

The common |abel, LBL 08

Common to all calculations Is LBL 08 which Is used to
calculate the values of A, A+1, B, and C for use In
solving the selected variable. After executing the
RTN instruction following LBL 08 the stack and LAST X
registers contaln the following data values:

Reglister: Contents:

LAST X B
T A+1
Zz A+1
Y A
X c

These values are all calculated using 'e and are

then used In equations (8) to (15) as selected.

PP C ROM USERS

 

 

 

 

g1eLBL °FI*
82 GTO IND
83¢LBL e
A4¢LBL 08
85 E
86 STO 68
87 ST0 89
88 CLX
89 ST0 o1
18 STO 82
11 ST0 83
12 STO 94
13 STO 85
14 GTO 1@
15¢LBL ¢
16 FC2C 88
17 SF @8
18 GTO 10
19¢LBL d
20 FC2C @9
21 SF 99
22+LBL J
23¢LBL 18
24 D
25 FS? 88
26 °C*
27 FC? 99
28 °HE*
29 FS? 89
30 8-
31 ASTO X
32 RN
33eLBL H
34 STO 08
35 CF 22
36 RTN
J7eLBL I
38 STO 89
39 CF 22
40 RTN
410LBL a
42 12
43 »
44¢LBL A
45 FS? 22
46 STO 6t
47 FS72C 22
48 RTN
49¢LBL 61
50 XEQ 87
51 §T0 2
92 RCL 83
53 -
54 Rt
59 RCL 83
96 +
57 7
58 LN
59 RCL 87
68 LN1+X

61 7
62 STO 6t
63 RTN
640LBL b
65 12
66 /7
67+LBL B
68 FS? 22
69 STO @2
78 FS2C 22
71 RN
720LBL 82
73 RCL 83

Routine Listing For: n

74 RBS
86

 

75 RCL 85
76 ABS
77 +
78 RCL 04
79 X=8?
88 GT0 89
81/
82 RABS
83 17X

84 LASTX
85 RCL o1
86 3
87 YX
88 /
89 ¢+
98 STO @7
91eLBL 086
92 XEQ 08
93 STO 02
94 RCL 03
95 +
96 ST0 Z
97 XOY
98 STs 82
99 »
188 RCL 83
181 +
102 RCL 85
183 +
104 X> Z
105 »
186 RCL 87
107 FS? {0 —=——
188 VIEW X
189 E
118 +
111 7
112 RCL 01
113 s
114 RCL 92
115 RCL 07
116 7
117 -
118 7
119 ST- &7
120 RCL 87
121 7
122 E2
123 =
124 RND
125 X#8?
126 GTO 86
127 GT0 11
128¢LBI. 67
129 E
138 RCL 82
131 %
132 RCL 98
133 RCL 99
134 FS? 08
135 XOY
136 RDN
137 7
138 STO 67
139 LN1+X

148 RCL 08
141 RCL 89
142 /
143 »
144 FS? 98
145 X< 87
146 EtX-1   

MANUAL

Listing continued on page 161.



L
—

:sting continued from page 160.

Routine Listing For:
 

 

147 570 &7

143¢LBL #8
149 E
158 RCL 67

151 FS? 89
152 57+ 7
157 7
1594 E
155 RCL 61
196 RCL 67
157 LN1+X

158 *
159 EtX-1
1658 +
161 LASTX

162 RCL 94
163 Rt
164

165 RTN
166¢LBL 89
167 RCL 89
168 RCL 83
169 /
178 CHS
171 LN
172 RCL 981
173 7

174 EX-1
75 ST0 97
176eLBL 11
177 CLD
178 RCL 67
179 LN1+X
188 RCL 89
181
182 RCL X
183 RCL 08
184 /

185 EtX-1
186 RCL 98
187 »
188 FS? 08
189 X(OOY
198 E2
191 »
192 STO @2
193 RTN
1940LBL C
195 FS? 22  

196 570 B3

197 F52°C 22

198 RTN

199¢LBL 83

208 XEQ @87

291 =

282 RCL 85

283 +

204 Rt

285 /

206 CHS

2687 570 83

2088 RTN

2089¢LBL D

210 FS? 22

211 STO 04

212 F§72C 22

212 RTN

214¢LBL 84

215 XEQ 67

216 %O L

217 ¢

218 CHS

219 RCL 83

220 Rt

221 =

222 RCL 85

223 +

224 XOY

225 /

226 STO 04

227 RTN

228¢LBL E

229 FS? 22

238 STO 85

231 FS2C 22

232 RN

233eLBL 85

234 XEQ 07

235 RCL 83

236 +

217 »

238 RCL 63

239 +

248 CHS

241 STO 85

242¢LBL 12

243 END  
 

Accuracy Enhancement:

The accuracy has been Improved by the use of a new
Instruction sequence to calculate the A term:

(1+D" -1

Assuming that n Is stored in RO1

different sequences, as follows:

Old Sequence:

RCL 07
1
+

RCL 01

yx

1

I

141
n

(1+n"

(+n"

and | (decimal) Is
stored Iin RO7, the A term can be calculated In two

New Sequence:

RCL 07 I

LN14X LNC1+1)
RCL 01 n

* NE*LN(1+1)

Edx-1 (+D" =

PPC ROM

Mathematically, the two sequences produce [dentical
results. However, over the range of numbers typlcally
encountered, the LN1+X and E¥x=1 instructions prevent
the severe loss of significant digits which occurs in
the old sequence at the +1 and -1 steps. Reference !
provides two examples for accuracy checking, as
follows.

Examples for Accuracy Checking

These examples may be used to compare the accuracy of
with other financial programs or calculators.

A.
1. Execute LBL e to clear all data registers

2. Select DISCRETE and END status (DE)
3. Key In the following variables

maanmnn
2.222222222
333.3333333 ($)
4.444444444 (9)

n
g1
PV

PMT

4, Solve for FV
The displayed FV
The true FV

=5931.822943
-5931.822944

1. Execute LBL e to clear data registers
2. Select DISCRETE and END status (DE)
3. Key In the following variables

n =63

€1 = 0.000001610
PY =0 (no need to enter this)

PMT = -1,000,000.00 ($)

4, Solve for FV
The displayed FV = 63,000,031.43 ($)
The true FV 63,000,031.44 (%)

5. Now set FY = 0

6. Solve for PV
The displayed PV
The true PY

62,999,967.55 ($)
62,999,967.54 (§)

The above examples are taken from Reference 3 and are
® copyright 1977, Hewlett-Packard Company. Reproduced
with permission.

Simplified Solution Sequence

1. Solving for n:

a. Calculate 'e' using equations (19) or (20),
and LBL 07.

b. Calculate A, A+1, B, and C using equations (5),
(6), and (7), and LBL 08.

c. Calculate n, using equation (8) and LBL 01.
d. Store n In RO1 and halt.

2. Solving for I:

A. PMT=0

a. Calculate le using equation (9) and LBL 09

b. Calculate | using equations (21) or (22) and
LBL 11,

c. Store | and halt.

USERS MANUAL



FI - FINANCIAL CALCULATIONS

This Is a complete financlal program that uses the top
two rows of keys to elther Input or solve for the five
standard financlal values; n, $1, PV, PMT, FV.

This highly accurate program extends the capablillities

of previous HP financlial calculators and programs by
adding two new parameters.

1. "CF" The Compounding Frequency can be speciflied
(Including continuous compounding) and may
be different than the payment frequency.

2. "PF" The Payment Frequency can be specified and
may be different from the compounding
frequency.

This added facllity simplifies the solution of some
complex financlal problems that are difficult to solve
via the standard financlial calculator or program.
Canadian and European style mortgage problems can now
be handled In a simple straightforward manner.

A Beginning/End of period switch is provided and a
status display function allows the user to determine
the current state of toggle controlled functions. The
"CLEAR" financlal register function Incorporates
default parameters that permit the user to operate the
program In the same manner as typlical flnanclal
calculators or programs that do not Include the
facillity to specify different compounding and payment
periods. Standard financlal sign conventions are used
(money pald out [s negative, money recelved Is
positive).

The LN1+X and EtX=-1 functions are used In compounding
routines Instead of fo, resulting In more precise

answers than are produced by most flnancial programs
and calculators.

BACKGROUND FOR [

Time Value of Money:

I'f you borrow money you can expect to pay rent or
Interest for Its use; conversely you expect to recelve
Interest on money you loan or Invest. When you rent
property, equipment, etc., rental payments are normal;
this Is also true when renting or borrowing money.
Therefore, money Is considered to have a "time value".
Money avallable now, has a greater value than money
available at some future date, because of its rental
value or the Interest that It can produce during the
Intervening period.

Simple Interest:

If you loaned $800 to a friend with an agreement that
at the end of one year he would repay you $896, the
"t+ime value" you placed on your $800 (principal) was
$96 (interest) for the one year period (term) of the
loan. Thlis relationship of principal, Interest and
time (term) Is most frequently expressed as an Annual
Percentage Rate (APR). In this case the APR was 12.0%
[(96/800)100]. This example Il|lustrates the four
basic factors Involved In a simple Interest case.
time period (one year), rate (12.0% APR), present
value of the principal ($800) and the future value of
the principal Including Interest ($896).

The

Compound Interest:

In many cases the Interest charge Is computed
periodically during the term of the agreement.
example, money left In a savings account earns
Interest that Is perlodically added to the principa|
and In turn earns additional Interest during
succeeding Interest perlods. The accumulation of
Interest during the Investment period represents
compound Interest. If the |loan agreement you made
with your friend had specifled a "compound Interest
rate" of 12.0% (compounded monthly) the $800 principal
would have earned $101.46 Interest for the one year
period. The value of the original $800.00 would be
Increased by 1% the first month to $808.00 which In
turn would be Increased by 1% to $816.08 the second
month, reaching a future value of $901.46 after the
twelfth [teration. The monthly compounding of the
nominal annual rate (NAR) of 12% produces an effective
Annual Percentage Rate (APR) of 12.683%
[(101.46/800)100]. Interest may be compounded at any
regular Interval; annually, semiannually, monthly,
weekly, dally, even continuously (a speciflication In
some flnancial models).

For

Periodic Payments:

When money Is loaned for longer perlods of time [t Is
customary for the agreement to require the borrower to
make periodic payments to the lender during the term
of the loan. The payments may be only large enough to
repay the Interest, with the principal due at the-end
of the loan period (an Interest only loan), or large
enough to fully repay both the Interest and principal
during the term of the loan (a fully amortized loan).
Many loans fall somewhere between, with payments that

do not fully cover repayment of both the principal and
Interest. These loans require a larger flinal payment
(balloon) to complete thelir amortization. Payments
may occur at the beginning or end of a payment period.
I'f you and your friend had agreed on monthly repayment
of the $800 loan at 12.0% NAR compounded monthly,
twelve payments of $71.08 for a total of $852.96 would
be required to amortize the loan. The $101.46
interest from the annual plan Is more than the $52.96
under the monthly plan because under the monthly plan
your friend would not have had the use of $800 for a
full year,.

Financlal Transactlions:

The above paragraphs Introduce the basic factors that
govern most flinancial transactions; the time period,
Interest rate, present value, payments, and the future
value. In addition, certain conventions must be
adhered to; the Interest rate must be relative to the
coumpounding frequency and payment perlods, and the
term must be expressed as the total number of payments
(or compounding perlods If there are no payments).
Loans, leases, mortgages, annuities, savings plans,
appreciation, and compound growth are among the many
financial problems that can be defined In these terms.
Some transactions do not Involve payments, but all of
the other factors play a part In "tIme value of money"
transactions. When any one of the five (four- [f no
payments are Involved) factors Is unknown, It can be
derived from formulas using the known factors. This
I's the function of the @M financial program.

Problem Solving Preliminaries:

Diagram or visualize the positive and negative cash
flows and thelr timing. (See cash flow dlagrams) ::
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Clear the financial registers by pressing e , unless
the problem Is a continuation or minor change from the
preceding problem. Note that clearing also sets the
compounding and payment frequency values to 1.

Check the mnemonic status code for applicablility to

the current problem and change It by pressing ¢
and/or d If necessary. The mnemonic status codes

are:

CcB = Contlinuous compounding and Beginning of perliod
payments. :
Contlinuous compounding and End of period
payments.
Discrete compounding and Beginning of period
payments, '
Discrete compounding and End of perliod
payments.

CE

DB

DE

Specify the compounding and payment frequencies by
entering appropriate values and pressing H and/or I.

General 1zed Cash Flow Diagrams:

Selection of the proper parameters and signs of the

factors In a specific financial transaction can often

be alded by constructing a cash flow diagram similar

to the examples below:

Standard Financial Conventions are:

Money RECEIVED Is a POSITIVE value and Is represented

by an arrow above the Iline.

Money PAID OUT Is a NEGATIVE value and Is represented
by an arrow below the |ine.

|f payments are a part of the transaction the number

of payments must equal the number of perlods»(n).

Paymehfs may be represented as occuring at the end or

beginning of the periods.

 

 

b oFv
|

Period | | | | | | |

I 2 3 . . ]

PV § PMT=0

Appreciation
Depreciation
Compound Growth
Savings Account

PY=0 * Fv

|

Period | | | I | | |

1 1 2131 .01 . 1 n

§ y § ¥ Y
P&T PMT PMT PMT PMT  PMT

Annuity (serles of payments)

Pension Fund
Savings Plan
Sinking Fund

 

 

pv 4
| FV=0
|

Period | | | | | | |

T 12 1 3 1 « 1 « 1 n |

| { { ¢ 4
PMT PMT PMT PMT PMT PMT

Amortlization

Direct Reduction Loan

Mortgage (fully amortized)

} Fyx
|+

PMT PMT PMT PMT  PMT } PMT
$ ¢ ¢ ’ t |
| | | | | |

Period | | | | | | |
I 2 3 . . n

|
PV ‘

Annulty
Lease (with buy back or residual)*
Loan or Mortgage (with balloon)*

COMPLETE INSTRUCTIONS FOR ZB

By manually keying GTO "W" the program pointer is
in the ROM and the following functions become
avallable on the top two rows of the keyboard. A

 

minimum size required for W@ s SIZE 010.

. CTS./ BEG IN/ CLEAR
2 X 12 DISCRETE END FI REG,

 

PF STATUS  LU =]
The functions provided are summarized below.

 L]
KEY FUNCTION (FLAG/REG)

a Multiplies contents of X by 12 and RO1

stores result as n. n=12X

b Divides contents of X by 12 and RO2

stores result as $1. %i=X/12

¢ Toggles flag 08 to specify Contlinuous FO8

(FO8 set) or Discrete (F08 clear)
compounding. Status display shows C or D.

d Toggles flag 09 to specify Beginning of FO9

period payments (F09 set) or End of
period payments (F09 clear). Status
display shows B or E.

RO1-R0O5
RO8
RO9

e Clears financlal registers n, $i, PV,

PMT, FV, and sets the compounding

frequency (R08) and the payment frequency

(R09) both to the default value of 1. CF=

PF=1, Also displays a two character mnemonic

Indicator of the status of FO8 and F09.
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A Enters or Solves for number of perlods. RO1

n Is the total number of payments n

during the full term of the transaction,

or |f no payments are made n Is the

total number of compounding perlods.

B Enters or Solves for the Interest rate.** RO2

41 1s the nominal rate for the period g1

implled by the compounding and payment

frequency values in RO8 and RO9 (usually

the nominal annual rate).

C Enters or Solves for the present value. RO3

Use standard financial sign conventions. PV

D Enters or Solves for periodic payment. RO4

Use standard financial sign conventions. PMT

E Enters or Solves for future value. RO5

Use standard financlial sign conventions. Fv

H Enters the compounding frequency. RO8
CF is the number of times the interest CF
rate Is compounded during the perlod
Implied by the Interest rate $i. When
continuous compounding Is speciflied the
value In RO8 Is Ignored.

| Enters the payment frequency. RO9
PF is the number of payment perlods PF
occuring during the period implied by the
Interest rate $i. When no payments are
Involved PF must be set equal to CF.
For continuous compounding cases where
PMT = 0, set PF =1,

J Displays a two character mnemonic Indicator
of the status of flags F08 and F09.
C Continuous D = Discrete
E End of perlod B = Beglinning of perliod

** When solving for $i the first guess and
succeeding approximations of | (decimal)
may be VIEWed during each [teration by setting
flag 10.

F10

WARNING: Solutions using or resulting In a zero rate
of Interest ($1) will cause a "DATA ERROR".

MORE EXAMPLES OF

In the keystroke solutions shown for each example, the
lower case letters a through e represent shifted key
functions of keys A through E. Key In the Indicated
quantities and press the user defined keys as
Indicated In the "Do"™ column. Contents of the display
at significant points In the solution are shown in the
"See"™ column and are followed by Identification In the
"Result"™ column., Before running these examples,
perform "MEMORY LOST" and set FIX 2 display mode. A
suggestion Is to go through all 15 examples, one after
the other. Key GTO "HIB" and set USER mode.

Example 1: Simple Interest. Find the annual simple
Interest rate (§) for an $800 loan to be repayed at
the end of one year with a single payment of $896.

Do: See: Result:

e "DE" Clear, Discrete/End statys
1A 1.00 n=1
800 CHS C -800.00 PV=$800.00
896 E 896.00 FV=$896.00
B 12.00 APR=%1=12%

Example 2: Compound Interest. Find the future value
of 3505 after one year at a nominal rate of 12%
compounded monthly. No payments are speciflied, so the
payment frequency Is set equal to the compounding
frequency.

Do: See: Result:

e "DE" Clear, Discrete/End status
12 A 12.00 n=12
H | 12.00 CF=PF=12
12 B 12.00 keyboard Input required to

store NAR=12§=%1
800 CHS C -800.00 PV=$800.00
E 901.46 FvV=$901.46

Example 3: Perlodic Payment. Find the monthly
end-of=-period payment required to fully amortize the
loan In Example 2. A fully amortized loan has a
future value of zero. Use data retalned from Example
2.

22& See: Result:

0E 0.00 Set FV=$0.00
D 71.08 PMT=$71.08

ExamEIe 4: Conventlional Mortgage. Find the number of
monthly payments necessary to fully amortize a loan of
$100,000 at a nominal rate of 13.25% compounded
monthly, |f end-of-period payments of $1,125.75 are
made.

Do: See: Result:

e "DE" Clear, Discrete/End status
12 H I 12.00 CF=PF=12
13.25 B 13.25 NAR=13,25%=% |
100000 C 100,000.00 Pv=$100,000.00
1125.75 CHS D =-1,125,75 PMT=$1,125.75
A 360.10 #pmts=n=360.10

Example 5: Final Payment. Using the same data as In
the preceding example, find the amount of the final
payment If n Is changed to 360. The flnal payment
will be equal to the regular payment plus any balance
(FV) remaining at the end of period number 360.

Qgi See: Result:

360 A 360.00 Set n=360 exactly
E -108.87 Fv=$108.87
RCL 04 -1,125.75 Recal | PMT
+ -1,234,62 Final PMT=$1,234.62

Example 6: Balloon Payment. On long term loans,

small changes In the periodic payments can generate

large changes In the future value. If the monthly

payment In the preceding example Is rounded down to

$1,125.00 how much additional (balloon) payment will

be due with the final regular payment? (::::)
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Do: See: Result:

1125 CHS O -1,125.00 Set PMT=$1,125.00 even
E -3,580.00 Additional balloon

payment = $3,580.00

Example 7: Canadlan Mortgage. Find the monthly
end-of-period payment necessary to fully amortize a 25
year $85,000 loan at 11% compounded semlannually.

Do: See: Result:

e "DE" Clear, Discrete/End status
2 H 2.00 CF=2
12 1 12.00 PF=12
25 a 300.00 n=300
118 11.00 NAR=11%=1%
85000 C 85,000.00 Pv=$85,000.00
D -818.15 PMT=$818.15

Example 8: European Mortgage. The "effectlive annual

rate (EAR) Is used in some countries (especially In

Europe) In lleu of the nominal annual rate common|y

used In the United States and Canada. For a 30 year

$90,000 mortgage at 14% (EAR) compute the monthly

end-of-period payments. When using an EAR, the

compounding frequency (CF) Is set to 1.

Do: See: Result:

e "DE"™ Clear, Discrete/End status
(CF=1 after clearing)

12 | 12.00 PF=12

30 a 360.00 n=360

14 B 14.00 EAR=14%=%1

90000 C 90,000.00 PV=$90,000.00

D -1,007.88 PMT=$1,007.88

Example 9: Bi-Weekly Savings. Compute the future

value of bi-weekly savings of $100 for 3 years at a

nominal annual rate of 5.5% compounded dally. Note:

Set status to "DB".

Do: See: Result:

e "DE" Clear, Discrete/End status

d "pB" Discrete/Begin Status

365 H 365.00 CF=365

26 | 26.00 PF=26

3XA 78.00 n=3x26=78

5.5 B 5.50 NAR=5,5%=% 1|

100 CHS D -100.00 PMT=$100.00

E 8,489.32 Fv=$8,489.32

Example 10: Present Value - Annulty Due. What Is the

present value of $500 to be received at the beginning

of each quarter over a 10 year period if money Is

being discounted at 10§ NAR compounded monthly?

Do: See: Result:

e "pg" Clear, Discrete/Begin status

12 H 12.00 CF=12
4 | 4.00 PF=4
40 A 40.00 n=40
10 B 10.00 NAR=10%=%
500 D 500.00 PMT=$500.00

C -12,822.64 PV=$12,822.64

PPC ROM

ExamEle 11: Balloon Payment @ n+1. Compute the
monthly end-of-period payment on a 3 year $20,000 loan
at 158 NAR compounded monthly, with a $10,000 bal loon
payment due at the end of the 37th period. The
bal loon payment must be discounted one period to make
It colnclide with the last regular payment. Note: Set
status to "DE".

221. See: Result:

e "pg" Clear Financial

d "DE" Set Discrete/End status
12 HI 12.00 CF=PF=12
3 a 36.00 n=36
15 B 15.00 NAR=1{5%=% |
20000 C 20,000.00 PvV=$20,000.00
XEQ 07 0.00 Calculate | as a decimal

and leave In RO7

10000 10,000.00 Start calculation of
10,000/(1+1) = FV

RCL 07 1 + 1.01 141
/ CHS E -9876.54 FV=$9,876.54 (discounted)
D -474.39 PMT=$474,.39

The bal loon payment was discounted by executing LBL 07
(XEQ 07) to develop the effective Interest rate In
RO7. The $10,000 was then divided by (1+I) and
entered In E as the discounted future value of the
bal loon payment.

Example 12: Effective Rate - 365/360 Basis.
pute the effective annual rate (§APR) for a nominal

annual rate of 12% compounded on a 365/360 basis used
by some Savings & Loan Associations.

Do:_ See: Result:

FIX 3 e "DE" Set up display & status
365 A 365.000 n=365
H 365.000 CF=365
360 | 360.000 PF=360
12 B 12.000 NAR=12%=% 1
100 CHS C -100.000 PV=$100.00
E 112.935 FVv=$112.94
RCL 03 + 12.935 $APR=12.,935%
FIX 2 12.94 Return to normal display

Example 13: Mortgage with "polints". What Is the true
of a 30 year, $75,000 loan at a nominal rate of

13.25% compounded monthly, with monthly end-of=-period
payments of $844.33 [f 3 "points" are charged? The PV
must be reduced by the dollar value of the points
and/or any lenders fees to establish an effective PV.
Because the payments remain the same the true APR will
be higher than the nominal rate.

22& See: Result:

e "DE" Clear, Discrete/End status
12 HI 12.00 CF=PF=12

30 a 360.00 n=360
75000 ENTER}
3 XEQ "¢ - C 72,750.00 PV=$72,750.00
844.33 CHS D -844 .33 PMT=$844 .33
B 13.69 True APR=13.69%

ExamEle 14: Equlvalent Payments. Find the equivalent

monthiy payment required to amortize a 20 year $40,000

loan at 10.5% NAR compounded monthly, with 10 annual

payments of $5,029.71 remaining. Compute PV of the

remaining annual payments, then change n and PF to a
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monthly baslis and compute the equivalent monthly PMT,

Do: See: Result:

e "DE" Clear, Discrete/End status
(PF=1 after clearing)

12 H 12.00 CF=12

10 A 10.00 n=10

10.5 B 10.50 NAR=10,.5%=%|
5029.71 CHS D =5,029.71 PMT=$5,029.71
C 29,595.88 PV=$29,595.88
12 1 12.00 PF=12, set monthly basis
10 a 120.00 n=120 (monthly)
D -399.35 PMT=$399.35 (monthly)

Example 15: Perpetulty = Contlnuous Compounding
f you can purchase a single payment annulty with an
Inltial Investment of $60,000 that wlll be Invested at
15% NAR compounded continuously, what |s the max!mum
monthly return you can recelve wlthout reducing the
$60,000 principal? If the Interest rate Is constant
and the principal Is not disturbed the payments can go
on Indefinitely (a perpetuity). Note that the term
"n" of a perpetuity Is Immaterial. It can be any
non-zero value. Set status to "CE".

 

Do: See: Result:

e "DE® Clear, Discrete/End status
(CF=1 after clearing)

c "CE" ContInuous/End status
12 A 12.00 n=12

| 12.00 PF=12

15 B 15.00 NAR=15%=% |
60000 E 60,000.00 FvV=$60,000.00
CHS 1 X C -60,000.00 Data entry flag Is set so

PV is stored as $60,000.00
D 754,71 PMT=$754.71

SUPPORT I VE PROGRAMS FOR B

There are two optional routines provided below to
extend the capablility of the ROM routine . These
routines are not located In the ROM, and must be
loaded Into RAM memory for their execution. They are
named LPAS and FAST.

1. LBL LPAS

LBL LPAS "Loan Payments and Amortlzation Schedule" is
really a full program In Its own right, although I+
does use ROM routines B, , and I@J. LPAS
extends the capabllities of to accommodate
"shifted" payment sltuations, when the first perlodic
payment does not fall at the beginning (BEGIN) or the
end (END) of the first period, but at any date after
the effective date. LPAS also provides an
amortization schedule as an option.

2. LBL FAST - Reducing Interest Solution Time

LBL FAST Is an optional routine used when solving for
Interest. |ts purpose Is to provide an initlial
starting guess for the Interest-solving loop which Is
closer to the exact solution than that provided by LBL
@@ initial guess. The result Is that Interest
solving execution time Is usually shorter.

Don Dewey (5148) produced both supporting programs.
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APPLICATION PROGRAM 1 FOR [T}
LPAS - Loan Payments and Amortization Schedule

The W@ program, |lke most flnanclal programs ang
calculators, assumes that the first periodic payment
occurs on elther the first or last day of the payment
period as specifled by the beginning of period/end o¢
period switch or toggle. Many financial agreements 4,
not follow this convention. An agreement may cal| ¢,
the regular periodic payments to start earllier or
later In order to provide a better match to other cagp
flow considerations of the borrower or lender. These
agreements with "shifted" Initial payment dates can pe
handled by conventional flinancial programs by
computing an effective present value (PV) that
compensates for the difference In Interest accrued
during the Irregular first payment period. This
computation becomes more complex when the compound|ing
and payment frequencies (CF and PF) are unequal.

Shifting the Initial payment date forces a change In
the number or amount of the perlodic payments or In
the amount of the final or balloon payment. However,
the participants to an agreement may want to speclify
the number and/or amount of the regular payments, and
adjust the final payment to compiete the amortization.
Even without a shifted Initial payment date or other
restrictions the regular periodic payments seldom
precisely complete the amortization and the flnal
payment must be adjusted to accomplish this.

For the uninitiated or Infrequent user of flnancial
programs, the accomodation of a shifted first payment
date and/or the computation of the correct final
payment amount can cause problems. The following
program easlly handles these cases and also takes the
drudgery out of computing an amortization schedule.

The LPAS program uses the WE@B program and the
and routines In the .mgfo expand the
capabilities of the WdB program to accomodate
"shifted" Initlal payment dates and to compute the
number and amount of perlodic payments, and the flinal
payment required to amortize a loan or to accumulate a
specific future value. The Information needed to
prepare a loan amortization schedule may also be
computed on an optional basis. The extensive
capablilities of the program are used in their
normal manner to define the parameters of a specific
problem and to develop the Initial solution. Two
additional input parameters are provided; the
effective date (ED) and the initlal payment date (IP).
These two dates define the length of the first payment
period which need not be equal to the normal payment
period Implied by the payment frequency value (PF).
The Initial payment date (IP) also establishes the
number of payments that will occur In the first year.
The program computes the regular periodic payment and
the final payment required to amortize a loan or to
accumulate a specifled future value over a specified
term (n), or the number of payments and the flnal

payment necessary to amortize a loan or to accumulate
a specifled future value with a specifled periodic
payment amount.

Conventional loans, mortgages with or without balloon
payments, and Canadian or European mortgages are all
acceptable to the LPAS program. Cases with payment

frequencies of semi-monthly (PF=24) or less, use a 30
day month convention for determining the number of
days of shift in the first payment date and the number
of payments occurring in the first year. For payment
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trequencies greater than semi- monthly (l.e., dally,
weekly, or bi-weekly) the acutal number of calendar

days Is used.

LPAS Program - Operatlon

The LPAS program computes the regular perlodic payment
and the final payment for both present value (PV*) and
future value (FV*) cases. PV¥* cases Involve periodic
payments that reduce or amortize a present value. FV*

cases Involve appreciation or accumulation to a future
value. The amortization schedule portion of the
program supports PV* cases only. The LPAS program can
be used with or without a printer (CF21),.

The E@B program Is accessed and used to set the
status (CB, CE, DB, DE), the compounding frequency
(CF), the payment frequency (PF), the standard
financlal values (n, $i, PV, PMT, FV) and to solve for
any missing financial value. Note: The program
can be accessed by pressing "J" when the LPAS program
has control. After entering the normal financlal
program data, the effective date of the financial
agreement (ED) and the date of the Initlal payment
(IP) are entered into the X and Y registers In the
form MM.DDYYYY (Y=ED, X=IP). The IP date must not be
ear|ier than the ED date.

The LPAS program Is then executed. For easy access
the LPAS program should be assigned to a key. The
LPAS program was assigned to the X<>Y (F) key in the
keystroke solutions In the example programs below.
The program computes the regular periodic payment
required to maintain the speciflied Interest rate. The
computation compensates for any fractional portion of
the term and for any deviation from the normal initial
payment date. When the program first stops, the
computed payment (rounded to two decimal places) Is In
the PMT register (RO4) and is displayed in the X
register.

First Stop - The computed payment may be accepted, or
a modifled payment may be entered and substituted by
pressing key "D". To contlinue the computation, select
one of the following two options:

1. By pressing "H" the amortization period Is |imlted
to the Integer portion of the term (n) and the final
or balloon payment Is adjusted to complete the

amortization.

2. By pressing "J" the term (n) Is recomputed to
accompl| Ish the amortization with the specified
periodic payment with a minimum adjustment to the
final or balloon payment.
The amortization choice restarts the program and the
number of perlodic payments and the amount of the
final payment are computed. At the second stop the
stack contalns:

number of payments occuring In first year
number of regular periodic payments
amount of the regular periodic payment
amount of the combined final and balloon
payments

xX
<
N
—

Second Stop - An amortlization schedule may be computed
by pressing "E" (for PV* cases only) or control may be
returned to the program by pressing "J",

If an amortization schedule Is computed and a printer
Is not avallable (FC?21) the program will stop after
computing the values for each year. At each stop the
stack will contain:
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cumulative Interest paid

balance outstanding after last PMT for year
interest paid during the year
year (YY)X

<
N
—

To compute the amortization data for each succeeding
year press R/S. Completion of the amortization Is
Indicated by ** In the display. The total interest
pald Is In the Y register at this final stop.

After completion of the amortization, control may be
returned to the B program by pressing "J".

Keyboard Functions: (LPAS Program)

0OC
50
Key

 

AMORT,

]
G

OPT. I OPT. 2

_       
 

Function (Flag/Reg)

D Enter revised periodic payment "PMT" (R04)

E Compute amortization data (PV* case only) (ROO-RI3)
F Enter ED and IP dates and compute periodic PMT

H Select Option 1 and compute final PMT (F07)

| Select Option 2 and compute term n and final PMT

J Transfer to @B program and display status

R/S Compute amortization data for next year

Program requirements and |imitations. CEB, , B
are the QEITSCEIVED required routines. LPAS s 655
bytes SIZE=014 Flags 06-10,21,28,29

Acceptable Payment Frequencies (PF) are:

1 = annual 12 = monthly
2 = semi-annual 24 = semi-monthly
3 = tri-annual 26 = bi-weekly
4 = quarterly 52 = weekly
6 = bi-monthly 365 = dally

WARNING: Solutions using or resulting in a zero rate
of Interest (%1) will cause a "DATA ERROR",

The output of LPAS Is printed In three sectlons
separated by horizontal Iines. The first section
records the original parameters of the case. The
second section records the amount and number of
regular payments and the final payment necessary to
satisfy the options selected. The third section
displays the optional amortization schedule.

Examples:

In the keystroke solution for each example, the lower
case letters a through e represent shifted functions
of keys A through E. Key In the Indicated quantities
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and press the user defined keys as Indicated In the
"Do" column., Contents of the display or the printed
output at significant points In the solution are shown
In the "See" column and are followed by Identification
In the "Result" column. Use FIX 2 display mode, and
assign LPAS to key F (X<>Y),

Example A: Conventional Mortgage. Develop the data
for an amortlization schedule for a fully amortized
30-year, $100,000 mortgage at 14.75% NAR compounded
monthiy with end of periaod payments of $1,244.48 with
the first payment due on November 1, 1981. Effective

date of the loan Is September 25, 1981, Use option 1
(H) to Iimit the amortization period to 360 payments.

 

 

  
 

Doz See: Result:

CLX STO 06 0.00 Store @M function call
XEQ " R " "DE" Discrete/End status
12 H I 12.00 CF=PF=12

30 a 360.00 n=360
14,75 B 14,75 NAR=14,75%=% |
100000 CHS C  -100,000.00 PV=$100,000.00
1244.48 D 1,244.48 PMT=$1,244.48
E -27.98 FV=$27.98
9.251981
ENTER?
11.011981 F 1,247.52 PMT, shifted IP $1,247.52
H 1,248.31 Final PMT=$1.248.31
E " Compute amort!zation

data, see print out
below.

EXAMPLE A CF=12 PF=12 91 14,214, 95,951
000000000000000000000000 92 14,89S. 95,9876.

PYsDE PY -130,208.99 93 13,957, 94,063

368 PNTS 1.244.48 9 13,797, 92,889,
14.7598% FY -27.98 95 13,612, 91,331,

ED 9-25-31 IP 11- 1-81s 96 13,397, 89,958.

ZXXZZZIXZXZITITIREIZTXTIXIILXR 9? 13'149- 88!13?.

359 PMTS 1,247.52 93 12.:861. 86,028,

+FINAL PHT 1,243.31 99  12,528.  83,5%.
2TTZXIITXEXTZTXIZTIZIIZIRZEZR

88 2’143- 38'758.

YR INTEREST ENDING BAL Bl 11,6%. 77,485,
81 2,464, 199,214, 92 11,179, 73,6%.

82  14,763. 189,012, 83 18,581, 69,305,
83 14,73. 99,778, 84 9,888, 64,222
34 14,699, 99,507, 85 9,085, 58,338,

85 14,657, 99,193 86  8,15%. 51,524,
86  14,687. 93,330. 87 7,088, 43,634,

87 14,558, 98,418, 98 5,835, 14,498,
83 14,483, 97,923 89 4,3%. 23,92
89 14,407, 97,399, 19 2,722, 11,672

99 14,318, 96,787, 1 804, 0.
ss 348,860,    

Note: 2 payments In 1981. The negative amortization

during the first two years Is due to the delayed first

payment date. The asterisk following the IP date

Indicates a shifted Initial payment date.

If a printer Is not used when working Example A, after

execution the stack will contaln the following:

after F after H after E*

T' - T’ 2000 T = 2’464. 2 ln*o

= - Z= 359.00 Z = 100,214, E.Bal.
Yz - Y= 1,247.52 Y= 2,464, Yr.int.

X= 1,247.52 X= 1,248.31 X= 81. Year

*Press R/S to advance amortization to next year. the

end of the amortization Is Indicated by ** in display.

Example C: Loan with Bal loon Payment.

Example B: Sinking Fund / Savings Plan  Starting
with an Initlal deposit of $3,000 compute the number
of bi-weekly deposits of $200 and the amount of the
final deposit needed to accumulate a balance of
$20,000 In an account paying 8% compounded
continuously, If the Intlal deposit (PV) Is made on
December 1, 1981 and the first bi-weekly deposit (PMT)
Is made on December 11, 1981. Set the status to CB.

Do: See: Result:
J "DE" Return to KIB
c "Ce" Set Contlinuous compounding
d "cg" Set Beglinning of perlod

payments
e "cg" Clear Financial

Status=Continuous/Beginning
CF=1 after clearing

26 | 26.00 PF=26
8 B 8.00 NAR=8%=% |
3000 CHS C =-3,000.00 Pv=$3,000.00
200 CHS D -200.00 =$200.00
20000 E 20,000.00 Fv=$20,000.00
A 72.43 n=72.43
12.011981
ENTER}
12.111981 F -197.29 PMT, shifted IP $197.29
200 CHS D =-200.00 Enter revised PMT $200.00
R -91.67 Final PMT=$91.67
E "Fy® 7n indicates attempted

amortlzation of FV* case

 

EXAMPLE B CF=1 PF=26
00000000000000000000000

FvsCB PV -3,000.00
72+ PHTS -200.80

8.008% FV 26,000.00
ED 12- 1-81 IP 12-11-81s

71 PATS -200.09
+FINAL PHT -91.67  
 

FV*CB = Future Value case with ContlInuous compounding
and Beginning of period payments/deposits. The plus

(+) sign following the number of payments Indicates
that the term incliudes a fractional payment period as
developed from the original specificatlions.

Develop the

amorfization data for a $500,000 loan at 15% NAR with

monthly compounding, to be repald with 30 monthly end

of perlod payments of $20,000 and a balloon payment of

$3,225.30 coincldent with the final payment. The loan

effective date Is September 14, 1981 and the first

payment Is scheduled for October 14, 1981,

Do: See: Result:

J ncg" Return to B
Status from previous example

c rpa" Set Discrete compounding

d "DE" Set End of period payments

e "DE"™ Clear Financial, final status=

Discrete/End
12H 1 12.00 CF=PF=12
30 A 30.00 n=30
158 15.00 NAR=15%=% |
500000 CHS C

-500,000.00 PV=$500,000.00
20000 D 20,000.00 PMT=$20,000.00

E 3,225.30 Bal loon=$3,225.30
9.141981
ENTER? @
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10.141981 F  20,000.00 PMT=$20,000.00
H 23,225.30 Final + Balloon = $23,225.30
E el Compute amortization data, see

print out below.

 

EXAMPLE C CF=12 PF=12
P00000000000000000000000

Py¢DE PY -500,000.00
3@ PHTS 20,000.00

15.080% FV 3,225.38
ED 9-14-81 IP 19-14-81

29 PHTS 20,000.08
+FINRL PNT 23,225.38

YR INTEREST ENDING BAL
81 18,232, 4%8,232.
82  56,456. 274,688,
83 26,9%8. 61,638.
84 1,587, 8.
ss 183,225,    

Because the Initial payment occurs exactly one month
after the loan effective date there Is no change In
the re-computed PMT,

Example D: Delayed First Payment This example will
Illustrate the effect of a different repayment plan
for the loan defined In Example C. Develop the data
for amortizing a $500,000 loan at 158 NAR with monthly
compounding, to be repald with 60 semi-monthly end of
period payments of $10,000 and a balloon payment
coinclident with the final payment. The loan effective
date Is September 14, 1981 and the first payment Is
scheduled for November 1, 1981,

Do:_ See: Result:

J "DEN Return to B
Status left from
Example C

12 H 12.00 CF=12
24 | 24.00 PF=24

60 A 60.00 n=60

15 B 15.00 NAR=15%=% |
500000 CHS C  =500,000.00 PV=$500,000.00
10000 D 10,000.00 PMT=$10,000
E 974,25 Fv=$974.25
9.141981
ENTER?
11.011981 F 10,268.92 PMT=$10,268.92

10000 D 10,000.00 Set PMT=$10,000.00 exactly
H 30,466.27 Final+Bal loon=$30,466.27
E " Compute amortization data

See print out below
 

EXAMPLE D CF=12 PF=24
000000000000000000000000

PysDE PV -500,000.00
68 PNTS 10,800.00

15.008% FY 974.25
ED 9-14-81 IP 11- 1-31s

59 PHTS 10,000.00
+FINAL PAT 38,466.27

YR INTEREST ENDING BAL
81 12,541,  485,968.
g2 68,113, 386,081.
83 31,195,  97.277.
84 3,189. 8.

187,838.    @
PPC ROM

The total Interest on this repayment plan Is $3,813
more than In Example C due to the delayed first
payment date and the smaller payments. The borrower
has the use of more money for a longer time.

LPAS Program - Equatlions

All equations assume the use of standard financlal
transaction sign conventlions of money recelved as
positive (+) and money pald out as negative (-).

Notation used:

d = number of days In payment perlod
le = effective Interest rate per payment period

m = Integer portion of term n
n = number of payment periods In term
s = number of days first payment Is shifted
CF = compounding frequency per year
ED# = effective date - day number
Fv = future value after n perlods
FVm = future value after m perlods

va_1 = future value after m=1 periods

Fv# = future value case
INT = Interest for the year
IP# = Initial payment date - day number
NP = number of payments In the year
PF = payment frequency per year
PMT = perlodic payment
PMTf = final payment

PY = present value
PVe = effective present value

PV* = present value case

It |FV]<=|PV|, then PV* case
If JFY|>|PV|, then FV* case

The Inltial payment date Is "shifted" when: s # 0

s = |P§f - ED# for beginning of period
payments

where:

s = |P#F - EDF +d for end of period
payments

For financial calculations involving a "shifted" first
payment date, the present value (PV) must be converted
to an effective present value (PVe) that

Is adjusted to compensate for the difference In

Interest accrued during the Irregular first payment

period.

. (sPF/dCF)PV, PV(I+)

To precisely complete the amortization of a present
value or the accrual of a future value, the final
payment must be calculated separately from the regular
periodic payment. The LPAS program Incorporates eight
varlations of final payment calculations.

PMTf = va_1 PY* case, annuity due,
Option 1

= FVm PV* case, annuity due,
Option 2

= FVm + PMT PV* case, ordinary annuity,
Option 1
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3 FVm(1+l ) PV* case, ordinary annulty
Option 2

FVm_1 - FV/(1+le) FV* case, annulty due,
Option 1

va - FV/(1+le) FV* case, annuity due
Option 2

FVm + PMT - FV FV* case, ordlinary annulty
Option 1

FVm(1+|e) - FV FV* case, ordinary annuity
Option 2

N.B. Yalues m and n are different for Options 1 and 2

The Interest pald during each year of amortlzation Is
determined by the difference between the ending and
beginning balances plus the sum of the payments for
the year.

INT = (NP*PMT) + PV + FV

LPAS Program - Line by Line Analysls

LBL LPAS - Mainline - First Section

001 store ED and IP dates. Print separator |ine
007 set flag FO6 (FV* case) If: |FV|>|PV|
014 calculate term (n). Print line 1 (PV)

026 Format data. Print line 2 (n) (PMT)

038 Format date. Print line 3 ($1)(FV)
044 |f PF>24 set Flag 07 (calendar year baslis)
050 Calculate day number of effective date (ED#)
053 Calculate day number of first PMT date (I1P#)
056 Develop number of days from ED thru |P date (s)
058 Develop number of day from IP thru year end
069y Develop number of days In normal PMT period (d)

079 AdJust s for end of period payments (s)
081 Develop number of payments In first year
086 |f PMT = 0, set s =0
090 If s # 0, append *. Print line 4 (ED)(IP)
095 Develop PVe to adjust for shifted IP date (Pve)

107 Save |P year (YY) and calculate payment (PMT)
113 ==FIRST STOP--

At this stop the calculated periodic payment may be
accepted or the original or a modified payment can be
entered and stored by pressing key D before selecting
an amortization option (H or 1).

Subroutines
LBL 01 Reformat date for [and load print buffer
LBL 02 Calculate day number using 30/360 convention
LBL 03 Calculate day number using (calendar

basls)
LBL 04 Format month (MM) and day (DD) for printing
LBL 05 Display control -

06 - and column format subroutine
LBL 07 Execute specified EdB routine
LBL 08 Fill buffer with specified character -

09 - and printer separator |ine
LBL D Store PMT in RO4
LBL J Transfer control to @B and display status

- Mainline - Second Section _

LBL H Option 1 - |f PMT#O0, set flag FO7 (set=opt. 1)

LBL | Option 2
205 Calculate new (n). If n=0 use original n (n)

213 Select (n): option 1=original option 2=new
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216 Calculate FV and modify to -

LBL 10 - develop flnal payment (PMTf)

LBL 11 Store final PMTf Print separator |lIne
263 Format data. Print Iine 5 (n=1)(PMT)
269 Format data. Print line 6 (PMTf)

278 --SECOND STOP--

At this stop the amortization schedule calculation may

be selected by pressing key E (for PV* cases only), or

control may be returned to the B program via key J,

Subroutine

LBL 12 Format control subroutine

LBL E - Malnline - Third Section - Amortization

284 |f FV* case stop and display "FV* 2" (invalld)

288 Print separator line. Print heading line

294 Reduce payment count by number 1st yr payments

LBL 13 Develop Interest for year -

14 - and calculate ending balance

LBL 15 TINT and format data. Print amortization Iine

346 Load stack for review and stop 1f FC?21

351 -=AMORTIZATION YEAR STOP=--

If flag F21 Is cleared this stop will occur after the
amortization calculations have been made for each

year. Amortization data Is available In the stack.

352 If not final year, update year & payment count
LBL 16 End routine Print total (*#%)( TINT)
384 END

Other LPAS program technical detalls:

Global Label: LPAS
Local Labels: D,E,H,I1,J, and 01=-16
Byte Count: 655 (requires one memory module)
Slze Required: SIZE=014
ROM Routines called: ), &3, B
Subroutine Levels: 3
Flags Used: LPAS - 06,07,21,28,29

@ - 08, 09, & 10

@ - 10
&3 - 29 & 40

Data Reglisters Used:
ROO: multl use store
RO1: n term
R0O2: %1 as percentage
R0O3: PV present value
RO4: PMT periodic pmt
ROS5: FV future value
RO6: IND addr.

RO7: | as decimal
RO8: CF compounding freq.
R0O9: PF payment frequency
R10: multl use store

R11: multi use store

R12: multl use store

R13: multl use store

Status Registers: none used
Alpha Reglsters: all used
L REG: not used
Peripherals: printer recommended but not required
Stack Usage: 1/0 see program description
Execution Time: variable
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#1eLBL “LPAS*
92 ST 14
a3 XY
#4 ST 88

9S @
96 XEQ #8
a7 CF 96
88 RCL 83
A9 AB3
18 RCL @S
11 RBS

12 X3Y?

13 SF 86
14 1

19 XEQ 87
16 ASTO X
17 *p-
18 FS? 86
19 *F-
20 “hHys®

21 ARCL X
22 °F PY"
23 RCL 83
24 XEQ 85
25 ADY
26 XEQ 12
27 RCL o1
28 ENTER?
29 INT
38 ARCL X
A -
32 X207
33 "+

34 “F PHTS”
35 RCL o4
36 XEQ 85
37 ADY
38 FIX 3
39 ARCL 92
40 k% FY-

41 RCL 85
42 XEQ 95
43 ADY
44 XEQ 12
45 CF @7
46 24
47 RCL 89
48 XOY?
49 SF @7
50 °ED *
S1 RCL 08
€2 XEQ 61
53 X{> 19
54 °F IP -
55 XEQ 81
56 ST- 18
S7 STO 88
58 FIX 2
59 SF 28
60 SF 29
61 1
62 ST+ 11
63 STO 12
64 CLX
65 STO 13
66 XEQ 82
67 RCL 60
68 -
69 360
70 ENTERt
e
72 FC2C 67
73 CLX  

74+

79 RCL 09
76/
77 INT
78 ST0 13
79 FC? @9
38 ST+ 1@
81 +
32 LASTX
33 /
34 INT
85 ST0 12
36 RCL 10
87 RCL 84
88 X#8?

39 XOY
98 CHS
91 X287
92 ks

93 FS? 21
94 PRRA
95 CLA
96 RCL 08
97 RCL 13
98 »
99 v/

188 RCL 89
101 »
102 RCL 67
183 LN1+X
104 »
185 EtX
106 STs 83
187 RCL 06
188 ST0 11
109 4
110 XEQ 87
111 RND
112 STO 04
113 RTN
114¢LBL 81
115 INT
116 -100
117 ST0 1t
118 STO 2
119 XOY
120 ST0 12
121 XEQ 04
122 INT
123 ST0 13
124 XEQ 04
125 CHS
126 STs 11
127 FRC
128 =
129 ST0 86
138 18
131 X>Y?
132 °Ho°
133 ARCL Y
1340LBL 62
135 FS? @7
136 GT0 @3
137 RCL 11
138 368
139 =
148 RCL 12
141 39
142 »
143 ¢+
144 RCL 13
145 +
146 RTN
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147¢LBL 83
148 RCL 11

149 RCL 12
1958 RCL 13
151 XROM -CJ-
152 RTN
153eLBL 84
154 10
155 ¥>Y?

156 °F *
157 ARCL ¥
158 RDN
199 LASTX
158 -
161
162 “F-*
163 RTN
1640LBL 89
165 FIX 2
166 9
167¢LBL 86
168 STO 86
169 XOY
178 SF 28
171 SF 29
172 FC? 21
173 RTN
174 ACA
175 XROM “CP"
176 CLA
177 RTN
178eLBL 07
179 STO 96
130 XROM °FI°
131 RTN
182¢LBL 08
183 FC? 21
184 RTN
185 24
186 XY
187¢LBL 99
188 ACCHR
189 DSE ¥
198 GTO 89
191 PRBUF
192 RTN
193¢LBL D
194 STO 84
195 RTN
196eL8L J
197 190
198 STO 86
199 GT0 °FI°
200¢LBL H

201 RCL o4
202 X=8? °
203 SF @7
2040LBL |

2835 RCL 01
286 INT
2087 STO 10
208 1
209 XEQ 67
218 INT
211 X=0?
212 RCL 18
213 FC? &7
214 STO 10
215 RCL 10
216 1
217 FS? @7
218 ST- 10
219 F5? &7   

2208 FC? 69
221 CLX
222 -
227 5T0 o1
224 RCL @7
225 |
226 +
227 ST0 13
228 RCL 85
229 ST0 80
238 S
231 XEQ 67
232 RCL o8
233 STO 85
234 FC? 96
235 CLX
236 STO 8@
237 XY
238 RCL 12
239 FS? 89
248 ST/ 88
241 XOY

242 FC? 89
243 GTO 10
244 RCL 00
245 -
246 GT0 11
247¢LBL 10
248 FC? 97
249 »

258 RCL 00
251 FC? @6
252 CLX
2953 -
254 RCL 04
255 FC? 07
256 CLX
257 +
258eLBL 11
259 RND
268 STO 13
261 1
262 XEQ 08
263 XEQ 12
264 ARCL 10
265 °F PMTS®
266 RCL 04
267 XEQ 85
268 ADY
269 ~+FINAL PHT-
278 RCL 13
271 XEQ @85
272 ADY
273 RCL 12
274 RCL 10
275 RCL o4
276 RCL 13
277 FIX 2
278 RTN
279+LBL 12
280 FIX @
281 CF 28
282 CF 29
283 RTN
284¢LBL E
285 °Fys ?-
286 FS? 86
287 PROMPT
288 1
289 XEQ 68
299 “YR [INTEREST -
291 “HENDING BAL®
292 F§? 21   
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Listing continued from 157,
 

 

  

< APPLICATION PROGRAM FOR:
<

w 293 PRA 348 XEQ 86
© 294 CF 87 341 RCL 85
Qu 295 CLA 342 RND

- 296 CLX 343 8
© 297 X<» 12 344 XEQ 86
w 298 RCL 19 345 AV
o 299 ¥¢=Y? 346 RCL 12
© 389 SF 87 347 RCL 85
o= 381 XOY 348 RCL 80
a 382 570 @l 349 RCL 11

363 - 350 FC? 21
304 STO 19 351 STOP
3050LBL 13 352 FSC 87
386 XEQ 12 353 CT0 16

308 18 355 RCL 1
389 X>Y? 356 1

318 “+8° 357 +

311 ARCL Y 358 =17
312 RCL 83 359 -

313 RCL B4 368 ST0 11
314 RCL 81 361 RCL 10
33 362 ST0 81
316 + 363 RCL 89
317 ST0 88 364 ST- 18
318 CLX 365 X¢=Y?
319 ST0 85 366 STO 81
320 FC? 07 37 -
321 G0 14 368 (=8
322 RCL 13 39 SF 87
323 ST+ 88 378 GT0 13

325eLBL 14 372 s
32 5 373 RCL 12
327 XEQ 97 374 8
328 FIX 2 375 XEQ 86
329 RND 376 11
338 ST+ 08 377 F$? 21

332 CHS 379 ADY
333 ST0 63 39 44
3340LBL 15 381 ASTO X

335 FIX 0 382 FIX 2
336 RCL 0 383 .END.
337 RND
338 ST+ 12
339 8

For the condition when PMT=0, the routine transfers tq
LBL 09 of the ROM program for an expllicit solution,
When solving for n, PV, PMT, or FV, the ROM Is used [p
the usual manner. Don Dewey (5148) produced the
mathematical expressions and wrote the program.

LBL FAST INSTRUCTIONS

1. Load the routine below Into the calculator memory,

2. Go to LBL EER In the ROM,

3, Select desired status and enter known varlables In
the usual manner.

4., Elther a) or b):

a) solve for n, 1, PV, PMT, or FY In the usual

manner .

b) Execute FAST to solve for Interest using

the optional routine. Do not use LBL B.

The Interest value Is returned In the usual

 
 

APPLICATION PROGRAM 2 FOR
FAST - Reducing Interest Solution Time

When the solution for Interest is required for PMT#0,
LBL 02 of WM produces an initlal guess for the
Interest which Is supplied to the Iterative |oop
starting at LBL 06. In most cases the LBL 02 guess Is
usually "close" (In the mathematical sense) to the
actual solution Insuring that the interest solution Is
found In a reasonably short time.

Unfortunately, there will always exist a problem which
will cause the LBL 02 guess to be far enough away from
the actual solution to cause the execution time to be
long. The optional routine presented below will
provide an Initial guess which tends to be "closer™ to
the actual solution than that provided by LBL 02,
allowing a shorter execution time for most problems.

in use, the optional routine Is executed in RAM memory
and produces an Initlial guess for the Interest. The
guess Is stored In register RO7, and control of the
calculator Is transferred from the FAST routine to LBL
06 of the ROM program EIB .

manner.

5. Repeat as needed from step 2.

 

 

APPLICATION PROGRAM FOR:

81eLBL °FAST" 27 RCL 81
829 28 1
83 STO 86 29 -

84 RCL 04 38 Xt2

85 X=8? 31 RCL 04

86 GT0 °FI° R

07 6 33 RCL 85
88 STO 86 34 -
89 RCL 85 35 RCL 83

10 RCL 04 36 ¢+

11 RCL 81 373

12 # 38 s

13 - 39/
14 LASTX 48 ABS

15 RCL 85 41 RCL 85

16 + 42 X=0?

17 RCL 83 43 GT0 °FI*

18 + 44 RCL 04

19 RCL 081 45 s

28 RCL 83 46 X)8?

21l s 47 GTO0 °FI°

22 X+8? 48 RDN

23/ 49 STO 87

24 RBS 58 GT0 °FI®

25 ST0 @7 St .END.

26 XOY   
 

EQUATIONS USED IN FAST ROUTINE

If PMT®FY < 0 then FV case.

I¥f PMT®*FY >= 0 then PV case.

1. PV CASE:

N*PMT + PV + FV
n*pPy

Problem vallid only If PY®PMT < 0. (:::>

'O =
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2. FV CASE:

a) For PV#0:

FV = n*PMT
| =
0 

3#[ (n-1)2%PMT + PV - FV]

b) For PV=0:

FV + n*PMT
 

3#[ (n=1)2%PMT + PV = FV]

FORMULAS USED IN D
The basic financlal equation used in this program was
first reported In the Hewlett-Packard Journal of
October 1977 (Ref. 3) where the description of Its
Implementation In the HP-92 Financlial Calculator was
glven. In this unique equation, all flve financlal
variables (n, I, PV, PMT, FV) are accounted for, using
the simple rule that money pald out Is considered
negative in sign, while money received |s considered
positive In sign.

The equation from page 23 of Ref. 3, Is:

(1) Pv*(1+D)" + PMT*(14" = 1J/1 + FV = 0

Ordinary Annulty and Annulty Due Selectlion

In Its present form, equation (1) is suitable for the
ordinary annuity condition, when payments are made at
the end of each period. To enable (1) to solve the
annulity due condition when payments are made at the
beginning of each perlod, a small modification Is
required. When this modification Is added, equation
(1) becomes:

(2) PV*(1+D)" + PMT*(1+DO*[ (1+D)" = 1J/1 + FVY = 0

where X=0 for ordinary annuity condition
X=1 for annuilty due condition

When flag F09 Is cleared, the ordinary annuity
condition Is selected. When flag FO9 Is set, the
annuity due condition Is selected. Flag F09 Is
toggled by LBL d.

With a simple algebraic rearrangement, (2) becomes:

(3) [PV+PMT(1+1X)/1JLC1+1)"=1] + PV + FV = 0

or )

(4) (PY +C)A+PY +FVY =0

where

(5) A= (1+D" =1

(6) B = (1+iX)/1

(7) C = PMT*B

The form of equation (4) simplifies the calculation
procedure for all five variables, which are readily

&

solved as follows:

(8) n = LNC(C=FV)/(C+PV)]/LN(1+1)

n Is solved using LBL 01

(9 1 = Crvev]'/M oy
For PMT=0, | Is solved using LBL 09

For PMT#0, | must be solved by Iteration

(10) PV = =[FV + (A*C)]/(A+1)

PV Is solved using LBL 03

(11) PMT = =[FV + PV(A+1)]/(A*B)

PMT Is solved using LBL 04

(12) FV = =[PV + A(PV + C)]

FV Is solved using LBL 05

Solutlon of Interest When PMT#0

To solve for Interest | when PMT£0, an [terat|ve
technique must be employed, as equation (1) cannot be
explicitly solved for i. This program uses Newton's
Method, using exact expressions for the function of 1
and Its derivative. The expressions are:

(13) Tyy = 1 = HULO/E001)

where

(14) £(1) = A(PV4C) + PV + Fy

(15) £1(1) = n*D*(PV+C) - (A%C)/|

where

(16) D = (141)"!

(17) = (A+1)/(1+41) as calculated by LBL 06

The Iterative interest solving loop using equations
(13), (14), and (15) starts at LBL 06.

Starting Guess For Interest

To solve for Interest using Newton's Method, an
Inltial starting guess must be provided. The program
uses the following expression to provide the Initial
guess, IO:

(18) 1. = PMT IPV] + |FV|
0

  

3IPV| + |FV| N> *PMT

The closer the Initial guess '0 Is to the actual

solution |, the greater Is the probablil ity that the
required solution will be obtalined, and the shorter Is
the execution time.

Further Program Ref Inements

As well as being able to select elther an ordinary
annuity or annulty due situation, the program also
enables solutions to be obtained when
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B. PMT#0

a. Calculate 'O using equation (18) and

LBL 02.
b. Calculate A, A+1, B, and C using equations

(5), (6), (7), and LBL 08.
c. Calculate Iterative solution, using

equations (13), (14), and (15) and LBL 06.
d. ExIt test (1) If error Is too large, back to

b above
(11) If error- acceptable, continue

e. Calculate I, using equations (21) or (22)
and LBL 11,

f. Store I In RO2 and halt.

3. Solving for PV

a. Calculate 1|
and LBL 07.°

b. Calculate A, A+1, B, and C using equations
(5), (6), and (7) and LBL 08.

c. Calculate PV using equation (10) and LBL 03
d. Store PV in RO3 and halt

using equations (19) or (20)

4. Solving for PMT

a. Calculate |
and LBL 07.%

b. Calculate A, A+1, B, and C using equations
(5), (6), and (7) and LBL 08.

c. Calculate PMT using equation (11) and LBL 04
d. Store PMT In RO4 and halt.

using equations (19) or (20)

5. Solving for FV

a. Calculate 1
and LBL 07.°

b. Calculate A, A+1, B, and C using equations
(5), (6), and (7) and LBL 08.

c. Calculate FV using equation (12) and LBL 05
d. Store FV in RO5 and halt.

using equations (19) or (20)

LINE BY LINE ANALYSIS OF B
Lines 01-02 provide access to any I subroutine that
begins with a numeric label.

Lines 03-14 clear the financial registers R0O1-R05 and
set CF=PF=1 in RO8 and R09. Line 14 Is a Jump to the
status display.

Lines 15-18 toggle flag FO8 which controls
Continuous/Discrete compounding. Line 018 Is a Jump
to the status display.

Lines 19-21 toggle flag FO9 which controls the
Begin/End switch.

Lines 22-32 are the status display which shows one of
the codes CE, CB, DE, DB.

Lines 33-36 store the number of compounding periods In
RO8 = CF = compounding frequency.

Lines 37-40 store the number of payment perlods In RO9
= PF = payment frequency.

Lines 41-43 multiply the X-register by 12 before
entering the LBL A routine.

Lines 44-48 elther store n In RO1 and stop, or drop
through to |ine 049.

Lines 49-63 solve for n via formula (8) and store n |
RO1.

Lines 64-66 divide the X-reglster by 12 before
entering the LBL B routine.

Lines 67-71 either store %I in RO2 and stop, or drop
through to |ine 072.

Lines 72-127 are the major part of the program which
solves for $i. Line 79 tests whether %I can be
calculated directly If PMT=0. Otherwise |ines 73-90
compute the Initlal-guess for $I via formula (18),
Lines 91-126 are the recurrence loop for formulas
(13)=(17). Formula (14) Is complete at Iine 103 and
formula (15) Is complete at line 117. Line 127 Is a
branch to complete the calculation of %I.

Lines 128-165 are a special subroutine. Line 148
provides access to a second entry point within the
subroutine. Lines 129-147 calculate formula (19) or
(20). Lines 148-165 calculate formulas (5), (6), and
(7) which are constants used by other parts of the
program.

Lines 166-175 calculate formula (9) for %1 when PMT=0,

Lines 176-193 finish the calculation of $I and restore
the rate by calculating formuia (21) or (22).

Lines 194-198 elther store PV in RO3 and stop, or drop
through to |ine 199.

Lines 199-208 calculate PV via formula (10) and store
PV In RO3.

Lines 209-213 elther store PMT In R04 and stop, or
drop through to |ine 214,

Lines 214-227 calculate PMT via formula (11) and store
PMT In RO4.

Lines 228-232 either store FV In RO5 and stop, or drop
through to |ine 233,

Lines 233-241 calculate FV via formula (12) and store

FV In ROS.

Line 242 Is provided to allow a running program to
stop so the program pointer Is In ROM,

NUMERIC LABELS/FUNCTIONS IN THE [} PROGRAM

Although I s a complete sel f-contalned program,
some users may wish to use some of Il 's subroutines
In their own programs. The following |ist gives a
correspondence between numeric labels and subroutines
to be called as part of i} programs. To call a
subroutine from one of your own programs, first store
the number corresponding to the desired function In
data reglister RO6. Then use the Instruction XEQ
"EIB" as part of your program. The execution times
In seconds for the varlious subroutines are In
parentheses in the following |ist. <:E§§>
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Numeric Label  Keyboard  Subroutine Function
Number In R0O6  Label

00 e Clear RO1-R05 and store 1
In RO8 and RO9 (<1 sec.)

01 A Solve for n (3.5 sec.)
02 B Solve for %1 (variable)
03 C Solve for PV (2.5 sec.)
04 D Solve for PMT (3.3 sec.)
05 E Solve for FV (3.2 sec.)
12 None Serves only to restore

keyboard functions to top
rows of keys

The following special comments apply to IR
subroutines that would be called from other programs.

First note that labels 01-05 only solve for the
Indicated variables, whereas the keys A-E perform the
double functlions of elther solving or storing values.
If you need to store the value of a financlal varlable
In one of RO1-R0O5 then your program should do that
directly. Subroutines for storing are nelther
necessary nor provided.

The purpose of label 12 at the end of the program Is
to allow a running program to stop so the program
pointer Is In ROM and the automatic local |abel key
assignments of the I functlions on the top row of
keys will be restored to those keys. Otherwise, a
running program would normally stop and |eave the
program pointer In RAM which would make the top row
key assignments "dlsappear"”.

Numeric l|abels 07,08,09 & 11 are Intended to be
Internal subroutines within Il which would seem to
perform no useful purpose outside of Il . However,
the truly curlious PPC member may be able to jump Into
the middle of I by calling these routines as
"hidden functions™. See the |Iine by |Ine analysis for

the purpose of these functions. Example 11 in the HIB

documentation uses label 07 in this manner.

REFERENCES FOR (B

1. W.L. Crowley and F. Rode, "A Pocket-Sized Answer
Machine For Business and Flinance," Hewlett-Packard
Journal, May 1973,

R.B.Neff and L. Tiliman, "Three New Pocket
Calculators: Smaller, Less Costly, More Powerful,"
Hewlett-Packard Journal, November 1975.

Roy E. Martin, "Printing Financial Calculator Sets
New Standards For Accuracy and Capablility,"
Hew|ett-Packard Journal, October 1977.

Greynolds, Aronofsky, Frame, "Financial Analysls
Using Calculators," McGraw=HIIl, 1980.

For anyone wishing to further his/her knowledge on the
subject of financial analysis, and as It applles to
calculators, Reference 4 Is probably the most
definitive book avallable to date. The 470-page
volume assumes the reader has no previous knowledge of
financial analysis, and commences at an elementary
level, taking the reader through the theory and
practice. Themain subjects covered are:
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a. Basic Concepts In Compound Interest
b. Simple Annuities
c. General Annuitles
d. Continuous Compounding and/or Payments
e.
f.
g.

Variable Cash Flows and Internal Rate of Return
Bal loon Annuities Using Present Values
Speclal Applications

CONTRIBUTORS HISTORY FOR ZB
Graeme Dennes (1757) Is responsible for programming
the accuracy enhancements In and for writing the
first substantial version of WM, after analyzing the
problems assoclated with the various formulas
Involved.

The addition of the general annulty capablllity and an
Improvement to the Initlal guess routine were produced
by Don Dewey (5148). Don also tested and further
debugged the program using |Iterally thousands of test
examples. There were more changes made unti| the
program evolved to Its final form. ClIff Carrie (834)
suggested changes In the use and placement of the
local numeric labels. Graeme Dennes and Don Dewey are
to be credited with the llon's share of the work on
@B, both In programming and In the documentation.

FINAL REMARKS FOR B
The first dedicated hand-held financlial calculator was

the HP-80 (Reference 1). This was later followed by
the HP-22 (Reference 2) and HP-27, although they never
replaced the HP-80.

As users accepted the new calculators, |t wasn't long
before they began to demand more In facillitles,
capabilities and accuracy. These needs were readily
satisfled by the HP=92 printing financial calculator
(Reference 3).

The HP-92 article provided the Inspiration and the
starting point for the Wl program by setting
chal lenges for accuracy and execution times. It also
made avallable for the first time a single unique
financlal equation which accounts for all five baslic
financial variabies.

Commencing with this single equation, the WM program
was conceived as a new, original approach to providing
a highly accurate and fast financial program for the
HP=-41C calculator. Both the facilities and
mathematical approaches of Il have not been used
together In any previous HP calculator program.
Financial programs are in other HP-41C ROM's but the
capability and accuracy Jjustify Including the
program as part of the EIXSERINES

By applying a reformulation and simplification to the
mathematics of the new HP financial equation, the
execution times and accuracy have been Improved over
all previous programs. The execution times when
solving for Interest rate have been reduced by the use
of a simplified, although accurate, Newton's Method
for fast convergence, coupled with a routine which
produces an initlal starting guess "close" to the
exact solution.

Previous financial programs used standard Instruction
sequences to calculate terms of the form

(+n" =1

as described elsewhere. Often, several different
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terms of this type were used In one program. The
calculation of this term created most of the error In
those programs. The high accuracy of was
achleved by calculating this term using the LN1+X and
E$X-1 Instructions, and calculating It only once per

solution.

Thanks to the Hewlett-Packard Company for allowing the

reproduction of numerical expmples from Reference 3,

FURTHER ASSISTANCE oN B

NOTES

 

 

TECHNICAL
 

 

XROM: 10, 63

Stack Usage:

0 T: used

1 Z: used

2Y: used

3 X: used

v L: used
 

Alpha Register Usage:

5 M: 2 char. status

DETAILS |
 —

FlagUsage:
04: not used

05: not used

06: not used

07: not used

08: set=continuous

" clear=dlscrete

09: set= BEGIN

clear=END

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 N: not used 10: set=view [terations
7 0: not used clear=no display

8 P: not used 25: not used

Other Status Registers: Display Mode:

3 Q: not used FIX 2 recommended

10 : not used

11 a: not used Anqular Mode:

12 b: not used not used

13 ¢: not used

1« d: not used SubroutineLevels:
15 e: not used 4

IREG: not used Labels

ROO: not used none none

RO1: n

RO2: %1

RO3: PY

RO4: PMT

ROS5: FV

RO6: function call #
 

RO7: %1 as decimal

RO8: CF

RO9: PF

N.B. RO2 used as tempor-
ary store when solving
for Interest.  Local Labels In This

Routine:

A, B, C,D, E, H, I, J

a, b,c, d, e

oo, o1, 02, 03, 04, 05,

o6, 07, 08, 09, 10, 11,

12
 

 

Execution Time: see NUMERI

@B documentati
C LABELS section in the

on

 

 Peripherals Required:
none

 
 

 

 

 

  Interruptible? yes

Execute Anytime? no

Program File: I

Bytes In RAM: 324

Registers To Copy: 47  

Qther Comments:   
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CURVE FITTING

Gto (not xeq) CV (SIZE 027)

SOFTKEYS/INPUT SUMMARY (USER mode ON)

  

Softkey Input/Function
a Y. - (subtract from summation)

e Initialize

A ¥ + (add to summation)

B Solve equation type J, leaving:

Register Value
X b
Y a

Z r

C Solve for Y value given X (using the equation type and
coefficients last solved)

D Solve for X value given Y (using the equation type and
coefficients last solved)

E Solve for best equation type, leaving:

Register Value
X J (best curve type)
Y b
Z a

T r

OUTPUT SUMMARY

 

J (Egq. type Equation Description
1 y = bx g a linear
2 y = a ePX exponential (a > 0)
3 y =Db Lg(x) + a logarithmic
4 y = ax power (a > 0)

PROGRAM FLAGS

Flag 08 curve type

Flag 09 curve type

Flag 10 Y. - function

STORAGE REGISTER USE--See original PPC documentation, following
 

1





 

CV - CURVE FIT

This program will determine a curve of best fit to a
set of data points.
program handles are:

1. Llnear y = b¥*x + a

2. Exponentlal y = a*eX (2>0)
3. Logarithmic y = b*Ln(x) + a

4, Power y = a*xb (a>0)

The program will compute the coefficlents a and b In
the equation of one of the above four curve types

as well as compute a value r2 called the coefficlent
of determination which Is a measure of the goodness of
fit. Once a set of data has been fit to a gliven curve
type, a prediction may be made for the y-value glven a
new x-value, or a prediction may be made for the
x-value given a new y-value. The functions avallable
on the top row of keys on the keyboard are Indicated
In the following diagram.

INITIAL.

 

 

    

These same functions are referenced In the examples
and Instructions by enclosing the name of the function
on the key in square brackets [ J.

Example 1: Find the straight line which best fits the
following data:
(1.1, 5.2), (4.5, 12.6),
(10.0, 23.0), (15.6, 34.0)
Then predict y when x=20 and predict x when y=25,

Plug the Into the 41C and SIZE 027. GTO
"EM" and go into USER mode. This puts the program
counter In ROM and makes the curve fit functions
avallable on the top row of keys. Pressing
CINITIALIZE] will Initlalize the program. This clears
registers R11 thru R24 so that a new set of data may
be entered.
entered using the [ L+] key. Key In each pair as
x ENTERY y “and push [ Z+].

(8.0, 20.0),

ifilfi See:

CINITIALIZE] 1.0000
1.1 ENTERY 5.2 [ I+] 2.0000
4.5 ENTERY 12.6 [ L+] 3.,0000
8.0 ENTER} 20.0 Ezq 4.0000
10.0 ENTER! 23.0 T+ 5.0000
15.6 ENTERY 34.0 [Z+] 6.0000

All the data has now been entered and the parameters
for the curve will be computed next. Since In this
example we are Interested In a straight |ine we key

(J=1) and push [SOLVE TYPE j]. When execution stops
the values a, b, and r are avalilable In the stack as:
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The four standard curve types the

In this example the 5 data points will be

Z: r and are also stored as RO8: b

Y: a R0O9: a

X: b R10: r

For this example:

Z: r=0.999035140.
Y: a=3.499147270
X: b=1.972047542

The value r ranges between -1 and +1 and Is a measure
of how well the data fits the glven curve type. The
sign of r Indicates whether the data Is positively or
negatively skewed. The closer r Is to one of the

extremes *+1 the better the fit. For this example the
I'lne has positive slope and the fit Is extremely good
(all sample problems seem to work well).

Having computed the values b and a (these remain
stored In RO8 & RO9 unti| new data Is Input) we can
determine new points along the line. Key In 20 and
push [ y ] for the predicted y-value. y=42.9400981
when x=20. Key In 25 and push [ %X ] for the predicted
x-value. x=10,.90280649 when y=25.

COMPLETE INSTRUCTIONS FOR
(Keyboard Operation)

1) Key GTO "KM ", SIZE 027 and go Into USER mode.
The keyboard functions should now be now avallable on
the top row of keys.

2) Press [INITIALIZE] to Initiallze the program.
This step clears data registers R11 thru R24
Inclusive. These registers will be used to accumulate
the data for all four curve types. The display will
show 1,

3) Key In the next data palr (x,y) as x ENTER! y
and push [ Z+]. Repeat this step for all data palrs.
The display will stop with a count of the number of
the next data pair to be entered. This feature makes
It possible to enter only the y-values when the
x=values are consecutive Integers which start counting
from 1. In this case the display provides the
x=values which need not be entered. If an Improper
data palr has jJust been Input with the [ I +] key, then
Immediately pressing R/S will delete the pair.
Otherwise an Improper or undesired data palr can be
dEIe+3d by re-entering both x and y and pressing

L-J.

4) As data pairs are entered It Is possible that some
x or y value Is negative or zero. |In these cases only
one or two of the four curve types may be applied to

the data. The four curve types and their respective
equations are as follows:

Type | Name Equation

1 Linear y = b¥*+ a

2 Exponential y = a*ebx (a>0)

3 Logarithmic y = b*n(x) + a

4 Power y = a'xb (a>0)

|f any x-values are negative or zero then only types !
& 2 are feaslible curves. |f any y-values are negative
or zero then only types 1 & 3 are feasible curves. !f
In any data pair both x and y are negative or zero
then type 1 Is the only feasible curve. The a
coefficient must be positive for curve types 2 and 4.



5) After all data pairs have been input the next step
{s to select the desired curve type. Thlis step can be
accomplished in one of two ways. Under elther option,
the 41C should not be Interrupted or else there [s a
~ossibll 1ty that the data registers will not be

urned with thelr normal contents.

a) To fit a particular curve type, key In the

number 1-4 for that type and press [SOLVE TYPE j].
The stack returns with:

RO7: j=curve typeZ: r and these parameters

Y: a remaln stored in R08: b
X: b RO9: a

R10: r

Step a) may be repeated at any time for any of the
four curve types.

b) |f all data Input Is positive then pressing
[SOLVE BEST] will automatically choose the curve of
pest fit according to the curve type with largest

absolute value of r. In this case the stack returns
with:

T: r and these parameters RO7: j=curve type
Z: a remain stored in RO8: b
Y: b RO9: a
X: J=best curve type R10: r

6) Predictions for new x or y values may be made only

after step 5) has been completed. Predictions for new
values are based on the settings of flags FO8 and F09
which are automatically set during the fit process In
step 5). The status of flags 8 and 9 for the four
curve types are as follows.

Flag 8 Flag 9

1 Linear clear clear
2 Exponential set clear
3 Logarithmic clear set

4 Power set set

In general the user need not be concerned with these
flag settings, and FO8 and FO9 are not availble for
other use and must not be disturbed. To predict y
glven x, key In x and press [ y J. To predict x given
y, key In y and press E x J. In both cases the
predicted value is left In the X-register.

7) New data may be added or deleted at any time via
the [ x+] or [ £~-] keys. However, step 5) must be
performed after updating the data before any new
predictions can be made using step 6). The parameters
a and b are automatically destroyed after Input of new
data.

MORE EXAMPLES OF
Example 2: Determine whether the following data
points are better suited for a logarithmic curve or a
power curve. Then re-input the same x values and see
how close the program predicts the y values.
(s, 2, (27, 3), (40, 3.2), (50, 3.5), (100, 4.1)

Do: See:

CINITIALIZE] 1.0000
8 ENTERY 2 [I+] 2.0000

27 ENTERY 3 [Z+] 3.0000
40 ENTER} 3.2 [£ +] 4,0000
50 ENTER} 3.5 [Z+] 5.0000
100 ENTER? 4.1 [I +] 6.0000

€9 PPC ROM

We will now try to fit a logarithmic curve t' ype 3.
Key 3 [SOLVE TYPE jJ. The program returns with:

Z: 0.997148866
Y: 0.267411352
X: 0.822629796

3
o
o

We next try to fit a power curve which Is type 4.
4 [SOLVE TYPE j]. WP

Key
The program returns with:

Z: 0.995179948
Y: 1.127479133
X: 0.285458085

S
o
0

Choosing the best r we would assume a type 3
logarithmic curve with the equation:

y = (0.822629796)*Ln(x) + 0.267411352

Since we just finlshed the power curve fit, the power
curve parameters are still In the machine and hence we
must go back and key 3 [SOLVE TYPE ] to return to the
logarithmic parameters. Now we can predict the y's
using the original x's. The predicted y-values are
shown to four decimal places.

 

Do: See:

8l y] 1.9780
27 C f ] 2.9787
40 [y] 3.3020
50 [y ] 3.4856
100 y ] 4.0558

either a |inear or

Is more

Example 3: The following data fits
exponentlal curve. Determine which
appropriate. (2, 12), (-1, 2), (3, 17), (5, 23)
Then predict y when x = =10, After solving the above
problem add the following as additional data points
and resolve the same problem.
(-4, 0.713), (2.5, 10.93), (6, 47.53), (10, 254.95)

 

225 See:

CINITIALIZE] 1.0000
2 ENTER} 12 [ I+] 2.0000

1 CHS ENTER? 2 [ I+] - 3,0000
3 ENTERY 17 [I+] 4.,0000
5 ENTERY 23 [ +] 5.0000

Note that since one of the data points has a negative
x the only possible curves to be fit under this
program are |Inear or exponential. For a |lnear fit
key 1 [SOLVE TYPE j]. The program returns:

Z:

Y

X

0.997577939 = r
5.520000000 = a
3.546666667 = b

For an exponential fit key 2 [SOLVE TYPE j]. The
program returns:

Z: 0.958629344 = r
Y: 3.826163699 = a
X: 0.419923419 = b

Choosing the best r we find a |inear fit Is more
appropriate. Since we just finished the exponentlal
fit, the exponential parameters are still In the
machine and hence we must go back and key 1 [SOLVE
TYPE J] to return the |inear parameters. Now key 10
CHS [ § ] to predict y = =29.94666667 when x = =10,

We next add the additional data points and resolve
the problem. (Do not clear the original data). The
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display should show 6 after entering the first new
data palr below.

 

Do: See:

4 CHS ENTER} 0.713 [ £+] 6.0000
2.5 ENTERY 10.93 [ £+] 7.0000

6 ENTERY 47.53 [ £+] 8.0000
10 ENTERY 254.95 [ L +] 9.0000

For a new linear fit key 1 [SOLVE TYPE jJ.

returned Is:

The data

Z: 0.765698771 r
Y: 0.978958100 a
X: 15.33154618 b

For a new exponential fit key 2 [SOLVE TYPE j]. The
data returned Is:

Z: 0.993615263 = r
Y: 3.825595338 = a
X: 0.419945301 = b

Now choosing the best r we see that the new data
reflects a change In the curve type. Since the
exponential parameters should still be In fheAmachlne
we can predict y when x = =10, Key 10 CHS [y J. y =
0.057398396.

Example 4: FIt the best curve to the following set of
data points.
G, 2), (2, 2.828), (3, 3.464), (4, 4), (5, 4.472),
(6, 4.899), (7, 5.292), (8, 5.657), (9, 6).

In this example the x-coordinates start counting from
1 and are consecutive Integers. So we need only input
the y-coordinates, but they must be In the proper
order. The count In the display will serve as the
x=coordinates.

 

1311 See:

CINITIALIZE] 1.0000
2[Z+] 2.0000

2.828 [ L+] 3.0000
3.464 [ Z+] 4,0000

a[I+] 5.0000
4,472 [ L+] 6.0000
4,899 [ I+] 7.0000
5.292 [ L+] 8.0000
5.657 [ L+] 9.0000

6 [T+] 10.0000

Since all the data are positive we may use the best
fit function to let the program find the best fit
among all 4 curve types. Press [SOLVE BEST]. The
contents of the stack when the program stops are:

T: 0.999999994 = r
Z: 1.,999855865 = a
Y: 0.500043886 = b
X: 4.000000000 = best curve type

This Indicates a power curve (type 4) where the

equation Is of the form:

0.50
y = (2.00)%*x (values rounded to 2 places)

APPLICATION PROGRAM 1 FOR
Curve fit solutions are often more meaningful when the
points Input are also plotted, superimposed on the
plot of the "best fit" or selected equation type. The
CVPL program will function exactly as [ functions
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and, after calculating the parameters a, b, r and rfz,
the program will stop with the prompt: "TO PLOT: R/S"
To plot the equation calculated with the polnts Input
superimposed, simply press the R/S key. Nothing else
need be done to obtaln a plot. When accomplished In
this way, the default situation, all numbers will be
printed with 2 decimal places and the resulting plot
will contain 50 plotted points. The detalled
Instructions include options to print other than 2
decimal places and to plot a smaller or greater number
of points. The same key captions used by [ are
used, plus the shifted keys b, ¢, and d for the
optional features Indicated.

Note that this program can also be used without the
printer and will function essentially the same as [}
but with the display labeling the points entered,
showing deletions Indentified as such, and labeling
the parameters calculated.

The plotting program takes Into account all
possibilities: duplicate, Identical points; almost
Identical points that would plot as Identical; points
with Identical x-values but with significantly
different y-values; Individual single points. Any
quantity of dupllicate points can be handled. The
points are plotted with 4 plotting characters as
follows:

a. The equation of type J Is plotted using a small
square dot (box). One equation point Is normally
plotted before the first input polnt and after the
last point. |f the first Input polnt Is close to
zero, It will be plotted first.

b. Individual single points are plotted with a large
X.

c. Two (or more) essentlally Identlical points are
plotted with a double X, two small x's, one above the
other.

d. Two (or more) points having essentially the same
x-value but having different y-values are plotted with
an asterisk located where the |argest of the point's
(based on x-value) plot should be. |f desired the
other points not shown for this value of x could be

drawn In by hand or more points could be selected for
the plot to separate very close x-values.

To simplify the program and reduce the number of
registers required to store the data points, both the
x- and y-value of a point are stored In one reglister,
using a decimal point to separate them. This |imits

the magnitude and sign of the numbers to the
following: data points must be nonzero, positive
numbers and less than 1000 in magnitude. |f you need
to deal with larger numbers, shift all decimal points
before entering them. Note: |f the program Is used
without the printer, or by pressing "NO PLOT" with a
printer, none of these restrictions apply and the
"data error™ message will not be encountered If you
try to use negative or large numbers. See the valid
use of negative entries In the Instructions,
however.

This program was developed originally as a
modification to Gary Tenzer's curve flt program,
"CFIT™ In the PPC JOURNAL, VIN5P46, and was to be
published In the JOURNAL as a stand alone program.
The program was 691 steps In length (1414) bytes.
With the routine (plus others such as the
sorting routine) the plotting routine was completely
re-written to utillze as many of the ROM routines as
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possible and the end result [s presented below,
significantly Improved over my ear|ler version, with
439 steps and using 865 bytes (8 tracks on 4 cards).
Most of Gary's displays and labeling are used In thls
program which partially account for the length of the
program. | feel these extras are desirable,
specially when using a printer.

Example | for CVPL: Use the same problem as Example
1 for . FInd the |lnear equation for the
following data: (1.1, 5.2), (4.5, 12.6), (8.0, 20.0),

(10.0, 23.0), (15.6, 34.0). ’
Then predict y when x=20 and predict x when y=25,

Plug the In and using the card reader,
read In all 8 sides of the program CVPL. Put the
calculator In USER mode. Connect printer and put In
MAN mode. Press Initiallize (shift E) and the display
will tell you to SIZE 038 plus the number of polints
you plan to Input. For this example SIZE 043 (=38 + 5
points). Press R/S to complete Intlallzation of the
program. See 1.00 In the display asking for the first
point's values. First however, we will select 4
decimal places In the printout so key In 4 and press
shift C (for the number of decimal places). See 1.00
agalin asking for the first point's values. Key In
each point exactly as in the [Instructions by
keying In X ENTERT Y
C Z+8. Keyboard functions assigned to keys are shown

In square braces [ ] below.

Do: See:

Cinttialize] "S|ZE=38+ PTS"
XEQ "SIZE" 043 0.00 (slze=38+5)
R/S 1.00 TONE 9
4 [No.Dec.Places] 1.00 TONE 9
1.1 ENTER} 5.2 [ £+] X1=1.0000, Y1=5.2000

2.0000 TONE 9
X2=4.5000, Y2=12.6000

3.0000 TONE 9
X3=8.0000, Y3=20.0000
4,0000 TONE 9
X4=10.0000, Y4=23.0000
5.0000 TONE 9
X5=15.6000, Y5=34.0000
6.0000 TONE 9

.5 ENTER} 12.6 [ £ +]

8.0 ENTER} 20.0 [ £+]

10.0 ENTERY 23.0 [ L+]

15.6 ENTER} 34.0 [ Z+]

Since we want a |lnear curve, we key In 1 and push

[SOLVE TYPE J]. When execution stops the following
will be printed.

1: LIN
a=3.4991
b=1.9720
r=8.99906
rt2=0.9981

In the calculator display see "TO PLOT: R/S"
If we now press R/S the plot will consist of 50
points. To select plot of 25 polints, key In 25 and

press [No.Pts.In Plot], the shifted B key. The same

display will appear In the calculator (nothing Is
printed). Before plotting, we will first find the
predicted y and x values asked for. Key in 20 and

push [ ¥ ], the C key. Printed (and displayed) see:

"|F X 20.0000, Y = 42.9401"

In 25 and push [ x ], the D key and see:
1

"|F Y = 25,0000, X = 10.9028"

PPC ROM
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Now press R/S to plot the data. When the plotting Is
complete, walt for the BEEP before stopping the
calculator.

The total time for this example, except for sizing the
calculator was 4 min. and 25 sec. The primary
consumer of time Is normally the plotting, so the
number of polints selected greatly effects execution
time. Often a short plot of 15 points Is adequate.

After the BEEP has sounded the completion of the plot
you can find other predicted values of x or y, select

a different curve type, add points or delete points
and see the effect on the new plot.

No.POINTS No. DECIMAL

IN PLOT PLACES NO PLOT NITIAL.

Sou€ A A | Isoue
BEST

J Y X TYPE

d

 

  L 

INSTRUCT | ONS INPUT KEYS OUTPUT
DATA

1. Load cards,sldes 0.00

1-8 In USER mode

2. Initialize shift E "SIZE=38+PTS"

3. |If SIZE Inadequate XEQ "SI|ZE"
Otherwise go to step 4

4, Complete Initialization R/S TONE 9 1.00

5. Optional - To print
without plotting (Including
negative or |larger numbers)

shift D 1.00

(Note: for new problem
with plotting, must
CF 24)

6. Optional - Select no.
of decimal places to
be printed. Default Is
2. Or key In n n shiftC TONE 9 1.00

7. Enter data polint X

eNTER?
Y

CZ+]
Note: where x-values X]jgm=e
are same as displayed Y]jRe=i
# of next point, input TONE 9
only Y and press A # next point

8. If point Input Is correct go
to step 9. |f Incorrect,
press R/S to delete the polnt
Jjust entered.

R/S  "e&DELETE##n
x:— o=To delete any previously

entered point, re-enter
exact X & Y values and
press

Y'—oe

TONE 9
# next point

USERS MANUAL



Cz-] (same)

9. For each new point walt
for TONE 9 and repeat
step 7.

(same as 7)

Note: Program will accept only positive values of X
and Y In the range .01-999.99. For numbers outslide of
range shift decimal before entering. For a zero value
use .01, "DATA ERROR" message will be displayed after
an Invalid entry. Thls note only applles with printer
connected. Any values for X and Y will be accepted
without a printer or after pressing "NO PLOT" with a
printer. See [ Instructions regarding acceptable
negative numbers.

10. Calculate a,b,r.rZ:

a.For "best fIit" based on

largest ABS value of r: E (typlical)
2 "1:LIN"

(Note: r.& r "g=ee et
display correctly "hEee==t
only on printer. Final "rEee ce==
caption not shown If Nrd2z ceaan

printer not connected) "TO PLOT: R/S"

b.For selected type "j" curve
Case:

1: Linear
2: Exponentlial
3: Logarithmic
4: Power

(same)

S
U
N
—

o
m
o
o

NOTE: Step 10 must be accomplished after all data
points have been entered before steps 11, 12, or 13
may be attempted.

Optional: select number of
points to be plotted (points
Input plus equation points).

a. Default value = 50 points
no action required.

b. Enter # of desired points

n shift B "TO PLOT: R/S"

j 0 ME X = ===t
12. Project y glven x x C T

"TO PLOT: R/S"

A

13. Project x given y y D M"IFY = o= o=t
||x P.__._"

"TQ PLOT: R/S"

14, To add additional polints to

same data, go to step 7.

15. Plot curve and data points R/S Cuzve
an

The following symbols are used: points
plotted

= points on curve type "J"

x data polnts, no duplicate X or Y value

¥ 2 or more data points with the same X

and Y values within the plotting

tolerance.

* 2 or more data points with same X-value

but different Y-values. Only one of

the points Is plotted.

BEEP sounds
after plot
Is complete

Note: after plotting walt for BEEP. Then you can aqq
more polints, delete points, predict new X or Y values
plot with a different number of polints, calculate '
curve parameters with a different number of decima|
places displayed or select a different curve type by
going back to the above Instructions.

Example 2 for CVPL: This example wil| demonstrate
all four plotting characters described above and shoy
how deletions and points can be added. The Initia|
points are the following:

(70.00, 11.10), (10.40, 71.86), (22.30, 38.71),
(10.50, 73.12), (40.90, 21.73), (4.20, 85.20)
(100.30, 1.34), (41.30, 34.70)

Print with 4 decimal places and solve for the best fit
curve. Then find the predicted value of y for X=35
and the predicted value of X for Y=100. Then plot
using 30 points In the plot. Size for one additional
point to be added. In the following the data In

parentheses are not printed.

Do: See:
 

Cinttialize]
XEQ "SIZE" 047

R/S to complete
Inltial ization

4 [# dec. places]
70 ENTERY 111 [Z+]

("SI1ZE=38+PTS")
(0.00)

(1.00 TONE 9)
(1.00 TONE 9)
"X1=70.0000"
"y1=11.1000"
(2.0000 TONE 9)

10.4 ENTER} 71.86 [ Z+] "x2=10.4000"
ny2=71.8600"
(3.0000 TONE 9)

[ £+] "X3=22.3000"
"y3=38.7100"
(4.0000 TONE 9)

10.5 ENTER} 73.12 [ £+] "x4=10.5000"
ny4=73,1200"
(5.0000 TONE 9)

40.9 ENTERY 21.63 [ L +] "X5=40.9000"
ny5=21,6300"
(6.0000 TONE 9)

22.3 ENTER} 38.71

Y5 was entered In ERROR so to delete:

R/S "DELETE"

"X=40,9000"

"y=21,6300"

(5.0000 TONE 9)

Now continue entering the correct values
40.9 ENTERY 21.73 [ Z+] "X5=40.9000"

"YS5=21,7300"
(6.0000 TONE 9)

[ £+] "x6=4.2000"
| "Y6=85.2000"

(7.0000 TONE 9)
100.3 ENTER} 1.34 [ £+] "Xx7=100.3000"

ny7=1,3400"
(8.0000 TONE 9)

[ £ +] "x8=41.3000"
"yg=34,7000"
(9.0000 TONE 9)

Now push E for [SOLVE BEST]
w3: LOG"
"a=132,4456"
"h=-28.2822"
"r=-0,9812"
nr$2=0.9627"
("TO PLOT: R/S™)

4.2 ENTER?} 85.2

41.3 ENTER} 34.7

o
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Find the predicted values:

350y ] "IF X=35.0000"
) ny=31,8925"

100 [ x ] ("TO PLOT: R/S")
"IF Y=100.0000"
"X=3.1494"
("TO PLOT: R/S")

Now select a 30 point plot:

("TO PLOT: R/S™)30 [# points In plot]
R/S to plot the data

After the BEEP sounds and the plotting Is complete,

add an additional point (71.1, 11.0), almost the same

as point 1, and delete what appears to be the worst

fitting point (22.30, 38.71).

71.1 ENTERY 11.0 [ L+] "x9=71.1000"
"yg=11.0000"
(10.0000 TONE 9)

22.30 ENTER} 38.71 [ -]
#% DELETE **
nx=22.3000"
ny=38,7100"
(10.0000 TONE 9)

Now again solve for the best fit.

"3: LOGM
na=133,8645"
"haa28.5171"
"r=-0,9858"
wr$2=0,9719"
("TO PLOT: R/S™)

[SOLVE BEST]

We have slightly Improved the fit to a log curve and
the parameters a and b have of course changed. Now

make a new plot by pressing R/S. After replotting the

data, again find the predicted values of y If x=35 and

x If y=100.

350y ] "|F X=35.0000"
) ny=32,4761"

100 [ % ] "IF Y=100.0000"
nxa3,2789"

Looking at the plot, note the value of having the
first Input point be preceded by a point on the LOG
curve. Note the double x at x=11 representing 2
almost Identical points X2 and X4. The asterisk at

x=41 means 2 or more points have essentially the same

x=-value but very different y-values. They are X5 and

X8 and because X8 has a larger x-value than X5, the

asterisk Is plotted for Y8.

LINE BY LINE ANALYSIS OF CVPL

Lines 02-11 set up agefault conditions for 50 polnt

plot and 2 decimal place printout. Lines 14-21

display next point to be Input. Llines 22-30 are the

delete routine using R/S. Lines 31-70 are the delete

routine for later deletion of a point which first

combines x and y in a single number as YYYYY ( XXXXX

after rounding to 2 decimal places, then searches

stored polints registers for the same point. When the

point Is found a copy of the last point stored Is made

In that register. Flag FO5 prevents display of point

number for a delete. Input of new points are added to

@ statistical registers (71-118), then x and y

values are checked for sign and magnitude and rounded

@ PPC ROM

to 2 decimal places and stored In YYYYY.XXXXX format.
Lines 86-186 recall full numbers (not rounded) from
X9 for printing to number of decimal places selected
and printout Is formatted for Input points, deleted x
and y, and calculated parameters a, b, r, and rt2.
Lines 187-192 display plotting prompt "TO PLOT: R/S"
only If printer connected, so program can be used

without printer. Lines 193-200 store the barcoded
Input plotting symbols. Lines 201-217 exchange
registers RO7-11 with R33-37 using E so data
needed for (XY statistical registers will be saved
for later use, not lost when "PRPLOT" in printer ROM
uses reglisters RO7-11. Lines 218-236 use X3 to
find maximum and minimum y values of Input points,
then Increase maximum and decrease minimum y by 25% of
range to allow for equation polints to be plotted
outside of range of Input points. Lines 237-241 make
Ymin=0 If this value would have become negative after
the 25% adjustment. These |ines also determine the
y-plotting Increment used to see If 2 points have
essentially same y-value. Llines 244-258 store "CRV"
as the curve name for PRPLOT. The next function
performed is a reverse of the left and right sides of
the decimal point. Points are now stored as
XXXXX.YYYYY (244) and B s used to sort the stored
points to find maximum and minimum x and for faster
plotting (246). Also calculated Is the x=-plotting
Increment using the range of x-values and number of
points wanted in plot. |f the x-minimum Is smaller
than plotting increment, |ines 259-266 make the 1st
point plotted the smallest x-value of the polints;
otherwise the x-minimum is set so one equation point
will be plotted first. X-max made |arge enough that
PRPLOT will never stop plot so one equation point can
be plotted after largest x-values of Input points

(267-275). Stop routine Initiated when one equation
point beyond last point has been plotted. Llines
277-292 restore the statistical registers for [ by
XEQ WM , then reverse stored points to original
YYYYY.XXXXX format (284). Lines 293-296 reset the
counter and "BEEP", ready for changes to data, etc.
Flags 02 and 00 are used to determine If plotting Is

complete, |ines 329-330. Routine to check stored
points to see [f they should be plotted at this
x=-value (297-323), checks +50% of plotting Increment
from this plotting point. |If flag FO3 Is set (324) at
least one point to be plotted here, and still checking
for others. Plotting symbol to be used selected
(340-360) and stored In RO3 for "PRPLOT"™ to use for
plotting. Where 2 Input polints have essentlially the
same x-value, checks to see If thelr y-values are also
essentially the same (361-378). Flag FO4 is set when
2 points have the same y-values, FO1 is set when they
have significantly different y-values (375-377).
Plotting routines for the 4 curve types are In steps
379-399. The routine to reverse the left and right
sides of the stored points (from the decimal point) Is
LBL 16, steps 400-419, Storage routines for optional
selection of number of points In plot and number of
decimal places In printout are In steps 425-435.
NOTE: The BLSPEC numbers for the plotting characters,
If barcodes are not used, are:

o, o, 28, 28, 28, 0, Obox:
large X: 0, 34, 20, 8, 20, 34, 0

double x: 0, 0, 73, 54, 54, 73, 0

asterisk: 0, 20, 8, 62, 8, 20, 0

The ROM routine can also be used to create the

equivalent of these BLDSPEC characters.

USERS MANUAL



 

 
APPLICATION PROGRAM FOR:
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o 9leLBL “CVYPL" 74 RDN 147 2 228 293¢LBL 11 366 1SC 38

82eLBL e 75 YROM “CV* 148 GTO 11 221 STO @6 294 FS? 82 367 RCL IND 38

33 4960 76 RCL 88 149¢LBL E 222 XOY 295 GT0 88 368 FRC

? 370 29 77 XER 14 158 S 227 .81 296 STO ( 369 -

2 78 1 E3 151eLBL 11 224 ¢ 297+LBL 86 378 1 E3
w6 STO 38 7/ 152 FIX IND 38 225 570 81 298 RCL IND 38 37 ¢

a7 . 38 3T0 IND 38 153 SF 12 226 - 299 XEQ @8 372 ABS
o 98 “SIZE=38+ PTS" 31 RCL 89 154 STO 86 227 ABS 308 2 373 RCL 32
< 89 PROMPT 32 XEQ 14 155 RDN 228 .25 381 / 374 15C 39

=1 18 ST0 86 331 E2 156 XROM *CV* 229 382 RCL 375 SF 84
11 XROM °CY" 34 157 =1: LIN® 238 ST+ 8l 383 + 376 X(Y?

12 39.999 85 ST+ IND 30 158 ASTO 61 231 ST- 99 J94 X>Y? 77 SF 81

13 ST0 38 36¢LBL 89 199 *2: EXP* 232 RCL 08 385 GTO 89 378 GTO 86

14eLBL 12 37 SF 12 168 ASTO @2 233 X(8? 386 FS? 83 379¢LBL 82

15 RCL 18 38 FIX 8 161 =3: LOG" 234 9@ 307 GTO 10 389 RCL 34

16 1 89 °X* 162 ASTO @3 235 STO @8 388 GTO 68 81 ¢

17+ 98 FC? 85 163 “4: PHR" 236 STO 084 309¢LBL 08 382 EtX

18 CLA 91 ARCL 18 164 ASTO 04 237 RCL 61 318 INT 383 RCL 35
19 ARCL X 92 FIX IND 38 165 CLA 238 - 311 E2 384 ¢

28 TONE 9 93 °p=- 166 ARCL IND @7 239 -62 312 7 385 RTN

21 PROMPT 94 ARCL 88 167 AVIENW 248 / 313 RCL 10 3864LBL 83

22 DSE 38 95 AVIEMW 168 PSE 241 STO 32 314 RTN 387 LN

23 SIN 96 PSE 169 "a=" 242 “CRY" J1SeLBL 89 3880LBL 01

24 SF 10 97 FIX 8 170 ARCL @9 243 ASTO 11 316 XOY 389 RCL 34
25 6 98 -y- 171 AYIEN 244 XEQ 16 317 RCL ( 399 ¢

26 STO 86 99 FC? 85 172 PSE 245 RCL 25 318 RCL 10 391 RCL 35

27 RCL 68 180 ARCL 18 173 °b=" 246 XROM °S2° 319 2 392 +

28 RCL 89 181 FIX IND 38 174 ARCL 08 247 STO 38 328 / 393 RIN

29 XROM °Cvy- 192 °k=" 175 AVIEN 248 RCL 24 321 - 3940LBL 04

38 GTO 08 183 ARCL 89 176 PSE 249 1 322 ¥(=Y? 395 RCL 34

J1eLBL a 104 AYIENW 177 *p=" 258 - 323 GTO 11 396 VX

32 SF 18 185 PSE 178 ARCL 18 251 RCL IND X 324 FS? 83 397 RCL 35

336 166 ADV 179 AVIEN 252 INT 325 GTO 18 398 &

34 STO 86 187 FC?C 85 188 PSE 253 RCL 39 326¢4LBL 88 399 RTN

35 RDN 108 1SG 38 181 *rt2=" 254 INT 327 RCL 31 4800LBL 16

16 XROM -CV- 189 GT0 12 182 RCL 10 259 - 328 STO 83 481 RCL 25

RCL @8 110¢LBL 14 183 Xt2 256 RCL 29 329 FS7C 82 482 STO 38

. RND 111 FIX 2 184 ARCL X 257 7/ 330 SF 08 483¢LBL 85

391 E3 112 999.99 185 AVIEN 2598 ST0 18 331 RCL ( 484 RCL IND 30
40 / 113 XOY 186 ADY 259 RCL 39 332 GTO IND 33 485 STO 2

41 STO 08 114 RND 187¢LBL 07 268 XEQ 00 333¢LBL 11 486 FRC

42 RCL 89 115 X)8? 188 FC? 33 261 XY 334 F5? 83 407 1 ES

43 RND 116 X>Y? 189 RTN _ 262 X#Y? 335 GTO 68 408 ¢

44 1 E2 117 XEQ 17 198 °T0 PLOT: R/S® 263 X)Y7?- 336 SF 83 489 STO Y

45 3 118 RTN 191 CF 12 264 - 337 1SG 30 418 RCL 2

46 ST+ 09 119¢LBL C 192 PROMPT 265 ABS 338 GTO 86 411 INT

47 RCL 30 128 SF 03 193 “eee 266 STO 08 339 SF 82 412 1 ES

48 1 121eLBL D 194 ASTO 26 267 RCL 24 J40¢LBL 10 43 /

49 - 122 FIX IND 38 195 °ea * 268 1 341 1 414 ST+ Y

5@ STO 27 123 SF 12 196 ASTO 27 269 - 342 ST- 30 415 RDN
51 39.999 124 STO 28 197 =:0RBQe" 278 RCL IND X 343 CF @3 416 STO IND 38

52 570 30 125 3 198 ASTO 28 271 XEQ 80 344 RCL 26 417 ISC 38

53eLBL 13 126 FC? 3 199 "oxe° 272 3 345 FS?2C 61 418 CTO 85
54 RCL IND 38 127 4 208 ASTO 31 273 ¢ 346 GTO 15 419 RTN
SS RCL 09 128 STO 86 281 7.011 274 + 347 RCL 27 4280LBL 17

56 X=Y? 129 RCL 28 202 ENTER? 275 ST0 89 348 FS?7C 04 421 FC? 24

57 GTO 11 130 XROM “CV" 203 33.837 276 XROM “PRPLOTP® 349 GTO 15 422 FC? 55

58 ISG 38 131 °IF X=° 204 XROM °BE- 277¢LBL “CRY* 358 RCL 28 423 RN

59 GT0 13 132 FC? 83 285 RCL 30 278 FC2C @0 351eLBL 15 424 0

608eLBL 11 133 °IF Y=* 206 INT 279 GT0 11 352 CF o4 425 /

61 RCL IND 27 134 ARCL 28 207 STO Y 2808 7.011 353 ST0 83 4269LBL b

62 STO IND 38 135 AVIEN 208 1 281 ENTER? 354 RCL IND 38 @27 1
63 RCL 27 136 PSE 209 - 282 33.8%7 355 FRC 428 -
64 STO 30 137 Y= 210 | E-3 283 XROM °BE" 356 1 E3 429 199

65¢LBL 68 138 FC?C 83 211 s 284 XEQ 16 357 s 439 ¢

66 SF 12 139 °X=* 212 + 285 RCL 24 358 ISC 38 431 ST0 29
67 °ss DELETE #s° 149 ARCL X 213 STO 24 286 INT 359 RTH 432 GT0 @7

68 AVIEN 141 AVIEW 214 FRC 287 .99 360 RTN 4330LBL ¢
2 SF 05 142 PSE 215 39 288 + 361eLBL 08 434 STO 38

CTO 99 143 ADY 216 + 289 STO 30 362 1 435 CTO 12
«1oLBL A 144 GTO 87 217 ST0 25 298 FIX IND 38 363 ST- 38 4360LBL d

72 1 145¢LBL B 218 XROM °BX® 291 BEEP 364 RCL IND 30 437 SF 24

73 STO 86 146 ENTER? 219 .01 292 STOP 365 FRC 438 .END.

PP C ROM USERS MANUAL

 



FORMULAS USED IN
Linear (Type 1):

(1) y = b¥*x + a

) Y =B*¥X + A where Y=y, X=x, A=a, B=b

(3) x = (y=a)/b

Exponential (Type 2):

*

(4) y = a*®™ (250, y>0)

(5) Y =B*X + A where Y=In(y), X=x, A=In(a), B=b

(6) x Cinty) = In(a)]/b

Logarithmic (Type 3):

(7) vy b*In(x) + a (x>0)

(8) Y = B*X + A where Y=y, X=In(x), A=a, B=b

(9) x = oLCIN(Y) = In(2))/b]

Power (Type 4):

(\0) y = awx? (a>0, x>0, y>0)

(11) Y = B*X + A where Y=In(y), X=In(x), A=iIn(a),
B=b

(12) x = eb!n(y) = In(2))/b]

The curve fit program determines the least squares fit
for the equation Y = B¥X + A,

(13) B = (IXY = (EX)(IY)/M/(IX2 = (L X)%/n)

(18) A= (LY = (BY(ZX))/n

(15) r2 = (IXY = £ XEY/m?2
 

2 2(zx2 - (z2x%mzY? - (V)

The standard four curve type equations (1), (4), (7),
and (10) are all speclial cases of Y = B¥X + A which
Is equations (2), (5), (8), and (11). Note the
distinction between upper and lower case letters. The
user I[nputs and outputs are always In terms of the
lower case letters. For example, the data Input

sists of palrs of the form (x,y) and the
-fficlents the program determines are a and b. In

all four cases b=B. The upper case letters are the
quantities that the program uses to "conceptual ly"
work with all four curve types simultaneously.
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81eLBL “CY*

82 GTO IND 86 75 RCL 14
83¢LBL A 76 RCL 13
84¢LBL 01 77 X2
85 CF 18 78 RCL 18
86+LBL 86 79 7
87 STO 89 80 -
88 XOY 81 ST0 2
89 STO 88 82 7

18 ZREG 13 83 STO 88
11 FC? 18 84 RCL 13
12 &+ 85 ¢
13 FS? 18 86 ST- 89
14 2- 87 XOY
15 RDN 88 RCL 16
16 RCL 88 89 RCL 15
17 ENTERt 98 Xt2
18 X>8? 91 RCL 18
19 LN 32 ST/ 89
28 STs Z 93/
21 RCL 89 9% -
22 X)8? 95 ¢
23 LN 96 SQRT
24 STs 2 97 ST/ 18
25 XOY 98 XEQ IND 87
26 EREG 19 99 8
27 FC? 18 108 ST- @7
28 T+ 181 RCL 10
29 F§? 18 182 RCL 89
38 &- 183 FS? 88
31 Rt 184 EX
32 FS? 18 185 STO 89
33 CHS 186 RCL 68
34 ST+ 12 187 RTN
35 Rt 188¢LBL 10
36 FS? 18 189 RCL 11
37 CHS 118 X 17
38 ST+ 11 11 ST0 11
39 %> 2 112¢LBL 13
40 SIGN 113 RCL 21
41 ST+ L 114 X 15
42 RCL 08 115 STO 21
43 RCL 89 116 RCL 22
4 XO L 17?7 X16
45 RTN 118 STO 22
46 RCL 08 119¢LBL 89
47 RCL 89 128 RTN
48¢LBL a 121eLBL 11
49 SF 190 122 RCL 12
98 GTO 86 123 XO 17
SleLBL B 124 STO 12
S2+LBL 82 125¢LBL 14
33 CF 68 126 RCL 19
54 CF 99 127 X13
55 STO &7 128 STO0 19
5%2 129 RCL 28
57 X(Y? 130 X14
58 SF 89 131 STO 20
59 / 132 RTN
68 FRC 133eLBL 12
61 X=0? 134 RCL 23
62 SF 88 135 XO 17
63 8 136 STO 23
64 ST+ 87 137 XEQ 14
65 XEQ IND @7 138 GTO 13
66 RCL 17 139¢LBL C
67 RCL 13 148¢LBL €3
68 RCL 15 141 FS? 89
69 STO @9 142 LN
70 * 143 RCL 08
71 RCL 18 148
72/ 145 RCL 89
73 - 146 FS? 08

Routine Listing For: :m

74 STO 18

   
Listing continued on page 118.
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Routine Listing For:

147 LN 171¢LBL E
148 + 172¢LBL 85
149 FS? @8 173 .
150 EtX 174 STO 25
151 RTN 175 4
152¢LBL D 176 STO @7
193eLBL 84 177¢LBL 87
154 FS? 08 178 RCL 87
155 LN 179 XEQ B
156 RCL 89 188 RCL 25
157 FS? 08 181 RCL 10
158 LN 182 RBS
159 - 183 X(=Y?
168 RCL 88 184 GTO 15
161 7 185 STO 25
162 FS? 89 186 RCL 67
163 EX 187 STO 26
164 RTN 188eLBL 195
165¢LBL e 189 DSE 87
166¢LBL 80 198 GTO 67
167 11.824 191 RCL 26
168 XROM °BC* 192 XEQ 82
169 E 193 RCL 26
178 RTN 194 END    

LINE BY LINE ANALYSIS OF
Line 02 provides access to all numeric labels within

.
'nes 03-45 perform the function of Inputting the next
ta point. This Is the "sigma plus" subroutine. All

summations are updated when this routine Is called.
These summations Include sums of

X, xz, Y, yz, xy, In(x), ln(x)z, Inty),

Inty)2, 1n0x)1nCy), xinly), yin(x).

Lines 48-50 perform the "sigma minus" function for
deleting a data pair. Note that flag 10 Is set and

then a jump Is made Into the "sigma plus™ function.

Lines 51-107 calculate the parameters a, b, and r, for

the curve type using formulas (13), (14), and (15). b

s stored In RO8, a Is stored in R0O9 and r Is stored

in R10.

Lines 108-138 are a series of Intertwined subroutines

which are called in the curve fit process. These

routines simply perform a series of register exchanges

which place the proper sums In the sigma registers for

the calculation of the parameters a, b, and r

depending on the curve type selected. Since the

exchange Is performed twice (once In |lne 65 and once

In Iine 98) all registers are returned to their

original state.

Lines 139-151 perform the calculation of the predicted

y value using formulas (1), (4), (7), and (10).

Lines 152-164 perform the calculation of the predicted

value using formulas (3), (6), (9), and (12).

Lines 165-170 perform the Initialization for the

program by clearing the data registers used to

accumulate the sums the program requires.

Lines 171-194 perform the function of selecting the
best curve type among the four curve types that the
program handles.

NUMERIC LABELS/FUNCTIONS IN THE PROGRAM

The following |ist glves a correspondence between
numeric labels and subroutines to be called as part of
) programs. To call a subroutine function from one
of your own programs, first store the number
corresponding to the desired function In data reglster
RO6. Then use the Instruction XEQ "EI@ " as part of
your program. The execution times for the more
significant subroutines are In seconds and are shown
In parentheses.

Numeric Label Keyboard Subroutine Function
Number In RO6 Label

00 e Initialize/clear
sigma registers (3.2 sec)

01 A Sigma Plus functlion
(2.2 seconds)

02 B Solve Type |
(1: 2.9 seconds)
(2: 3.5 seconds)
(3: 3.4 seconds)
(4: 4.3 seconds)

03 C Predict y
04 D Predict x
05 E Solve Best Curve Type

(15.7 seconds)
06 a Sigma Minus function

provided F10 Is set
09 none provides simple RTN so

no reglister exchange

takes place
10 none exchange register pairs

R11&R17, R15&8R21, R16&R22
1 none exchange register pairs

R12&R17, R13&R19, R144&R20
12 none exchange register pairs

R23&R17, R13&R19, R14&R20
R15&4R21, R16&R22

13 none exchange reglister pairs
R15&4R21, R16&R22

14 none exchange register pairs
R134R19, R14&R20

Note that to use the Sigma Minus function you must set
flag 10 before calling label 06.

Note that labels 09-14 are not represented by
functions on the keyboard. They are only internal
subroutines within 3 which would seem to perform no
useful purpose outside of [P . However, they are
documented here only because they may provide the
truly curious PPC member with some "hidden" functions
that they will no doubt find some application for.
Those who never read this will never know what they
are missing.

REFERENCES FOR

1. Gary M. Tenzer (1816) PPC Journal " Curve Fitting

Made Easy": | V5N1P29
i V5N3P9
111 V5N6P29
v V6N3P16
v V7IN2P20
Vi VIN5P46

Q
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2. Cuthbert, Daniel and Wood, Fred, "FITTING EQUATIONS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TO DATA," John Wiley, New York, 1971 TECHNICAL DETAILS

XROM: 20, 08 SIZE: 027
CONTRIBUTORS HISTORY FOR
Curve fltting has long been a topic of great Interest Stack Usage: FlagUsage:
among PPC members. Gary M. Tenzer (1816) has written o T: used 04: not used

several articles Introducing this topic and Is
responsible among others for the development of curve 17 used 05: not used
fIt programs for the HP=-67 and the HP=41C. 2 Y: used 06: not used

The key equation for this program, Y = B*X + A, was ? X: used 07: not used
taken from a program written by Kelth Jarrett (4360). s L: used 08: used CV type
This one equation unifies the four types of curves fl+t :
and greatly simplifies previous programs that Alpha Register Usage: 09: used CV fype
accomplish the same functions, but less elegantly. s M: not used 10: used I - function
John Kennedy (918) did the final coding of the . not used

program. Bil|| Barnett (1514) provided CVPL. o N:
7 0: not used

FINAL REMARKS FOR s p: not used 25: not used
@ + . ‘ Other Status Registers: Display Mode:
8 is no e most powerful curve fit program ever .

written for a programmable calculator. Limited space > Q: Mot used not used
did not allow a more comprehensive routine which would 10 }: not used

fit up to 16 different types of curves. Only the . + d .
standard 4 types are present In . can be 11 a: foT use Angular Mode:
extended by those wishing to take advantage of Its 12 p: not used not used
subroutines. 13 ¢: not used

14 d: not used Unused Subroutine Levels:
FURTHER ASSISTANCE ON '+ o1 ot used .

IREG: used Global Labels Called:

Data Registers: Direct Secondary

ROO: not used s none

NOTES RO6: function call #

RO7: CV type R18: n

RO8: b, X R19: Tln(x)

RO9: a, y  R20: I In(x)?
R10: r R21: Z In(y)

R11: IxIn(y) R22: T In(y)? 1 Labels In Thi

RI12: TylIn(x) R23: I Inieinty| BULI0EE
R13: Tx R24: n A, 8C, D, E2,6,
R14: 1x°  R25: best r 00» 01, 02, 03, 04, 05,
R15: Ty R26: best o6, 07, 09, 10, 11, 12,
R16: T y2 type 13, 14, 15

R17: T xy  
  

 

Execution Time: see NUMERIC LABELS In the
documentation

 

 Peripherals Required:
none

 

 

 

 

 

  Interrdptib]e? yes

Execute Anytime? no

Program File:

Bytes In RAM: 292

Registers To Copy: 42  

Comments:
The subroutine which fits
a glven curve type
should be allowed to run
to Its full conclusion
so that a double
register exchange Is
properly completed
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SV - SOLVE ROUTINE
This routine Is a simple root solving program which
will approximate a solution to an equation of the
form: f(x)=0 wusing the Secant Method (a simplified
form of Newton's Method). E@ w!!ll find only one
oot at a time. The program requires an Initial guess
and an Initial step size. The output Is an x value
which most closely makes f(x)=0. A flag may be set to
display the successive approximations as they converge

to the final answer. Convergence depends on the
Initial guess. Accuracy depends on the display
setting.

Use to find the two roots of the

2

Example 1:

quadratic equation x“ + 2%x - 15 = 0,

1. Insure a minimum SIZE 010.
2. Select a display setting of SCI 5. The routine
will end when two successive approximations are
rounded and found to be equal according to the display
setting.
3. Set flag F10 to view the successive approximations.
4. The function on the left side of the equation must
be programmed as a subroutine. The Input to this
subroutine, namely x, Is assumed to be In the
X-register and can be recalled from RO7. The output
from this subroutine, namely f(x), Is also to be left
In the X-register. For this example the following
routine may be programmed In RAM program memory.

01%LBL "FX1"
02 xt2
03 LASTX
04 2
05 *
06 +

07 15
08 -
09 RTN

5. The name of the global label "FX1" should be stored
in RO6. Go Into alpha mode and key "FX1" ASTO 06.
6. The Initial guess (nonzero) Is to be entered along
with an Initial step size which may be zero or may be
a small number compared to x. If a 0 step slize Is
entered then the program will calculate the first step
as 1% of the Intial guess x. The program will also

accept a non-zero value as the Intlal step size. For
most applications and for this example use 0 as the
Initial step size. Choose x=7 as the Initial guess
for x. Key 0 ENTER} 7
7. XEQ "EB". The following consecutive
approximations will be displayed.

7.00000+00
6.93000+00
3.98682+00
3.30024+00
3.03190+00
3.00115+00
3.00000+00

The final solution Is returned after about 8 seconds.
The true answer Is exactly x=3. Since the above
quadratic has two roots we will key in another Initial
Juess to search for the other root.
This time we will guess x = =10. Key 0 ENTER! 10 CHS
and XEQ "EM ". The following sequence of numbers
will be displayed.
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=1.00000+01
=9.90000+00
-6.36872+00
=5.47003+00
=5.06539+00
-5.00360+00
=5.00003+00
-5.00000+00

The true answer this time Is exactly x = =5,

COMPLETE INSTRUCTIONS FOR
(Keyboard Operations):

To calculate a root of f(x)=0:

1) Select SIZE. The minimum size required by BW |s
SIZE 010. The storage requirements for constants ang
coefflicients associated with the function f(x) may
dictate a larger size.

2) Select display setting. The display setting will
generally determine when B ends. |f an exact
solution Is found then EXB will end on the next
Iteration, otherwise BB rounds the last two
approximations and ends if those rounded values are
equal. In general, a display setting of SC| n will
produce (optimistically) a solution correctly rounded
to n+!1 significant figures. A display mode of SCI or
ENG Is generally preferred to a FIX mode.

3) Specify display option. Flag 10 controls a display
option. |f F10 Is set then the successlively
calculated approximations will be displayed.

manner the user may view the progress of the
Iterations. This is especlally recommended In the B
routine since EX may fall to converge If the Initial
guess Is too far away from an actual root. Even when
the values stabilize they may oscillate and It Is a
simple matter for the user to manually stop the
program. |f F10 Is clear only the final x-value Is

returned.

In this

4) Program the function f(x)=0. The function f(x)
represented by one side of the equation must be
programmed as a subroutine In program memory which
starts with a global label name and ends with a RTN or
END Instruction. The label name should be of six or
less characters and should be stored In R0O6. The
Input x and the output f(x) are both assumed to be In
the X-register. The Input x may also be recalled from
RO7. Since global label search begins from the bottom
of program memory, It Is advisable to place f(x) near
the bottom of program memory. The f(x) program should
not use registers R0O6-R09 and should not disturb flag
F10.

5) Store the global label name from step 4) (six or
less characters) In RO6. The function subroutine
call will be made via an XEQ IND 06 Iinstruction.

6) Specify Initial step size and Initial guess. B3
requires two Iinput values. The first Input Is the
step size which the program uses to determine the
approximation for the derivative at the Initial guess.
The second Input Is the Initlal guess and is used as
the starting x value by the program. The closer the
initlal guess Is to the true solution the quicker the
solution Is found. Do not use 0 as an Initial guess.



If zero Is entered as the Initlal step size then the
program will automatically calculate 1% of x as the
acutal step size. A zero step size should prove
adequate for the majority of applications. However,
the user may enter a non-zero step size which may be
finer or coarser than 1% of the initial x.

These two values are keyed In as:

step size ENTER? guess

7. XeQ "EM". If F10 Is set the program will display
the consecutive approximations. |f a printer Is

plugged In and turned on these approximations will be
printed. The final solution will be left In the
X-register when the program ends.:

MORE EXAMPLES OF

3 0.Example 2: Solve f(x) = x" = x =1 =

1) SIZE 010 minimum
2) Set display mode as SCI 6.

3) Set flag F10 to view the approximations.
4) Key the following routine for f(x) Into program
memory :

LBL*FX2
ENTER?
x$2

I
—

%
|
—

RTN

5) Key "FX2" in the alpha register and press ASTO 06.
6) Key In the Initial step size as 0 and key In the
Initial guess as x=4. Key O ENTER} 4.
7) XEQ " &Em"
The following sequence of approximations will be
displayed:

4.000000+00
3.960000+00
2.731772+00
2.226515+00
1.780222+00
1.522190+00
1.382556+00
1.333776400
1.325185+00
1.324722+00
1.324718+00

The flinal solution Is returned after about 13 seconds.
The solution Is correct to the digits displayed.

Example 3: Solve f(x) = x> = 3%x% + 4 =0,

1) SIZE 010 minimum
2) Set display mode as SCI 4.

3) Set flag F10 to view the approximations.

4) Key the following routine for f(x) into program

memory :
LBL*FX3
xt2
LAST X

W
x

|
F
+
-

@ R
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5) Key "FX3" in the alpha register and ASTO 06.
6) Key In an initial step size of 0 and an Initial
guess of =-2. Key 0 ENTER? 2 CHS
7) XEQ "®&B".
The following approximations will be displayed:

-2.0000+00
-1.9800+00

-1.3283+00
-1.1289+00
-1.0229+00
-1.0018+00
-1.0000+00

The final answer Is returned after about 8 seconds.

The true solution Is exactly x = -1,

The following examples contalin abbreviated
Instructions.

Example 4: The following equation Is known as Kepler's
equation:

x = E¥SIN(x) = m=0

and plays an Important role In astronomy and
astrodynamics (space travel). |t can be programmed as
follows: '

LBL*FX 4
ENTER?
SIN

RCL 01 (Note: RO1=E)
*

RCL 02 (Note: R0O2=m)

RTN

Set RADIANS angle mode. The equation can now be
solved for any values of E (RO1) and m (R02). When
E=0.2 and m=0.8 the function has only one root
(9.64334-01) which can be found with any Initlal
guess.

Example 5: ¥ can be used to find maxima and minima
of a function by solving for zeros of Its derivative.
For example, If f(x) = sin(x)/x then the

derivative f'(x) = [x*cos(x) - sin(x)]/x?
Zeros of f' occur where the numerator Is O.
Consequently, solutions can be found by applying B
to the following function which represents the
numerator g(x) = x¥*cos(x) = sin(x)

LBL*GX S
ENTER}
cos
*

RCL 07
SIN

RTN

Assuming SC| 6 display mode and RADIANS angle mode.
Store "GX5" in R0O6. Key In small Initial guesses
using a step size of 0 and will find the first
few roots as 0, +4.49341+00, +7.72525+00. (Note that
Instead of taking the derivative algebraically, the
ROM routine @@ might be used).

USERS MANUAL



Example 6: Use 83 to find all three roots of the

cublc equation: 2
x*(x“=1) =0

The following should be programmed:

LBL*FX6
ENTER?
xt2

1

*

RTN

A sketch of the graph of this function will prove
useful In understanding how the Inital guesses
determine which root Is found.
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The Initlal step size Is O for each of the guesses
suggested below. An Initial guess greater than 0.6
for this example will find the root x=1.0, while a
guess between -0.49 and +0.49 will find the root at
x=0.0. However, guesses too close to the local peaks
of the function at x=+1/V¥3, where the slope of the
tangent line Is zero, lead to osclllations that fall
to converge. Try an initlal guess of x=0.58 to
observe this behavior. This example also Illustrates
that the root found Is not necessar!ly the one nearest
to the Initial guess. Try x=0.52 which finds the root

x = =1,0.

Example 7:

Example 8:

Example 9:

Example 10:

Display mode: SCI 6
Inltlal step slze = 0
Inltlal guess = 3
See:

3.000000+00
2.970000+00
1.998929+00
1.902018+00
1.888327+00
1.888087+00

f(x) = x*LN(x) - 1.2 =0

Result: 1.888087 after about 8 seconds

Display mode: SCI 6
Use RADIANS angle mode
Initlial step size = 0
Initial guess = 2
See:

2.000000+00
1.980000+00

6.159990-01
6.078243-01
6.071024-01
6.071016-01

Result: 6.071016-01

fi(x) = xz

Display mode: SCI 6
Use RADIANS angle mode
Initial step size = 0
Initlal guess = -4
See:

-4.000000+00
-3.960000+00
-2.210789+00
-2.037220+00
=1.946227+00
-1.934406+00
-1.933758+00
=1.933754+00

f(x) = 3% - COS(x) -1 =0

after about 10 seconds

+ 4%S|N(x) =0

Result: =1.933754 after about 12 seconds

$(x) = x¥ - 26x

Display mode: SCI 6
Initlal step size = 0
Initial guess = 5
See:

5.000000+00
4.950000+00
4.310588+00
4.077156+00
3.9273334+00
3.883035+00
3.876065+00
3.875777+00
3.875775+00

2
+49x - 25 = 0

Result: 3.875775 after about 14 seconds
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Continuting this same example for another root:
Initial step size = 0
Inftlal guess = =10
See:

-1.000000+01

=9.900000+00
-7.959395+00
=7.1355304+00
-6.438967+00
-6.086301+00
=5.945260+00
=5.9177014+00

-5.915863+00
-5.915842+00

Result: =5.9158424+00 after about 14 seconds

FURTHER DISCUSSION OF
BB is not a sophisticated root solver and is subject
to all the difficulties and error traps that confront
all other root solvers. Limited space in the
I did not allow protection schemes to detect or
rectify possible trouble areas. The method used,
strictly speaking, Is the Secant Method, however, It
can be considered a form of Newton's Method where a
numerical approximation Is used for the derivative. A
secant |ine Is used to approximate the true tangent
line. |If B falls to converge then another Initial
guess must be tried. B can be effective as a

subroutine In a program provided the user has
knowledge of the range of appropriate values for the
given functlion.

The display setting will help control the accuracy of
the final result. When In SCl n display mode the
final answer will (usually) be accurate to n+i
significant digits. However, sometimes this Is not
the case and the final answer will not be as accurate
as the display setting would Indicate. Every floating
point operation In a computational process can give
rise to rounding error which, once generated, may then
be Increased In subsequent operations.

For example, let f(x) = xz - 6%x + 9 and use to
solve for f(x)=0. In FIX 9 the answer X returns
may be 3.000030072 which Is accurate to five digits
only. The true solution Is a double root at x=3,
Thus the display setting has not determined the
accuracy In this example. This Is basically caused by
using only ten diglts internally in the calculator,
causing each and every calculation to have Its
solution rounded to ten digits. The root solver
Itself cannot then be held to ransom when the f(x)
routine Is affected by rounding errors.

This example highlights the actlion of when the
secant Iine Is horlizontal, that Is, when f(a)=f(b)
where a and b are successive approximations. This
situation may occur at multiple roots where the first
derivative shares a root with the original function.
(When the first derivative Is zero the tangent line Is
horizontal). In general, do not select a display n
value any larger than necessary. The use of SCl| or

ENG display modes are generally preferred to the FIX
display mode. And do not blindly accept any solution
glven by this or any other root-solving program. Any
potential real solution can be validated by applying
the f(x) subroutine to see how close f(x) really Is too

PPC ROM

Because the HP-34C calculator's SOLVE routine uses a
similar method as B (with many refinements), users
are urged to study Reference 5. In that Informative
article some of the problems of root solving and a
description of the mathematics of the secant method
are discussed. Reference 1 provides a broad
background to the subject. Further Information may be
found In most university and college Ilbraries.

THE SELECTION OF A METHOD FOR

The oldest know method of root-solving Is the Method
of False Position, or Regula Falsl. Commencing with
two estimates, lying on elther side of the actual
root, Inverse |inear Interpolation Is appllied to
produce a new estimate. Here, a |inear function (a
straight line) Is used to approximate the true
function f(x) over the Interval of Interest. This can
be seen to be "reasonable" approximation so long as
the Interval s "small"., As the two estimates must
always straddle or bracket the root, convergence Is
always guaranteed. Of course, after calculating the
new estimate, a decision has to be made as to which

previous estimate Is to be discarded.

The Method of False Position has a unlity order of
convergence, making the [teration time reasonably
long. However, the solution Is always obtalned.

A method similar to False Position Is the Secant
Method. Although the mathematics of the two methods
are ldentical, the difference |les In the fact that
the Secant Method uses the approximations In strict
sequence. Thus, the bracketing of the root Is no

longer necessary, and a secant Is used to approximate
the function f(x) over the interval of Interest.
Then, inverse |linear Interpolation Is applied to
produce the next estimate of the root. The Secant
Method's order of convergence Is approximately 1.62,
which Is higher than the Method of False Position, but
convergence to the root is no longer guaranteed.

Both the Method of False Position and the Secant
Method are In the class of two-point Iterative
methods, which, while the order of convergence Is not
high, nevertheless have high stability.

Another popular method derived from calculus using a
Taylor Series Is commonly known as the Newton-Raphson,
or Newton's Method. In this method a tangent |ine to
the function Is used to determine the direction and
amount of displacement to move from the current
estimate to the new estimate. Newton's Method belongs
to the class of one-point |terative methods. Newton's
Method Is the official and famillar name of tangent
sliding philosophy, and has an order of convergence of
two.

The mercurlal properties of Newton's Method arise from
Its use of derivative information gathered at one
point. Both the function and Its derlvative must be
evaluated at each Iteration. (This also results In a
greater programming effort for two functions are
really being evaluated). The time for an [teration Is
longer than the False Position and Secant Methods,
which both require only one function evaluation per
Iteration. However, the convergence rate of Newton's
Method Is greater than both.
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Comparison of Methods

A. Method of False Position.
Advanfages:

. Convergence Is guaranteed.
2 Only one funchon evalu

at each lteratlo atlon Is needed

Disadvantages:
1. Low (unity) order of convergence.
2. A declislon is needed as to which estimate to

discard to Insure root-bracketing occurs.
3. The root-bracketing requirement prevents Its

use at multiple, even-order roots.

B. The Secant Method.
Advantages:

1. Medium (approx. 1.62) order of convergence.
2. Estimates are used In strict sequence, so no

decision Is needed on which estimate to
discard.

3. Only one function evaluation Is needed at
each Iteration.

4, Can be very stable.
Dlsadvanfages

. Convergence is not always guaranteed.
2. May have difficulty at multiple even-order

roots.

C. Newton's Method.
Advantages:

1. High (2.0) order of convergence.
Disadvantages:

1. Convergence Is not always guaranteed.
2. Both the function and its derivative must be

evaluated at each iteration, which Increases
the time per I[teration.

3. The derivative must be known explicitly.
4, Can be very unstable.
5. Has difficulty at multiple, even-order roots,

where the function and Its first derivative
both have the same root.

Summary

From the above comparison, the Secant Method was
considered to be the optimum algorithm, and was
selected for B . |t combines a reasonable rate of
convergence, a (usually) stable two-point step, uses
the calculated approximations In strict sequence, and

does not require evaluation of the derivative,
dispensing with the need to provide the derivative

explicitly.

ROOT SOLVING DIFFICULTIES - A PRIMER

One of the most frequently occuring problems In
sclentific work Is to find the values of x for an
expression f(x) which will make f(x)=0. Those values
of x are called the roots of the equation f(x)=0. The
function may be given explicitly as, for example, a
polynomlal, or as a transcendental function. In rare
caes It may be possible to obtain the exact roots by
algebralc manipulations. In general, however, we can
hope to obtain only approximations to the roots
relying on some [terative computational procedure to
produce those approximations.

In the year 1225 Leonardo of Pisa studied the
equation:

£(x) = x> + 2%x2 + 10%x = 20

and was able to produce the root of 1.368808107.

Nobody knows by what method Leonardo found this
value, but 1t was a remarkable achlievement for his

time.

Simply put, all we require are those values of x which
will make f(x)=0. It should be easy, so why all the
fuss? The basic diffliculty stems from the fact that
our root solving methods tend only to use the function
expresslon to numerically evaluate f(x) and have no
analytical knowledge of the function. It they did,

better starting guesses and better exit criteria could
be selected. More Importantly, the best root solving
method to use for a particular function could be
selected.

Easy though root solving may seem, and when coupled
with one of the popular methods, e.g., Newton's
Method, Secant Method, Bisection Method, It may come
as a surprise to know that the search for the perfect
root solver Is no less difficult than the search for
the Holy Gralll For every root finding method put
forward, a sltuation can be provided which will cause
the method to fall and deny us the solution.

What can be done? A root solver Is simply a
computational process which uses known facts (data) to
calculate a better approximation to the root. The
basic difference among root solving methods Is the way
In which the known facts are used to calculate the
Improved estimate.

If we know situations that cause our root solver to
fall to find the root, we can provide assistance by
enhancing the basic method with strategies to detect
these problem situations and allow an escape from

them. How many difficulties may confront a root
solver? How many strategles do we design Into It?
One, five or one hundred? |f we |Imit our root solver
to solve only a specific class of problems we may be
able to Implement some strategies to overcome the
typical problems encountered by that class.

Starting Values

All root solvers require starting values whether they
be entered manually as in B or use some set of
values, e.g., 1 and 10. |If the starting value Is not
"close" to the root, our selected method may step away
from the root, making the problem worse.

Therefore the accuracy of the starting values
(guesses) can be seen to be as Important as the
selected root solving method and its Inbullt
strategles. Do we have strateglies for determining an
approximation to the root we seek? |In some cases the
answer Is yes.

ExIt Criterla.

When the root solver has located a root, It exits the
Iteration process, gives us the answer and stops. How
does the root solver know when [t really has found a
root? Our Inbullt exit criteria must apply certaln
tests to the known facts and assess If a root has been
found. Again, situations can be provided to fool the
exit tests, and cause execution to stop when really no
root has been found (l.e., no root exists).

Should we have several exlit tests bullt Into the
program? Under what conditions should each be
Invoked? |f only the answers were simplel

Numerical Instability and round off errors.

Some root solvers can exhibit Instability In certaln

PP C ROM USERS MANUAL



conditions. Do we know how many of these conditions
exist for any one root solver? How do we overcome
these problems? As all floating point calculations
are rounded to ten diglts by the calculator a further
difficulty arises due the propogation of these errors.

Because of the enormous difficulties which may
confront a root solving process, B has been written

as an elementary routine, with no refinements or
strateglies Included. It Is left to the user to
provide such strateglies, by observing the behavior of
the approximations, and taking actlion should
divergence occur. A little experience with particular

problems will provide guidance. Readers are urged to
consult Reference 5.

FORMULAS USED IN
Let f(x) be the function whose root X. we desire.

X14q and x, are the two previous approximations.

— b Y-axis

secant line

   P(x; f(xi))

 

 

secant line 
GRAPH OF GENERAL FUNCTION WITH SECANT

LINE SHOWING APPROXIMATION X
FOLLOWING X. AND X. i+2

i i+l

The slope of the secant |ine through points P and Q Is
given by:

Cflx) = £xD/Dx,4 = %]

Letting dx'+1 = Xp4q "~ X we have as the equation of

the secant |ine through points P and Q:

y - f(xl+1) =

([f(xl+1) - f(xl)]/dxl+1)*(x - x'+1)

Hence,

(1) x|+2=Xl+1 +dx'+2

where

(2) (dx'+1)*f(x'+1)

dx = ——————————
142

<::::) f(xl) - f(xl+1)

The Initial value X is Input by the user and dx

is usually taken as a small fractlional part of x

For example, If we assume

then x, = (.99)x

Execution halts when X142 and X141 are rounded

and found to be equal.

0

f(x_;)=0 and dx

 

 

Routine Listing For: :m

1eLBL C 188 ST+ 89
92eLBL “SV¥- 189 ST- 88

93 STO 97 118 RCL 89
% € 111 RCL 08
%% 112 %28?
96 RCL 2 113 /

97 X=0? 114 570 89
98 X 115 % 87
99 STO 89 116 ST+ 87
188 CLST 117 RND
181#LBL 84 118 RCL 87
182 RCL 2 119 RND
183 STO 88 128 X#Y?
184 RCL 87 121 GT0 84
185 FS? 18 122 RCL 87
106 VIEW X 123 RN
197 XEQ IND 86   
 

LINE BY LINE ANALYSIS OF
Lines 91-101 ‘Initlalize the program by storing the
Inltlal guess Xo in RO7 and store the Initlal step

size In RO9. Note that If the user has input 0 as the
Initial step size then lines 94 & 95 and lines 97 & ¢
calculate and select the value O.OI*X0 as the actual
step slize.

Lines 101=-121 are the main loop In the program. At
LBL 04 X, Y, and T are assumed to be scratch and f(XI)

Is assumed to be In Z. The next approximation Is
calculated via formula (1) and is stored in RO7 (line
116). Next, the two most recent approximations are
rounded and tested for equallity Iin |ine 120. A branch
is then made back to LBL 04 unless the rounded values

are equal.

Lines 122 & 123 recall the final solution and end the
routine.

REFERENCES FOR
1. Forman S. Action, NUMERICAL METHODS THAT WORK,

Harper and Row, New York, 1970

2. S. D. Conte and C. de Boor, ELEMENTARY NUMERICAL
ANALYSIS, McGraw=HIIIl, 1972

3. John Kennedy (918) PPC JOURNAL "Method of
Successive Bisectlions™ V5N8P19, See also

VENSP10

4, Chris Stevens, PPC JOURNAL, V5N8P45, Sept.-Oct.
1978

5. Willlam M, Kahan, "Personal Calculator Has Key To
Solve any Equation f(x)=0", Hewlett-Packard
Journal, December 1979.
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CONTRIBUTORS HISTORY FOR
John Kennedy (918) wrote the program for the
HP-41C from a previous HP=-25 program. Graeme Dennes
(1757) and Richard Schwartz (2289) made suggestions
for improvements in the accuracy and overall program
operation. Harry Bertucelll (3994) suggested register
usage to allow to be used with W . Graeme
Dennes(1757) and Iram Weinstein (6051) contributed to
the documentation of EM.

FINAL REMARKS FOR
needs Improvement in almost all areas. Is

only a basic routine designed to be used primarily
from the keyboard where the user may watch the
convergence (or lack thereof) and take action to halt

and make a new guess. lacks all of the
sophistication of the SOLVE function on the HP-34C
calculator.

FURTHER ASSISTANCE ON

VL0 df33

 

 

 

 

 

 

 

 

 

 

 

 

TECHNICAL
 

XROM: 20, 10
 

Stack Usage:

o T: used

1 Z: used

2Y: used

3 X: used

s L: used

III‘EIIIIIEi{ZE: 010 min!imum

 

Alpha Register Usage:

s M: not used

6 N: not used

DETAILS
 —

 

Flag Usage:

04: not used

05: not used

06: not used

07: not used

08: not used

09: not used

10: displays successlive
approximations when

 

 

F10 Is set

7 0: not used

8 P: not used 25: not used

Other Status Registers: Display Mode:

3 Q: not used SClI n recommended

10 F: not used

11 a: not used

12 b: not used

13 C: not used

14 d: not used

15 e: not used

controls accuracy

Anqular Mode:

not used, but may be
required by function

Unused Subroutine Levels:

4
 

fREG: not used

Data Registers:

ROO: not used

RO6: function LBL name

RO7: point X

RO8: f(x‘)

R09: dx
1

R10: not used

R11: not used

R12: not used

Global Labels Called: e———————————————————————————

Direct Secondary

function none

LBL Tn RO6

  Local Labels In This
Routine:

C, 04
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Execution Time: variable, depends on function,

display setting, and initial guess.

 

Peripherals Required:
none

  Interruptible? yes

Execute Anytime? no

Program File:

Bytes In RAM: 51

Registers To Copy: 43  

Qther Comments:  
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BC - BLOCK CLEAR

This block clear routine may be used to store zeros In

a block of registers. (X8 uses the complete form of
the general block control word bbb.eeell and can
thus be used to clear blocks of consecutive reglisters
or can be used to skip over registers within a block.

Example 1: Use to clear reglsters RO5-R15,

Before clearing these registers we will first use the
block Increment routine B to load them with data.
(TheST routines I and are exiremely
convenient for loading and viewing blocks of
registers). Key 5.015 ENTER} 1 ENTERY and XEQ
"EB". The consecutive Integers from 1-11 should now
be loaded In RO5-R15 Incluslively. To convince
yourself, clear flags FO9 and F10 and key 5.015 XEQ
"EM". The block view routine should run
through the registers and show the contents as
described.

Now to clear these registers, simply key 5.015 and XEQ
"E3". If you again use to view these registers
you won't see anything because they have been cleared.

Example 2: Use to clear every 5th register
starting with RO7 and ending with R102,

Assuming you have the avallable memory and that the
current slize Is at least 103, simply key In 7,10205
and XEQ "B ". The registers RO7, R12, R17, R22,
R27, R32, R37, R42, R47, R52, R57, R62, R67, R72, R77,
R82, R87, R92, R97, and finally R102 should all
contain zero. These registers may be Inspected by
keying In 7.10205 and XEQ "EM". Since sk ips
over reglisters which are zero, none of the above

registers will show up In the display; only a series
of short TONES will be heard as runs through the
registers.

COMPLETE INSTRUCTIONS FOR
1) The only Input to Is the block control word
which Is of the form bbb.eeell.

2) contains an Internal ISG loop that Is
controlled by bbb.eeeii. (I8 stores and uses this
block control word In the Last X register. The Y, Z,
and T registers are all preserved by I@@ . The X
reglister contains 0 when ends. The following
shows the stack contents on Input/output from .

Input to X3 : Output from 3 :

T: T T T

Z: Z Z: Z

Y: Y Y: Y

X: bbb.eeell X: 0

L: L L: final control word

MORE EXAMPLES OF

Example 3: Use EI@ to clear registers R13-R49

Inclusive.

Key 13.049 and XEQ "I ".

PP C ROM USERS MANUAL

Example 4: Use @ +o clear the even numbered
rTgI'%FEs'from R02-R100,

Key 2.10002 and XEQ "B ".

Example 5: Use EI@ to clear the odd numbered
reglsters from RO1-R99,

Key 1.09902 and XEQ "C(X&@".

 

Routine Listing For:
 

208eLBL “BC*
289 SIGN
218 CLX
211LBL 13
212 STO IND L
213 ISG L
214 GTO 13
215 RTN    

LINE BY LINE ANALYSIS OF
@8 (s a very short routine. The SIGN function at
Ilne 209 Is used to store the block control word In
LAST X which Is used as an 1SG counter in the loop In

CONTRIBUTORS HISTORY FOR

The B routine and documentation were written by
John Kennedy (918) based on the suggestion from
Richard Schwartz (2289) that where possible, the block
routines should make full use of the block control
word.

FINAL REMARKS FOR
The one area of Improvement for a future routine

would be greater speed.

FURTHER ASSISTANCE ON

NOTES

 

 

 



NOTES
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DETAILS
 

depends on
block used

 

 

 

 

 

 

Stack Usage: Flag Usage:

o T: not used 04: not used

1 Z: not used 05: not used

2 Y: not used 06: not used

3 X:0 07: not used

4 L: I1SG counter 08: not used

Alpha Register Usage: 09: not used

s M: not used 10: not used

¢ N: not used

7 0: not used

s P: not used 25. not used

Other Status Registers: Display Mode:

9 Q: not used not used

10 }: not used

11 a; not used Angular Mode:

12 p: Not used not used

13 ¢ nhot used

14 ¢ Not used Unused Subroutine Levels:

15 e: not used 5

IREG:  not used Global Labels Called:

Data Registers: Direct Secondary

ROO: none none

RO6: the data

07 o8s 4
RO8: defined by
RO9: the block

R10:

R11:

Local

Labels

InThis

R12: Boutine: 13

 

Execution Time: depends on

approximately 7.8 registe

block slze, clears
rs per second

 

Peripherals Required:
none

  Interruptible? yes

Execute Anytime? no

Program File: BB

Bytes In RAM: 18

Registers To Copy: 61  

Qther Comments:

No speclal SIZE
requirement Is
necessary provided
the data block
already exlists
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Program CV,BC, SV For ___PPC ROM Proarams 206 _bytes Page)of 2

Xy [z [TlL] X1y [z !T/iL|
 

aleLBL "LV
82 GTO IND 86

@3¢LBL A

a4eLBL 81
85 CF 1@

B6eLBL 86
87 STO 89
88 XOY

89 STO 68
19 ZREG 13
11 FC? 19
12 T+
13 FS? 19
14 £-
15 RDN
16 RCL 08
17 ENTERt
18 X>8?
19 LN
20 ST 2

21 RCL 89
22 X)8?
23 LN
24 STx 2

295 XOY
26 ZREG 19
27 FC? 18
28 T+
29 FS? 10
30 Z-
31 Rt
32 FS? 18
33 CHS
34 ST+ 12
ISRt
36 FS? 18
37 CHS
38 ST+ 11
39 XO 2
49 SIGN
41 ST+ L

42 RCL 08
43 RCL 89
44 XO L
45 RTN
46 RCL 08
47 RCL 99

48¢LBL a

49 SF 18

58 GTO 86      

S1eLBL B
S2¢LBL 82

53 CF 88
94 CF 89
95 STO @7
56 2
57 X(Y?
58 SF 89
39 /
68 FRC
61 ¥=8?
62 SF 88
63 8
64 ST+ @7

65 XE@ IND @7
66 RCL 17
67 RCL 13
68 RCL 15
69 STO 89
70 *
71 RCL 18
72 /
73 -
74 STO 18
75 RCL 14
76 RCL 13
77 K12
78 RCL 18

79 /
80 -
81 ST0 2
82 /
83 STO @8
84 RCL 13

85 *
86 ST- 89
87 XOY
88 RCL 16
89 RCL 15
99 X2

91 RCL 18
92 ST/ 89
93 /
94 -
95 #
96 SQRT
97 ST/ 19

98 XEQ IND @7
99 8
109 ST- @7
181 RCL 19
182 RCL @9
183 FS? @8
104 EtX
185 STO @9
1866 RCL @8
187 RTN     

 

 



 

 

Program CV,BCSV For 266 _bytes Page2of 3

X Y L | X1y lz TV
 

188¢LBL 18
189 RCL 11
118 X 17
111 STO 11

112¢LBL 13

113 RCL 21
114 X15
115 ST0 21
116 RCL 22
117 XO 16
118 ST0 22

119¢LBL 89
128 RTN

121¢LBL 11
122 RCL 12

123 X(> 17
124 STO 12

125¢LBL 14
126 RCL 19
127 X13
128 STO 19
129 RCL 26
138 X14
131 STO 28
132 RTN

133eLBL 12
134 RCL 23
135 X17
136 STO 23
137 XeQ 14
138 GTO 13

1390LBL C
1400LBL 83
141 FS? 89
142 LN
143 RCL 88
144 ¢
145 RCL 89
146 FS? 08
147 LN
148 +
149 FS? 98
150 E1X
151 RTN      

152¢LBL D
153¢LBL 04
154 FS? 88

135 LN
156 RCL 89
157 FS? @8
158 LN
139 -
168 RCL @8

161 7
162 FS? 89
163 EX
164 RTN

165¢LBL e

166¢LBL 00
167 11.0824
168 XE@ °BC"
169 E
178 RTN

171¢LBL E
172¢LBL 85
173 .
174 STO 25
175 4
176 STO @7

177¢LBL 07
178 RCL @7
179 XEQ B
188 RCL 25
181 RCL 10
182 ABS
183 X(=Y?
184 GTO 13
185 STO 25
186 RCL @7
187 STO 26

188eLBL 15
189 DSE @7
198 GTO @7
191 RCL 26
192 XEQ @82
193 RCL 26
194 RTN     

 

 



Program _CV,BC.SV For 26b _bytes Page2of 2
 

XY lz2]T]L] X1y lzlT! L] 

195¢LBL “BC*
196 SF 25
197 CLRGX
198 FS2C 25
199 RTN
208 SIGN

281 CLX

282¢LBL 16
283 STO IND L
204 1SG L
2835 GTO0 16
286 RTN

287+LBL =SY*
208 STO @7
289 E
218 %

211 RCL Z
212 X=8?
213 XOY
214 STO 89
215 CLST

216¢LBL 88
217 RCL 2
218 STO 68
219 RCL 87
228 FC? 98
221 VIENW X

222 XEQ IND @6
1223 ST+ 89
224 ST- 68
225 RCL 89
226 RCL 08
227 X+#8?
228 /
229 STO @9
2308 X(> 97
231 ST+ @7
232 RND
233 RCL @7
234 RND
235 X#Y?
236 GTO 08
237 RCL @7
238 END

 

          





STRUCTURAL

PROGRAMS

Structural Engineer's Creed

Hope is stronger than truth.

Truth is stronger than steel.

I hope this thing stands up.





REINFORCED CONCRETE DESIGN/ANALYSIS

"In the field of structural design
the effort to get intelligence through
standardization has been carried pretty
far. In reinforced concrete, for ex-
ample, it has been necessary to set up
elaborate standards. Out of this work
came a narrowly circumscribed standard-
ization of procedures, which is called
"the theory of reinforced concrete" and
to which unfortunate students are ex-
posed. Few will question that the
standardized theory of reinforced con-
crete is perhaps as complicated a bit of
nonsense as has been conceived by the
human mind. It does, however, work
pretty well as a check on undiscriminat-
ing unintelligence."

Hardy Cross, Engineers And Ivory Towers

There are six programs and several subroutines in
this module concerned with reinforced concrete. The
programs are:

WSBM Working stress rectangular beam design
LFBM Load factor (ultimate strength) rectangular

beam design
Ic Working stress cracked-section beam analysis
LFAN Load factor beam analysis with cracking and

fatigue check
VST Shear reinforcing design (WSD or LFD)
CORBL Concrete corbel design (WSD or LFD)

The subroutines are listed on the next page. In addi-
tion, a listing for a rectangular concrete column
analysis program is included for use in RAM. Shortage
of space and a re-evaluation of needs prevented it from
being included in this version of BRIDGEROM.

FLAGS

These programs follow AASHTO if flag 04 is clear, and
ACI if it is set. There isn't a lot of difference be-
tween the two (there isn't any difference for the LFD
versions of VST and CORBL); what differences there are
are outlined in the individual program documentation.

All the programs follow the conventions for the
"user flags" 00 and 02. Shortened output results if
flag 00 is set. Flag 02 is also active in these
programs. Warning BEEPs are enabled if flag 02 is set;

1



they are silenced if it is clear. The programs all
access the input subroutines N/Fc, which have warnings
if the concrete and steel strengths are outside a cer-
tain range. Individual programs also have other warn-
ings written in. Flags 01 and 03 have no effect on
these programs.

CONCRETE COLUMN ANALYSIS

As noted, 1listings for CCOL and its subroutine CC
are provided for the user to key into RAM. Space con-
straints made it impossible to include program CC in
this version of BRIDGEROM or to provide a full concrete
column analysis program.

CONSTANTS and STRESSES

The constant B 1is calculated (in subroutine N) as
0.85 for Fc' of 4000 psi or less, decreasing by 0.05
for each 1000 psi gain in concret strength, with a min-
imum value of 0.65 for Fc' of 8000 psi or more.

An idiosyncracy resulting from the use of both work-
ing stress and ultimate strength methods is that the
reinforcing strength is prompted differently for work-
ing stress (F-S 20,24) than for ultimate strength (F-Y
40,60); but the concrete prompt (Fc' KSI) always in-
tends the ultimate concrete strength to be input. For
working stress designs it is then factored down accord-
ing to the status of flag 04.

SUBROUTINES

All of the following subroutines (except KJ) are
accessed by the reinforced concrete programs and may
find some use in user-written programs. KJ is a stand-
alone program which may be useful for hand calculations
and as a subroutine in other programs. For storage
register and input requirements, see the individual
program listings with stack trace.

Mc Calculates and displays 1.2 times the concrete
cracking moment based on gross section and
concrete modulus of rupture, 7.5 /f.'. Falls into
subroutine "U."

U Calculates the area of reinforcing needed for a
given moment by ultimate strength methods, leaving
the moment in the Y register. The moment should
include the load factor but not the undercapacity
factor phi. Falls into display routine AS.

AS Displays the area of steel in square inches.

N Prompts for reinforcing steel F-S (for WSD, FC 06)
or F-Y (for LFD, FS 06). If by WSD, calculates

2



Fc
w

F-Y. Falls into routine Fc.

Prompts for concrete strength f.'. If flag 10 is
set, it returns; if clear, calculates By, 1/m
(.85 £.'/F,), and .75 Rhoy,y; and leaves "N" in
the alpha ¥egister for prompting by the calling
program.

Calculates and displays minimum reinforcing areas.

Calculates and displays maximum reinforcing areas.

"Port of entry" into shear reinforcing program VST

Given (rho x N), calculates the working stress
constants K and J for a singly reinforced rect-
angular section, using the formulae

K= (pn)2 + 2pn - pn and J = 1 - K/3

For these simple sections, it's often simpler to
use KJ than the more comprehensive program Ic,
solving for the missing variable:

M=A, f, J d/12

Ae (M x 12)/(fg J 4d)

fc (2M x 12)/(K J b a%)

Example L£-4.0 Ls;

 

 

 

n= <%
) £ =74 ke

<1 Vo
A;[ % ‘ p= 306y, =012

fi X

000! 3-%4 {DV\' D|34~%’.|07|   
ety k=jzph*(pw?-pn,=.3é%0

N.A. pogition = kd = D64 x1b =549 '

1= 1-th = 4773

Allowable M= 3.0e 24 ket <.4TD3lb /4

- q4,77"%



Page_l_of l _Program KJ,LPT PYRFor (55 bytes
 

 

 

     
 

     

XTIy Il=z[TL]| X1lvilzlITlL]

apotBL PYR- |0, b, a,{b,
. 41 * Ay [an | ‘

g?t:fi#sa? e 42 RON a e |4
43 * A A, A83 ENTERt R 2 | A,

84 ENTERt “| P™| Pr| PN 45 Rt A |A, vk A,

gg : e 46 + hohe| o+
3

| 47 Rt A .
a7 + P#@ZP& 48 SORT KA VO'. =
88 SRT v 49 + 7 - Wt _89 $OY Pn K= {Gpravzgm ~pn 50 3 LRCIRYY,

11 ENTERt :2 K [pn |p0 T-1-¥ a /3
12 SIGH 7 =1- "3 52 RTH
13 LASTX % Dye14 3 3 |k |1 |K e !
15 7
16 - T [k |k |[X 5 RN
17 XOY K |T |K [K “p2e
18 RTN gg"-f% Pz

19LBL “LPT" 58 BTN
28 XEQ “L¢ —

214LBL 01 68 “H-
22 =JDAKL" o lg 61 RTH
23 PROMPT L .
24 Rt g'LEL "U
25 STO 81 I !5% ot ) 64 RTH

27 ST0 [
28 ST+ 0@ Zg’%_'m'
29 Rt

3 KEQ Xys [aX oY
3 pp 4 | GSvLBL“AK

3 KO [ D |6 69 "t

35 RCL 61 T |
36 XEQ "P* Ys |X5 [aX |aV
37 N
38 XE@ -Sp-
39 GT0 81



REINFORCED CONCRETE BEAM DESIGN

xeq WSBM (SIZE 015) for working stress beam design
xXeq LFBM (SIZE 011) for load factor beam design

SOFTKEYS

D

USER FLAGS

Flag 00

Flag 02

Flag 04

INPUT SUMMARY

Prompt

F-S 20,24 or
F-Y 40,60

Fc'KSI

N (WSBM only)

Bll

D"

Hll

clear

set

clear

set

clear

set

(USER mode ON)

New beam dimensions.

Full output
Only area of steel and warnings viewed

Warning BEEP disabled
Warning BEEP enabled

AASHTO

ACI

Input Default
Reinforcing or yield stress for 24 or 60
WSBM or LFBM, respectively, in ksi

Ultimate concrete strength, ksi 4.0 ksi

Modular ratio Eg¢/E. No default

Beam width, inches

Depth to reinforcing, inches.

Full beam depth (height), inches

Design moment in foot-kips. By-
pass (or enter zero) to access
shear design subroutine.

Previous B

Previous D

Previous H

Zero



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(AASHTO or ACI) States which code is being followed. If not

(1.2Mc)

(200/FY)

(A-S)

(.75Pb)

(M/BD2)

(Y or a)

(OVER)

(RHO)

P/Pb

A-S

4/3 A-S

using a printer, press R/S to continue.

1.2 times the concrete cracking moment, for
AASHTO's minimum reinforcing calculation

ACI's minimum reinforcing ratio

The minimum area of steel based on one of the
above two criteria

The maximum reinforcing ratio, 75% of rho-
balanced

The moment over bdz, for checking hand
calculations. Is actually M/0Obd“ for LFBM.

The depth to the neutral axis (WSBM) or the
depth of the compression block (LFBM), inches

(WSBM only) The design is over-reinforced by
working stress rules (general practice
discourages but does not prohibit this)

The required reinforcing ratio

The required reinforcing ratio divided by the
balanced reinforcing ratio. Design may still
be acceptable if compr. steel is present.

The required area of steel

4/3 times the area of steel required for
strength, if A-S is less than the minimum

Note: shear input and output are detailed in documentation for
program VST.

PROGRAM

Flag

Flag

Flag

Flag

FLAGS

06 clear WSBM
set LFBM

07 clear Design is physically possible
set Design requires a neutral axis depth

greater than the depth of the member

09 clear WSBM or LFBM
set CORBL

10 clear Subroutine N runs full length

2



STORAGE REGISTER USE

Register

00

01

02

03

04

05

06

07

08

09

10

11

12

13

14

WSBM
.85 Fc'/Fy

Fy

.75Pb

B (width)

D (depth)

dbd?

JFc'/253

H (member height)

Min. Agt

N (Egt/EQ)

D/3 (trial Y);
temporary .75Pb

Trial Y

(.40 or .45) Fc'

Fge (20 or 24 ksi)

Rjideal

LFBM
.85 Fc'/Fy

Fy

.75Pb

B

D

Pbd?

JFc'/253 (for 1.2Mcr calc.)

H

Not used

Temporary .75 Pb while in
shear design subroutine





REINFORCED CONCRETE BEAM DESIGN

Programs WSBM and LFBM calculate the amount of ten-
sion reinforcing necessary to resist a given moment
(service or factored, respectively). They specify the
amount of reinforcing steel needed for singly rein-
forced rectangular beams. The programs assume the
design reinforcing to be in a single layer, and they do
not recognize compression reinforcing. T-beams can be
accommodated only if the neutral axis falls within the
flange. For the purpose of checking this, the programs
display the neutral axis depth, Y, in inches (WSBM), or
the depth of the compression block, "a" (LFBM), if flag

00 is clear.

AASHTO/ACI MINIMUM A

Both programs design by AASHTO if flag 04 is clear,
and by ACI if flag 04 is set. The main differences are
in the allowable concrete compression stress for WSBM,
and the minimum amount of reinforcing required. The
programs calculate a maximum reinforcing ratio of
-75pyi 1.2M,,, AASHTO's cracking moment criterion for
minimum reinf%rcing; 200/F,,, ACI's minimum reinforcing
ratio; and the minimum reinforcing based on one of
these, depending on the status of flag 04. These are
all displayed if flag 00 is clear. The reinforcing
designed 1is checked against these minimum and maximum
values and warnings are displayed if they are violated.
Neither ACI nor AASHTO requires the maximum of .75py
for working stress designs. However, it is checked for
WSBM as well as LFBM as a matter of good design prac-
tice. The AASHTO minimum reinforcing is calculated
(with phi = 0.9) for 1.2M,, based on ultimate strength
concepts for both WSBM and LFBM; although the present
AASHTO is rather vague on this, the Commentary to the
1982 Interim Specifications, where it was introduced,
indicates this more clearly. Logically, all designs
should have the same minimum and maximum steel require-
ments.

The programs are written to accept beam dimensions
and material properties, calculate the above-mentioned
(ad infinitum) requirements, then enter a flexural
design loop. % design moment is prompted; the programs
calculate M/bd“, the neutral-axis or compression block
depth, the required reinforcing ratio, and the cor-
responding amount of steel. If flag 00 is clear, all
these are displayed (useful for checking hand
calculations); if flag 00 is set, only the area of
steel is displayed. The maximum and minimum require-
ments are checked next. If the design is above the
maximum, the programs display "P/Pb=..."; 0.75 is the
maximum allowed. If the design is less than minimum,
the program calculates and displays 4/3 the design area

1



of steel. If either program finds that a reinforcing
ratio over 0.1 is required, the program displays NG (no
good) and returns to the M, 'K prompt.

OVER-REINFORCED BEAMS

If flag 00 is clear, WSBM displays a notice, "OVER,"
if its design yields an "over-reinforced" beam by work-
ing stress concepts, i.e. a design governed by the al-
lowable concrete stress. This is acceptable by general
practice but may produce deflection problems. It 1is
possible to have an over-reinforced beam which has less
than .75py,, especially when designing by AASHTO. With
its lower allowable concrete stress (.40Fc'), AASHTO
will sometimes force an over-reinforced design that
would have been under-reinforced by ACI.

STRESSES

WSBM has a couple of idiosyncracies concerning the
allowable stresses input. First, although the input
steel stress is a working stress (usually 20 or 24
ksi), the concrete stress to be input at the Fc'KSI
prompt is the ultimate strength of the concrete,
usually 3 or 4 ksi. The factor of .40 (AASHTO) or .45
(ACI) 1is applied by the program. Second, the input
subroutine N calculates the reinforcing yield stress
from the working stress input: F, = 5 x (Fgy - 12 ksi),
giving 40 and 60 ksi from 20 and 24, respectively. If
the designer is using a different allowable stress
(e.g. some tank wall designs are done at 14 or 16 ksi
to hold down cracking), the calculated maximum and min-
imum reinforcing ratios (which are based on ultimate
strength concepts and yield stresses) will be invalid.

LOAD and UNDER-CAPACITY FACTORS

The designer must be careful to input the correct
moment to LFBM. The moment must have the 1load
factor(s) already applied; however, it must not include
the undercapacity factor phi, which is applied by the
program (O = 0.90). See the examples.

SHEAR DESIGN

Both LFBM and WSBM access a shear reinforcing design
subroutine by bypassing the M, 'K prompt (or keying in
zero). This subroutine uses the beam dimensions and
material properties input into the flexural design
programs; the only new input required is the area of
the stirrups and the shear. See the documentation for
program VST. While in this subroutine, softkeys from
the calling program are useless. VST has softkeys A
and D; if either of these is accidentally used while in
the shear subroutine, it will not be able to return to
the calling program.
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Deé'n%vx a beam Lr D@—S\a.&m 10\1: |

+he '@ollo«/\v\a\\ Condtious -
D AASHTO \W.s.D

f } 2) ACT  W.8D. (Hterndk”)

Seam = 200, siwple 3) ARSHTO L.F.D.
OL=t400 */ indodt

DL -agp0 o Cheany Tndustrial) D) ACT LFD. (Strength”)

‘p¢, = 4000 YS!

-@Y : 60 kei . . |

n= % ) and 7) use WSBM |

Mowment ) and U) use TLFDR M '
OL =240 -207/% = 120.0'*
LL =260~ 20Y% = 140.0""

Sheov

@Reaction = DL=240<20/7 = 1L4.0 k
LL =2.0+206/7 = 26.0 k

(Nete : +ake @ regction since
beawm J’a{fl\ SAW "J/z’" T8 w\b\awn)

@Y% W. : DL=240* 5=12.0 k
LL =155U360F 20.1E k5’

o’  Try s copufiqueatiym
N

!:|400 ‘

 

. .. .-
S, . P : :

- . !

. . i

\ sh... |

1. |
! |

.

 

d-
3
3
"

h
-
2
6
°

   loro-a.o O— —_r
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Examg‘e L

 

| AASHTO W.5.D. |
i

|
|(_~_-/] 14.47 < 1 |

Calculate the amwovnt R, = podt ~ .a-1%(33
ot treindevein heCes/ax\(
€o the -COHOWMS loads -

= . |7254

oL ILO't Tnclufivg selfd.)
LL  |1%0"—~ 17.647<,1054 «=00 ’rwq?U'J' '—ea—e%>

£ = 14000 psi 5 n=- 3
§§§ {‘6 = 24 ks (Grade 60) = .00Z]|

L le Reyd A= 0bd =002l -DD

 

0 M

 

 

2
3

2
6
"

    0050 0| =+
 

Calculale Min., Steel

M = 54,
£ -15]¢ =

= {74.34 psi

7.5 (4000

T "
S - "’_(:‘_ = |Ra 3&7’/9 = 2%43.0 %

1 T Mep = 1. 2(2%%%  H7UB4)/)1

- 1%4.uz’"

Cale. reind. b\1 vit. 541'6\4%‘“& methods :

ok (-TEE)
{4 60

m =L T ap«q |7.0477  

= 1,606 p"

Calcylate Max, Steel

_ .451. %7
Pea = ¢, 374 £ )

€0 -@cl‘ 4000 pe? .45
) fi’z

15 p, = 1B« 2‘65! (4’7%0)

- .04

Mox. A, = pbd= 12.70a"

Note : peither AASHTO wor ACI
reguire that A < .75p, For
werking stress deeiqn. However,
i+ is ncluded as a V\/Lajlte\ra-(’
o0d des ractice he

éeaso-v\s \’-g«r ?mdm +he reinf.

v 75p, vadew L.ED. are no
1966 valil uv\lw U.5-D-;~H\e

bearma doeen't know how 7+ wos

&8 é-\.finol,
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AASHTO 1.5 D. Example 1
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Cqleulate Tdeol R

 

TJ,M“' 7'_( 4o £°) 3k

‘- Mo £
S K/ +ULY)

.G

Gdvifg+1.0) 240%

S: \’ l{73 = .‘6‘6‘“

Ry =7 (160 L) 2475« 484l

= 2UG0 Lsi

C_alcu\a"e RQ('{'J ReTn‘PHcTAq
 

 
9

300", 1T
I

= 0837 kel

A ¢ <Ry = ondey- reivferced
a

s Rl@ U kel ‘ Cmc¢e+e 6+f265 UnLuNM

 

M= C» (d-*/3)
L3/n) »

Max. Ceverele stress -@c=c———/1>—x
d - ¥

{e l'

—? x

T~
i     

C= g4 <x-b

4 30017 - z‘(%/i‘%) 19x (32 % N
4

3600"% (33-X) =1 (D x) (1$xHE3-F)

Qx> -3 -2600x +1%$,%00:= 0

501va3 +he CUL\’C b\{ H’e\/a'“th,t)

X = 10.043B5" (Neytral Axis)

L L 2el01u3T 1z
C - z'(bs-w,laag" )'w"qg 1<

= 121.54 Lk

Reg'd Ay 1TIB9 L, ."
" 5.064> g"

Check : 5.0 < 1T.70 " (75p,)

5.06 > [.27 (M)

OK
 

JsE 4-*10

Cheeck 2‘zgg|\n%

1" - 2(1" + %) - 1%" ="
clear <titinp bax  

1 -k = 27Ao, aur Erllclear

OK

Note : WSBIM does not chect sgac?wi;
or bar placement.



 

 

| AASHTO W.s.D. Examgle

Caleulate V\e‘w\tawm\og
needed for UB0 " oy
same section .

4s0 <1z
|4~ 33"
 R - = .2755 ko

R act
> Ripou = Orer- ceindf’.

o.o CMAC’, ‘5"‘(6% = .qO{‘: ; .(’5" < zq 'LS;

M= C~(4- X/g)

UBO <12 = 3 ( Lo0Ls) 1% x » (33-%)

sUpp™t = 47520 x - 4.90 x*

601\/7»\3 ‘H\e 7uqlfa47c J?recfly,

X =13.0960"

C= 3+ 1.60ks 16 < 13.0%0"

= 1%€.5<4 L

I-
&L=k (F5)

_ 33-13.0%0"
- { " (,q"q Lé;)'( 13-0960

= 1q9.484 |Le;

, (2-5% L - "

Req,! A = 19.454 4.6937

Cheel : 9.690" < 12.70 & (.15p,)

.69 > (.27 (M)

Ok - USE T-*11  (A=10.72<12.70)

 

Checl 5Qac7 n%'-

1%-2¢T+% )= )
el. =Y. bay

A0yt L 5oe L2 233 clear

No Good

Will need Z layers of
ceinfercing - Results of
calevlation (464 ") wo ‘W3w

valid. Can vuse pro vamwJL¢°
t checlk (‘a{)ach‘\{ twp -

lakfw est Ma“e .

Note : WSBM does not check

spact o+ bovr placemw4.

As Tn this case, the aren
0f stesl calcvlated b\1 WSBIM

may  be pk\fsTcauy Twmpossiblo
Y place.
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AASQ'&'O WSD 6“8&«(‘ DtéT&LL 10

Frowm <the preceding
/ 59‘ 'f_il Point

'Cc, = QOOO ?é;

£ 2 60 ke V, = 32.25-35.41
L, = 24 Lsi

Vé < O = M‘IV\ aeel

— N, = 17.44 L

1% r aq-/", | * 232.28 > 17.9U 2 Need Shrvups|
333 : | 3 STIIVUES

-  hop (19 0 "
- ax. Ra.

28 o 1L 69 d/L’ 2%, = 1.5 <Bretds
:gé“ b9o od|— o . 24

o ' PO

Jd i flgg +lvis l&uau+

I r
* @ Reaction :

DL = 24.0 kb (genvice) Ll | 11 | ]
Lt = 360 k Maop 65paR10 |6 op2-@ 1-Y | 65p2Q10
s = 60.0 Lk 20-0 CB«%J € Bry

G M Poiut :
VL= 120 k
LL-~20.t8 Che XMy mS
s =32.25 k

2J€ bd = Z]4p0 (- 33

V, = 45]uo00 + 14+33" < 35,69 k =754 b

; Ve < ZJT,’ospa.OK-AAsuTo 2.15.53%
Reactiown ,

V, <4J8,= OK - MskTD 415353
Vo = 60.0-35.69=24.31 L

AV M:p\= 0_‘\ : AHTD
xUse stirrugs - 4 heep Y 4.9.1.2

_ " QO‘éO,W

AV = Z'«w = .UOQ Max 5 5O+ ‘%n

AL 405" 241 a 33" p - !Spa. = ! e - V303 Lob7" QK ; 
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|

XEQ "WSBM"

£:33:12 PH 12/89/88

TITLE:
TEST | RUN
ERRRKRKKRRRRRRRRRRRRRRREE

ARSHTO
F-5 2R,24

24.0088  RUN
Fc'KSI

4.0008 RUN
N

8.0000 RUN
B-

18.8888  RUN
D-

33.0088  RUN
H-

36.8688  RUN
1.2Mc=184.4111 'K
A-5=1.2636 5@~

280/FY=0.8833
. 79Pb=0.8214
SEERERRRRRERRRARRRARRNAS

M, K
Jee.0088  RUN

M/BD2=183.6547
Y=18.1435"
RHO=8. 80885
P/Pb=8,2991-0K
A-5=35.8643 50°
 

H! 'K

458.0888  RUN
M/BD2=273.4821
OVER
¥=13.8960"
RH0=8.8163
P/Pb=8.5725-0K
A-5=9.6937 S@-
 

H’ .K

198.6088  RUN

H/BD2=61.2182
Y=6.2049"
RHO=8. 68827
P/Pb=8.8955-0K
A-5=1.6165 S@°
 

AASHTO W.6.D. Team Vee?i)y\,

Desiqu

AASHTO

Iz Mcfack

Min. Rd\tk'c.

Ovev -

MK
60.8888  RUN

M/BD2=36.7389
¥=4,8384"
RHD=8. 8816
P/Pb=8.8565-0K

A-5=8.9563 S@*
4/3 A-5=1.2751 S@*
 

HJ 'K

RUN
ERERERKRRRRRRRRRRRRRRALR

SHEAR
¥c=35.6895 K
EREERERRRRRRRRARRRRRKE

.4888  RUN

68.8808  RUN
SPA=13.8314"

32.2568  RUN

SPA=16.5688" (NAX)

120.0008  RUN

SPA=3.7573"

¥. K
15.0008  RUN

S¥cov

v’ K

RUN
EXXXXARRRRRRRRRRERERRREE

A-v
RUN

B-

 

0 JTsfld‘] 9%A,

Y)x{ fres ‘o

access sheor |
Te s-a%v\

AS‘ MTV\ As

|

|

i
|

 

Bypacs

Bypees to
fetutw “p g

WeBM - new|
beam &7%&%

|

|
1



 

r

n
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‘
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A

 

|
IlSL\OT‘L FO“‘W\a‘f E xam%a‘?— |

 

 

 

 

CF 84
SF @4

XEQ “WSBM*

F-S 28,24
24,0888  RUN

Fc'KSI
4.8088  RUN

N

8.0088  RUN
B -

18.0088  RUN
D -

33.0888  RUN
H =

36.0088  RUN
XXXXREREREREREEXXKAKRKK

M, 'K
368.6808  RUN

R-5=5.8643 58"

M, K
450.0088  RUN

A-$=9.6937 50"

M, K
600.086880  RUN

P/Pb=1.6172-NG
A-$=27.3837 S@"

M, K
66.0088  RUN

A-$=8.9563 5@°
4/3 R-5=1.2751 S@*

M, 'K

Clear Llag 04 = ARSHTO
Set €lag 00 — Short Format

No "“Hé L(0cL

No winimas or maximumg

Onl\{ A6 O\I“fu'{'

Wow vx‘mse sl ofi?u“’

Minimyms shll ou{ev‘(’
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S
H
E

 

 ||
||
i[

i ‘y
|[ACT W.S.D. Examgle, ! 0

Calevlate the f‘e‘:w@mrc‘max r%uwefi
b~1 ACT  Lor Mo went s o€ 300

aud UBD'* ow the same section,

€= 4000 psi: = R
L, = W lsi (Grade 60)

h=1%"
A= 33"

Ca(cu(a'{e Miu. Steel

oo _ oo
Pein = L 7 0000

 

 = . 003D

Min, A, = ,003: 18532 - 1.4% "

Calcvlate Max., Stee

As Hor AASHTD .75 p,= .02 1Y

Max. A =-02id 933"= 12.70 "

 

 

Calcylode Tdeal R

RTlul =z (-QS{’)" 3"L

K = 45 x4.0 = 2750

(Lbsify.q + U54.D)

j=1-% = .47850

R = 2 (1% Lsi)-.375-.475

= ,2952 Lsi  

CQ[Cvla{e Reg'j ReTn‘(’. ~€7.( M- w()”L

3I00x1T .

1€« 33"

1837 <, 2983 = ynjer-cend]

Aetual R =  NBDT b,

o Calevlations ave as before -

X = 10.14235"
C= 124 L

Reg'fl A, =5.0643 0"

check : 506 < \2.70 (.7‘6‘053

T.0C > 1.9% " (hin)

 
OK- USE {-*10
 

Calcvlate Reg'd Reiuf’ 6 M- 450"  
US0x1Z |

R - 4.t = ,21855 L

2755« 2953 > vafef—re?n{v*‘ceoo

Cwas over- reintonced by AASHTD)

 
c=3L,xb L- (—7—“’/"_))("( )

¢ - W lbayg - X \

c 3 -X

M = C-(d-x/)

e X
i;

=t 18X~ (33-%)4507 = 3 

A- 941 & ~B5do0 x + 11%,200 =

solv?.\% 5\1 Hera‘fiom‘ X = 12.071%%"



5
5
S
Q
U
A
R
E

S
Q
U
A
R
E

S
Q
U
A
R
E

 

4

~
n
N
A
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A
L

Me
te

 

t ACT \J.5.D, Exaw\g‘e , %

! 'b12,078\ . " g-) 120247 1%

= 190.277 L

o 12627 "
Regd A, - e - Lldell

Check: 7.76 < 12.70 (75ps)
1.76> 1.9% CM}V\>

OK- Use B-*]|

 
Check <pacing

v r

19" T (') - 18 =
cleay Q*Nr'f bar

ql—l— - 13" = \,15" cleav
6‘”.

OK
 

EA ESIGN  V, = .1 J4000 » 19'<33" = 4|, 3L k

@ Sy |
!

V< 60.0-4L32 = 19.6% k ;
'@W A,, = Z'*d = UO n",

_ .onz.llh‘i‘:f _ "

Spa- = Tlaugr - 10l

USE ®*d @ |6 ENTIRE BEAM



 

 
 

|

|ACI W.8.9. Beam Vee'l%mi

SF 84

XEQ ~WSBM"

6:48:21 PH 12/89/88

TITLE:

TEST 2 RUN

8333333332233332233323223

ACI

F-S 28.24

24,8088 RUN

Fc'KSI

4,0008 RUN

N

8.0888 RUN
B -

18.0080 RUN
D "

33.0008 RUN
H -

36.0088  RUN
1.2Mc=184.4111 °K
2008/FY=0,0833
A-5=1.9888 S@-

.75Pb=0.8214
EEEERRRERERRRRERRRERRRER

M, K
308.0088  RUN

M/BD2=183.6347
¥=10.1435"

RHO=8.080883
P/Pb=8.2991-0K
A-5=5.8642 S0-
 

M, K
450.0888  RUN

M/BD2=275.4821
Y=12.0283"
RH0=8.8131
P/Pb=8.4583-0K
A-$=7.7611 S@°
 

Set Lla M

Cor ACT

Des'a%x L\’ ‘CI

Min. Aé {\%omp

{oc ZOO/j:Y

Not over-

tewloceel LY

ACL due %

RTler allowable

{o

|

M, K
168.8888  RUN

M/BD2=61.2182
Y=6.20849"
RHO=08, 8827
P/Pb=8.8935-0K

A-S=1.6165 S@°
4/3 R-5=2.1353 S@°

M, K
RUN

ERRRRERARERRERERRRARRERE

SHEAR
¥c=41.3246 K
ERXRRRRRRERRERRRRRRRRRKE

A-¥
68.8080  RUN

¥, K
RUN

REERERRRRRRERRARRERRRRE

A-¥
.4888  RUN

¥, K
68.0008  RUN

SPA=16.50088" (NRX)

A <« Miv.A

Acl <o “QTW“V  4/3 A:

Shear ia{;:_'sfl

Oops-ewrar

Bypdés to wtum

°"‘b AV Prowp+
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Desion a beam Hr Des‘.&m ‘o\1=

the -Collw‘m% Conditiovs

—
_
—
e
}

D AASHTO \W.s.D

 

1 } 2) ACT  W.8D. Chternie”)

6?&/1/\ = 7_0"0, 52»««?12 3) AAS HTO L.F.D.

OL=W00 */ ndvettia
L -3gg0 o Chetet Tedudtrial) D ACT LFD. (Strength’)

£, = oo psi
-@Y : 60 ket . .

n= % ) amd Z) vse WSEBM

Mowmeut YD) ad U) vse TLFD M
DL =2.40-207% = 120.0'*
LL =260« 20Y% = |90.0""

Shear

@Reaction = DL =240<20'/7 = 4.0
0

k

LL=2.00+20/7 = 26.0 k

(Nete - +ake @ regqction since
beawm Jc{‘(’k Lo "J/-L" s W\!u\own)

Q@Y% W.: DL-240" 5" =12.0 k
LL=1E-05"3460F 20,25k

Try +s  coufiaveattym :
N

I :l4"
I

 

  

d-
3
3
°

h
=
-
3
6
"
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i
AASHTO L.E.D. Exwple |

Calcvlale the awmovat of
re‘m%’wciv\& necess avy ftor
+e same loads by ARSHTO:

 

Serv. Factoced

VL \2o't V20"
L-L ‘%Oull 5/3 =30054n

470"~ 1.3 = B4E'

Note : undercapacity facter ¢ = .9
ot QpPITedt ¢ 15 appl.’cp b\, LFBM,

£, =UooD psi
'CY =60 ks d: 233"

Calculate Min, awd Max. Steel

Note: LE.D. Min, anf Max. steel are

devtical Yo W.5.D. limits. See

P(‘e(_eflu‘nfl W.S.b. ca‘Cula'hMS.

L2 M, =18qdT'*

MTh, Asz l.léé D”

.15 Py = .0y

Ma)(, Aé,-—— 770 "

Calcylate Re@'l Reinforeing
N

.—L - MR.;= (I ’|,LT>

 

 

P =

£ ¢Oo
= —3 = = 7,6‘]

" '%5{,:, -5<4 ! 7

R o BT“dbdt 9. a3

= .31Y ket  
 

|
1

|

| NS }].;
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V. = 2 ]4000 x 4’33« 75,14 k

Use *Y4 stPs - A,=270:-.40¢c"

- Max,Soacing
] 50_{\\0'24_ (NSO €.14.1.2)

V-Mip o

. . H0<60,000
* WOJ( 6?4: - 50“4fi

. = 26677
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DL = .0
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L= 12.0
LL=% =20.25= 33.75

4575 = 1. 359U
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XEQ “LFBM"

h:43:33 PN 12/89/88

TITLE:

TEST 3 RUN
ERARRKRKEKXERREXEEXRKRKX

AASHTO

F-Y 48,68

68,0000 RUN

Fc'KSI

4.0008 RUN
B -

18. 0000 RUN
D -

33.0000 RUN
H -

36.0008  RUN
1.2Mc=184.4111 °K
A-5=1.2656 S@°

280/FY=0.08833

.79Pb=0.8214
REEEREEEREERRARRRERRREK

MK
546.8088  RUN

H/8D2=371.3987

a=3.8265"
RHO=8. 8866
P/Pb=8.2385-0K
A-5=3.9631 S0~
 

M, K
RUN

RRREERRRRERRRERRAEREREE

SHEAR
¥c=75.1357 K
EREREEREREERRRRRRRRRREEE

A-¥
.4888  RUN

109.2688  RUN
SPA=14.8496"

59.4888  RUN

SPA=16.50008" (MAX)

U
N

-75.4 L <O

 



 

, ACI L‘F-D' Examglg

Calcolate the awmpunt of
reTw@Hchx% hecessany Lo
the 'OOHOWT v\% loaJs H

S&fy]cg Fac‘fmé

DL 120" x 1LY = 16%.0 Grelles beam)

LL 140"t ~1.7= 306.0

u74.0 "

Note : vnderc O«CHY facter ¢-0.9

not applied. @ s applied by LFBM,

£ = 4000 ypsi b= 1B
€Y - éo L—sl d‘—‘:')?)"

| %" |

 

3
3
"

o
6

"

     
Calevlate Min. and Mox. Steel

Note: L.FED. Min. and Max. Linits ave

Wentical +o0 W-S.D. Dwmits. See pre-

Cecf?ns W.s.D. caleviatious.

2 - o003

in. Ag= 1.24 0"

75 py, = -0t

Max . As = .70 a”  

(LYBM)

Caleylate Refllt'oq Re?m“'flf?v‘%

p: %C‘-,)l-%‘;&* ) ,

{. X2
M= Zgig' © A%y

 

474"2
T

.
i

Re-gurt - ;a2 2D

=.25224 L4

 

 

l [ z-nw-&zzg)
P m.un(( \/' 6O Le

= ,0057

Reg'd A = pbd -.0057 1633  
=3.259 ="
—_— |

cheet: 2. 260"<12.70" (.7‘5f,>i
3.3 > 1.9% " (M) ‘

OK - USE _4-*9 -A-u.0d
|

 

Cheel. Spacin

" " 6&1” )

%"~ 22"+ ¥ )- WG

l
i
|

¢ |
0“ fi*l"’? b &y

 

 

“—2-5“ " 7"

S apa %" = 2.50" clear

OK

Note = LFBM does wot check loan

placemost oc cleavamce as here.
Nether Joes Tt check Z-crac L‘.Wji

de€lection . Vro%ra,m LFAN checls:
the lattor +wo.



 

N
A
T
I
O
N
A
L

 

Aci LFD. Sheay De< »i

Deb'i%vx Sheay rc‘m{}n‘,,‘%

Lo VHIs beam :

 

3
3
°

"

     
£ =UopD gs

6O ks

V, =2 jqaoo'x K'=33« 75.|4 k

S

Use *4 stirvups- Ay= 220400

Av-m‘..\‘ E‘o%—éfi' (ACL 1L5.5.3)

. 40« 60,000
S Max Spa. = —.5—0""‘;;&—

. = 26.67"
o é’% - l‘, 5 - !GWW’

o Max = 4"

@Reaction
DL: I.U=« 240 = 33.06

LL‘ l¢7 '36,0: (0('2.

44 Kk

Vo= B/cqe q5) - 754 = 26,29 k
CAGd 40033 "

Sqa. Ve 305 1.6

Use b 6gac‘m% Entire Beam
 

SF 84

XEQ -LFBM"

6:47:84 PN 12/089/88

TITLE:

TEST 4 RUN
ERERRXREEREXERERXKRRREKE

ACI

F-Y 48,68

60. 0000 RUN

Fc'KSI
4,0000 RUN

B-

18,0800 RUN
DI

33.0089 RUN
Hl

36.0000 RUN

1.2Mc=184.4111 K

208/FY=8.80833
R-$=1.9868 S@°
.75Pb=08.8214
IREFRERREARRRXERRARRERAE

M, K
474.08088  RUN

H/BD2=322.4161
a=3.2937"
RHO=8. 8857
P/Pb=0.1984-0K
R-5=3.3596 5@°
 

M, K -
156.8888  RUN

H/BD2=162.08364
a=1.8856"
RH0=0.6817
P/Pb=8.8686-0K

A-5=1,8257 S@°
4/3 A-5=1.3676 S@"
 

MK
RUN

EEEEEREFERARRRRRARRARERS

SHEAR
¥c=75.1357 K
XXXEEXXLARRKKKKRREXXL

A-y
. 4008 RUN

¥, K

94,8006 RUN

SPA=16.5008° (MAX)

¥, K
30,0000 RUN
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Program W<BM/(¥BM/For

_

Coucvele Desian 752 bytes Pagelof U

CORBL N

XY 2 T L] XTv =z TTToT
l

,
| nM *“BD" ;

BL4LBL “HSBH" 5§4"§;’;? bl D

|

B
82 CF 86 e or0 ]

82 14 3 GTH

@4 GTD 03 gi ‘jgg_fl?

@5eLBL “LFBM- %% ';fi%HF;T? ’

3? f; % | 68 RCL 04 d
61 X12 J

@8eLBL 03 2;3 SCL 83 b

89 CF 09 v
S bd _

4oe o owsos
11 GT0 83 o oo

12¢LBL “CORBL" gg ggf ?g e

ae" SEE (G )
- 78 RCL 09 N4, e U 1o Sfe

15 XROM *N £ o | £ Jodl & S,

16¢LBL 83 ;g ECL 12 A5t
17 CF 18 3 .

;g ggg 02 £ 75 ENTERt |
< 76 CHS20 FS? 86 ¢ 2 o |

21 GTO 83 s Iy

22 FC? 04 B '3

23 .4 | Yy

24 FS? 84 80 + ) k 3 3

25 .45 g; ;

23 ;TO ‘ 83 / ‘7’&

33 8 1 4B 84 RCL 12 as!
85 =29 PROMPT

38 X(> 89 .2' 86 STO 14 Rited Tded R- .{M,p‘)sk

31eLBL 63 g?tgt gg N

32 FC? 09 B R0 & 1

33 610 D o g

345 -

. e 2 €10 16
gg igvo Fobe 93 RCL 67 h

' 94 %12 W
38 XOY lesee urz '

39 STO 88 ne S

40 .55
41 FC? 04 97 XROM “Mc* i

4§ .42 : VDks 33 ECL 83 b )

" ob 108 RCL 84 P Push
44 ST+ 88 ‘

45 MU 1,1.4° 181 XROM °R

46 PRONPT 162 ARCL 62 Aprin

47 STO 16 ik Bictor 183 FC? 88

M Bebr) 184 AVIEW
185 STO 88 A,48eLBL D o

49 .9 186 SF 14

59 FS? 89
| @

51 .85
52 STO 85 ¢



 

 

 

Program wsr/iibr iowFor  Covric™r lic o a 7B bytes page2of Y

X1y

|

Z Tl ! X v [z 71T ]

1874LBL E | 162 Rt P b ‘

188 CF 07 163 #

109 XROM “LL" 164 RCL @4 4

118 CLA 165 * A,

111 CLX 166 CLA

112 XROM *M° . | 167 XROM =AS*

113 PRONPT M- 168 XEQ “PY*

114 * Mt 'z | 169 RCL 88 Min,

|

Al

115 ¥=8? { 178 XOOY A,

|

M|

116 GTO 37 ; 171 ¥>Y?
172 GTO E

1174LBL 87 M 173 BEEP

118 =N/BD2=" 174 4

119 RCL 03 b 175 "4/3 *

120 .9 ¢ 176 3

121 FC? 86 177 7

122 SIGN 1 178 * Yz

123 RCL 84 d 179 XROM °RS°

124 %12 " |¢ |b M 189 XEQ "PV"

125 + 181 GTO E

126 * nek

127 / He (M (M m 182¢LBL 12
128 E3 1000 183 *NG*

129 * " 184 BEEP

136 ARCL X fi? 185 AVIEN
131 FC? 08 186 GT0 E

132 FS? @9
133 %=8? 187¢LBL 65 Rl |

134 AVIEN 188 RCL 14 Jed M

135 LASTX 0o |l 189 X)Y? “

136 7 WM MM 199 GT0 10

137 FC? 06 191 RCL 2 w

138 GTO 65 “ 192 RCL 84 d

139 XOY M 193 2 Z

148 XROM *U* 194 / d/

141 STO a Asid 195 CHS -diy

142 RCL 04 d 196 RCL 12 45 X

143 + £ 197 RCL €3 b |4E|-Y 1M

144 RCL 86 S50 as bX 19 ¢
145 7 Qa e 199 * Ll

146 XC) 3 p 200 LASTX ©
147 =a=" 201 6 wll

262 / -%"h %‘I‘! M

148¢LBL 19 283 XROM -@° _

149 FS? 89 284 XOY Y

158 RTN 265 STO a

151 ARCL a 206 ENTERt Y Y

152 “F=* 207 X2 y*

153 FC? 08 208 RCL 63 v |

154 AVIENW 289 RCL 89 n

|

b Iy 1Y

155 .1 .l ,O 218 7/ "

156 X)Y? 211 * VSRIY Y
157 FS? @7 212 “OVER"

158 10 12 213 RCL 84 / 4

159 RDN p 214 Rt Y Y Y

160 XEQ "RH"  |P/p,| I8! P 215 - d-y

161 RCL 03 o p ; 216 ¥(=8? | |

| 217 SF 67 !
     

 

 
 

  
 

  



 

 

 

Program WSBIi cic. For Covcicte Desio, IrZ bytes Page_z_of 4

x Y |lzIlT/lL | X1y [z "1 L]
218 / el 274 ST+ 18 '
219 2 2 _‘&_"’— v |y 275 RND
220 FC? 89 "y 276 RCL 18
221 FS? 89 277 RND
222 %=0? 278 %12
223 AVIEW 279 GTO 11
224 GT0 88 289 ENTER® VoY

A 281 Xa M= Y
225¢LBL 10 Rifoal Roet M 282 RCL 04 d v |Y
226 6 k 283 RCL 2 Y |4 M
227 Rt M"Y 6 284 3 '
228 ST0 a 265 / Yz 4 1H M “
229 * 6M 286 - 4 (M Ass."\;’sd
238 RCL 89 N 287 / /;d |
231 » G"M 288 RCL 13 {‘af

232 RCL 13 Fer
233 / 289¢LBL 88
234 RCL 63 b 299 / Ag
235 / o 291 RCL 83 b
236 STO \ " 292 /
WRLS |y 2o3RL 04 J
238 * 294 / P
239 ST0 1 295 =y="
249 LASTX 4 296 GT0 19
241 3
242 » 3d 2974LBL 16 .
243 STO [ 298 STO 82 n-4
244 9 4 299 RCL 81 Fy
245 / 3 300 .85
246 STO 18 381 * A5,
247 E 362 FC? 06
248 7 383 RCL 13 ¥
249 ST0 4 dhap |85 [chin 304 ST0 17 Fou
250 CLST o Far 385 “ARN""

306 PROWPT
251eLBL 11 387 STO 15 Arm
252 RCL 2 308 RCL 04 d
253 ST0 11 389 X)Y?
254 RCL 10 Y1 310 SF 14
255 ENTERt 311 XOY?
256 ENTERt 312 GT0 34
257 ENTERt 313 “ARN ) D*
258 RCL [ A 314 BEEP
259 - 315 PRONPT
260 = 316 GTO D
261 RCL \ B
262 - 317¢LBL 34
263 * s . 318 XROM °L°
264 RCL ) ¢ X-AC-Bx+C-O0 319 CLX
265 + 320 °V, K°
266 ST+ ¢ 321 PROMPT

267 ST- 11 322 ¥=9?

268 RCL ¢ 323 CT0 D
269 RCL 11 324 STO 86 Vv
270 X202 325 RCL 68 hilw.,
27 / 326 RCL @3 b
272 ST0 ¢ 327 ¢
273 X(> 10 328 RCL 04 ;   
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X1y lz [Tlv ]l X1yl =z T /L]
329 » Ve |V '
338 “¥i¥c- 387 ¥(=Y?

331 X(=Y? 388 X(Y Ceecler |Loor
332 BEEP 389 LASTX A,
333 X(=Y? 398 XOY Greder| 4,
334 AVIEN 391 RCL 09 A5,
335 X(=Y? 392 21.25 U2B SSEGresten A,
336 610 D 393 / 4,4 Greder| A,

|

A
337 CLX ! 394 "RHO-MIN="
“TENS N, K 395 ARCL X
339 PRONPT 396 FC? 08
348 STO 87 N. 397 AVIEW
341 “Nov* 398 RCL 03 b
342 RCL 86 V 399 *

343 X(=Y? 480 RCL 84 d
344 BEEP 401 * bowin A
345 X(=Y? 482 X)Y?
346 AVIEN 4083 XOY lewar 4 sadder
347 X(=Y? 484 RDN rechr| A,
348 GTO 34 485 ADY

349 5 496 “PRIN *
356 / Vi [N, Mia. N, - Vi 487 XRON *RS*
351 Y7 T 488 XEQ "PY*
352 STO 67 | 409 - AcAs

353 RCL 86 Vv 418 CHS -,
354 RCL 17 £, 411 2

355 / 412 / RAA)
356 RCL 16 AL 413 *SEC *
357 / 414 XROM =AS*
358 *A-v=" 415 XEQ *PY*
359 XEQ 61 416 GTO 34
368 2
361 * 4170LBL 37
362 3 418 RCL 62 JEp,
363 / 2hhy 419 STO 10
364 %> 86 V Ta o 420 RCL 03
365 RCL 15 Aew, 3hy Rl 421 XEQ °Vs*
366 * My 422 RCL 10
367 RCL 07 Ne 423 STO 82
368 RCL 62 w-4 424 CTO D
369 * o
370 + ™M 425¢LBL 81
371 XEQ 67 Pr 426 ARCL X
372 RCL 63 b 427 XROM °IS°
I3 s 428 FC? 89
374 RCL 04 J 429 XEQ °PV*
375 ¢ Ae 438 END
376 “A-F="
377 XEQ 01
378 RCL 7 Ne
379 RCL 17 ¥, |
389 / A, |A; |
381 “A-N=" b
382 XEQ 01

304 RCL 86 [oAy ! 5
385 LASTX A 1 i o :
T3 VsAR | | 



LOAD FACTOR (ULTIMATE STRENGTH) CONCRETE BEAM ANALYSIS

xeq LFAN (SIZE 029)

SOFTKEYS (USER mode ON)

A All new reinforcing input

C Correct previous layer of reinforcing input

D New beam dimensions

E New acting moment

USER FLAGS

Flag 00 clear Full output
set Only moment capacity and reinforcing

limitation warnings

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 04 clear AASHTO
set ACI

INPUT SUMMARY

Prompt Input Default
AASHTO or ACI A reminder, not a prompt. Press

R/S to continue if correct.

F-Y 40,60 Steel yield stress in ksi 60 ksi

Fc' KSI Concrete ultimate strength 4.0 ksi

FL wW" Top flange width in inches No default

WEB W" Web width in inches. Bypass FL wW"
for a rectangular beam. WEB W"
is greater than FL W" for an
invert-T bean.

FL TH" Top flange thickness in inches. No default
Only prompted if WEB W" is
different than FL W".

H" Total depth of the member (full No default
concrete depth, not depth to
reinforcing), in inches



Prompt

Z 130,170 (AASHTO)

Z 145,175 (ACI)

LF M,'K

SERV M, 'K

MIN FATG M, 'K
(AASHTO only)

> IS1

D"

A-S2, A-S3, etc.

MAX BAR #

A-S'

D-TOP"

Input
Allowable Z-cracking constant
in kips per inch

Factored moment in foot-kips,
always positive. Note: the
program applies the under-capacity
factor phi = 0.90.

Service moment in foot-kips,
always positive

Minimum moment for fatigue
considerations (Service DL + LL).
If reversal takes place, this is
negative. Bypass or input zero
to skip fatigue calculations.

Area of first layer of tension
reinforcing in square inches.
Bypass to access shear design.

Depth to reinforcing, in inches

Area of second (third, etc.)
layer of tension reinforcing.
Bypass (or enter zero) to end
reinforcing input. Layers need
be in no particular order.

Size of the largest tension bar:;
e.g. #8 for a 1" diameter bar

Area of compression reinforcing.

Depth to compression steel

Default
130

No default

No default

Zero

Shear

design

No default

zZero

No default

Zero

No default

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(LF: EST A-S)

(WS: EST A-S)

Estimated reinforcing necessary for the load
factor moment (LF M) input

Estimated reinforcing needed for the service

(RHO)

P/Pb

AS<MIN

@

moment (SERV M) input

The reinforcing ratio

Compares the actual reinforcing ratio to the
"balanced" ratio.

Warns that the area of steel is less than the
calculated minimum. Design is still OK if
the area of steel is greater than 4/3 As-req‘



(Ie)

(C)

LF M

SERV M

(Z STRS)

(ACT STRS)

(2)

(ALL FAT STRS)

(ACT FAT STRS)

(OK or NG)

PROGRAM FLAGS

Flag 05

Flag 06

Flag 07

Flag 08

Flag 09

Flag 10

The "effective" moment of inertia based on

service moment acting

The neutral axis location, measured from the
top down

The "nominal" ultimate strength of the
member, O M,, in foot-kips.

The allowable service moment on the member
based on Z-cracking considerations,in ft-kips

The allowable service reinforcing stress 1in
ksi, used to figure SERV M

The acting service reinforcing stress in ksi

The acting Z value

The allowable fatigue stress on the reinfor-
cing, in ksi

The actual fatigue stress on the reinforcing

Approval or disapproval of the design, based
on ultimate and service strength and fatigue.
Does not look at maximum or minimum steel
areas or constructibility of the design.

clear

set

clear

set

clear

set

clear

set

clear

set

clear

STORAGE REGISTER USE

Register

00

01 F

Value

.85 Fc'/Fy

yl ksi

True T-beam, based on neutral axis depth
Rectangular, or neutral axis in flange

Ic  (WSD)
LFAN (LFD)

OK
NG

T-beam, based on configuration
Rectangular beam

do Z-cracking calculation
don't do Z-cracking calculation

All concrete properties in Fc



Register

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Value

.75 Pbal for T-beam

Web width, inches

Maximum reinforcing depth

g ba?

JFc'/253 for 1.2 M., calculation

Flange width

Present Ag.; D' for compr. steel

N

Flange thickness

H (full beam depth)

Y (neutral axis position) from "Ic"

Z

H - 3" for reinforcing estimates; }A¢

"c" for .75Pp,y

Sgt (reinforcing section modulus)

ICI‘

Bq (beta,)

Min ASt

counter; Ag'

i Ast X D

Mo, inch-kips

Ig (gross moment of inertia of the concrete alone)

.75 Py, for rectangular beams

SERV M (inch-kips stored)

LF M (inch-kips stored)

MAX BAR #

M,in for fatigue



LOAD FACTOR (ULTIMATE STRENGTH) CONCRETE BEAM ANALYSIS

Program LFAN analyzes reinforced beams by ultimate
strength methods, calculating the cracked-section
moment capacity of a given beam configquration for dif-
ferent reinforcing options. It accepts rectangular, T,
or invert-T beams, with or without compression steel
(one layer only), and multiple layers of tension steel.
It is not able to distinguish bars input as tension
steel which are above the neutral axis, so don't in-
clude too many "side bars" as tension reinforcing. The
program also calculates the gross moment of inertia
(I,) of the concrete section, and the "effective" mo-
megt of inertia (I,) as defined by AASHTO 8.13.3 and
ACI 9.5.2.3, using the service moment input.

AASHTO/ACI MINIMUM A

Like most of the structural programs, LFAN follows
AASHTO if flag 04 is clear and ACI if it is set. The
governing code 1is displayed at the beginning of each
run. If it is the desired code, press R/S to continue.
(If using a printer, you won't need to press R/S--it
continues automatically.) If designing by the other
code, change the status of flag 04 and start over.
AASHTO calculates the minimum area of steel by means
of a cracking-moment concept rather than with 200/Fy as
ACI does. If designing by ACI, the 200/F,, ratio is
based on average depth to reinforcing f&% multiple
layers of reinforcing, and on the web width for T-
beans. If working with AASHTO, on the other hand, the
minimum reinforcing is that necessary for a "cracking
moment" based on the concrete gross moment of inertia,
assuming a homogenous material with a strength of 7.5
VEs! (the "modulus of rupture" of concrete per AASHTO
8.%5.2.1). This reinforcing is calculated by ultimate
strength methods, using an effective depth to reinforc-
ing 3" less than the full concrete depth of the member,
and is the same for both concrete flexural analysis
programs, Ic and LFAN. AASHTO is not very clear in its
present form that ultimate strength methods are to be
used for all designs, WSD as well as LFD; however, the
1982 Interim Specifications, where it was introduced,
spell it out a little better. Besides, it doesn't make
sense to have a different minimum for WSD than for LFD.
If the actual reinforcing is less than the minimum, the
program displays AS<MIN; if the area of steel is
greater than 4/3 of what is needed, it still meets code
requirements.



MAXIMUM REINFORCING

LFAN also checks the reinforcing against a maximum
of 0.75P, (75% of the "balanced" reinforcing ratio
based on ultimate-strength concepts) as required by
both AASHTO and ACI. This check does take compression
reinforcing into account, as well as the effect of T-
beam flanges.

MOMENT CAPACITY

The moment capacity is found by calculating the mo-
ment causing full allowable stress in the tension steel
only, as opposed to program Ic, which checks concrete
stresses as well as tension and compression steel
stresses. This is because, in ultimate strength
design, concrete stresses will not exceed the allowable
if the reinforcing ratio is held below .75P,. If the
reinforcing ratio goes above this maximum, the program
displays a warning.

The output moment capacity (LF M=...) includes the
undercapacity factor Phi = 0.90.

At the end of a run, the program displays OK or NG
(no good) in reference to the beam configuration just
run. This reflects ultimate and fatigue capacity and
service load (Z-cracking) capacity. It does not refer
to maximum or minimum steel checks or deflection. 1In
other words, a beam with too much reinforcing will
effect a warning AS>MAX during the run but may well
display OK at the end. This means it has adequate
ultimate, cracking, and fatigue strengths; however, the
beam is not acceptable.

REINFORCING ESTIMATES

After displaying the maximum and minimum steel cal-
culations, LFAN prompts for the acting load factor and
service moments, as well as minimum moment for fatigue.
Based on the load factor and service moments, it es-
timates the amount of reinforcing required for each;
these two quantities usually bracket the actual rein-
forcing required. If fatigue is a consideration, or
if the Z-cracking requirement is strict (Z = 130 or
145), the actual steel required will be closer to the
WSD estimate. If the Z required is higher (170 for
AASHTO or 175 for ACI for "moderate" exposure), the
area of steel required will be closer to the ultimate
requirement. Using multiple layers of steel, of
course, raises the required area since the reinforcing
is being used less efficiently. The program bases
these estimates on the following three assumptions:

1) One layer of reinforcing
2) Effective depth D = H - 3"

2



3) For a T-beam, the neutral axis is within the
flange.

The LFD estimate is a true design, given these assump-
tions. The WSD estimate uses these rules of thumb
(from the ACI Working Stress Handbook) where M is in
footkips and D is in inches:

A
A
S

S

M/(1.76 D) for f5 = 24 ksi (Grade 60)
M/(1.24 D) for f, = 20 ksi (Grade 40)

These two areas of reinforcing are, of course, only es-
timates, but are often useful as a place to start or to
check if a given beam configuration is reasonable for
the load.

FATIGUE AND CRACKING

LFAN calculates the elastic (cracked) section
properties of the given beam configuration in order to
evaluate service (Z-cracking) and, under AASHTO (flag
04 clear), fatigue properties. These calculations are
done by the working portion of program Ic. The section
properties are not displayed by LFAN; however, they are
stored and may be recalled by the user. The program
checks reinforcing fatigue only; concrete fatigue
(0.5 £.') is not checked. According to ACI 343, no
failures have ever been attributed to fatigue of
concrete; and it never seems to govern. However, if
felt necessary, this should be checked by the designer.

Fatigue calculations involving stress reversal are
complicated in concrete analysis, since it is not cor-
rect to simply use the same cracked-section properties
with signs reversed. Any stress calculations on ten-
sion steel under stress reversal usually involve as-
sumptions concerning the opposite layer of reinforcing
(formerly compression steel, now in tension). LFAN
cavalierly makes a number of such assumptions, all
based on concrete bridge slab design:

1) There is only a single layer of steel on
each side.

2) Whether or not compression steel was input,
the "top" steel (normally in compression, now
in tension) 1is assumed to be twice the area of
the steel being investigated for fatigue. This
is predicated on the assumption of equal top
and bottom mats (which is approximately true
for continuous slab design) where the mat under
investigation has had half its bars cut off
(since most moment reversal problems happen at
bar cutoffs).



3) Under moment reversal, the new "cracked"
properties are not calculated precisely. The
program assumes that k' = 0.3 and j' = 0.9
(where j' =1 - k'/3).

Since the compressive force due to moment reversal is
usually very low (on the order of 2 ksi or less) these
assumptions are close enough. However, they really
have no merit except in continuous slab design, so use
negative MIN FATG M's with caution in other designs.

The program also assumes the reinforcing deformation
ratio r/h is 0.8, meaning the maximum allowable fatigue
stress is calculated as 21.0 + 3(r/h) ln)/3 or
23.4 ksi = (fp;)/3. Under moment reversaf i
negative, thusra1s1ng the allowable fatigue stress.

USERFLAGS

The program displays full output (including limit
checks, the neutral axis position, g' er and fatigue
and z—cracklng calculations) if flag 001s clear. If
flag 00 is set, the program displays only the ultimate
and service moment capacity. The limit checks (minimum
and maximum areas of steel) and their warnings are not
disabled by setting flag 00; only the display of the
actual minimums and maximums is suppressed. When flag
00 is set, some quantities (the moments) are not
prompted to be input. Thus it works to set flag 00 in
the middle of a run, but clearing it will cause
problems.

 

All the programs have warning BEEPS for material
property limits and some errors, which sound if flag 02
is set; however, LFAN does not have BEEPs for infrac-
tions concerning minimum steel areas, only displayed
warnings. The program is unaffected by flag 01 or O03.
As mentioned, flag 04 determines whether AASHTO (clear)
or ACI (set) is followed.

SOFTKEYS

Softkeys are used extensively by LFAN for
modification or correction of input. To access the
beam dimension prompts, press softkey D (in USER mode) ;
to input new moments, use softkey E (external 1loads,
maybe?). Softkey C (correct) returns the program to
the previous reinforcing prompt (for multiple layers of
tension steel) while still in the tension steel input
section. Softkey A, on the other hand, starts the
reinforcing input from the beginning (A-S1, etc.) and
may be used any time the program pointer is actually
within LFAN; i.e., any time except while in the shear
design subroutine (see next paragraph) or the
initialization or material prompting subroutines at the
beginning of the program.



SHEARDESIGN

All four of the flexural programs access a shear

reinforcing design subroutine, VS. This is a true

design program, not an analysis progranm. LFAN is

diverted to shear design by bypassing the A-S1 prompt.

Unlike most other "defaults", the prompt must be

bypassed; it doesn't work to input zero; and it must be

the AS-1 prompt. Control returns to the flexural

program by bypassing the A-V prompt in the shear design

subroutine. To use the shear design subroutine, the

designer must go through the flexural program at least

once, since VS uses the beam width and reinforcing

depth from the calling program. VS also uses the Flag

06 setting from the calling program to determine
whether to design in WSD or LFD. In program LFAN,
softkey A can be used to get to the A-S1 prompt, and
thence to shear design, as long as at least one
flexural analysis has been done; VS will use the beam
configuration last run. Note that shear design is by
the simplified equations of both codes and does not in-
clude the effect of moment or external tension or
compression; this was done both to save programming
space and because most designers usually use only the
simplified methods anyway. For more information on
this subroutine, see the documentation for VST, of
which VS is a part.

T-BEAMS

The analysis of T-beams has a few peculiarities
worth mentioning. First of all, the derivation of
.75Pp,7 is based on the actual beam configuration. The
neutral axis position is calculated for .75P,, and if
it is found to be below the flange then everything is
recalculated. This is shown in the T-beam example, to
which reference should be made.

Second, rather than use the distance "c" to calcu-
late the position of the neutral axis, LFAN uses the
dimension "a", where "a", the compression block depth,
is B x c. On most sections, this makes no difference.
However, on those sections where "c" is slightly
greater than the flange thickness and "a" is slightly
less, the usual analysis has the flanges participating
their full depth while the web is only effective to
depth "a." In this situation, the program will have a
different "a" somewhere between the two, and a slightly
greater neutral-axis position "c." The difference is
minimal practically but philosophically makes more
sense. The "true" neutral axis position (i.e. that
calculated by normal means) is still used to check com-
pression steel yield and the value for .75P.

Invert T-beams are easily handled. In this case the
FLL W" (flange width) is less than the web thickness;
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the flange is defined as always being in compression.
The lesser of the two dimensions (flange or web width)
is always used as the width for shear design.

ALLOWABLE STRESSES

Program LFAN also has an idiosyncracy related to
the value of N, the modular ratio, which is needed by
the working-stress portion of the program but which is
not input. LFAN calculates the modular ratio as N =
12-f.' (in ksi), which is correct for the normal range
of concrete strengths used. Note that using a concrete
strength, for instance, of 3500 psi, results in an N
value of 8.5; normal hand calculations would use 9.
This may result in some discrepancies when checking
hand calculations.

REINFORCING STRESSES under ULTIMATE LOAD

Tension steel yield is never checked directly
since, as mentioned, yield must occur if the reinforc-
ing ratio is less than P,,. However, this indirect
check applies at the average depth to reinforcing; in
beams with more than one layer of reinforcing, bars
above this which may not be yielding are not checked.
Practically, the limitation of 75% of P, ensures yield-
ing in most reasonable designs. However, bars placed
as "side bars" in deeper beams may not yield. If
deemed desirable to include these bars in an analysis,
the designer must check that they reach yield strain;
the neutral-axis depth is displayed for this purpose.
If found not to yield, they should be left out, or
their area factored down by the ratio of their actual
stress to the yield stress.

Compression steel yield, on the other hand, is
checked. If this steel is found not to yield, the
program recalculates using a factored-down area as
described in the preceding paragraph. This, of course,
is an approximation, but the error is typically less
than 1% and is conservative. Concrete displaced by
compression steel is accounted for. By way of com-
parison, neglecting to do this is non-conservative, by
about 10%.
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WORKING STRESS CONCRETE BEAM ANALYSIS

xeq Ic (SIZE 029)

SOFTKEYS (USER mode ON)

A All new reinforcing input

C Correct previous layer of reinforcing input

D New beam dimensions

E New acting moment

USER FLAGS

Flag 00 clear Full output
set Only moment capacity and reinforcing

limitation warnings

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 04 clear AASHTO
set ACI

INPUT SUMMARY

Prompt Input Default
AASHTO or ACI A reminder, not a prompt. Press

R/S to continue if not using a printer.

F-S 20,24 Steel working stress in ksi 24 ksi

Fc' KSI Concrete ultimate strength 4.0 ksi

N Modular ratio, Eg¢/E.gnc 8

FL w" Top flange width in inches No default

WEB wW" Web width in inches. Bypass FL w"
for a rectangular beam. WEB W" is
greater than FL W" for an invert-T
beam.

FL TH" Top flange thickness in inches. No default
Only prompted if WEB W" is
different than FL W".

H" Total depth of the member (full No default
concrete depth, not depth to
reinforcing), in inches

1l

&



Prompt

SERV M, 'K

MIN FATG M, 'K
(AASHTO only)

> |S1

D"

A-S2, A-S3, etc.

D"

A-S'

D-TOP"

 

 

Input Default
Service moment in foot-kips, No default
always positive

Minimum moment for fatigue Zero
considerations (Service DL + LL).
If reversal takes place, this is
negative. Bypass or input zero
to skip fatigue calculations.

Area of first layer of tension Shear
reinforcing in square inches. design
Bypass to access shear design.

Depth to A-S1, in inches No default

Area of second (third, etc.) Zero
layer of tension reinforcing.
Bypass (or enter zero) to end
reinforcing input. Layers need
be in no particular order.

Depth to A-S2, etc. No default

Area of compression reinforcing. Zero
Bypass for no compression reinf.

Depth to compression steel No default

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag

(WS: EST A-S)

(RHO)

(Ic)

(Y)

(Sc)

(S-ST)

ST M or CONC M

(Ie)

(ALL FAT STRS)

(ACT FAT STRS)

00 is clear)

Estimated reinforcing necesary for the design
moment (SERV M) input

The reinforcing ratio

Cracked-section moment of inertia

Neutral axis position measured from the
compression side

Section modulus of the concrete

Section modulus of the deepest layer of
tension steel

The service moment capacity, governed by
steel or concrete, respectively

The "effective" moment of inertia

The allowable fatigue stress on the reinfor-
cing, in ksi
The actual fatigue stress on the reinforcing

2



(OK or NG)

PROGRAM FLAGS

Flag

Flag

Flag

Flag

Flag

Flag

05

06

07

08

09

10

Approval or disapproval of the design, based
on ultimate and service strength and fatique.
Does not look at maximum or minimum steel
areas or constructibility of the design.

clear

set

clear

set

clear

set

clear

set

clear

set

clear

True T-beam
Rectangular, or neutral axis in flange

Ic  (WSD)
LFAN (LFD)

OK
NG

T-beam
Rectangular beam

do Z-cracking calculation
don't do Z-cracking calculation

All concrete properties in Fc

STORAGE REGISTER USE

Register Value
00 .85 Fc'/Fy,

01 Fy, ksi

02 .75 Ppy1 for T-beam

03 Web width, inches

04 Maximum reinforcing depth

05 ¢ ba?

06 J?ETVZSB for 1.2 M., calculation

07 Flange width

08 Present Agy; D' for compr. steel

09 N

10 Flange thickness

11 H (full beam depth)



Register

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Value

Y (neutral axis position) from Ic

Steel working stress, fg¢

H - 3" for reinforcing estimates; ¥ Agy

"c" for - 75Ppa41

Sgt (reinforcing section modulus)

ICI’

B, (beta,)

Min Ast

counter; AS'

L Age x D

Moy, inch-kips

Ig (gross moment of inertia of the concrete alone)

.75 Pp,1 for rect. beams

SERV M (inch-kips stored)

not used

MAX BAR #

Mpip for fatigue



WORKING STRESS CONCRETE BEAM ANALYSIS

Program Ic analyzes reinforced beams by working-
stress methods, calculating the cracked-section
properties and moment capacity of a given beam con-
figuration for different reinforcing options. It ac-
cepts rectangular, T, or invert-T beams, with or
without compression steel (one layer only), and mul-
tiple layers of tension steel. It is not able to
handle bars input as tension steel which are above the
neutral axis, so don't get greedy and include too many
"side bars" as tension reinforcing. The program also
calculates the gross moment of inertia (I,) of the con-
crete section, and the "effective" moment of inertia
(Ic) as defined by AASHTO 8.13.3 and ACI 9.5.2.3, using
the service moment input.

AASHTO/ACI MINIMUM Ag

Like most of the structural programs, Ic follows
AASHTO if flag 04 is clear and ACI if it is set. The
governing code is displayed at the beginning of each
run. If it is the desired code, press R/S to continue.
(If using a printer, you won't need to press R/S--it
continues automatically.) If designing by the other
code, change the status of flag 04 and start over.
AASHTO calculates the minimum area of steel by means
of a cracking-moment concept rather than with 200/Fy as
ACI does. If designing by ACI, the 200/F,, ratio is
based on average depth to reinforcing f&% multiple
layers of reinforcing, and on the web width for T-
beams. If working with AASHTO, on the other hand, the
minimum reinforcing is that necessary for a "cracking
moment" based on the concrete gross moment of inertia,
assuming a homogenous material with a strength of 7.5
VEA! (the "modulus of rupture" of concrete per AASHTO
8.%5.2.1). This reinforcing is calculated by ultimate
strength methods, using an effective depth to reinforc-
ing 3" less than the full concrete depth of the member.
AASHTO 1is not very clear in its present form that ul-
timate strength methods are to be used for all designs,
WSD as well as LFD; however, the 1982 Interim
Specifications, where it was introduced, spell it out a
little better. Besides, it doesn't make sense to have
a different minimum for WSD than for LFD. If the ac-
tual reinforcing is less than the minimum, the program
displays AS<MIN; if the area of steel is greater than
4/3 of what is needed, it still meets code require-
ments.

MAXTMUM REINFORCING

Ic also checks the reinforcing against a maximum of
0.75P, (75% of the "balanced" reinforcing ratio based

1



on ultimate-strength concepts) as a matter of good
practice, although neither AASHTO nor ACI requires it.
This check does take compression reinforcing into ac-
count, as well as the effect of T-beam flanges.

MOMENT CAPACITY

The moment capacity is found by calculating the
moment causing full allowable stress in the concrete,
tension steel, and compression steel, if any. The
least of these is the output capacity. The governing
capacity is displayed by the program as either CONC
M=... or ST M=... for concrete or steel, respectively.
If concrete governs, it's usually best to increase the
size of the beam or add compression reinforcing. Note
that the concrete section modulus S already has been
adjusted by N, the modular ratio. See the examples.

At the end of a run, the program displays OK or NG
(no good) in reference to the beam configuration just
run. This reflects fatigue capacity and service load
capacity. It does not refer to maximum or minimum
steel checks or deflection. In other words, a beam
with too much reinforcing will effect a warning
AS>MAX during the run but may well display OK at the
end. This means it has adequate service and fatigue
strengths; however, the beam is not acceptable.

REINFORCING ESTIMATE

After displaying the maximum and minimum steel cal-
culations, Ic prompts for the acting service moment.
Based on this, it estimates the amount of reinforcing
required. Using multiple layers of steel, of course,
raises the required area since the reinforcing is
being used less efficiently. The program bases this
estimate on the following assumptions:

1) One layer of reinforcing
2) Effective depth D= H - 3"
3) For a T-beam, the neutral axis is within the

flange.

The WSD estimate uses these rules of thumb (from the
ACI Working Stress Handbook) where M is in foot-kips
and D is in inches:

Ag M/(1.76 D) for fg
Ag M/(1.24 D) for fg

24 ksi
20 ksi

This area of steel is, of course, only an estimate, but
is often useful as a place to start or to check if a
given beam configuration is reasonable for the load.



FATIGUE AND CRACKING

Ic calculates the elastic (cracked) section
properties of the given beam configuration and, under
AASHTO (flag 04 clear), fatigue properties. The
program checks reinforcing fatigue only; concrete
fatigue (0.5 f.') 1s not checked. According to ACI
343, no fallures have ever been attributed to fatigque
of concrete; and it never seems to govern, even in
heavily reinforced members. However, if felt neces-
sary, this should be checked by the designer.

Fatigue calculations involving stress reversal are
complicated in concrete analysis, since it is not cor-
rect to simply use the same cracked-section properties
with signs reversed. Any stress calculations on ten-
sion steel under stress reversal usually involve as-
sumptions concerning the opposite layer of reinforcing
(formerly compression steel, now in tension). Ic
cavalierly makes a number of such assumptions, all
based on concrete bridge slab design:

1) There is only a single layer of steel on
each side.

2) Whether or not compression steel was input,
the "top" steel (normally in compression, now
in tension) is assumed to be twice the area of
the steel being investigated for fatigue. This
is predicated on the assumption of equal top
and bottom mats (which 1is approximately true
for continuous slab design) where the mat under
investigation has had half its bars cut off
(since most moment reversal problems happen at
bar cutoffs).

3) Under moment reversal, the new "cracked"
properties are not calculated precisely. The
program assumes that k' = 0.3 and j' = 0.9
(where j' =1 - k'/3).

Since the compressive force due to moment reversal is
usually very low (on the order of 2 ksi or less) these
assumptions are close enough. However, they really
have no merit except in continuous slab design, so use
negative MIN FATG M's with caution in other designs.

The program also assumes the reinforcing deformation
ratio r/h is 0.8, meaning the maximum allowable fatique
stress is calculated as 21.0 + 3(r/h) or
23.4 ksi = (fp;n)/3- Under moment reversa
negative, thusralslng the allowable fatigue stress.

Tln)/3



FLAGS

The program displays full output (including limit
checks, cracked section properties, I,, and I,) if flag
00 is clear. If flag 00 is set, thg'program displays
only the moment capacity. The limit checks (minimum
and maximum areas of steel) and their warnings are not
disabled by setting flag 00; only the display of the
actual minimums and maximums is suppressed. All the
programs have warning BEEPS for material property
limits and some errors, which sound if flag 02 is set;
however, Ic does not have BEEPs for infractions con-
cerning minimum steel areas, only displayed warnings.
The program is not affected by flags 01 and 03. As
mentioned, flag 04 determines whether AASHTO (clear) or
ACI (set) is followed.

SOFTKEYS

Softkeys are used extensively by Ic for modifica-
tion or correction of input. To access the beam dimen-
sion prompts, press softkey D (in USER mode); to input
new moments, use softkey E (external loads, maybe?).
Softkey C (correct) returns the program to the previous
reinforcing prompt (for multiple layers of tension
steel) while still in the tension steel input section.
Softkey A, on the other hand, starts the reinforcing
input from the beginning (A-S1, etc.).

SHEARDESIGN

All four of the flexural programs access a shear
reinforcing design subroutine, VS. This is a true
design program, not an analysis progranm. Ic is
diverted to shear design by bypassing the A-S1 prompt.
Unlike most other "defaults", the prompt must be
bypassed; it doesn't work to input zero. And, it must
be the A-S1 prompt. Control returns to the flexural
program by bypassing the A-V prompt in the shear design
subroutine. To use the shear design subroutine, the
designer must go through the flexural program at least
once, since VS uses the beam width and depth to rein-
forcing from the calling program. VS also uses the
Flag 06 setting from the calling program to determine
whether to design in WSD or LFD. In program Ic,
softkey A can be used to get to the A-S1 prompt as long
as at least one flexural analysis has been done; VS
will use the beam configuration last run. Note that
shear design is by the simplified equations of both
codes and does not include the effect of moment or ex-
ternal tension or compression; this was done both to
save programming space and because most designers
usually use only the simplified methods anyway. For
more information on this subroutine, see the documenta-
tion for VST, of which VS is a part.

4



T-BEAMS

The analysis of T-beams has a few peculiarities
worth mentioning. First of all, the derivation of
.75P,,1 1s based on the actual beam configuration. The
neutral axis position is calculated for .75P,, and if
it is found to be below the flange then everything is
recalculated. This is shown in the T-beam example, to
which reference should be made.

Second, rather than use the distance "c" to calcu-
late the position of the neutral axis, LFAN uses the
dimension "a", where "a", the compression block depth,
is B; x ¢c. On most sections, this makes no difference.
However, on those sections where "c" is slightly
greater than the flange thickness and "a" is slightly
less, the usual analysis has the flanges participating
their full depth while the web is only effective to
depth "a." In this situation, the program will have a
different "a" somewhere between the two, and a slightly
greater neutral-axis position "c." The difference is
minimal practically but philosophically makes more
sense. The "true" neutral axis position (i.e. that
calculated by normal means) is still used to check com-
pression steel yield and the value for .75P.

Invert T-beams are easily handled. 1In this case the
FL W" (flange width) is less than the web thickness;
the flange is defined as always being in compression.
The lesser of the two dimensions (flange or web width)
is always used as the width for shear design.

STRESSES

Program Ic (and the other working stress concrete
programs, WSBM and VST) have a couple of idiosyncracies
related to input of the allowable steel and concrete
stresses. First, although the steel stress is a work-
ing stress (usually 20 or 24 ksi), the concrete stress
to be input at the Fc'KSI prompt is the ultimate
strength of the concrete, usually 3 to 4 ksi. The fac-
tor of .40 (AASHTO) or .45 (ACI) is applied by the
program. Second, these programs (in subroutine N) cal-
culate the reinforcing yield stress as Fy = 5 x (Fs-12
ksi), giving 40 and 60 ksi from 20 and 24 ksi respec-
tively. If the designer is using a different allowable
stress (for example, some tank wall designs are done at
14 or 16 ksi to hold down cracking),the calculated
yield stress will be incorrect, invalidating the
maximum and minimum reinforcing checks (all of which
involve ultimate strength concepts and yield stresses).
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XEQ "Ic-

1:46:58 PM 82/87/88

TITLE:

BRIDGE SLAB RN

ARSHTO

N

8.080088 RUN

F-S 28,24

24,0088 RUN

Fec'KSI

4.080808 RUN

FL W*
12,0600 RUN

NEB W*
RUN

H-

18.8088 RUN

[-6=5.832, 80088

1.2Mc=36.7352 'K

A-5=0.4658 S@"

2008/FY=0.08833

. 79Pb=06.08214

R-S1
2.5488 RUN

D-

15.9000 RUN

R-S2

RUN

A-S:
RUN

RH0=8.8133

1£=2,853.1635

Y=5.8376"

Sc=488.7539

6-5T7=35.4435

CONC M=65.1672 'K

R-S1

. 4000 RUN
n-

16,0008 RUN

R-52
RUN

A-S*

RUN

RH0=06.8821

ASCMIN

[c=644,7487

Y=2.6667"

Sc=241.7778

6-5T=6.0444

ST M=12,8889 ‘K
 

A-S1
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TITLE:
ACT WSD EXAMPLE RUN

ACT
N

8.8088  RUN
F'S 28!24

24.0088  RUN

Fc'KSI
4.0088  RUN

FL W"
12.0088  RUN

WEB W*
RUN

H*

18.6688  RUN
1-6G=5,832.0600
1.2Mc=38.7352 ‘K
208/FY=0,0033
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.75Pb=8.8214

SERY M, 'K
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A-S1
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RUN
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RUN
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5c=488.7539

§-57=35.4435
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Ie=3,857.6799
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CF @4

XEQ “LFAN*

SIZE{28
SIZE 828

XEQ “LFAN"

3:13:18 PM 82/88/88

TITLE:

BRIDGE SLAB--LFD RUN

AASHTO

F-Y 48,68

60.0000 RUN

Fc'KSI

4.0000 RUN

FL W*®

12.0008 RUN

NEB W*

RUN
H-

18.8888  RUN
1-G=5,832.0000
1.2Mc=30.7352 ‘K
R-5=08.4668 50"

208/FY=0.60833
.75Pb=8.8214

 

2 138,178
179.0008  RUN

LF M, 'K
188.7188  RUN

SERY N, 'K
62.5568  RUN

MIN FATG M, ‘K
38.9480  RUN

RANGE . 'K
31.6188  RUN

LF: EST R-5=1.7629 S@*
NS: EST A-$=2.3559 S@°

A-S1
1.6988  RUN

n-

15.9088  RUN

il

Size 1L8C‘0J

H P'03r9~

ey asfin

]e_d:mw‘es

A-S52
RUN

HAX BAR #
18.8888  RUN

A-§*
RUN

RH0=0, #1889
Te=2,362.0139
C=2.9239"

LF M=111.4692 'K
SERY M=72.2237 'K

Z STRS=36.0608 KSI
ACT STRS=31.1781 KSI
2=147.2381

ALL FAT STRS=18.2593 KSI
ACT FAT STRS=15.7561 KSI

 

K

A-51
4.2008  RUN

‘n-

15.9908  RUN
R-52

RUN
MAX BAR #

11.0968  RUN
A-S

RUN
RH0=8.8220
P/Pb=8.7722 Yoo wavch stee|

Te=4,156.7368
C=7.2664"

LF M=242.1424 ‘K
SERY M=178.7684 'K

Z STRS=36.00888 KSI
ACT STRS=13.1869 KSI
2=62.2715

ALL FAT STRS=21.2257 KSI
ACT FAT STRS=6.6641 KSI

NG
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DL: 20.94+1.d= 43,37
Le: 3l.pl«), 7= 53,74
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14 m enath

Same : - 111,47 ~97.06" 0K

Far{'ugue
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(2.55 127 _ ]
ket £ -v 2L1% ks, 0K
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SF @4

XEQ “LFAN"

18:13:58 AN 82/89/83

TITLE:

ACI LFD EXAMPLE RUN

ACI
F-Y 48,68

68,0008 RUM
Fc'KSI

4.0008 RUN

FL W*
12,0008 RUN

WEB W-
RUN

H-

18,0000 RUK

[-6=5.832. 00804
1.2Mc=38.7352 'K
208/FY=0.080833
A-5=0.60088 SQ°

. 79Pb=8.8214

Z 145,175
145.0008  RUN

LF M,'K
97.86080 RUN

GERY M, 'K
62.5588  RUN

LF: EST A-S=1.5567 S@°
HS: EST A-S=2.3539 S@-

R-S1
1.6908 RUN

n-

15.9608 RUN
A-52

RUN
MRX BAR #

10.0008 RUN

A-S:
RUN

RH0=0.0089
Te=2,362.8159
£=2.9239°

LF M=111.4692 ‘K
SERV M=67.6438 'K

2 STRS=33.7168 KSI
ACT STRS=31.1781 KSI

2=134.8826

0K
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2 Hetabin - assome Compr. 4 = 6O bei:|

(45:3.5k) x [T« a !

=(5.0<60) (LU 2(O - (3335))

a=4.47"

4.47-2.75.(4".45)
Thea Compt. ‘(’; =47« q447

= 4154 ks

(%7 = comc.strain, 003, « E_: 29000)

Herghion- vse €+ H1.5¢ Le,

(48-35)- 5. q = (5.0~¢0)

~ 176 * (41.54-538)

a= 5.20"

M= ($:.9)+[(5.20° 1545 3.5) (Ul B529)

+\.74,,(41.54-.@).S)fl(u"-z.vs‘)]

- (6-9) (UTTRS5 + 123871) - U96.L1*

- 413,227 Ssmedtol

Note : LFAN uses +his two-itevatiom

grocess, by way of comparisom, an
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ACT Divbly Reinfpreod Beam |

Caleylate glloweble cervice womedt

Albwalle 2 = 175

A= 2 (W-20")157/5 bars = 14.0Voar

d.=4-2" = 3"

2175 i
AMow. €= 3 STy Ho.20 kst >36.0

= vse allw. £, = 36.0 kel

Elaé‘hc' 55, = qz.é?l Ty\a,‘ aC'LH‘ 2_33"0"&.

het, € = B2 . 5010te00K

 

 

S+ Q2.076
SF 08

) 20, XEQ “LFAN"
Ac‘hn% ? = E_Qq_g"'75 F-Y 40,680

’ 60.0889  RUN
= Ua.0 Fo'KSI

3.5080  RUN
FL W

15.8088  RUN
Allow, Sevy. M 3 WEB W*

q2.01C "36.0 Lo < - “ H
! _276.25 240080  RUN

_ Z 145,175
- \73.«,.3,\ s 0K 175.8088  RUN

A-51
5.8088  RUN

nl

21.0880  RUN
A-52

RUN
cd 00 < NAX BAR #

For A-5*
Mo Vv un 1.7688  RUN

D-TOP*
2.7588  RUN

LF M=413.2223 ‘K
SERY M=276.2266 'K
 

A-S1

XEQ “LFAN"
9:39:09 AN 82/15/89

TITLE:

DOUBLE-REINF. BEAM  RUN

SEERERRREEERERERRARREREL
ACI
F-Y 48,68

68.8008  RUN

Fc'KSI
3.5088  RUN

FL W*
15.0088  RUN

WEB W*
RUN

Hl

24,8088  RUN

1-6=17,280.0808
1.2Mc=63.8892 'K
2A8/FY=8.0832

 

A-S=1,8500 S@°
.75Pb=8.8187

2 145,175
175.0008  RUN

LF M, 'K
355.8488  RUN

SERY M, ‘K
233.6088  RUN

LF: EST A-5=4,3795 5@~
WS: EST A-5=6.2846 SQ°

A-S1
5.0088  RUN

n-

21.0888  RUN

A-52
RUN

MAX BAR &
9.6088  RUN

A-S°
1.7688  RUN

D-TOP*
2.7568  RIN

RH0=0.8183
P/Pb=8.4124 0K
Ie=10,568.9777
£=6.1195"

LF M=413.2223 ‘K
SERY M=276.2266 'K

2 STRS=36.008088 KSI
ACT STRS=30.4446 KSI
2=147.9944

 

|

.



 

«

o
N

 

ACT Vovlly Reinforced Beam- UM\L?MS‘»'{T“&

Caleplote Worling Strees Capacity

65* - qz OT6 3w

M, = 42.076<24 ey = 184,15

 

. 10U9%.57 . <3S, S 59et” 240,35 n

Mepne = 12%0,35+« ((UE-3TAT

= gL 17"t

6/ c IO,Q$$o57/$.5

“1 _).54“5'2:75”

 = Z54.50 >

My = ZB4.E0x 24k A7 = 509,00

 

Concrele aover us ° M: \g).17"

o Sectiom i No _Goof by W.sD.

XEQ@ "Ic-"

11:28:41 AN 82715739

TITLE:

DOUBLY-REINF. BEAM  RUN
SEERRRXRERAREARRRRKRRREE

ACI
F-S 28,24

24,0000 RUN

Fc'KSI

3.5880 RUN

N
8.5604 RUN

FL "
15,0088 RUN

NEB N*"
RUN

H-

24,8888  RUN
1-G=17,280. 0000
1.2Mc=63.8892 'K

208/FY=0.00833
A-5=1.8588 S0°
.75Pb=0.0187

SERY M, 'K
233.6080  RUN

WS: EST R-5=6.2846 SQ-
 

A-S1
5.00880  RUN

n-

21.0888  RUN

R-S2
RUN

A-S:
1.7688  RUN

D-TOP*
2.7588  RUN

RH0=6.8183
P/Pb=8.4124 OK

Ic=18,488.5732
¥=7.5985"
Sc=1,380. 3469
§-57=92.8735

CONC M=181.1785 'K
1e=18,568.9777

NG
 

A-S1

 

 



program WEAN /T¢ For _Reinf, C \| sucrete Deam Avxal\{ms 124 bytes Page_Lof 7/

 

 Xy 2 TIL] Xy ]z TT 1]
B1eLBL “LFAN" 55 CLR

82 SF 86 56 RCL 11 d

83 CF 99 57RCL 18 [FLTR

84 GTO 08 58 - eb 4
59 RCL 83 Voot

BSeLBL “Ic- 6O RCL 87  [FLw

86 CF 86
61 LASTX AT FLW

[

Webd|Well

87 SF 89 62 XRON “AY" 7
63 Rt AV Iso T

88eLBL 06 64 ST0 23 I

89 28
65 °I-G="

18 XROM 5" 66 ARCL X
{1 CF 10 67 FC? 08
12 %60 W £ |p 68 AVIEN

13 XOY Y 69 Rt S,

14 STO 18 A 78 6

15 12 v |p, |4 71 s 65

16 RCL 2 "X 72 XROM *Nc*

|

P

17 - ‘ 73 %OV M.,

18 FC? 86 74 1.2
19 PROMPT 75/

20 STO 89 N 76 STO 22 Mer

21 RCL 01 ¥y 77 XOY p

22 41 78 RCL 07 FLW,

23 1Y? 79 ¢
24 SF 89 80 RCL 14 d

25 RCL 82 1504 81 XROM °R

26 STO 24 82 ST0 19 lmq
83 RCL 24 554

274LBL D 84 RCL 14 ed- d

28 CF 68 85 RCL18 8,
29 *FL W°* 86 RCL 88 Ry )

38 PRONPT 87 # iy o) 4| Topy

31 STO 67 88 /

32 "HEB W° 89 » 1e

33 PRONPT 99 STO 15 5Pl
34 STO 63 91 FS? 88
35 RCL 07 LW W 92 GT0 18 C |-y |-50

|

T5p,

36 X=Y? 93 RCL 18 T

|

e

37 SF 08 94 X)¥?

38 CLX 95 CTO 18

39 *FL TH* 9% RCL 69 e| F,

49 FC? 88 97 +
41 PROWPT 98 RCL 87 FLW

42 STO 18 kiTh 99 RCL 83 Wek/ ¥l c

43 “He* 160 - Width

44 PRONPT 101 T,

45 570 11 N (@2RCL 14 |estd
46 3 183 / ¥4/

47 - 184 .75
48 STO 14 et 185 » VoA,ol

49 X12 4+ 186 RCL 24 Thinbh

5@ RCL 87 N1 W 187 RCL 83 Wel W

51 * 108 + Bl |l Ao.ry+d=prb

52 .9 ¢ 189 + pelo
53 # L 118 RCL 87 i

sestoes  |pled 11 / Peyin
112 RDN P    

 

    
 

  

 



Program | FAN/Tc For bytes Pagelof _/

_ 

 

 

          

X (Y12

[

TlL] XTv 1z T ]

1130LBL 10 | 169 7 otAy oMk

114 Rt .‘ISM 170 -NS* A v6d”

115 STO 82 {71 XEQ 03 . it

116 ARCL X . .

117 FC? 99 1720LBL 23 d
118 AVIEW 1730LBL R

174 l

119¢LBL E 175 STO 20 coonten]

128 CLX 176 CLX
121 STO 25 ory. 177 STO 14
122 ST0 26 LF 1 178 STO 21
123 FS? 89 179 ST0 17
124 GT0 13 189 X() 94 Mand

125 XROM °L° 181 XROM °LL®

126 130 182 CF 22
127 *Z 130,170°

128 FS? 84 183eLBL 81
129 *2 145,175° 184 *A-S°

139 PROMPT 185 RCL 20 comher

131 STO 13 Z 186 XROM “AX°

132 FS? 98 187 CLX
133 GT0 23 188 PRONPT Ag
134 °LF° 189 FC? 22 S““"
135 XEQ 10 199 GTO 84
136 STO 26 LF. M 191 X=6? z:‘{*
137 XROM °U° 192 GTO 62 gt

138 STO 14 Es. p 193 ST+ 14
194 STO 08 Ae

139¢LBL 13 195 CF 87
149 FS? 09 196 1SG 20
141 GTO 23 197 =*

142 XROM °L° 198 *D=*

143 “SERY" 199 PROMPT \v)

144 XEQ 10
145 STO 25 eM 2000LBL 12

146 “NIN FATG" 201 Ad
147 FC? 84 282 ST+ 21 ¢ Al

148 XEQ 10 Fidy M 203 LASTX d

149 STO 28 204 Ad

15 ADY 205 ST+ 17 <Ad®
151 RCL 14 Et. 206 SF @7
152 RCL 87 Vg, 207 RCL 84 Mard
153 * 208 LASTX d

154 RCL 11 N 209 X)Y?

155 3 3" 218 STO 04 Mexd
156 - Ea d 211 GTO o1
157 = fs\‘Afl

158 “LF* 2120LBL 84
159 FS? 06 213 RIN Aa
168 XEQ 83 214 STO 94
161 RCL 25 Gorw 215 RCL 83 ow
162 LASTX d 216 RCL 87 be
163 / m/A 217 Y7
164 RCL 61 £y 218 XOY b..
165 S 219 XEQ °V¥S*

1 .26 € 170 (L hed, -2 CTOE
168 4 ‘ ¥ l.qa"\l— {“‘éY:qo ' i



  

 

 

Program LFAN/Tc  For bytes Page3 of [

X 1Y L | X1y [z "TT L]

2210LBL C 278 LASTX N
222 DSE 20 279 ST+ 17 (Adn

223 ** 289 ST+ X in
224 RCL 98 A, 281 E \

225 ST- 14 22 - -]
226 CHS -As 263 RCL 20 !
227 FC? 07 284 +
228 . 0 oA, 285 STO ] DA mAg
229 LASTY d |-A, 286 + sA
238 GTO 12 287 STO [

288 RCL 21 1Ad
2310LBL 82 289 RCL 09 n

232 “MAX BAR #° 294-4—
233 FC? 09 2O+-RE—00-
234 PRONPT Mo ® 299 Ad
235 STO 27 291 RCL 08 d’
236 CF 07 292 RCL ) (1m0
237 CLX 293 +
238 “A-S'" 294 + finAA

239 PROWPT , 295 STO \
249 STO 20 As 296 FS? 88
241 ENTER? 297 GTO 04
242 *D-TOP"* 298 RCL 87 be
243 X)8? , 299 RCL 10 FLTY
244 PRONPT d 308 %12 He
245 STO 08 301 * A
246 RCL 15 ve! C fr B, 302 2
247 - d-c 303 / M/
248 LASTX C 304 RCL 10 1LTh.
249 / 385 RCL 08 v’
250 87 306 - ,
251 * 307 RCL ] tn-0A
252 RCL 61 £, 308 * Ad
253 / =) 309 + cAd

254 E €t 318 RCL 21 A4
255 CHS -1 311 RCL 14 |cAs
256 X)Y? 312 RCL 10 VLT
257 XOY , 313 »
258 RDN may

|

A 314 - AGH]
259 ¢ efe.A, 315 RCL 89 n
268 RCL 14 €A 316

261 + 317 X(=1? x<yls
262 LASTX , 318 GTO 04 S
263 + bty 319 CF 65 VA fae
264 RCL 21 od 320 RCL 07 W
265 / A 2ARCLEI  [whv
266 RCL 67 bel 322 - B
267 / &.p 323 RCL 10 [FLTw
268 XEQ “RH° 324 Ae

269 RCL 19 Min k 325 ST+ [ @A)
270 RCL 14 5A 326 LASTX ™

271 “ASCMIN® 327 ¢ Ad

272 X(=Y? —3|2_
273 AVIEM 329 / Ad/

274 X(=Y? 339 ST+ \ A
275 XROM “L* 331 RCL 03 Vel @

276 RCL 09 N 332 GT0 85 ’

277 ¢ nAq  

 
 

      
 

  



 

 

 

 

 
 

 

Program Lgram LYAN /Te For bytes Pagedof

_

[

X Y ¢ L | X v lz 1T L]

3330LBL 084 387 RCL 89 N

334 RCL 07 flw, 388 * _

335 SF 05 389 RCL 12 N
390 Xt2 YT

|

wA,

3364LBL 85 b 391 » Ay

337 2 392 + f

338 / bl 393 RCL 21 iad

339 RCL ( s A 394 RCL 89 n

349 RCL \ s Ad 395 whd

341 CHS -14d 396 RCL 12 Y

342 %O 2 bl, |ZA 12Ad 397 *

343 XROM -0 _ 398 ST+ X Y

344 STO0 12 Y Ylaskie NA. 399 - -

345 FS? 88 position 400 ST+ 17

346 GTO 68 481 RCL 17 I

347 RCL 180 TlTh 482 RCL 09 n

348 2
4083 /

349 / iz

|

Y 484 RCL 84 |Max 8

358 X>Y? 485 RCL 12 Y

351 GTO 88 _ 486 - i [T

352 - -2 497 / S,
353 Xt2 4 488 STO0 16

354 RCL 10 Th 489 FS? 86

355 X2 TR 418 GT0 86 ,

356 12 41 .4

357 / W 412 FS? 04

358 + 413 .45

359 RCL 10 FL HL. 414 RCL 00 .45&’41

360 * 415 *

361 RCL 07 .\ 416 .85 4%

362 * I,Ad 417 /

/363 RCL 83 WebW 418 RCL 61 &y

364 RCL 12 419 ¢ HBE

365 RCL 10 Flth. 428 RCL 17 Ter

366 - T-th. [Weyw

|

TALS 421 RCL 12 Y

367 GTO 09 422 / Se |45’
423 Me

3684LBL 08 424 FS? 09

369 . 0 425 GT0 11

378 RCL 07 Fl.w 426 ADY

371 RCL 12 T 427 *lc="

— of 428 ARCL 17

3724LBL 09 N |k |3 429 AVIEM

373 3
438 °y="

374 Y4X v’ 431 ARCL 12

375 LASTX 5 A 432 b

376 / NG

|

b

|

Teh 433 AVIEN

377 Iv 434 *Sc="

378 + T cone 435 ARCL L

379 RCL 88 d’ 436 AVIEM

380 RCL 12 Y 437 =5-ST="

381 - . 438 ARCL 16

382 X2 d 439 AVIEW

383 RCL ) an-DA
384 # A 4* 4480LBL11 M.

385 + T 441 ADY

386 RCL 14 1A, 442 RCL 13 £oe
443 RCL 16 Se |4

|

Me        



  

 

 

Program L¥AN /Tec For bytes Page5of /

X Y lz L | X1y lz'T! L]
444+ Mo (M 508 LASTX -C, .
445 *CONC* 501 / e<clal-
446 X(=Y? 502 87 , .
447 *ST* 503 * €5 °
448 X)Y? . 584 RCL 81 €y €S| a
449 XOY Maim 585 X(=Y?
458 RCL 25 CorvM 506 X{)OY Mea |0 QA |FITh
451 XEQ 04 Moz 587 RDN Min &

588 STO a
452¢LBL 86 589 RDN a |FLTh
453 FS? 08 510 X(=Y?
454 GTO 96 S11 CLX
455 RCL 23 Tqtoss 512 %(=Y?
456 RCL 22 Mer 513 GTO 67
457 RCL 25 SM [ 514 RCL 10 Fi Th
458 X=8? 515 RCL 03 Ve
459 GTO 86 Ul 516 STO \
460 / G0 Ty N,A,‘.:‘e 517 RCL 67 FlLW
461 3 Web 918 - - FI.V

462 Y1X ¢y 519 ¢ Fl.Ave
463 * Tqe(Y 528 RCL 08 ,msc.'/,,
464 E | 521

465 LASTX Yy 522 STO [ ¥LA&
466 - =Y - 1
467 RCL 17 Ter S23eLBL 67
468 * T.0<P) L3 S RCL 14 FAs
469 X(8? 525 + A
478 CLX 526 RCL 89 S/
a1+ Ie 527 7 AfYe,
472 RCL 23 15 528 RCL 28 4
473 XHV? 529 RCL 00
474 XOY Ie 538 RCL 61 4
475 °le=" 531 = "S'e(,’

476 ARCL X 332 ST- a e
477 AVIEN 933 7 " /fi'

934 RCL a €
478¢LBL 86 535 ¢ ASG/e| 245l
479 CLA 536 - A4/]
488 FC? 06 537 RCL \ b
481 GTO 25 538 / ‘a-
482 RCL 10 H.Th 539 RCL 21 24,4
483 RCL 14 ZAs » 548 RCL 14 As
484 RCL 20 As . 541 /
485 - AcAs » 542 STO )
486 RCL 08 s . 543 RCL 10 FITh
487 / rtvte| - 544 2 7z mnld [a
488 RCL 20 As . 545 /
489 + | . 546 - tila (a |a
498 RCL 07 be . 547 RCL [ [FA*
491 STO \ 548 * At a
492 7 a ¥, 549 CHS “ !
493 ENTER? 550 Rt a
494 CHS -a (Q M 551 2
495 RCL 18 e, 552 / a/y
4% / c . 553 RCL ] & % -2 a
497 RCL 88 d 554 - -4
498 XOOY -a/p, |4 |a 555 Rt Q
499 + Ao . 556 * a-d | |   

 

  
 

   
 

  



Program LFAN/Ie For
  

 

 

bytes Pageiof 7

X Y [Z L | XIv ]z TTToT
557 RCL \ o | 614 » l 2
558 * A-d, 615 RCL 04 Mesd
559 RCL 99 B8y 616 RCL 11 fi’
560 * . 617 - ¢
561 - =i 618 +
562 RCL 01 #1 | 619 RCL 83 b
563 # -1444, 620 * d. A7
364 RCL ] , | 621 RCL 14 € Ag
565 RCL 08 d | 622 / JeA
566 - ; 623 3
567 RCL 20 Al | 624 1/%
568 # Aadl) 54 625 Y1X IR 2
969 RCL a < 626 / All, iy
578 * 627 RCL 01 %
571 + 628 .6 6%y
572 .9 ¢ 629 #
573 ¢ ™ 630 X)Y?
574 XOY @ 631 XOY AL,St
575 RCL 18 Bi 632 ENTERt AL (AN
576 / c M 633 "SERV"
577 *C=" 634 RCL 16 Sen
578 ARCL X 635 * At M
579 *f-* 636 RCL 25 Cerv M
589 FC? 89 637 XEQ 84
581 AVIEN 638 FS? 089
582 ADY 639 GTO 23
583 X()Y ™ 640 ADV
584 “LF* 641 CLX
585 RCL 26 Lr M 642 RCL 13 T Al
586 XEQ 84 643 XOY M Sl Z
587 FS? 89 644 2
588 GT0 25 645 XEQ 11
589 RCL 13 Z 646 RCL 25 [oerrh
598 RCL d d Z 647 RCL 16 Sev

591 FIX 2 648 / Aet stey| All Sty 2
592 RCL 27 [May 2 649 “ACT*
593 %12 s | 650 XEQ 11 |
594 81 4 |2t d 651 7 Mha 2
595 X2Y? 652 / Act®

596 X)Y? 653 *2=*
597 GT0 67 654 ARCL X
598 CLX 655 AVIEN
599 1.1
688 YtX 656¢LBL 25
681 125 657 FS? 00

658 GTO 23
6824LBL 67 659 23.4 234
603 / Areq Areq of ome 668 RCL 28 M
684 RND bor 661 FC? 84
685 XOY d el 2 662 %=087
686 STO d 663 GTO 87
687 CLX 664 RCL 16 S
688 RCL 21 ZA,d 665 7 tuy 734
689 RCL 14 sh, |Asd |Area 666 X)8?
610 / & b 2 667 CT0 86
611 RCL 11 K
612 - t-H
613 ST+ X d |Mea    

 

 
 

 
 

  
 

  



 

 

 

 

  

Program _LFAN/Te For bytes Page/ of _J

X (VY |Z L' X!y ilz!T!L]|
668 RCL 11 H
669 RCL 04 Woxf 708LBL 84 Mind Madlg

o | 710 SF 07
%256 672 / # -{‘MT\ 1314 711 RDN Mulc,

Y\C‘(Gfsd.( 673 .3 712 XROM =M="

674 - 713 XEQ PV
675 714 RN
676 1.4
677 / ) 715LBL 10
678 CHS fi 26 F *

717 CLX
679¢LBL 86 718 XROM *N-
680 STO 84 €uin 719 PRONPT Mz
681 3 720 ¢ M
682 / € 3 221 RTN
683 - MlL<

634 ADY 7220LBL 83
685 “ALL® 723 *F: EST *
636 XEQ 08 724 XROM “AS*
687 RCL 25 Sary M 225 X267
688 RCL 16 S o 726 XEQ Py
689 / Actd 727 END
699 RCL 04 fuin
691 -
692 “ACT* et AN
693 XEQ 99
694 XOY?
695 SF 87

6960LBL 87
697 ADV
698 CLA

699 XROM “OK"
760 AVIEN
781 GT0 23

7824LBL 98
783 *F FAT*

7849LBL 11
785 XROM °K*
786 XEQ PV
787 RTN           





CONCRETE SHEAR REINFORCING DESIGN

xeq VST (SIZE 015)

SOFTKEYS (USER mode ON)

A New area of shear reinforcing

D New dimensions

USER FLAGS

Flag 00 clear Full output
set Title block not printed (output is not

affected by flag 00)

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 04 clear AASHTO
set ACI

INPUT SUMMARY

Prompt Input Default
WSD? Asking if by working stress 1 (WSD)

design. Answer 1 (yes) for WSD,
0 (no) for LFD.

F-S 20,24 or Reinforcing working or yield 24; 60
F-Y 40,60 stress for WSD or LFD, respec-

tively, in ksi.

Fc'KSI Concrete ultimate strength (for 4.0 ksi
either WSD or LFD)

B" Beam width (or web thickness), Previous B
in inches

D" Beam depth to outermost layer Previous D
of tension reinforcing, in inches

A-V Area of shear reinforcing, sq. Zero
inches; e.g. for one #5 stirrup
input 0.62. Bypass (or input zero)
to get new dimension prompts in VST
or return to flexural program.

V, K Design shear, in kips. For LFD, Zero
this must have the load factor
included; however, the program
applies the undercapacity factor

ghi = 0085.



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag

\Ye

SPA

.5Ve>V

V=Vc NG

PROGRAM FLAGS

Flag 06

Flag 10

00 is clear)

The portion of the total shear taken by the
concrete, in kips.

The required stirrup spacing, in inches. Appends
(MAX) if the spacing is governed by maximum
spacing rules rather than shear requirements.

States that the design shear is less than half
the allowable concrete shear; no shear reinforcing
is necessary.

Design shear is too large for the given section.
Increase section (or concrete strength).

clear WSD

set LFD

set Quick return from subroutine N

STORAGE REGISTER USE

Register
00

01l

02

03

04

05-07

09-12

13

14

Value

Fc', ksi

Fy, ksi

Vc, kips (concrete shear)

B"

p"

Not used

JFET, ksi

Not used

Fges, ksi (WSD only)

Bll



CONCRETE SHEAR REINFORCING DESIGN

Program VST designs the shear reinforcing for rec-
tangular concrete beams. It can also be used for T-
beams by simply inputting the web thickness at the B"
(width, inches) prompt. VST will design by either
working stress (WSD) or load factor (LFD) methods. It
uses the ACI code if flag 04 is set; AASHTO is followed
if flag 04 is clear. In LFD there is no difference
between the two; in WSD, ACI allows a somewhat higher
concrete shear than AASHTO. No matter which code is
followed, VST uses the simplest shear design formula,

SPA = (Fgy or Fy) x D" x A,/ (V - V).

It does not use the more complex moment-interaction
formula.

After the dimensions and material properties are in-
put, VST calculates and displays the concrete shear
contribution, V¢, in Kkips. It then prompts for the
area of shear reinforcing to be used,and then
repeatedly calculates the stirrup spacing required for
shear loads input. This allows the designer to quickly
find the necessary spacings for varying shears along a
beam. To input a new stirrup area (A-V), bypass the V,
K (shear, in kips) prompt or press softkey A in USER
mode. To input new dimensions, bypass the A-V prompt
or press softkey D in USER mode.

MAXTIMUM SPACING

The program follows all code provisions for maximum
stirrup spacing (d/2 or 24") and maximum and minimum
shear loads. In the case of small heavily loaded beams
with large stirrup areas, the maximum spacing is cut in
half (AASHTO 8.15.5.3.8/8.16.6.3.8 and ACI 11.5.4.3) to

d/4 or 12". The recommended procedure if this happens
is to decrease the stirrup size and run it again. The
minimum area of shear reinforcing (per AASHTO 8.19.1.2
or ACI 11.5.5.3) 1is also checked. This sometimes
governs the design of large, lightly loaded beams. See
the examples for clarification.

FOOTINGS and SLABS

Footing and slab designs are treated differently:
they require no shear reinforcing for V < V_. For
these, any minimum shear reinforcing output (i.e. any
SPA with (MAX) appended to it) is incorrect.



FLEXURAL SUBROUTINE

The main shear design program VST contains a sub-
routine, VS, which is called by the four concrete
flexural programs (WSBM, LFBM, Ic, and LFAN). This
subroutine is identical to VST except it uses the
material properties and dimensions of the beam being
investigated by the calling program. In the case of
the analysis programs LFAN and Ic, which accept T-
beams, the width used is the smaller of the web thick-
ness or the flange width (the latter would be chosen
for invert T-beams). The depth used is to the deepest
layer of reinforcing (if there is more than one layer
of tension reinforcing). To return to the calling
program, bypass the V, K prompt and then the A-V
prompt. The analysis programs return to the moment in-
put sequence, while the design programs prompt for a
new section.



 

T

~N

 

AA%HTO LF.D. .
Shear DQ?\%V\ A
 

 

     

 

LL = %3x36.0: 60.0
4.0-13=109.2.k

V.= 108.2/¢¢=.95) - 754 = B3> k

= Av"pyl - ,a01w133"

Ve 53.33 14.45Sga.

 
 

 

 

Desian  shear re?»\{’wc]w& ‘ |
€~ “His beam - @ 4 Porut” |

- L= 2.0 |
Lo LL=% -20.28= 33.75
T 45.75 x 1. 3=5UE

o | m|y .44
- o m V= =——= - 75.14 L <«

o6ooo|— .
- > (Jse Mox, Soq. = 165"

| (<" | ' -

|
!

£, = dooD ¢
<, - ;
1760 ke XEQ "VST*
o 3:52:49 PM 12/12/88

Ve = 24000 x k=33« T5.14 k
TITLE:
RECT. BEAM RUN

# ~ - . " EEEXEXEXEXEXEXREREEEXR

Use 4 shirvops- Ay=2:720:.40¢ :;n: seaERE *

0.0008 RUN O ="no'=>LFD
AASHTO

Max, Soacing F-Y 48,68
) Sot 68.0088  RUN i

..

20

b Fc'KSI |
Avomin 7 (AASKTO 4.04.1.2) o008 RUN E

.40 < b0, 000 B- |
Max  spe. = Tg5, & . 18.6089  RUN !.

33.0000  RUN |

d

_

33" - Zé'é?. " Govorn :i:ii;liiztiuunnun
o £ = 6.5 RS A-y |

o Max = .4008  RUN |

v, K

@Reaction, SPA=14 34332?'2%8 o
DL = 24.0

99.4808  RUN
SPA=16.5080" (NRX)

38.0088  RUN



 
 

 

     

 

 

 

Z

4 Aci LFD. Sheay Des «»\[, |

|
[

Dee‘;%\/\ sheay rdw@rfl?m& |
Lo~ VHIs beam - |

SF w4 ACL

XEQ "VST"
3:54:16 PN 12/12/88

- 2

~[ TITLE:
RECT. BEAM 2 RUN

o e EEREEXREEEXXXREEXXRKXRXX

zes oo| —# WSD? |
i 0.0000 RUN  O="ny=>(FD]

oo *___'_‘flfl* AcI ‘

2 60.6000  RUN
o /. - Fc'KSI !

=2, £ = uooo 9 4.0009  RUN |
::_l_ {Y = 90 Lél B- }

~z : . 18.6008  RUN l

< Ve = 2‘)4000 x 4'~33« 75,14 k D< c .

2 33.8000  RUN
Vc=75.1357 K
EEXRERREEEEREXREERXXXRXK

Usge *{ 5“’7!‘{‘0?5' A, = .20 400" A-v
.4000  RUN

M - V, K

2K, ©0acTng 94,8008 RUN
50 b SPA=16.5008" (NAX)

AV'M\lk.. —O{ITbi (ACI "450503) ---------

1 Y, K
qu‘ 0S Max <pe,

=

0c0.00 RUN |
ax eq = 50‘ ‘4 EXEREXXRXXXLRLXKR B\(Po >®

n_v fPO\\‘?4 4'O

. 2200 RUN Try 22 by

d 23 = 2667" Cotens  ao 1 ¢or €223 . 5" <Lomms v, K .
o Max - 4" 94,8008  RUN |

SPA=11,9691" |

v, K |
(@ Rea g:‘hm ;

 DL: LU=« 24.0 = 32.06

LL= 1.7 #36.0: 6. 2
W4 k

Vor Q4D /ge qg) - 754 = 236,39 k
= Av'pj! .“0460133"

Sfa- =TT T a0

U$& té“ 6gac‘.v\% En:_[Tr; 324

= 71.76" 
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AASRTO W.s.D. Shear DcsT%L\. %

Frowm <he preceoQTm&=
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CF 84 ARASKTO

XEQ “¥ST"
3:56:10 PN 12/12/88

TITLE:
RECT. BEAM 3 RUN
ERRXRERRRAEERREEXRAERREX

KSD? ,
18088 RN wWsD —> 1 ="yes

ARSHTO
F-$ 20,24

24.8098  RUN
“Fo'KS1

4.0000  RUN
Bu

18.0088  RUN
n-

33.6000  RUN
¥c=35.6895 K 45T bd
SEEREXRREREREEREEERRRRES

A=Y
.4008  RUN

v, K
24.3180 RN Oops-wrong womben

SPA=16.5000" (HAX)

60.0808  RUN

SPR=13.8314"

32,2580  RUN
SPR=16.5088" (MAX)

 



  

 

 

Program VST For Sheav- &Qn ] 05 263 bytes Page | of 2

v

X!y [zZ [TlL{ X vz T TL]

P1eLBL "VYST" S4eLBL 81

82 14 55 RCL a

83 XROM “M° 56 XROM °L*

@4 SF 18 57 STO a A,

95 XEQ N 38 CLX

86 ST 99 Vol 59 ¥, K°

| ¢ 68 PROMPT v

7+LBL D 61 X=87

98 XROM “BD* v 62 GTO A

89 RCL 83 P 63 24 24

19 STO 14 64 RCL 94 d

{1 RCL 89 4 65 2 2

|

d ||V

12 XEQ 92 66 7 4y |24

13 GT0 D 67 XOY?
68 XOOY Max4en

140LBL °¥S* B’ 69 STO [

15 STO 14 78 Rt v

16 XROM “Ls* 71 .85 d

17 “SHEAR® 72 FC? 86

18 AVIEW 73 SIGN

19 RCL 99 Sy 74 / Vv

20 RCL 81 £ 75 RCL 82 Ve

21 =
76 2 .

22 .85 , 7/ Ne/e

|

V

23 / £ 78 XOY?
79 *.SVe)Hv" "0 shear

244LBL 82 89 X>Y? reimd.

25 E3 000 81 AVIEN needed

26 / 82 X)Y?

27 SQRT T 83 GTO 81

28 STO 98 84 ST+ X Ve |V
29 .95 85 - v,

38 FS? 04 86 RCL 08 o

3 1.1 87 FS? 86 ¢

32 FS? 86 88 ST+ X

332 fador 89 RCL 14 b

34 RCL 08 99 RCL 04 d ,

35 Ve 91 * b4 b |TZ, V?‘

36 RCL 14 v 92 * Vit

|

Vae
37 % 93 / V‘T~~

38 RCL 94 94 2 2.1

39 # 95 X>Y?

48 STO 82 Ve sk 9% SICN
41 “Yc=" 97 ST/ [ X

42 ARCL X 98 CLX Flax Spa.3n M1

43 °F K 99 1.1 .

44 FC7 98 FsroL 180 FC? 96 L1 ouly e AT

45 AVIEN ov 181 FC? 84
Fc104 182 SIGN 1ovl)

464LBL A 103 4 '
47 XEQ “Ls* 194 + ettt VY

48 CLX 185 X)¥? floedA"oug Var

|

Ver

49 “A-y- 186 GTO 90

58 PROMPT 187 *V-Yc NC"

51 X=8? 188 BEEP

52 RTN 189 AVIEN

53 STO0 a Ay 118 GTO 01 ;
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126 E3
127 RCL a
128 RCL o1
129 RCL 14
138 /
131 #
132 28
133 #
134 XOY?
135 XOY
136 RCL [
137 XY
138 XOY
139 Rt

140 XOY
141 *SPA="
142 ARCL X
143 b
144 X#Y?
145 *H(NAK)®
146 AVIEN
147 GT0 o1
148 END

54

May

éfa.?
Spa-

B’

 

T

;
|
i

|

Sp4

%pa

 

 

 

Ay

 

Sfa

44

Spa

Mad

  

AvS?Q.= _fi‘&._d—

Max. Sga.* Ay £,:20

 
 

  
 

  



CONCRETE CORBEL DESIGN

xeq CORBL (SIZE 018)

SOFTKEYS  (USER mode ON)

d

D

USER FLAGS

Flag 00

Flag 02

Flag 04

INPUT SUMMARY

Prompt

WSD?

AASHTO or ACI

Estimate required depth given width and load

New corbel dimensions

clear

set

clear

set

clear

set

F-Y 40,60 (LFD only)

N  (WSD only)

F-S 20,24 (WSD only)

Fc'KSI

MU 1,1.4

B"

Dll

Hll

Full output
Only PRIM A-S and SEC A-S

Warning BEEP disabled
Warning BEEP enabled

AASHTO
ACI

Input
Asking if by working stress
design. Key in "1" for yes
(WSD), "o" for no (LFD)

A reminder, not a prompt; push R/S

Reinforcing yield stress, ksi

Modular ratio, E-st/E-conc

Reinforcing working stress, ksi

Concrete strength in ksi (always
ultimate strength)

Friction coefficient. 1.4 for
integrally cast concrete, 1.0 for
"intentionally roughened" cold
joint, 0.6 for cold joint

Corbel width, inches

Depth from top reinforcing to
bottom of corbel, in inches

Total depth of corbel, in inches

Default

1 (WSD)

60 ksi

8

24 ksi

4 ksi

No default

Previous B

Previous D

Previous H



Prompt Input Default

ARM" Distance from face of supporting No default
member to centroid of vertical

in inches

V, K Vertical load, in kips. 1If Zero
bypassed or zero input, prompts
for new dimensions

TENS Nc, K Horizontal tension force due V/5
to temperature, shrinkage, etc.

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(A-V) The area of steel for shear

(A-F) The area of steel for bending

(A-N) The area of steel for horizontal tension

(RHO-MIN) Minimum reinforcing ratio, .04 Fc/Fy, for
PRIM A-S

PRIM A-S Primary (top) layer of reinforcing

SEC A-S Secondary layers of reinforcing

PROGRAM FLAGS

Flag 06 clear
set

Flag 07 clear
set

Flag 09 clear
set

Flag 10 clear

WSD
LFD

bending moment OK
NG--too much bending moment in moment
reinforcing subroutine

LFBM or WSBM
CORBL

subroutine N runs full length



STORAGE REGISTER USE

Register
00

0l

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

Value

.85 Fc'/Fy

Fy, ksi

(H") - (D"), to calculate moment due to TENS Nc, K

B" (width, inches)

D" (depth from primary reinf. to bottom of corbel)

PBD? (f = .85 for shear and corbel moment)

V, K (vertical load, kips); 2/3 Av

H"; TENS Nc, K (horizontal tension force, kips)

Allowable concrete shear stress, ksi

N (modular ratio) (WSD only)

D/3 (WSD trial depth for neutral axis iteration)

Trial for iterative solution to neutral axis
position (WSD only)

.45 Fc' (ACI) or .40 Fc' (AASHTO) (WSD only)

F-S KSI (allowable steel stress) (WSD only)

Rigeal (see example for equations) (WSD only)

ARM" (distance from center of load to column face)

Mu (friction coefficient)

@ Fy (LFD) or Fs (WSD) for horizontal tension





CONCRETE CORBEL DESIGN

Program CORBL designs the reinforcing for concrete
corbels using either load factor (ultimate strength) or
working stress (service) design. It follows AASHTO if
flag 04 is clear, and ACI if flag 04 is set. AASHTO
uses somewhat lower allowable stresses for WSD; for LFD
the two codes are identical (except for factoring the
loads, which is done by the user).

If flag 00 is set the display of A-F, A-N, A-V (the
three component reinforcing areas), and RHO-MIN (the
minimum primary reinforcing ratio) is suppressed; the
program outputs only the necessary design quantities
PRIM A-S and SEC A-S, the primary and secondary areas
of steel.

WARNINGS

CORBL checks several items and displays the follow-
ing warnings (with BEEPs if flag 02 is set) if they are
violated:

vV > Vc Shear is greater than allowable concrete
shear stress; new dimensions are
prompted

Nc > V Horizontal tension is greater than
shear; new loads are prompted

ARM > D The position of the load with respect to
the face of the supporting member is
greater than the depth of the corbel;
new dimensions are prompted

The program also checks that the calculated primary
(top) area of reinforcing is greater than the specified
minimum.

LOAD and UNDER-CAPACITY FACTORS

The designer must be careful to input the correct
loads to CORBL. If using LFD (Strength) design
methods, the forces must have the load factor applied
by the user. However, they must not include the under-
capacity factor Phi (0.85), which is applied by the
program. If using working stress design, this is not a
problem.



HORIZONTAL TENSION

Both codes specify a minimum amount of horizontal
tension on the corbel (due to thermal effects on the
beam, concrete shinkage, wind, etc.) of at least one-
fifth the vertical load. If a "TENS Nc, K" force less
than this is input, the program uses one-fifth V.
CORBL also checks that this horizontal force is no
greater than the vertical force, as mentioned above.

LISTING

CORBL is within the same program as WSBM and LFBM;
the program listing has been placed with the documenta-
tion for these two programs.
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a0V k

A

 € 
XEQ =CORBL*

7:27:87 AN #7/16/87

TITLE:
DEPTH EST, RUN
EREEEXRRRXEREXRRARRAREEE

HSD1?
8.0088  RUN

AASHTO
F-Y 48,68

60.0608  RUN

Fc'KSI
4,0000  RUN

MU 1.1.4
1.4800  RUN

B-

14,0008  RUN
n-

8.0008  RUN
Y

66.9888  RUN

TRY H=9.9732°

B-

14.0808  RUN
n-

8.8088  RUN
H-

10.8688  RUN

ARM*"
2.5888  RUN

EEESEEERELSEERARREEARAES
¥, K

66.9886  RUN
TENS Nc, K

8.6088  RUN
R-¥=8,9376 Se*
A-F=8.4948 S@°
A-N=8.2624 SQ°
RHO-NMIN=0.08827

PRIM R-5=0.8878 S@°
SEC A-5=0.3123 S@*

90.0088  RUN

Load Factw
bcs'n,n

{ridion
coefl.

degth vmkoanm

EshM({J
Depth

Cenerete

B -

14,0000  RUN
n -

18.8888  RUN
H -

12.0808  RUN
ARM*"

2.5008  RUN
XXXERXXERRSLKRRXL

V. K

99.0008  RUN
TENS Nc, K

8.0408  RUN
R-¥=1.2685 5@°
R-F=8.5294 S@°
A-N=8.3529 S@-

RHO-RIN=8.00827

PRIN R-5=1.1933 S@*
SEC A-5=0.4202 Se-

66.9888  RUN
TENS Nc, K

8.8088  RUN
A-v=8.9378 S@*
R-F=8.3968 SQ°
R-N=8,2624 S@*

RHO-MIN=8.0027

PRIN R-5=0.887@ S@-
SEC A-5=8.3123 S@*

v, K

RUN

Overstress €oe V:40.0k

Tr\/ new

section

TPY new/

seetion  
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XE@ -CORBL*"

7:33:55 AN @7/16/87

TITLE:

CORBEL DESIGN-PED RAMP

RUN

SEEXEREEREERERXEERERRXRS

NSD?

1.08000 RUN

RASHTH

N

8.0000 RUN

F‘S 28)24

24,0008 RUN

Fc'KSI
4.0000 RUN

MU 1,1.4

1.4000 RUN

B-

14,0000 RUN
n-

8. 5000 RUN
"-

10.5000 RUN

ARN"
2.5600 RUN

SEEEEETRERELEEEEEEREEERL

¥. K

43.0000 RUN

¥o>¥c

B-

4.0000 CLX

14,0000 RUN
n-

10.5000 RUN
H-

12.5000 RUN

ARM-

2.5000 RUN

SEEELEREREEELEALRE0%S

V. K

43.0000 RUN

TENS Nc. K
0.0000 RUN

A-¥=1.2798 S@°
A-F=8,5328 S@°
A-N=8.3583 S@°
RHO-MIN=8.0827

PRIM R-S=1.2115 S@°
SEC R-5=08.4266 50"

 

“CORBL" - Vr(k?n% 5*@“&

Werki-a Sress D«Zag

Corlel %00

omel|

00?‘

 

¥. K
43.0000 Kun

TENS Nc: K
44,0004 RUN

Nc)Y

¥, K
43.0000 RUN

TENS Nc, K
8.8008  RUN

R-¥=1,2798 S@°
A-F=8.5328 S@°
A-N=8,3583 S@°
RHO-NIN=8.08827

PRIM R-5=1.2115 S@°

SEC A-9=0.4266 S@°

RUN

SHORT FORM with m:oa set:

SF 86

XEQ “CORBL*

WSD?
1.0808  RUN

N
8.0088  RUN

F‘S 28»24

24,0000  RUN
Fc'KSI

4.0008  RUN
MU 1.1.4

1.4088  RUN

B*

14,8000  RUN
D

10,5088  RUN
H*

12,5088  RUN

ARN"
2,5008  RUN

SEERERRRLRERRRRREKLLLR

v, K
43.00080  RUN

TENS Nc, K
RUN

PRIM A-$=1.2115 S@°
SEC w-5=08.4266 5@°

Teasion sreqter

+han alloweble

no mote loadst

new section

ne 41 tle

bloek

no breakdown
of feint. caleg

Ouly fiva |

stee] areas  1



REINFORCING BAR WEIGHT SUMMATION

xeq BWT (SIZE 004)

SOFTKEYS (USER mode ON)

A Gives total weight of reinforcing (J), then returns to
program. Can be checked at any time.

B Common BAR size for succeeding bar sets. Bypass the
prompt to return the program to the BAR # prompt at
each bar set.

C Correct an error. Subtracts the weight of the last bar
set input from the sum of the weights.

c Clears the sum (and the common BAR size, if any) and
starts over. (The total is also zeroed every time
BARWT is executed.)

USER FLAGS

Flag 00 clear Full title block if printing.
set Title block is skipped if printing;

output is not affected by flag 00.

INPUT SUMMARY

Prompt Input Default
BAR # Standard CRSI bar sizes 3-11, No default

14, and 18. Also recognizes 1/4"
pencil rod (#2).

QUANT The quantity of bars in a given No default
bar set

L FT.IN Length of one bar in feet and No default
inches. Thus 12'-7 is input
12.07. For a variable bar length,
key in the shortest length, enter/,
then the longest length.

BAR (From softkey B) The bar size Zero
common to succeeding bar sets.
Bypass to get BAR# prompt back
for each bar set.



OUTPUT SUMMARY (Flag 00 has no effect on program BWT)

WT Weight of a given set of bars.

Y (From softkey A) Total weight thus far.

['- Weight = NeW'Z (From softkey C) The corrected total after
subtracting an incorrect entry.

PROGRAM FLAGS

Flag 21 set Controls display/printing

Flag 27 set Turns USER mode on

STORAGE REGISTER USE

Register Value
00 Bar weight for a given size bar; Weight x Quantity

01 Current bar set weight (for softkey C)

02 Summation of weights

03 Common bar size



REINFORCING BAR WEIGHT SUMMATION

Program BWT is used for calculating and summing the
weights of reinforcing bars. Upon execution, BWT
prompts for the bar size (BAR #), the number of bars of
that type (QUANT), and the length of each bar (L FT.IN)
in feet and inches. Six feet eleven inches is input as
6.11; 12'-3 is 12.03. See the notes concerning length
and variable bar sets on the next page.

BAR SIZE

For regular reinforcing bar sizes, answer the BAR #
prompt with the bar size (3-11, 14, 18); for 1/4" pen-
cil rod, respond with a 2. Responding with other num-
bers will give strange results because the program uses
a weight calculation algorithm based on the bar number
to figure a given bar's weight. For instance, the
program calculates the weight of a #12 bar as 6.428
pounds per foot, between that of a #11 and #14 bar.

If the bar list has many bars of the same size
(diameter), press softkey B and key in that size in
response to the BAR prompt. The BAR# prompt will be
skipped for succeeding bar sets, and the program will
use the BAR size input for softkey B. This feature
saves a lot of repetitive input. To get the BAR#
prompt back (e.g. if the bar size changes), press
softkey B again and bypass the BAR prompt (press R/S
without keying anything in).

WEIGHT SUMMATION

As mentioned, the program adds all weights to
register 02, which is zeroed at the beginning of the
program. This can also be accomplished by pressing
softkey c (shift, SQRT). The program gives no evidence
that it has cleared anything; the first time through,
the user may wish to use softkey A to check it. See
the final paragraph, regarding accidental clearing.

BWT actually sums the rounded-off weights, as deter-
mined by the display format. Since bar lists usually
state the weights to the nearest pound or tenth of a
pound, it is suggested to set the calculator to FIX O
or FIX 1 format, respectively, before starting (or soon
thereafter). Then the sum figured by the program will
be the same as the total of the weights on the bar
list; there is no round-off difference.

In order to get the total of the weights (which is,
after all, why we're doing this) press softkey A. This
can be done at any time, as many times as desired.
After viewing the sum, pressing R/S gets you back into
the input sequence, carrying your total. As mentioned

1l



above, press softkey c (lowercase; shifted) to clear
the total and start over.

LENGTHS

As mentioned, lengths are input in feet and inches,
which is usually how bar lists state them. If a length
is mistakenly input in decimal feet (e.g. 6.17 for 6'-
2"), the program will catch it and shunt you back to
the L FT.IN prompt for another go. It does this by
checking that the fractional part of the length is less
than .12; the only thing it can't catch is an input of
6'-1", for instance, as 6.08, which it sees as 6'-8".

VARIABLE BAR SETS

For a group of variable bars, key in the length of
the longest bar, enter/ , then key in the length of the
shortest bar and press R/S. Again, input must be in
feet and inches. The program takes the average of
these lengths, times the number of bars (QUANT) input.
It's good to try this a few times to get comfortable
with it. |

ERROR CORRECTION

There are several ways to make mistakes with this
program. The first and easiest, of course, is to
simply key in the wrong number in response to a prompt.
This is fixed by pressing softkey C (for "correct")
after the incorrect weight has been displayed. The
program will remove this weight from the total and
return youto the input sequence. This can be done any
time between when the incorrect weight is displayed and
when the next weight is calculated and displayed
(i.e. any time before you key in the next L FT.IN and
press R/S). If you realize too late and finish input-
ting another bar, re-input the incorrect bar
(incorrectly, as before) and then press softkey C
twice, thus subtracting the incorrect weight twice.
All of this, of course, hinges on realizing that a mis-
take has been made in the first place, which is the
really tricky part.

Another mistake that happens when using the softkey
B feature is to get used to bypassing the bar size, and
then forget to input it when you're supposed to. Then,
if you're paying more attention to the bar list than
the calculator (the usual case), the BAR # prompt gets
the quantity input and the QUANT prompt gets the length
input. If the length happened to be an even number of
feet, you'll be surprised by a L FT.IN prompt instead
of a weight. The easiest way to take care of this is
to press softkey B. If you try to input a non-integer
number for the QUANT prompt (i.e. the length had
inches) the program will realize what happened and do

2



this for you. This mistake happens the other way
around just as often--inputting the BAR# at the QUANT
prompt, and the QUANT at the Length prompt. Use
softkey C to fix this one.

Potentially the worst mistake is to press softkey c
(shifted, to clear) instead of C (unshifted, to
Correct). The shifted key was chosen for "clear" be-
cause it takes more effort to do, but in spite of this
innovative protection scheme the mistake still happens.
When it does, you'll be surprised by a BAR# prompt in-
stead of the reassuring " } - Weight = New " display.
However, before the program zeroes the total weight, it
recalls it. To continue working, press RDN (roll down)
to bring the total into the X-register, store it in
register 02 (STO 02), then press softkey B and take it
from there.
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Program 1B\W/J T For _Reuderc o Bor Weiold Caleolatimm 124 bytes Page|of _2
V

X1y lz [T[lL] X1y lzlT!lL]

814LBL “BNT" 38 CLX 0
82 3 51 “QUANT"
83 XROM °S° 52 PRONPT Guard .

84 SF 27 SR ek 3 g’;,,“ Cheeke¥

85eLBL ¢ 55 CT0 82 fij:“; f{;’:‘f
8 SF 21 56 FRC Fees0f! chert NLHN
87 CLX 97 X287 acz’.le,"h;“y 'm{df,

88 STO 83 o 58 GT0 82 Quawfi-h{ wost

89 X(> 82 od 5. be anm Ynteagr
S9eLBL 67 3

184LBL 02 60 . o
11 "BAR ¢* 61 °L FT.IN® LA

12 RCL 63 "o 62 PROMPT L, |L%
13 ¥=0? 63 XEQ 00 L
14 PRONPT Bar® 64 ENTERt L, L, L2l

15 8 4 65 Rt L7 [ L, [,
16 X¢Y? 66 X)8?
17 GT0 o1 67 XEQ 08 2’
18 7 D’ 68 X=0?

19 2 69 RDN Lerl| L,
20 /7 wiu: 78 +

21 %12 vt 72
22 PI w 72 7 by
23 # Areq 73 RCL 08 Vir0und
24 GTO 00 74 # W+

75 RND Rowmded
25¢LBL 01 76 ST+ @2 £)

26 XOY Bar™| % 77 ST0 81 et
27 13 13 78 “NT*
28 X(Y? 79 CT0 84
29 GTO 81
38 SIGN 1 |t g 86¢LBL B
31 GTO 82 81 .

82 “BAR"
320LBL 81 3 [Ba*| % 83 PRONPT
33 RDN 84 STO 63 ComrrB¢
42 Z |Bart 85 CTO 62

35¢LBL 62 86eLBL A
36 - Ba” D g7 -z*
37 XOY b 88 RCL 62
38 / Vim Vim= Sifeeguv, 89 GTO 04
39 Xt2 Acea sqvare baf

99eLBL C
46¢LBL 00 Anea 91 *g-*
4 3.4 —:':—3’5;; 92 ARCL 61
42 ¢ wH. o 93 RCL 82 z
43 RCL d ms 94 RCL 81 Ladt U1,

44 XOY 41059 % - Prev.£
45 FIX 3 96 STO @2 7

46 RND \/Jc'.su @h&s

47 STO 08 Wt

4? 81».‘ . flQ? Kea.&.’H\e €laa rearster  
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111 END
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RECTANGULAR CONCRETE COLUMN ANALYSIS

Program CC is a subroutine which calculates points
on the load-moment interaction diagram for a rectan-
gular reinforced concrete column. The points calcu-
lated represent levels of force in the tension-side
reinforcing, and are ultimate (factored) strengths
only. The following points are calculated:

MAX The maximum usable axial load and the corres-
ponding moment

oT The eccentricity producing zero force in the
tension-side reinforcing

25%T The eccentricity producing a stress of 15 ksi
in the tension reinforcing

50%T The eccentricity producing a stress of 30 ksi
in the tension reinforcing

BAL The eccentricity producing a "balanced" cond-
ition, with concrete and steel reaching their
ultimate strengths simultaneously

Output consists of axial loads in kips and moments in
foot-kips, stored in numbered storage registers. cC
has no displayed output; it is solely a computational
subroutine requiring its input in the expected storage
registers. Lack of space in the ROM prevented CC and
its calling program CCOL from being included. However,
a listing of both programs is included for use or as an
example, to be keyed in and run in main memory (RAM).
CCOL is a very simple input/output shell program for
subroutine CC; however, its results are useful and the
program can be expanded by the user.

Program CC uses modified versions of the CRSI
Universal Strength Formulas, and includes all the
limitations and assumptions of these formulas.

As mentioned, CC calculates only ultimate strengths;
all values have been reduced by a phi-factor of 0.70,
appropriate for strength design of tied columns.
However, program CCOL is written to analyze by either
strength or allowable stress (LFD or WSD) methods. In
working stress design, CCOL uses O = 1.0 but factors
the allowable loads and moments down to 0.35 (AASHTO)
or 0.40 (ACI) of their ultimate levels.



RECTANGULAR CONCRETE COLUMN ANALYSIS

Note: this document serves as the Summary Sheet for both sub-
routine "CC" and main program "CCOL", which uses CC. Both CCOL
and CC must be keyed into memory by the user; space constraints
prevented them from being included in the ROM. The only sections
which pertain directly to CC are the SIZE requirement and storage
register information.

(SIZE 019)

SOFTKEYS (USER mode ON)

A New area of steel

D New concrete dimensions

USER FLAGS

Flag 00 clear Full output
set Title block skipped

Flag 04 clear AASHTO
set ACI

INPUT SUMMARY

Prompt Input Default

WSD? Asking if working stress or load 1 (WSD)
factor design. Answer 1 (yes) or
bypass for working stress design,
0 (no) for load factor (strength).

AASHTO or ACI A reminder, not a prompt. Press
to continue if not using a printer.

F-S 20,24 or Reinforcing working or yield 60 ksi
F-Y 40,60 stress in ksi

Fc' KSI Ultimate concrete strength 4.0 ksi

B" Column width in inches Previous B

D" Column depth (full dimension, not Previous D
depth to reinforcing) in direction
of bending.

D" TO CL BAR Distance from concrete surface No default
to center of reinforcing bar
(cover + tie + 1/2 bar diam.)



Prompt Input Default

#BARS Total number of bars in column No default
(all bars must be the same size)

BAR A SQ" The area of one bar in square in. No default

#SIDE BARS The number of bars not in either No default
the tension or compression face

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

Output for CCOL consists of the following five points on the
column's load-moment interaction diagram, each having an allow-
able axial load P in kips, and a corresponding moment M in foot-
kips. The reinforcing ratio is also calculated, displayed, and
checked to be between .01 and .08; and the value of 0.1 fc' x A
is displayed. d

BAL The point of balanced stress between concrete and
tension reinforcing.

MAX The point of maximum usable axial load (0.80 Pj)

oT The point producing zero stress in the tension
reinforcing

25%T The point producing one quarter of the allowable
stress in the tension reinforcing

50%T The point producing half the allowable stress in
the tension reinforcing

PROGRAM FLAGS

Flag 06 clear Working stress design (.35 or .40 times
the ultimate strength)

set Ultimate strength (load factor) design

STORAGE REGISTER USE

Register CC Value Add'l CCOL Value
00 Fc', ksi

01 B

02 F-Y KSI

03 B"

04 D"

05 # Side Bars Counter

2



Register CC Value Add'l CCOL Value
06 "g" (bar separation/depth)

07 Non-side-bar A/bd

08 Side-bar A/bd (.35 or .40)/¢% or 1.0

09 #BARS ; BAL P

10 1 bar area; BAL M

11 MAX P (.80 fc'Ag + Ag Fy whether by WSD or LFD)
12 MAX M

13 OT P

14 oOT M

15 25%T P

16 25%T M

17 50%T P

18 50%T M
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Yorut PL eady M

Balanced 224 k 473" 14l

Max (20%) 6B4k 143 774"

Zety Tansin 5167 243 (260
(Tuterp.)

XE@ -CCOL"

5:91:07 PMN 01/24/89

TITLE:

CRSI TRIAL RUN
ERERRRARERRRXARAARERENLS

WSD?
9.0088  RUN

AASHTO
F-Y 48,068

68,0000 RUN
Fc'KSI

9.0000 RUN
Bl

12.00880  RUN
D-

16.0008  RUN
D* T0 CL BAR

2.3888  RUN

§ BARS
8.0000 RUN

BAR A SAQ"
.79880  RUN

§ SIDE BARS
2.8988  RUN
 

RH0=8.8329 0K
.1Fc'R=96.0000 K

BAL: P=225.9908 K
H=181.7334 ‘K

MRX: P=654.2784 K
H=69.3719 ‘K

8T: P=518.1019 K
N=127.1233 ‘K

25%7: P=428.1238 K
H=144.7868 'K

98%T: P=352.9934 K
H=168.7045 ‘K

SESESEREEEERRRRERERARAER
§ BARS
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Program CCOL For Cmcre‘Le Co{U\MV\_ A,«alt{s'j 245 bytes Page_l_of l

A1eLBL ~CCOL" Xy lzZ[T[L] 58 RCL 87 Xty lzlTlvo] _
92 18 59 +
83 XROM “W" 68 CF 87
94 CF 19 61 .81
85 XROM “N- 62 ¥)Y?
86 STO 99 63 SF 67
87 RDN 64 8
08 %> 01 65 *
89 STO 82 66 X(Y?

67 SF 07
10eLBL D 68 RDN

11 XROM “BD* 69 ARCL ¥
12 *D* TO CL BAR" 70 ¥ROM -0K"

13 PROMPT 71 AVIEN
14 ST+ X 72 . 1Fc'A="
15 RCL 04 73 RCL 69
16 - 74 RCL 03
17 LASTX 75
18 / 76 RCL 84
19 CHS 77
28 STO 86 78 18

79 /
214LBL A 89 ARCL X
22 ¥ROM "L* 81 *F K-
23 *% BARS" 82 AYIEN
24 PROMPT 83 “BAL"
25 ST0 89 84 XEQ 01
26 "BAR A ° 85 “MAX"

27 ¥ROM “18° 86 XEQ 61
28 PRONPT 87 87"
29 STO 18 88 XEQ 01

30 “# SIDE BARS® 89 =25
31 PROMPT 99 XEQ 62
32 ST0 85 91 “50°
33 ST0 88 92 XEQ 02
34 CHS 93 SF 14
35 RCL 89 94 GTO A
36 +
37ST0 7 95¢LBL 82
38 RCL 10 96 “HxT"
39 RCL03
49 / 97¢LBL 01
41 RCL 04 98 ADY
42 / 99 “}: p=-
43 ST+ 97 100 RCL IND 85
44 ST+ 88 181 RCL 98
45 XEQ *CC" 162 *

46 XROM °LL" 163 ARCL X
47 9.1 104 “ K-
48 ST0 @5 105 AYIEN
49 4 186 1SG 05
58 =RHO=" 167 CLA
51 7 168 RCL IND @5
52 / 169 RCL 08
53 FC? 04 110
54 .5 111 XROM “M=*
55 FS? 86 112 AVIEN
56 SIGN 113 1SG 85
57 %> 88 114 END      
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Program CC For T\cc‘{f Cth- Colymn Am[wrs\@ 224  bytes Page_\__of Z

X iy [z T]L]| X Ty =z 17177 L]

@teLBL “CC" ‘ a3| 98 /
82 E . | 99 *

83 RCL 87 | 68 STO 12
84 RCL 98 | 61 RCL 86
85 ¢+ 62 .5

gg [nsrx 63 ¢
‘ | 64 XEQ 85

88 RCL 82 i 65 16
89 * ‘ 66 /

10 Xfi)Y 67 6
11 .85 62 *
12 % 69 STO 15
13 RCL 98y 78 1.5

* 71 LASTX
15 + 72 7

:g ;56 73 7

74
18 RCL 03 REQ 8975 ST+ 15

20 * .77 XEQ 87
21 STO [ 78 STO 16
22 * 79 4
23 STO 11
24 1.8 8 17X
25 ENTERt 81 XeQ 8882 3.2
26 SIGN 83 /
27 XEQ 89 84 ST+ 16
28 STO 13 85 RCL 86

29 4 86 1.8
39 1/% g7
31 XEQ 97
32 STO 14 88 XEQ 8589 4
33 .28 99 /
34 XEQ 08 91 STO {7

35 4 92 1.3

gg gT+ 14 3.094 XEQ 89
38 2.7 95 ST+ 17
39 RCL @6 96 .19

49 1.4 97 XEQ @7
41 * 98 STO 18

:g ;CL 86 %9 .24100 XEQ 08
44 + 181 3
45 XEQ 05 162
46 2 103 8

:g gT+ 13 1o /
49 RCL 11 165 ST+ 18106 RCL 96
58 .8 107 3
51 / 108 *
52 STO Y 109 2
53 RCL 13 110 -

M - 11

56 RCL 14 1z X



   

 

 

  

 

 

  
 

  
 

 
 

  

Program C C: For bytes Pagejé;of =

v L | vV T T T L |
114 / 169 1/X%
115 .15

116 * 170¢LBL 98

117 STO A9 171 RCL »

118 SIGN 172 *

119 .6 173 RCL 88
120 XEQ @9 174 *

121 ST+ @9 175 RCL 87

122 .15 176 +

123 XEQ 87 177 RCL 86
124 STO 18 178 #

129 .2 179 RCL 04

126 XEQ 98 180 *

127 2

128 7 181¢LBL 18

129 ST+ 18 | 182 RCL 82

138 RTN | 183 #

131eLBL 85 184¢LBL 12

132 RCL 67 185 RCL [

186 *

133¢LBL 86 187 .7

134 XOOY 188 =

135 RCL @8 189 RTN
136 *

137 %(8? 190¢LBL 89

138 CLX 191 RCL 66

139 + 192 E

148 GTO 16 193 +

194 =

1410BL 88 195 XOY

142 RCL 96 196 RCL 08
143 = 197 =

144 .19 198 -

145 + 199 RCL o1
146 .37 200 =

147 X>Y? 281 RCL @7

148 XY 282 -

149 STO © 203 RCL 00
150 RCL 85 i 204 =

151 4 | 205 .425

152 X>Y? | 206 *
153 CLX ‘ 207 GTO 12

154 X=0?

155 GTO 08 208¢LBL @7
156 RDN 289 RCL 01
157 6 210 *

158 X(=Y? 211 RCL 06
159 SIGN 212 E
168 E 213 +

161 X=Y? 214

162 GTO 00 215 .5
163 Rt 216 -
164 Rt 217 CHS

165 12 218 RCL 04

167 17X 220 *
1AR TNT 221 END



STEEL DESIGN PROGRAMS

This module contains three programs concerned with
the design of steel structures:

COMP Composite steel/concrete beam analysis
PLG Slender built-up plate girder analysis
SCOL Steel column analysis (axial loads only)

In addition, another program, BM, which calculates
elastic section properties of I- and T-shapes, is also
frequently useful for steel design problems.

FLAGS

All the programs recognize flag 00; they are shorter
and run faster when it is set. They also recognize
flag 04. When flag 04 is set, the AISC Code is
followed; when it is clear, AASHTO is used. AASHTO and
AISC have much greater differences than do AASHTO and
ACI (concrete design) or NDS (timber design). It is
therefore very important that the status of flag 04 be
checked before using these programs.

Flag 02 1is also used by PLG and COMP. These
programs have a BEEP at erors and warnings; when flag
02 is clear these BEEPs are disabled. Flags 01 and 03
have no effect on these programs.

STRESSES

All the programs work with stresses in KSI (kips per
square inch); this changes the form of some AASHTO
equations, making the program listings a 1little more
difficult to trace through.

SUBROUTINES

As mentioned, SCOL deals only with axially loaded
columns. However, the working calculation portion of
the program has been given a global label, SFa, so that
it may be called from a user-written program. In addi-
tion, program PLG contains a subroutine dealing with
bending stresses, SFb. These are called in a program
analyzing steel beam-columns named SBCOL, a listing of
which follows. This may be keyed into main memory by
the user. Unfortunately, space constraints prevented
this from being included in the ROM.



I-BEAM SECTION PROPERTIES

Program BM is used to calculate elastic section
properties for I- and T-shaped homogenous beams. It
prompts for web depth and thickness, and the width and
thickness of each flange, then calculates the moment of
inertia, neutral axis position, section moduli of the
top and bottom flanges, and the cross-sectional area.
In addition, if flag 06 is set, the plastic modulus Z
is calculated. If flag 00 is clear, all of these are
displayed; if it is set, none of them are.

BM is intended for use as a subroutine. It may be
used as a stand-alone program without any problems;
however, it differs from most programs in this package
on three points:

1) It does not use subroutine S; there is no SIZE
- check or title block. The user must verify a SIZE of
at least 015.

2) Once finished, the program simply stops. It does
not return for another section to be input.

3) If flag 00 is set there isn't just minimal
output; there is no output at all.

USE _as SUBROUTINE

Program BM is used as a subroutine by COMP; all but
the web input portion is used by PLG throuh subroutine
SBM. Both BM and SBM in turn use subroutine AY (so
called because the output is in the stack as A, Y, I,
S;,) to actually calculate the section properties from
the dimensions input. AY is also used by PIER and
LFAN/Ic. AY is one of the three routines in this
module that cannot be single-stepped through, due to
its use of synthetic register P. See "Synthetic
Programming and Other Loose Ends" for more details.

SOFTKEYS

This program uses no softkeys itself. However, it
is a part of program COMP and thus will recognize
softkeys fron that program. While within COMP (or BM),
softkey B will execute BM from the beginning. However,
it will then return to COMP. The listing, and storage
register use, of program BM are within the documenta-
tion for COMP.
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1z NEQ “BM*
l ' l WER T°
[ l : 34.0088  RUN

A TH-

.5608  RIN
0.5" COMP FL K-
i 12,0009  RUN

TH"
{.1888  RUN

TENS FL W*
12,0006 RUN

L ] : TH-

1.1888  RUM

= 1=9,771.5947
Y=18, 1009
6-£=539, 8671
S-Te=339.8671

AREA=43. 40680 50"

 

 
 

 

Area Ad i Ad" I,
Top Fl. 3.2 .55 7.26 17.55 405,633 1. 33|
We b 17.0 1%.10 307.70 0 — 1637.667
Vottom Fl. 2.2 35.65 Y70.54 \7.55 H065.63> .33 |

43.4 14.10 745.5Y4 Q131,266  1640.329
; Q771.595

Sy = 977!.5’45/,%.,0~ = £39.967

 





xeq SCOL  (SIZE 007

SOFTKEYS

D New effect

USER FLAGS

Flag 00 clear

set

Flag 02 clear
set

Flag 04 clear
set

INPUT SUMMARY

Prompt

WSD?

F-Y KSI

KL-X"

KL-Yy"

R-X

R-Y

STEEL COLUMN ANALYSIS

)

ive lengths

Outputs allowable stress and maximum
axial load
Outputs only allowable axial load

Warning BEEP disabled
Warning BEEP enabled

AASHTO
AISC

Input
Asking if the analysis is by
working stress (ASD) methods.
Answer "0" (no) to analyze by
AASHTO LFD or AISC LRFD rules.

Steel yield stress, ksi

Major axis effective length, in.

Minor axis effective length, in.

Trial member area, sq. inches.
Bypass to re-use the previous
section (e.g. after softkey D).

Major axis rad. of gyration, in.

Minor axis radius of gyration

Default

1 (WSD)

36 ksi

No default

KL-X

Previous
Section

No default

R-X

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(Fa)

ALL P

Allowable axial stress, ksi

Allowable axial load, kips

In addition, the Euler stress is held in the Y-register.

1



PROGRAM FLAGS

Flag 06 clear WSD (ASD)
set LFD (LRFD)

STORAGE REGISTER USE

Register Value
00 not used

01 KL-X (inches stored)

02 KL-Y (inches stored)

03 R-X

04 AREA, square inches

05 R-Y

0] ) F-Y KSI



STEEL COLUMN ANALYSIS

Program SCOL analyzes steel columns of any shape by

the AISC or AASHTO codes for allowable service or ul-

timate (factored) stresses, using program SFa as a sub-

routine. SCOL prompts for steel yield stress, axial

load, and effective lengths in each direction. It then

asks for the area and radii of gyration of a trial sec-

tion, calculates the allowable compressive stress and

corresponding load, and returns for a new trial sec-

tion.

The program displays a warning and BEEPs if the KL/r
value is too high (above 120 per AASHTO 10.7.1; and 200
per AISC ASD B7. (1.8.4) or LRFD B.7). It does still
output an allowable stress by the appropriate formulae;
it is up to the judgement of the designer if the design
is acceptable.

SCOL 1is not written to analyze beam-columns;
however, the allowable-stress subroutine, SFa, was
given a global label in order to allow its inclusion in
user-written programs for interaction analysis. SFa
needs only the effective length Kl/r in the X-register,
and F-Y KSI in register 06. It outputs the allowable
stress in ksi in the X-register and the Euler stress
in the Y-register. The WSD versions of the program for
both AASHTO and AISC incorporate the proscribed safety
factor (2.12 and 23/12, respectively) into the Euler
stress value, while the AASHTO LFD and AISC LRFD ver-
sions do not. This follows the way the Euler values
are used in the interaction equations. See the ex-
amples.

The program is written to analyze prismatic members
only; it is unable to account for tapered columns.
Built-up members can be analyzed if the separate parts
can be considered integrally connected. The user must
calculate the radii of gyration. Program BM may be of
help for this.

SCOL/SFa assume the flanges and web to be compact,
or at least more so than the overall length. The only
stress/strength reduction taken is for unbraced length.
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= 458.1] k

For interaction egua‘fim )

Eoler strees T, =15oy * 296 ket

SF 84
XEQ -SCOL= et €lag o4 &

3:14:49 AN 01/61/00 Vse AiSC

TITLE:

ASD RUN
EEXEXXXLRXXXXX

AISC
HSD?

1.0880 RUN  |="ves"&pag).
F-Y KSI

36.0000  RUN
KL-X*

384.0000 RUN  27'0- 3ed’
KL-Y*

96.8000 RUN  <-0-44°

AREA
5.8788  RUN WesZ0

R-X
2.6688  RUN

R-Y
1.5080  RUN

Fa=7.1655 KSI
Pa=42.8613 K

AREA Yrees 604‘+kq{ “D°

XEQ D o new |¢m&“\

KL-%" (Dimengion) prompts
192.9680  RUN

KL-Y
96.8000  RUN

AREA Bypass +o vse
RUN  ame sectonas |

Fa=16.2825 KSI
Pa=95.1087 K
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Same colomn - Wer20

A=5.4]qg"
e =2.66"
rys|.50'

E?ré" (Qfig

K, = 2947 Kr=144.36

Kly= 26"« kQ/p =64.0

Check '@laqsa b/+: ©.0tggzg« Q.25

Rr.- %; 3\’.55"—‘ \5,4,>4>.25'_Qfi_

e Can vse {ull allowsble stresses

Note: The ¢rogram. does ot
cheel @lu e “slendormess (2,).
The vse~r wust cheek this
determing ¥ SCOL /SFa may be
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1 -2
ee Ei = loé‘q > I.g

=T, - ;‘32-7— - F, = 12,00 Lo

F,= (#=.98)<F,= 10. 74 Lsi

Allwable P =10.24<5.%57 = (0,10 k

(Fackved Load)

Boler stvess T, = ;;72 = 13.754 Lsi

‘€0~¢‘ 1 W"CJ‘GC“% 9.1/0 Qj‘t\m

Second (age -Brace @ Midpoint

Ke = 16"= 192"

2.2tE = . 495 < .5

5T~ (6535 F,
- .65$a°‘m F

N 7.364  Lsi

T, = (4-.45):27.204 =73.76 kst

Mlow.P= 23.26 x 551" = 136.53 k

Euder shreass Fy /17 = 54.94 Lei

SF 64
XEQ -SCOL®

 

3:16:36 AN 01/01/00 Set flag 0%
tv vee AISC

TITLE:
LRFD RUN

AISC
NSD?

8.0000 RUN Oe="no"-»LRFD
F-Y KSI

36.0000  RUN
KL-X*

384.0000  RUN
KL-Y

96.0000  RUN

ARER
9.87880  RUN

R-X
2.6680  RUN

R-Y
1.5088  RUN

Fa=10.2388 KSI
Pa=68.08973 K

ARER
XEQ D Sebtiey "D

KL-X*
192.8008  RUN

KL-Y*
96.0000  RUN

ARER Bypass ‘o use
RUN Same sectiom

Fa=23.2597 KSI
Pa=136.5343 K

 



AASHTO W.8.D.
 

Calalal

N
A
T
I
O
N
A
L

Ma
ed

e

 

Calevlate Hhe allowable lbad ow
the sawe colymin (W 6=20)
bxf AASKRTD wo-fb.m% strees

crtenia.

WEx20: A=35.47 o

M= 2.66"
ry * .50

Firet Casge

sz - mu .; 4y e

Ky - qb"

Lore =

Lo/ = 64.0

 C, - 7‘" E 12610

44 .36 >126.\0 = “Lm%"

T-F . E
a lecxf/)t é.q-?% ‘LG:

Alowable V= 5.576.4g-3%.02 k

Tuler stress F, = 6.47% ks

(No*e‘-fl‘.s colvn vToHu AASKTO lD.'7.|)

S&CQV\A Cgfig - BPaCe @ M‘J "\973‘\{’

KL, = 142" k¥/r=T2.% >64.0

o Kfe =72.\% < (€. =126.10)

= *Shert’

o .

Far it (1-$225) - 420

Allowable P=5.47«14.20 = 4335 &k

TE
Euler stress = Tazakgpy = 5.4ke

*SCOL"

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

XEQ

3:13:09 AN 81/81/08

TITLE:
WSD
EREREERREXEREXRRAEREARRY

ARSHTO
WSD?

1.08000

F-Y KSI
36.0000

KL-%*
384. 0000

KL-Y*
96. 6000

ARER
9.87680

R-X
2.6600

R-Y
1.50808

KL/R>120. 6068
Fa=6.4783 KSI
Pa=38.6278 K

AREA

KL-X
192. 0000

KL-Y
96. 0000

AREA

Fa=14.1992 KSI
Pa=83.3492 K

XEQ D

RUN

RUN

RUN

1= "yes a» gD

Warnwg’> AMBATO

10.7.1

Softeey D"

Byptes o
same Secting

 



AASHTO L.F.D,
 

Caevlate Hhe allowable load
0w the same olumn (WEeL0)
b\, AASHTO load €actor critena.

WEx20: 4=5.947 a"
= 266"
ry = 1.50"

First Cage -

KL= 344" 5 Kb/p = 146 o2murne

KQY = qb" j kQ/r = (4.0

Note : Ki/r =14.36> 120 . +his
Column violates AASHTO 10.7.1.
It Ts vp Yo the discretion of

the engineer whether +he
resvite Wwe accefhble-

Ceo=126.10 € 1443 = Lowg”

et KT
 = |3.734 Let

Fa= (4=.98) = 13734 = 11.674 ks

Allowable P = 11.674»5 .27 =483 k

5gco-v\& Cace - Brace @ MT«‘L\QT&\\“'

KL/= TL.NG «2memske, = \qz” ;
KQ/\\,; é4.0

72.1% > C. (=126.10) = “snprt’

‘:cr = <|°%’%:_.¥l>’ry = 30.10 kg;

Fo= (6-.45)«F,, = 25.59 kei

Allowoble P = 2554- 547 = 150.20 k

TE .
Buler stress =el= By Y ksi 

XEQ =SCOL*

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

3:11:30 AN 01/01/08

TITLE:
LFD
SEESEERELEEIRIERELEAREER

AASHTO

WSD?
9.8000

F-Y KSI
36.0000

KL-X*
384.0000

KL-Y
96.0008

ARER
9.8708

R-X
2.6600

R-Y
1.5008

KL/R)>120.0009
Fa=11.6739 KSI
Pa=68.5268 K

KL-X
192. 00080

KL-Y
96.0000

ARER

Fa=25.5869 KSI
Pa=1508.1932 K

XEQ D

RUN

RUN

RUN

O %no"(KD,

Wu‘n?ns

Sobteey D’

Byfdo huse

existin

Sect

 



 

 

 

    
 

 

Program _SCOL For _Steel Colomn A 1\0(¥$IS 290G __bytes Page_of 2L

X[y lz [T]L] Xy lz 0Tt ]

B1eLBL ~SCOL* SeeLBL "SFa* K4/ A =EER ST
82 6 55 8 W
83 -AISC* 56 “KL/R)" == > |

84 XRON *AR" 57 9 s
85 CF 86

58 / q/q LRFD:CC Z__ITSF?’I

8 E | 59 FS? 84 .
87 “NSD?- 68 FC? 86 a5: g L
88 PROMPT 61 SIGN |7
99 X=0? 62 2
18 SF 86 63 / Vg

11 XROM °FY" Fy 64 XOY Ke/r |17
65 FC? 94

12¢LBL D 66 1260 it | AASHTO 10.7.]
13 "KL-X"* 67 FS? 84
14 PRONPT 68 200 s lé?z'q
15 §T0 81 ¥z, 69 ARCL X
16 “KL-Y** 70 %(Y?
17 PROMPT 71 BEEP
18 STO 82 k4, 72 XY?

73 AVIEN
19¢LBL 10 74 RDN Ko/e |1
20 XROM “L*® 75 PI ™~
21 CF 22 76 / e

22 “ARER" 77 %12 ()
23 PRONPT 78 29 E3 E
24 FC? 22 79 /
25 GT0 @9 88 RCL 06 Fy

26 STO 84 Atea 81 * %5_3:; vy
27 "R-%* 82 ST0 2 Jhoal] ¢
28 PRONPT 83 + e e
29 STO 83 Tx 84 CF 19 v
30 “R-Y* 85 E |
31 PROMPT 86 X(Y?

32 STO 65 Cy 87 SF 19 g |

88 X¢) 2 woe le
33¢LBL @9 89 ENTERt n-e .
urLee |0 % 1/% ol |
35 RCL @5 Ty 91 STO [ :
36 / 92 FS? 86
37 RCL 81 Kls 93 GT0 11
38 RCL 03 fx 94 FS? 04 e Lo
39/ 95 1.9167 RS | Fe | |Y%A
40 X(Y? 9 FC? 04

41 XOY k0/r 97 2.12
42 XEQ “SFa=  |F, |F. 98 / Yeud 1. |- |-
43 *Fa" 99 STO [

44 XROM °KS* 180 FS? 19
45 FC? 08 181 GTO 88 i
46 XEQ PV 162 XO L zaz A,
47 RCL 84 Ateq 163 Rt e
48 + Yk |Fe 104 SORT tese,
49 “Pa=" 185 ST+ L + |C
58 ARCL X 106 3 3 ¢ ) 'Z,l'L )‘ ¢y

51 *F K* 107 ST+ Y 30)
52 AVIEN 188 %O L C? eyl| & @
53 GT0 18 109 - O-Ge TE, T      



Program _SCOL For 345 bytes Page 2 of _Z

 

 

  

           

X1y Ilz [T]L | X Ty |z 1T L |

116 8 €
1 7
112 .6 168 CF 22

113 17% >3 161 *PT ON CL* ot |Pop

114 + nerslziz

|

A

|

2L 162 PRONPT
115 FC? 84 163 FS? 22

116 XOY F.5. x| 164 XROM “XY"  [2X [oY

117 17% i 165 X(OY Y f

118 Rt il o 166 R-P d :

By 167 XOY Az

|

d

119¢LBL 81 168 *AZ"

120 4 169 FC? 22

121 7 170 XROM “Pd"

122 SIGN ‘:@1 171 STO 81 Az

123 LASTYX 2 | |F.e.
124 - oo _ 1720LBL 04
125 * 1=y | 173 XROM “L°
126 GTO 88 Fa 174 “pP1*

175 PROMPT P+

1274LBL 11 Fe

|

X 176 XEQ €2 sta |ofet

128 .877 277 177 XROM “Py-

129 FC? 04 178 XOY 0Pt

130 SIGN 17 [F,

|

aF 179 RND

131 * 188 CHS Lot

132 .85 & 181 “0S"

133 + Fe 182 XROM °V*

134 FS? 19 183 GTO 04

135 GTO 00 .
136 XO L O+A5 A 184¢LBL 02

137 XOY et

|

a5 185 RCL 00 YoB

138 FC? 04 v 186 XOOY e |To®

139 GTO 81 187 XROM “XY* oX |ay

148 .658 054 (2.5

|

.45 188 XOOY Y

|

«x

141 XOY 25 |5 |.435 189 R-P d

|

Az

142 Y1X 198 XOY Az

|

d

143 * ¢15F 191 RCL 81 ¢ Az
192 - 3 o

144¢LBL 00 Fa 193 XOY

145 RCL [ Fe 194 P-R Sha Ot
146 XOY Yo |
147 RCL 96 Fy 195¢LBL 03

148 ST+ Z 196 ENTERt 50 [Sta

|

O&t

149 # Ta |F 197 =STR="

150 RTN ¢ 198 E2 00 |sh |t |08
199 7

1510LBL “POB" 208 INT 3 |<h (05 |05

152 SF 21 201 XROM -AX"

153 RDN 202 “H+

154 FS2C 11 283 %O L e

155 GTO IND T - 204 FRC el W

156 SF 14 285 E2 ' 00

157 *POB" 206 * 2wA

158 PRONPT 207 ARCL X

159 STO 88 Yo® 288 RDN sta |offet | ofet]

@ 209 END



STEEL BEAM-COLUMN ANALYSIS

xeq SBCOL  (SIZE 032)

Note: SBCOL is not resident in ROM and must be keyed into main
memory by the user. A listing follows. The program requires
bytes ( registers) of memory in RAM.

SOFTKEYS

D New effective lengths

USER FLAGS

Flag 00 clear Outputs allowable stress and maximum
axial load

set Outputs only allowable axial load

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 04 clear AASHTO
set AISC

INPUT SUMMARY

Prompt Input Default
WSD? Asking if the analysis is by 1 (WSD)

working stress (ASD) methods.
Answer "0" (no) to analyze by
AASHTO LFD or AISC LRFD rules.

F-Y KSI Steel yield stress, ksi 36 ksi

AX P, K Axial load on the member in kips No default

M,'K Moment on the member in footkips No default

KL-X" Major axis effective length, in. No default

KL-Y" Minor axis effective length, in. KL-X

AREA Trial member area, sq. inches. Previous
Bypass to re-use the previous Section
section (e.g. after softkey D).

R-X : Major axis rad. of gyration, in. No default

R-Y Minor axis radius of gyration R-X





OUTPUT SUMMARY (Items in parenthesis are displayed only if fla
00 is clear)

INTRX Interaction in the X or Y direction. Should be
less than unity.

PROGRAM FLAGS

Flag 06 clear WSD (ASD)
set LFD (LRFD)

Flag 18 clear WSD (ASD)
set LFD (LRFD)

STORAGE REGISTER USE

Register Value

00 not used

01 KL-X (inches stored)

02 KL-Y (inches stored)

03 R-X

04 AREA, square inches

05 R-Y

06 F-Y KSI

07

08

09

10

11

12

13

14

15

16

17
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xeq COMP

SOFTKEYS

B
D
E

COMPOSITE BEAM ANALYSIS

(SIZE 028)

(USER mode ON)

New beam input
New slab d4d

New moment

imension input
input

Note: if designing by AASHTO, do not use these softkeys during
"N=3N" calculations; allow the program to return to a
prompt first.

USER FLAGS

Flag 00

Flag 02

Flag 04

INPUT SUMMARY

Prompt

WSD?

PLAST?

new beam

clear Full output
set Only live load capacity, or sums of

stresses on flanges

clear Warning BEEP disabled
set Warning BEEP enabled

clear AASHTO
set AISC/ACI

Input

(LFD/LRFD only)

N

Fc'KSI

F-Y KSI

Fb KSI
(Elasti

analysis
Cc
only)

Asking if designing by working
stress or load factor design.
Respond 1 (yes) for WSD, 0 (no)
for LFD/LRFD.

Asking if section is compact
enough to be analyzed by plastic
rather than elastic methods.
Respond 1 for "yes", 0 for "no."
Elastic section properties will
still be computed but capacity

Default

1 (WSD)

0 (no)

will be based on plastic properties.

Modular ratio, Eg4+/E.qnc

Ultimate concrete cylinder
strength in kips per square inch

Steel yield stress, for shear
and plastic calculations

Allowable steel bending stress.
If by LFD, will be near or equal
to yield stress.

1

8

4.0 ksi

36 ksi

Fy



Prompt Input Default
(STUD D") Shear stud diameter in inches. CAP prompt

Bypass to input capacity directly.

(STUD CAP, K) Shear capacity of one shear stud No default
from AISC table 1.11.4, or as
calculated by the user for special
connectors (e.g. channels) or for
reduced capacity due to formed metal
deck ribs

SL TH" Slab thickness, inches No default

BM SPA' Beam spacing in feet No default

SL Be=..." Displays calculated effective Displayed
slab width. If OK, press R/S to
continue. If not, key in the
correct width and press R/S.
Does not include slab thickness
(B + 16 x Th) for AISC ASD.

H" Haunch or stool between the top Zero
of the top flange and bottom of
slab, or the rib dimension for
transverse metal deck, in inches

NCDL M, 'K Non-composite dead load moment Zero
(load applied before slab has
achieved its strength), in foot-kips

CDL M, 'K Composite dead load moment (e.g. Zero
from guard rail, future wearing
surface, sidewalks, etc.)

LL M, 'K Live load moment in foot-kips. Zero
Bypass (or enter zero) to find
remaining live load capacity.

WEB D" Web depth (inside of flanges) Zero
in inches. Bypass for rolled
beam input.

If inputting a built-up plate member:

WEB TH" Web thickness in inches. No default

COM FL w" Compression flange width, inches. Zero
Bypass for rolled beam input.

TH" Compression flange thickness, in. No default

TENS FL W" Tension flange width in inches No default

TH" Tension flange thickness, inches No default

2



If inputting a rolled beam:

BM A SQ"

BM D"

Yll

All beams:

#STUDS

Beam cross-sectional area in No default

square inches

Beam depth in inches (out to out) No default

Neutral axis position, from the (BM D")/2
top flange. Used only for cover-
plated or rivetted beams; bypass
for symmetrical (rolled) beams.

Moment of inertia of the bean, No default
in inches

Number of shear studs to be #STUDS REQD
used between points of inflec-
tion. For a simple span, this is
the number of studs on the entire
beam. If input is greater than
#STUDS REQD or prompt is bypassed,
full composite action is assumed.

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(AASHTO or AISC)

SL Be

(HOR V)

(#STUDS REQD)

If a built-up beam:

(I)

(Y)

(COM S)

(TEN S)
(AREA)
(BM 2)

Displays code being followed. If not right,
change flag 04 and start again. If OK, press
R/S to continue.

Effective slab width in inches. If OK, press
R/S to continue. If not, key in the correct
width and press R/S.

Horizontal shear, in kips (H/2 for AISC ASD)

The minimum number of shear studs required
to resist the HOR V, taken between points of
inflection. See softkey note for HOR V.

(if WEB D" prompt was answered)

Moment of inertia of the steel beam

Neutral axis position of the bare beam, in
inches, measured from the compression flange
Section mgdulus of the compression flange,
in inches

Section modulus of the tension flange
Area of the bare beam, in square inches
The plastic section modulus of the bare
beam (only if by LFD/LRFD)

3



All beams:

(a)

(2)

PLAST M

LL M

(N)

(I-COMP)

(Y)

(Sc)

(TF S)

(BF S)

(EFF S)
(AISC ASD only)

(Q) (AASHTO only)

The effective slab depth used in calculating
section properties, as limited by the number
of shear studs used.

The cogposite plastic section modulus, in
inches”, if plastic analysis was chosen

The full plastic moment capacity of the
composite beam, multiplied by O = 0.85 if
by AISC LRFD (if plastic analysis was chosen)

The live load moment capacity of the com-
posite beam (if plastic analysis was chosen)

The modular ratio (n) used to calculate the
(elastic) section properties which follow

Composite moment of inertia, inches*

Neutral axis position, measured from the top
of the slab, in inches

Section modulus of the concrete. Do not

divide by N to use. See the examples.

Section modulus og the top (compression)
flange, in inches

Section modulus of the bottom (tension)
flange

The effective section modulus of the bottom
flange, reduced due to insufficient shear
connectors, by AISC ASD equation I2-1.

Statical moment of the slab about the neutral

axis, in cubic inches

Note: if designing by AASHTO, the above elastic section
properties are repeated for a modular ratio of 3N per AASHTO
10.38.1.4.
repeated.

The values for Q, HOR V, and MIN # STUDS are not

If a live load moment was input:

(B FL)
(T FL)
(SLAB)

The stresses which follow are on the bottom

flange (or coverplate, if there is one), top
flange, or slab, respectively.



(NCDL STRS) Stress due to non-composite dead load, compo-
(CDL STRS) site dead load, live load, and the summation
(LL STRS) of these stresses, respectively, in ksi, on
Y BF STRS the part indicated (top or bottom flange or
.. TF STRS slab).

T SL STRS

If a live load moment of zero was input:

WS or LF LL M The remaining allowable live load moment, by
working stress or load factor design methods,
governed by stresses on the bottom flange,
top flange, or slab; in foot-kips. For
example, WS LL M=107.95 'K means the
remaining moment, calculated by working
stress design, is 107.95 foot-kips. This
will not be displayed if a plastic section
is being used under LFD/LRFD.

- PROGRAM FLAGS

Flag 05 clear Have a live load moment
set Solve for live load moment capacity

Flag 06 clear WSD/ASD
set LFD/LRFD

Flag 07 clear Modular ratio equals N
set Modular ratio equals 3N (AASHTO only)

Flag 08 clear Elastic analysis only
set Plastic analysis permitted by user (PLG)

Flag 09 clear Composite
set Non-composite (from PLG)

Flag 10 clear AISC LRFD, or AASHTO
set AISC ASD

Flag 11 set Subroutine return

Flag 18 clear Elastic analysis only
set Plastic analysis permitted by code (PLG)

STORAGE REGISTER USE

Register COMP BM
00 Beam Depth Beam depth

01 Beam Area; Allowable LL Moment Beam area

02 Beam I (moment of inertia) Beam I

03 Compr. Flange Width; Beam Sp¢; Comp. Fl. W.
"TFII or ”" BF"



Register

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

 
COMP BM

Compr. Flange Th.; Si¢ (N = N) Comp. Fl. Th.

Y (neutral axis) of bare beam Y

Fy
Web Depth (built-up beams) Web Depth

Web Thickness (built-up beams Web Thickness
and some plastic sections)

Tens. Fl. Width; Composite Y Tens. Fl. W.
(compos. neutral axis position)

Tens. Fl. Th.; Slab Compr. Force; Tens. Fl. Th.

Sconc (N = N)

(Slab + Haunch + Beam Y); Beam Si¢

Spottom flange (N = 3N)

Effective slab thickness Beam 2
(reduced for inadequate number
of shear connectors)

Slab thickness

Effective slab area/N Beam Sy¢

H + S (Haunch or stool + Slab thickness)

Fc' x (.40, .45, or .85)

NCDL Moment (inch-kips stored)

Fb (allowable bending stress) or OF ksiy'

Stop flange (N = 3N)

N (modular ratio, Eg¢/E.gnc)

CDL Moment (inch-kips stored)

Number of studs required/provided

Spottom flange (N = N)

.85 Fc'

One half of shear stud capacity, kips

Live load moment (inch-kips stored)

Slab Area



COMPOSITE BEAM ANALYSIS

Program COMP analyzes composite concrete slab/steel
beam sections. It will follow AISC (ASD or LRFD) or
AASHTO (WSD or LFD) depending on the status of flag 04,
and the user's response to the "WSD?" prompt. It will
accept rolled beams with known section properties or
built-up sections. If a built-up (welded plate) beam is
used, COMP calculates and displays the section
properties of the steel beam before calculating the
composite properties. Only elastic section properties
are calculated for WSD designs; however, under LFD/LRFD
designs, the program will calculate plastic properties
if desired.

COMP does not check compactness, slenderness, or
strength (allowable stress) criteria; these must be
checked or calculated by hand or by some other means
(for instance, program PLG in this package). For plas-
tic design, COMP is thus more useful for rolled beams,
which are usually compact, while PLG 1is usually used
for welded beams.

Code references are given throughout this documenta-
tion. For portions dealing with AISC ASD, the
specification number given is for the Ninth Edition
(green book), with the Eighth Edition (red book)
specification in parenthesis following.This should help
ease the transition to the new format followed in the
Ninth Edition.

BEAM CAPACITY

COMP can output beam strength in two different ways.
If the live load moment prompt LL M 'K is bypassed (or
answered 2zero) the program calculates the composite
section properties, subtracts the dead load stresses
from the allowable stresses (yield stress for compact
beams), and then finds the allowable live load moment
which can be applied. Method of calculation of dead
load stresses is addressed in the following section.

If the actual live load moment is input, on the
other hand, the program calculates the stresses due to
NCDL (non-composite dead 1load), CDL (composite dead
load) and LL (live load), and checks the sum of these
(on the bottom flange, top flange, and slab--see fol-
lowing paragraphs) against the allowable stress input.
The former mode is useful for rating of existing struc-
tures and preliminary rough-out work; the latter mode
is intended for detailed final design of beams.



Elastic Design: AASHTO/AISC

AASHTO and AISC treat live load capacity somewhat
differently under WSD rules. For design by AISC ASD,
the program considers the entire composite section un-
der the combination of dead and live loads, and CDL
stress is figured on the same section as the LL stress.
The output stresses for NCDL are those on the bare
beam, but the stresses for combined dead and live load
(BF and _ TF STRS) are calculated with the full com-
posite section acting. Thus, the individual stresses
on the beam due to NCDL, CDL, and LL will not add up to
the summation given. Although this seems rather
awkward at first, it is useful because it gives both
the NCDL stress on the bare beam (to help the designer
check the beam adequacy under NCDL) and the stress
produced by all loads, acting on the composite section,
for checking the stresses under full load (or checking
the remaining live load capacity). COMP does not check
Eighth Edition AISC equation 1.11-2; if the ratio of
live to dead load is too high, the results will be in-
correct and unconservative. The user must verify that
this ratio is within the limits prescribed. The Ninth
Edition ASD specification has dropped this rule and
requires only that the superimposed stresses be 1less
than .9 F,,. The user must also check this, by adding
up the ougbut stresses.

For design by AASHTO, the procedure is a little more
logical, if somewhat more involved. NCDL moment is ap-
plied to the bare beam. CDL moment is applied to a
composite section figured with a modular ratio of 3N
for the top and bottom flanges, and N for the slab (per
AASHTO 10.38.1.4, to account for creep). The live load
moment is applied to, or figured from, the composite
section calculated using a modular ratio of N. The sum
of the stresses on any part (top flange, bottom flange,
or slab) is calculated directly by adding these. Thus,
design by AASHTO involves calculating two sets of com-
posite properties; for AISC, only one set is needed.
For an AASHTO design, the further refinement of con-
sidering two different slabs, one including a topping
thickness (for live load, N = N) and one not including
this extra thickness (for CDL, N = 3N), was not instru-
mented. This was left out both for simplicity, and be-
cause it's usually slightly conservative to consider
only the final slab dimensions. Since contractors are
usually left the option of constructing a slab as a
single pour, it would be slightly unconservative to
consider two different sets of slab dimensions.

For LFD/LRFD, the program also uses elastic
properties if the PLAST? prompt was answered 0 (no) or
bypassed (i.e. for non-compact beams). The same
methodology 1is used as described above with one
exception: under AISC LRFD rules, the summation of
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stresses is figured from the superposition of elastic
stresses. That is, the dead load (NCDL) is taken on
the bare beam instead of being combined with live 1load
and composite dead load on the composite section. An
undercapacity (phi) factor of 0.90 is applied to the
resulting LL capacity if the LL M input prompt was
bypassed. (Actually, the factor of 0.90 is applied by
the program only to the allowable steel stress; if the
concrete strength governs, the results will be incor-
rect by this amount. This happens only rarely.)

For AASHTO LFD analysis for non-compact beams, the
methodology described above is followed exactly; the
strength is taken as the allowable steel stress
(usually close to yield) or the concrete strength (0.85
f.') times the appropriate elastic section modulus. No
reduction (phi) factor is applied.

Plastic Design: AASHTO/AISC

If the "PLAST?" prompt is answered 1 (yes), COMP
figures the strength based on a fully plastic stress
distribution over the composite section. All loads are
taken on this composite section. AISC LRFD uses an un-
dercapacity (phi) factor of 0.85; AASHTO uses 1.0. As
mentioned, COMP leaves it up to the user to determine
that the section meets all compactness requirements.
(When portions of COMP are called as subroutines by
program PLG, the calling program determines this.)

For built-up beams, the program also calculates the
plastic section modulus, BM Z, of the bare beam, for
possible use by the designer. However, program COMP
makes no use of this value (again, PLG does). Also,
the program assumes that the plastic neutral axis falls
within the web. For very unbalanced beams where one
flange contains over half the area, this assumption is
invalid, and COMP will not output a BM Z value.

For those following the examples in the AISC LRFD
manual, the refinement of using the beam's fillet area
(e.g. as shown on page 4-4) is not included in this
program. However, for the condition of the plastic
neutral axis (P.N.A.) falling within the web or flange
of a rolled beam, the program will prompt for the
flange and web dimensions in order to calculate the
P.N.A. position. For built-up plate beams, this is not
done since the program already has these dimensions.

INPUT SEQUENCE

The program is written to check several different
beams in succession with a given slab configuration.
To enter a built-up (welded) beam, answer the web and
flange dimension prompts. To enter a rolled bean,
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bypass the WEB D" prompt (or enter zero) and the
program will prompt for the tabulated elastic section
properties. COMP is not able to directly figure the
properties of riveted beams built up with angle (L)
shapes in the flanges, or rolled beams with
coverplates; for these beams, the designer must calcu-
late the section properties by hand and enter them as
for a rolled beam. (The program's neutral axis prompt,
Y", 1is expressly for this purpose. For symmetric
rolled beams, it can be bypassed.)

COMP prompts for slab thickness, span length, and
beam spacing. Then it calculates the effective slab
width (for an interior beam) from these parameters and
displays it, using the minimum of:

Span/4
Beam spacing
12 x Slab thickness (AASHTO only)

Note that the Eighth Edition AISC ASD criteria
(Flange width plus 16 x Slab thickness) is not used, at
the recommendation of LRFD Commentary section I3.1 and
the Ninth Edition ASD.

If the effective width is correct, press R/S to
continue; if not (for instance, for an edge beam) key
in the correct value and press R/S. For a given bean,
if the calculated neutral axis is below the bottom of
the slab, the entire slab is considered effective in
compression; if the neutral axis is within the slab,
only that portion above the axis is considered. The
number of shear studs used also can affect the neutral
axis position; see the following paragraphs.

If the neutral axis is above the top flange of the
beam (i.e. in the slab or haunch), the composite sec-
tion modulus of the top flange calculates out as a
negative number, and the stress on the top flange due
to live load is subtracted from the dead load stress.
Slab reinforcing is not taken into account, nor is any
concrete in the haunch between the beam and slab con-
sidered (although the separation between beam and slab
due to the haunch is taken into account). Thus,
transverse formed metal deck may be accomodated by en-
tering the height of the ribs for the H" prompt. The
slab thickness to be input would then be that amount
above the ribs. Formed metal deck with the ribs run-
ning along the beam is a little more difficult. The
simplest procedure is probably to ignore the concrete
in the ribs and treat them as a haunch, the same as for
transverse ribs. This is conservative.

If the beam is slightly embedded in the slab (i.e. a
negative haunch), the "negative area" of concrete in
the haunch is still neglected. That 1is, the program



considers there to be concrete and a beam flange in the

same place. This, of course, is slightly unconserva-

tive if the neutral axis falls beneath the top of the

top flange. For embedded beams with the N.A. in the

beam, the user should reduce the input slab thickness

to obtain zero embedment.

SHEARCONNECTORS

COMP also calculates shear connector requirements

using ultimate strengths of the slab and beam. If

designing by AASHTO or AISC LRFD, the stud diameter is
input, and the capacity and required number of studs is
calculated by AASHTO equation 10-66 or LRFD equation
I5-1. Research has shown that concrete strengths above
4000 psi do not increase connector strength. However,
the program does not take this into account. If using
concrete stronger than 4000 psi, see the next

paragraph.

If designing by AISC ASD, the shear connector
capacity is input directly from Table I4.1 (1.11.4) at
the STUD CAP (connector capacity) prompt. When design-
ing by LRFD or AASHTO,if using something other than
standard shear studs at full strength (e.g. channel
connectors, or studs at reduced strength due to formed
metal deck ribs); or if the input slab concrete
strength is greater than 4000 psi; bypass the STUD D"
(diameter) prompt in order to get the STUD CAP prompt
and key in a strength value directly. (That 1is, the
program does not calculate a reduction per LRFD I3-1.)

The program does not check AASHTO fatigue
requirements; however, the statical inertia Q is dis-
played if flag 04 is clear. For partial connection,
this value of Q is still figured on the full slab area
if the slab governs. If flag 00 is set, this shear
output is suppressed.

The requirements of AISC ASD equation I4-5 (1.11-7)
regarding moments due to concentrated loads are not
checked, nor are those of AASHTO 10.38.5.1.3 regarding
negative moment regions. The designer must check ver-
tical shear on the steel beam web; COMP does not do
this.

Partial shear connection is handled differently
depending on which code is being followed. If design-
ing by AISC LRFD or AASHTO, the program simply reduces
the effective slab area by the ratio of actual to
required shear connectors. This is done by reducing
the effective thickness of the slab rather than the
width; the haunch dimension is increased accordingly.
The difference between the two methods is small.

If designing by AISC ASD, formula I4-4 (1.11-1) is

5



used, interpolating the strength between that of the
fully composite section and the bare beanmn. However,
the slab used to figure the "fully composite section"
is first reduced as explained in the preceding
paragraph. This minor error will cause a small dis-
crepancy when checking hand calculations. The error is
conservative and typically is very small, on the order
of two percent.

ALLOWABLE STRESSES

As with the other structural programs in this
module, the concrete strength prompted for, Fc'KSI, is
the ultimate strength, whether designing by WSD or LFD.
The steel stress Fb KSI is the working stress to be
used; for load factor designs it will be close to or
equal to the yield stress. F-Y KSI (yield) is used
only for the shear connector design and plastic design.

OTHER CONSIDERATIONS

Shored construction can be analyzed by simply con-
sidering the dead loads (NCDL and CDL) as part of the
live load, and inputting them as zero.

COMP does not check span/depth ratios per AASHTO
10.5; the designer should do this. It also will not
handle negative-moment areas (i.e. a beam acting com-
positely with slab reinforcing).

When using program PLG to analyze a welded composite
beam, the flange width to thickness requirement is as-
sumed to be met. The AASHTO requirements for b/2tc re-
lated to dead load stress (10.34.2.1.5 and 10.50c) are
not checked in this situation by either program COMP or
PLG and should be reviewed by the designer. AASHTO
10.50(d), related to dead load moment, also must be
checked by the designer. Program PLG calculates the
constant R;, for this purpose.

COMP does not check vertical shear on the web.
Program PLG may be used for this. Neither program
checks AASHTO 10.50(e), concerning tension field action
in the web prior to hardening of the slab.
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TITLE:
RUN
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AISC
NSD?

RUN

N
8.0008  RUN

Fc'KSI

4.00080  RUN
STUD CAP, K

13.30086  RUN
F-Y KSI

36.0008  RUN
Fb KSI

24.8008  RUN

SL Th-

9.0000  RUN
BN SPA

6.0088  RUN
SPAN"

26.6088  RUN
SL Be=72.06880"

RUN
Hl

8.8088  RUN

NCDL M, ‘K

61.2688  RUN
CbL M. 'K

8.8008  RUN
LL M, 'K

RUN
ERERERAREERAEEAEERRARELE

WEB D-

RUN
BN A S@°

14.760680  RUN
BN D*

17.9968  RUN
Y-

RUN
I

860.8088  RUN
HOR ¥=264.6888 K
$STUDS REQ@D=39.7895

$STUDS

RUN

N=8

I-CONP=3,568. 8754
Y=6.2858"
Sc=4,589.3792
TF $=-1,274.8782
BF $=171.2873
 

B FL

NCDL STRS=8.2655 KSI

TFL
NCDL STRS=8.2655 KSI

EREEERXKLLXXXRXXRXXXX

WEB D°

BM A S@°

14,7008
BN D*

17.9908
Y-

I

866. a6e0
HOR ¥=264.60800 K
#5TUDS RE@D=39.7895

$5TUDS

1-CONP=3,560. 8754
Y=6.2858"
Sc=4,589.3792
TF $=-1,274.0782
BF $=171.2873

EFF S=168.4438

RUN

RUN

RUN

RUN

RUN

RUN
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NCBL STRS=8.26535 KSI

TFL
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RUN
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AISC
HSD?

N

Fc'KSI

STUD CAP,

F-Y KSI

Fb KSI

1.6000

9.0000

3.0000
K
11,5608

36.0000

24,0000

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

 

SPAN"
36.0008  RUN

SL Be=72.8000"
78.8688  RUN

H-

8.6008  RUN

NCDL M. 'K
38.2588  RUN

coL M, 'K
28.2508  RUN

LL MK
67.5888  RUN

EEERREREERRRERARRRRAEEASE
NEB D*

RUN

BM A S@°
9.1288  RUN

BN D*
15.8888  RUN

Y.

RUN

I
375.6008  RUN

HOR ¥=164.16088 K
#STUDS REQD=28.5496

$STUDS
RUN

I-ConP=1,113,3623
Y=4.2533"

$c=2,353.7516
TF 6=4,395.1765
BF 5=71.2436
 

B FL
NCDL STRS=9.7186 KSI
CDL STRS=3.4108 KSI
LL STRS=11.3694 KSI

£ B FL STRS=21.2238 KSI

TFL
NCDL STRS=9.7186 KSI
CDL STRS=8.8553 KSI
LL STRS=8.1843 KSI

I T FL STRS=8.3448 KSI

SLAB
CDL STRS=8.1832 KSI
LL STRS=8.3438 KSI
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SF 84

XEQ ~COMP*

8:12:15 AN 85/16/89

TITLE:

PLASTIC SECTION TRIALS
RUN

EEEREREEERERERRRXRKRREEE

RISC
HSD?

6.0008  RUN
PLAST?

1.0688  RUN

N
8.0008  RUN

Fc'KSI
4.0008  RUN

STUD D-
1.0808  RUN

F-Y KSI
36.0008  RUN

SL TH*
9.0800  RUN

BM SPA
9.0000  RUN

SPAN®
100.6080  RUN

SL Be=108.08000°
RUN

H-

1.0088  RUN

NCDL M, K
1,610.0008  RUN

CDL M, K
800.6008  RUN

LL M, 'K
RUN

SEEEREERERERERARELAEREES
HEB D*

48.0088  RUN
HEB TH"

.5088  RUN

COM FL W°
14,0008  RUN

TH"
1.5088  RUN

TEN FL W°
18.6088  RUN

TH*
2.0008  RUN

1=38,2082.6875
Y=30.1944°
COM S=1,265.2224
TEN $=1,793.8857

BM Z=1,595.25080

AREA=81.08068 S0"

HOR ¥=2,916.08808 K
#STUDS RE@D=123.7154

$5TUDS
RUN

2=2,934.1324
PLAST M=7,482.8375 ‘K
LL ¥=5,872.8375 'K

1-CONP=108,943.75088
Y=18.7778"
Sc=43,005.6213
TF S$=11,499.92089
BF 5$=2,362.7926
FREERREEEREEERRARREREEEE
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HEB D-
43.0008  RUN

HEB TH" |
1.0600  RUN ;

COM FL W* |
14,8080  RUN |

TH* ‘
1.5608  RUN

TEN FL W*
20.0000  RUN

TH*
4.0000  RUN

1=59,932.2955
Y=35.9715"
COM S=1,666.1061
TEN $=3,419.1297

AREA=149.0008 SQ"

HOR V=3,304.8000 K
#STUDS REQD=148.2108

#STUDS
RUN

2=3,732.5908
PLAST N=14,669.1845 ‘K
LL N=12,259.1845 ‘K

N=8

1-CONP=175,857.4426
¥=27.3438"
Sc=51,458.7545
TF 5=18,139.4945
BF 5=4,863.8264

To? }-l‘ > O i (7‘60" . .75”3 . [')S, 35 ;E;t;ftt#‘“###ttt##t###

Web 76071« (160/2) - 1%.%%
Welh 404" ¥ (4p .4/ : 416.0% @
B.FI. 90p" =~ {04+2") - 2392.00
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Calevlate cowmposite f)(fls‘“c,

sectimn er Hes of <this

beam and Ccapacities b

ASC (RFD="avd  AASHTO.

 

F1 = 34 ‘(5:

‘Dc/ = 4.0 l«s(

! 10%" 4

 

 

 

 

   

C:9"-10%x (€5-4) = 3304.4

Bw Areq = b T =32.0
Ua-y = 3.0
1€-2"%= 45.0

‘\3.0 DH

T:= 3.0 3Cks = UOD.0L

T>C> N.A. Tn bear

C'= L(Oéfi-f}oq,% - %,'c k

28lbL o
e eets <2

S NAL T T -@laM%e

Clob A2 440LBT2 32
FI. o251l = Vs =31 2.5

Fl. 1.3378<= 214" = bea%" = 1H.D]

Welp u<-%% = 3600’ +»253E=91T.I5

BE.  lga2% - 45.0p' - 50.5475 # 2.4y

Co—mposi‘le T 3772.1

E\f AASHTO, Ca.paci#‘? = Fy 1

= 3&‘37724‘3/‘2

=N,36.4'*

\31 AlSC LRFD (’ayac}k{ : ¢V7 ¢

= 45- 11364 =9516.9"

WEB D-
48,0008  RUN

HEB TH®
.7588  RUN

COM FL W*
16.8088  RUN

TH*
2.0088  RUN

TEN FL W°
18.0868  RUN

TH*
2.5000  RUN

[=54,635.8497
Y=28.9757"
CoM S=1,885.5772
TEN §=2,322.5246

BM 2=2,311.9167

AREA=113.08008 SQ"

HOR ¥=3,304.80080 K
$STUDS RE@D=140.2188

$5TUDS
RUN

2=3,772.1275
PLAST M=9,618.9251 ‘K
LL ¥=7,208.9251 ‘K

1-COMP=125,0844.42208

Y=21.1130"
Sc=47,381.0009
TF $=11,252.8787
BF $=3,821.34%9
SEEERAREEREEEARRREASEEES



Program CoOMY For COW\‘OOS.";E Beam AM‘\(:‘E 14471 bytes Page’ of <

 

 

 

 

 
 

 

        

X T L] X v [z 7]
. 54 XEQ 13 DL ;

@1eLBL “COMP* | 35 ST0 21 |

82 CF 9 | 36 CF 8 |

83 CF 11 | 27 LL
84 27 ; 8 XEQ’l4

85 XEQ@ 31 ¥ | 59 X=87

8 ‘Fb ksl

|

! l 60 SF 65
87 FC? 18 | \ 61 STO 26 (LM

88 PRONPT | | 62 F5? 11

89 .9 P i i 63 RN

10 FS? ,
1 Fg? 32 64¢LBL B

12 SIGN 1.0 65 XROM -L*"

13 =
66 CF 67
67 XEQ “BM"

14
510 18 F“‘ 68 X#8?

69 GTO 39
15¢LBL D
16 XROM °L®

70 “BM R

17 5L TH-" 71 XROM -IS°

18 PROMPT S TA, 72 PRONPT

19 STO 13
73 STO 61 Bn A

20 .Bfl Spnu-
74 .BH n..

21 PRONPT op4- 75 PRONPT J

23 PRONPT i e _

iy / 9 ’
25 /7 <pau/ 5 PA- Y-

26 XOV? . e 89 PRONPT 7

27 XOY i
81 STO @5

28 ENTERt rriw i 82 °I° |

29 FC? 04 83 PRONPT

38 RCL 13 <\ H,, 84 STO 82 I

31 XOY? -
32 XY VA g5eLBL 39 |

33 12 86 RCL 24 A5

34+ il 87 RCL 27 ol. afde

35 “SL Be="
88 *

36 ARCL ¥
89 STO 160 )ek

37 XEQ =AI"
98 LASTX 22

38 PROMPT
91 RCL 28 M

39 RCL 13 oy 92 /

40 *
93 STO 14 a/n

41 STO 27 - |.aeey 94 XOY force

42 CLX
95 RCL 86 ¥,

43 “H-*
9% RCL 81 - [A._

44 PRONPT oo | 97 "

SRLI3 ki, 98 X)¥? e [T
46 + 99 XOY Locce

47 STO 15 heel, :ge 2

48¢LBL E 182 SIGN vees H -

49 ¥ROM °L* 183 / v .Shoae AR,/
58 -N- 184 “HOR V=" ; Y/ A

51 XEQ 13 185 ARCL X

52 STO 17 NCDL 106 °F K" ,

53 CLA 167 FC? 89 .
188 XEQ "PV- : o  



 

 

 

 

 

  

   
 

 

Program /Ol For Comgoéfié Beowm Fuon (575 bytes Pageiof j?_

x v 1z T . X'y lz 7'l ]
189 RCL 25 Bhd cap | 164¢LBL 14 | C
110 X282 | ; 165 CLY% }

11 / ) | 166 YRON “N- ?
12 -ssTus REQD- Sk i 167 PROMPT

113 %207 o | 168 *
114 XEQ 62 | | 169 RTN
115 ADY ] | ‘
116 ENTERt = cluty "Mk . ) 178eLBL 81 sl.4 |BmA Neohrel 102
117 ASTO 23 #STUDS 171 RCL 84 T-FITH? T n beawm
118 CLA | ! 172 X)08? _
119 ARCL 23 ' | 173 GT0 81 T€ Hheve 12 Q
120 %#8? | i 174 XEQ 11 valie Lot oy
121 PRONPT Pav.l 2 reqd] 1 175 ST0 03 TL. flare Hhickuess,
122 X267 S 176 PRONPT ==5"0l, e123 / Resd: 7 se A ; ’ O%‘m‘i\"’124 SICN \ | e foue‘fi bvea w

125 LASTX Rl 1 ! ., 17eBL 8l [OETh prompt & Tt
126 X(Y? _ I owmote srods 1290 g3 [-Fw
127 SIGN “fegli are Turwiched g9 4 Vi ey
128 STO 22 Thau ave ff?'f, 181 RCL 81 .- A
12961/ 18 | X Consider only 182 RCL 18 Sl A
139 ST/ 14 * Hee number 183 - AA
131 RCL 13 Kloth, roa'd 184 2
132 XOY 5 1 185 / AAlz FLA
133 / P *Rekuees sldb 186 %¢¥?
134 STO 12 44 area amk cowmpr. 187 GTO 81 i
135 =a=" Lopre 7D 188 - A Neuvtral axis
136 FC? 18 ST S g9 o A& -. v wel137 ¥=1? studs 2 199 RCL 08 Wbt
138 ¥=8? =tene s Heay 191 / NA.
139 XEQ 23 lave rcivired. 192 RCL 85 B N.A
149 XROM -L* ' 193 RCL 04 R FITL| B WA PL N D
141 FC? 18 194 -

142 GTO 29 | 195 ST+ X
143 RCL 15 PN 196 + ze" o
144 RCL 01 Br A 197 » 27e
145 RCL 18 ).g 198 CHS |
146 RCL 86 Ty 199 RCL 85 b NA
147 7 200 ST+ X
148 STO 18 +  lg. A +Slap areq 201 RCL 04 \Ra
149 x<'r?0 ecrme 4 202 - le
158 GTO 81 4y .y, <te.| 283 RCL 83 FIW. .
151 7 b=t stk ele, ™T ste| 2684 LASTX Pl |27 |g
152 RCL 12 e rh, aed 285 * [Ari |z’ |34l
:gi ; e il ' Neustral axis ggg : ;:‘:;’“ Tk

T2 T ee| tey
{55 / , s laac o08 610 63 n
156 - Jar m

157 RCL 85 B,/ 209¢LBL 01 / Nevtral axis
158 + hrm 218 STO0 ¥ Al |abfy W €lonae
159 RCL 81 B A 211 RCL 63 Y. S
160 * Mevrt 212 /
161 GTO 89 213 CHS

214 RCL 85 BNA 1
1626LBL 13 215 ST+ X ! |
163 “HCIL * 216 + ze’ AR

217 * SHeel 4 | |     



  

 

 

 

 
 

  
 

 

P Coiik r . = S ,‘

A " vV

|

Z T ; — X [ v

|

7T |

218¢LBL 83 Brecli | 272 * A-dy| ;

219 RCL 15 Sl b ! 273 CHS - Ad !

220 RCL 12 A, i g;; légfrn ;nAt; A

i

|

¢
A [Bm AL ~

ggf 2 1th .51 e |eted e e B on Adjsl AL,

223 - €e | | 277 ST+ X Zest4h| 5LM|A 4B44

224 RCL 95 ¥ | | 278 / e |n |—Aed

225 + e | ; 279 XROM @~

|

*

226 RCL 10 ol fred | ; 286 STO 89 v

227 * Conc, lerg s*r,l-w,‘
- x

228 + Z ; | 2814LBL 86 ¥* T or slthidns

| | 282 ENTERt *

|

* Y

229+LBL 89 |2 263 12 #* corLiom

238 -2°
284 12 L ot slab)

231 XEQ 62
285 / ¥/| #

232 RCL 86 | F 286 RCL 14 sl. iy N

233 ™ 287 RCL 12 sl[ A/

|

V2| Y

234 .85 g 288 / 4. .

235 FC? 04 289 Rt Y f¥ol|l |y

236 SIGN 290 + MM Y2 |y

|

¥

237 * oM 291 Rt X S

238 *PLAST*
292 2 2

|

K |efan Vg

239 YROM “M=" 293 / */y

240 XEQ PV
294 RCL 89 ]

241 LASTX \Z 295 - d .

242 om” 296 X12 dt ||V|74y

243 RCL 21 NeoL 297 Rt Vo| At lera

244 -
298 + -

245 RCL 17 evl 299 e
246 - LL M 309 RCL 89 Y

247 CLA 301 RCL 11 koL

248 XEQ 85 3682 - bm &
303 %12 e

249¢LBL 29
304 RCL 01 B A

250 RCL 15 ah 305 * At LT

251 RCL @5 vy 306 + s 1

252 + 307 RCL 62 Ba L

253 ST0 11 )y 308 + I

254 RCL 01 | BA 309 ENTERt 1T |1

255 » Ad,. 310 “N="

256 RCL 14 5\ A/ 311 RCL 28 n |T |T

257 RCL 12 Jett <L) 312 XROM “AX"

258 2 313 FC? 09

259 / dy. Ao |Peds. 314 AVIEN

268 * Ad, 315 AV .

261 + s AS
316 XOY I |wn |I

262 RCL 01 3-A 317 ~1-CONP*

263 RCL 14 s Ak 318 XEQ 62 _

264 + S A 319 RCL 89 Y |1 |n |2

265 / el¥ 320 -Y="

266 STO 89 Y 321 XE@ 23

267 RCL 12 elt4]
322 /7 Sc, n I I

268 X(=Y?
323 » Sen|1 1 i1

269 GT0 96 324 *Sc* |

270 RCL 11 slohe ¥ Nevtral Axis 325 FC? @7 {

271 RCL 81 e A “w slab 326 STO 18 | @
] 327 XEQ @2 o ]      



Program COZ}“ For Cm,s.xfxf.}-\-e, Peam A-Aalvfc-'rf- bytes Pageiof _§_

 

 

 

   
        

X Y 2 [TlL: X vz 1T 7]
| : |

328 RDN I I T |5 383¢LBL 81
329 RCL @9 Y o Felo 384 FC? @7
338 RCL 15 N awd "385 F57 4
331 - rtdiI [T |I Fered 386 %2
332 / e 387 GTO 16
333 ST0 19 blastic? 388 FS? 18
334 FC? 07 | 389 GT0 16
335 STO 64 % 390 XROM °LL®
33 “TF- i 391 RCL 17 NetL Boftow T
337 XEQ 22 ! ; 392 RCL 63 Ser PHoM Tiue
338 RN I ' | 393 *B*
339 RCL 80 Bu d 394 RCL 11 Snk + Btk are
340 LASTX . d 395 RCL 23 Sn#1S3n

|

Suu [NOL| S, o
341 - vr.d| I 396 XEQ 20 7 £, Ao
342 / shel 1| T L 397 RCL 18 allac Fy =
343 ST0 11 (eomp) 398 XEQ 21 a4, ilT
344 “BF" 399 - aFy,
345 XEQ 22 488 RCL 23 Sw
346 FS? @7 401 » L™
347 GT0 81 482 STO 01 o111
348 ST0 23 483 RCL 17 NCOLA
349 RCL 62 B T 484 RCL 82 -1
350 RCL 06 B d 485 RCL 85 o= ¥
351 RCL 85 p-Y 486 / 6.TH.S
352 - B:F1. dogy 407 1"
353 / BR.S 488 RCL 19 Sin
354610 83 [t WRLM (S [, 1SNepn| Tog Flawe
355 F5? 64 410 XEQ 20 ht. €, :
356 6T0 86 411 RCL 18 hllo F,
357 ADY o ? 412 XEQ 21 aet L, Fy
358 RCL 89 @ 413 RCL 04 Compos, |IVRL 13 fitix ¥ Foll s lal, 414 SIGN Mg = ¢ fss >rr
368 2 +hichmness 45 + ek £, 'S reghve
361 / reonrf less 416 - aE, Gie N.A. in Shb)
362 - Sk 4 of tds 417 RCL 04 Sve Hhen VL stros.
363 RCL 14 iA 418 HlowLK coonteracts [ stroe.
364 * Q 419 ABS '
365 -0° 428 RCL 81 B LLr
366 XEQ 02 421 XY .
367 GTO @1 422 XOY Min.

423 ST0 01 alew 1Y
3686LBL 86 Sem [Semy 4RL18 S, Slals
369 - 55 | 425 . O
370 RCL 22 * % ‘Strerd 46 poL 10 S # Se fr n: 00
371 SORT = k< Tavail. ) 437 ~SLAB® (NCDL)
372/ ‘ £ 428 RCL 21 oL M
WIRL B [um L 29 0STO 83 i ifilj;if;
374 + 5&'@?, -'{ 1! then 438 FS? 0@ oL M 6¢ O 5 JO V\O'{ vse Y\zs"\375 ST0 11 ] 431 CT0 81 < i
376 X(> 23 Scovpos 5:{’4' - sempos 432 FS? 85 Modu|vs

377 RCL 11 Sid | 433 X207
378 XY? 434 AVIEN
379 ADY
380 “EFF 435¢LBL 01
381 XY? 436 XOY S. MM o | ¢

.382 XEQ 22 it |Sead 437 XEQ 68 afl T@ -* L  



  

 

 

 
 

 

 

          

AT . ’ -Program C 0M For C o-.MTLfsr'La Yooi 'm!{u bytes Page_S_Of %

X 'V 1z [TlL | X 1y ?"T':L.]

438 RCL 16 .£ | 499 X207 ' I |
439 XEQ 21 F«‘.Q,au»:g - 491 XEQ 15 |
449 FC? 85 | ' 492 + ol |
441 CTO 16 o 493 FS? 85
“ - adel | 494 RTN
443 RCL 10 Se ; | 495 RCL 26 L Mizn{) o G
444 4 luH 496 Rt Sn445 °us - | ‘ 497 / LA,
446 FS? 06 ; | 498 “LL"
447 °LF - | g 499 XEQ 15
448 RCL @1 eLA | 500 +
449 DOY? | 581 FC? 08
458 XOY | 582 ADY
451 XEQ 05 583 RTN

4520LBL 16 5844LBL 15
453 FS? 04 585 FS? 89
454 GT0 12 586 RTN

2 b. 588 XEQ “PV*457 1/% ‘CW V\;Bh 589 RTN

458 ST+ 29 calevlctions
459 ST/ 14 o1Ad) CAASHTO) S18eLBL 21
468 FS7C 07 511 XOY
461 CT0 12 512 FS? 85462 SF 87A 3
4640LBL 12 2Lt o KLo PLG 516 XROM K"
465 FS? 1 # 517 €10 @1
466 RTH
467 GTO B S18eLBL 85

*S foc ASC o]~& 519 *HLL

469 °F FL* . 521 RCL 26
479 ASTO 63 B YL
471 FC? 89 TEL 522¢LBL 81
472 AVIEN 523 XEQ °PV-

473 “NCDL*® vt 524 FC? 11
474 Rt oC 525 X=8?475 Rt M X=07 526 GT0 68
476 / 527 *NG*
477 XEQ 15
478 FC? 10 32 32{,’,
479 GTO 84 538 X)Y?
488 LASTYX AlSC ASD 531 AVIEN481 ¢ N Scoe allews £}
482 Rt Crges5 ckiony S324LBL 88
483 / fr NeBL M 533 FC? 09
aseotBl 84 (Lo 1S

|

<, % :';:" )
485 RCL 21 S O P |
486 Rt Sswjew w4, |5 5364LBL BN |

537 CLX :4874LBL 88 S38 ST0 04 O | gee line
488 -CDL" 539 “HEB D "l
489 / o | 548 PRONPT I



  

 

 

  

 

  

 

 
 

 
 

  

 

  

o .
Program { OMP  For CO“‘? esite Beom AM{‘{’:/s 479 bytes Page_bof &

—_— A Y Z T

|

L I X V z 1 L l

541 ¥=87 | 592 STO 85 Y 1
942 RTN | 593 =y=*

543510 07 [+bdi 594 XEQ 23
544 XEQ 11 Compr AW Wi, 595 / St A S, 13,

545 GTO 85 | 596 STO 11
| 597 =COM-"

S46LBL ~SBM" | FrowPLG 598 XEQ 22 St
547 SF 11 | ; 599 “TEN-
948 CF 27 | 600 Rt

549 GTO IND X | 601 STO 14 Sees
. 682 XEQ 22

S58eLBL 81 683 FC? 86

551 GT0 39 604 GTO 83
685 CLA

S526LBL 63 686 RCL 67 Web 4
553 GTO D 687 RCL 89 Tows W

688 RCL 10 TorsTH

S54¢LBL 64 609 * Ters A

555 GTO E 610 RCL 83 Congw
611 RCL 84 ComgTL] Corh] Ti 4

5564LBL 00 612 ¢ rwg A [Teush |1k £
557 STO0 12 613 - A A

558 XEQ 89 614 RCL 88 VA th
615 / AW

S59eLBL 85 616 - '

568 DEG 617 2
561 %=8? 618 7 NA.pos Wik 4

562 RTN X7yt 619 KG=Y?

563 ST0 63 CongtY or 620 %(8?

564 PRONPT x<0l 621 GTO €3

565 STO 84 CopFLTL Gie. NA622 ADY !

566 “TEN" Dlauge?) 623 STO 12 INA.

567 XEQ 10 N 624 RCL 88 We
568 STO 89 Cws. W/ 625 RCL 89 Tons

569 PRONPT 626 RCL 16 TonsTTous| Wb] d

578 STO 10 Tows Th. 627 RAD

571 STO [ 628 XEQ “AY* Ad

572 RCL 04 LoyY 629 RCL \ A4

973 + 630 RCL 1 ZA

574 RCL 07 Wik 4 631 / &
575 + B 632 X() 12 N.A.

576 STO 09 633 RCL 87 Web J

577 RCL 09 Tous. W/ 634 - poes N. A

578 STO ¢ 635 CHS
579 RCL 67 webd 636 RCL 68 Mt
589 RCL 88 ek 4h 637 RCL 63 g

581 RCL 03 (RN 638 RCL 04 otTH 4/ [V 1

582 RCL 04 (g¥, 639 XEQ “AY

583 XEQ “AY* ALY |5

|

T 648 DEG

584 STO 01 A 641 RCL \ 1A
585 Rt 642 RCL ] ZA

586 SF 21 643 7 Hemgr

587 °1- 1 644 RCL 12 s,

588 STO 82 2:5 ; |

589 XEQ 62 _ 6

598 Rt ST LAY 647 / \&h
T

1 : |
591 XO Y Ao, 648 CHS o ;



 
 

 

 

 

Program COM? For COV\\{)OSF\‘@ Beod Ann‘qlzig bytes Page_7_of 4

X vy |2 [T ]u! X Ty [z V17" L |

649 RCL 00 d } 6930LBL “AY" (oTh [Comyl)| WELTH[lb4 |
650 + x 694 STO ] Th I
651 RCL 01 Ayl 695 Rt web d
652 7x2 696 + “h oW

|

Wk ik1

653 2 . 697 XOT Vo A |CompW

|

Usk th b

654 / 7 | ot pminl 698 - " [VAth] k| W

655 “BN 2° | AN A\ 699 ReL ] CopTh| A |uehtu| k
656 STO 12 | W] [gny 700 AD
657 XEQ 82 | | 7\q‘ 701 STO 1 A

1 LN faY 782 LasTY (oT
658eLBL 03 : d el | 703 * Ad [~ko |k
659 FS? 80 784 STO \
668 RTN 705 LASTX
661 ADY 766 * AfRtt

]

k| h
662 “ARER=" 767 RDN wek 4 .
663 ARCL 01 768 XOY ho fwebt| h

|

Ad

664 XROM -IS° 709 # A
665 AVIEN 710 ST+ ] (s 1)
666 XROM “L° 711 LASTX h
667 RTN 72+ rd d .

713 ST+ \ ad) ~ A M
668LBL 22 714 FS? 43
669 °F S 715 RTN

716 LASTX W 1
6704LBL 82 717 » Ay N

|

AdG| A
671 “F=* 718 Rt AL,

672 ARCL X 719 + SpE

|

A

673 FC? 89 720 RCL e\ A00 W
674 XEQ “PY- 721 RCL 2 h

o

iesW|ZAd] W
675 RTN 722 % A !

723 §T- 1 (€A
676LBL 11 724 LASTX W

677 “HEB TH™" 725 # Ad
678 PRONPT 726 ST- \ GAd]
679 STO 68 Vet 727 LASTX ho| .

728 * Al Al |b
688¢LBL 89 729 - M~ || h
681 ~CON" 730 RCL ¢ NedTV]

731 RCL [ TonsFITY
682¢LBL 10 732 Rt W |Th [ AT

683 °F FL == [PV 733 + d |w
684 PRONPT 734 STO [
685 “TH"" 735 * A

686 RTN 736 ST+ ]
737 LASTX | 4

687¢LBL 23 738 * rd
688 ARCL X 739 ST+ \

689 XEQ “AI* 748 LASTX d .
698 FC? 80 | 741 * A4™ |2
691 AVIEN 742 + Mt
692 RTN 743 3

744 / T
745 RCL \ tAd
746 RCL ] ZA |
747 ST+ X - ‘ @

748 / Y I '
749 x12 T |  

 

  

 

 
 

 

   

 
 

  
 

  



  

 

- | -

Program COMP

_

for (o mn‘ao‘s\fi. oo Asl ugiZ bytes Pageéof %

X!V [Z [TI1L] Xlvlz!T!L]|

758 LASTX Y ol I 885 FS? 04
751 X0 1 A 1Y T 886 FS? 86
752 * shy |1 887 CF 18
753 LASTY A 808 CF 22
754 RN AT A 889 FC? 89
755 + L 810 FS? 89
756 RCL ] Y |2 A 811 CT0 05
757 Rt AlY

|

I 812 =STUD *
758 O\ 2N |y 813 FS? 10 )
759 # shdY

|

3 814 CTO 87 {
760 - L 815 .75 3%
761 ENTERt 816 YtX &)
762 ENTERt I (T |1 817 7.25 B763 RCL [ 4 218 + h25¢
764 RCL ] Y. 819 ~Hp-*
765 - e, T|LZ

|

T 829 PRONPT SlB
766 / S, 821 %12 *
767 RCL ] Y 822 * ol cap
768 RCL \ AlY S| L 823 .87
769 RTN 824 FC? 04

825 SIGN
7784LBL 31 826 / ewa-F.
771 -AISC* 827 FS? 22

772 XROM “AR" 828 GT0 85
773 CF 86 829 CLA
774 .4
775 FS? 04 839eLBL 67
776 .45 831 “HCAP, K~
777 STO 16 45 832 PRONPT s\ Gp
778 “NSD?* 833 2 Chv AISC
779 PRONPT 834 /
780 X=0? AsD)
781 SF 86 835eLBL 85
782 CF @8 836 FC? 22
783 CLX 837 CLX
784 “PLAST?" 838 STO0 25 5&901.
785 FS? 86
786 PRONPT 839eLBL °FY*
787 %)8? 848 36
788 SF 88 841 °F-Y KSI®
789 .85 _ 842 PRONPT r1
799 STO 24 &5 843 STO 86
791 FS? 86 844 66 k- AlsC792 STO 16 451 845 XOY Fy LRED793 8 846 X)Y? AT794 N 847 BEEP 1795 FC? 89 848 X)Y?
796 PRONPT 849 CF 68
797 STO 28 n 850 CF 18
798 SF 10 851 FS? 68
799 CLA 852 SF 18
800 FC? 89 , 853 END F
881 XEQ “Fc*  |{,
882 ST+ 24 452

V 803 ST+ 16 e
804 SF 18

 

         
 

 



PLATE GIRDER ANALYSIS

xeq PLG (SIZE 032)

SOFTKEYS  (USER mode ON)

Input intermediate stiffener spacing
Input new flanges and find moment capacity
Input new moments and lateral bracing spacing
Input new web section
Input new shear within a panel (e.g. for a new

stiffener location)

o
P
Q
a
Q
o
w
e

Note:do not use softkey "b" before having begun flange input once
already, since web and stiffener information must be processed
before the beam's section and strength properties can be calcu-
lated.

USER FLAGS

Flag 00 clear Full output
set Reduced output-many intermediate

calculations not displayed

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 04 clear AASHTO
set AISC

INPUT SUMMARY Note: The following summary is for a non-
composite plate girder. If analyzing a composite plate girder,
many of the prompts encountered are summarized in the documenta-
tion for program COMP and are not repeated here. The user should
become familiar with COMP before using PLG on a composite beam.

Prompt Input Default
AASHTO or AISC A reminder, not a prompt.

Push R/S to continue.

WSD? Asking if by working stress 1 (WSD)
method. Respond 1 for yes (WSD/
ASD), O for no (LFD/LRFD).

F-Y KSI Steel yield stress, ksi. No default

M1, 'K Greatest moment within panel No default
being analyzed, in foot-kips.
For composite designs, the sum of
the NCDL, CDL, and LL moments
input is used for M1l and it is
not prompted.

1l



Prompt

M2, 'K

V, K

LAT BR SPA'

WEB D"

TH"

END or INT PANEL:

ST SPA"

COMP FL W"

TH"

TENS FL W"

TH 11]

OUTPUT SUMMARY

(MAX D/TW)

D/TW

©9

Input Default

Smallest moment within the panel
in question. If moment reversal
occurs, M2 is negative. For an
end panel, input M2 as zero.

Ml,'K

Shear at the location of
interest within the panel.

No default

Spacing of the lateral bracing, No default
or unbraced length of the com-
pression flange, in feet. Assumed
zero and not prompted for composite
beams.

Depth of the web plate, inches. Zero
Bypass (or enter zero) to accept
last web configuration entered and
begin stiffener calculations (if
stiffeners are needed) or flange
trials (if stiffeners aren't needed).

No defaultWeb thickness, inches.

A message, not a prompt. Push R/S.

Stiffener spacing, inches. By- Zero
pass (or enter zero) to accept
last spacing and begin flange
calculations. Press softkey e
(lowercase) to input a new shear
value (i.e. to look at another
location within the panel).

Compression flange width, inches.
If satisfied with previous flange,
bypass (or key in zero) to enter
new loads and begin analyzing a
new panel.

Zero

Compression flange thickness. No default

Tension flange width, inches. No default

Tension flange thickness, inches. No default

(Items in parenthesis are displayed only if
flag 00 is clear)

Maximum allowable web slenderness

Actual web slenderness
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ACT FV

STIFF REQD or
NO STIFF REQD

MAX ST SPA"

TENS FIELD or

NO TENS FIELD

cv

ALL FV

(I, Y, S-C,
S-Te, A)

(2)

b/T

cb

ALL L/b

L/b OK or NG
(AASHTO WSD only)

(L/xq)

(K (AISC ASD)c)

(Ry) (AASHTO LFD)

TENS and COMP Fb

M

Acting shear stress on the trial web

Telling whether or not intermediate
stiffeners are needed for shear

Maximum allowable stiffener spacing, deter-

mined by either spacing (for interior panels)

or shear requirements (for end panels). If

an interior panel, shear requirements may

dictate a spacing considerably less than this

calculated maximum.

Telling whether or not tension field action

is being utilized. The program only uses
t.f.a. when allowed by code; and for AISC
designs, only when needed.

Shear constant.

Allowable shear stress, ksi. If greater than
ACT FV, displays OK; otherwise NG (no good).

Elastic section properties of the beam: mo-
ment of inertia, neutral axis depth, section
moduli of the compression and tension
flanges, and area of the section.

Plastic section modulus of the beam, in
inches cubed (only if by LFD/LRFD)

Compression flange width to thickness ratio.

Bending constant, to account for moment
gradient on allowable bending stress.

Allowable compression flange unbraced length
to width ratio. See "FLANGES" section.

Checks compression flange L/b.

Unbraced length property for AISC designs.

Web/flange slenderness interaction constant

Composite dead load factor

Allowable bending stresses for tension and
compression flanges, in ksi (WSD/ASD only).

Allowable moment capacity.



PROGRAM
Flag

Flag

Flag

Flag

Flag

Flag

Flag

Flag

Flag

Flag

FLAGS
05

o8

09

10

11

18

19

20

clear

set

clear

clear

set

clear

set

clear

set

clear

set

clear

set

clear

set

clear

set

clear

set

set

clear

set

clear

set

clear

set

STORAGE REGISTER USE

Register
00

0l

02

03

04

05

Value

Interior web panel
End panel-no tension field action

Have live load moment in COMP

WSD (working stress design)
LFD (load factor design)

OK
NG (no good)

No stiffener required
Stiffener is required

L/bgy is under limit (OK)
L/bgy is over limit (NG)

(AASHTO WSD)

h/t, is under limit (beam) (AISC LRFD)
h/t,, is over limit (plate girder)

Elastic design only
Plastic design permitted by designer

Composite beam
Non-composite beam

AISC LRFD or AASHTO
AISC ASD

Within a subroutine

Elastic design only
Plastic design allowed by code (compact)

Symmetrical beam (identical flanges)
Asymmetrical beam

Tension field action allowed
No tension field action allowed

Total beam depth (in SBM)

C or Cv; Beam area (in SBM); Allow. LL Moment

Beam I (in SBM):;

Max. D/tw; Compr. flange width; Beam Sp¢; "B FL"

(D/tw) 2 Compression flange thickness; Si¢ (n=n)

(1 + (D/do)?)/(D/tw)2Fy; Beam N.A.
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Register
06

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

value

Fy, ksi

Web depth

Web thickness -

Allowable Fv; Tension flange width (SBM):; 1/rT, 6ir

Composite N.A.

Actual D/tw; Tension flange thickness; Mg:
Concrete compr. force; S, (n=n)

D/t,:; Top flange S; (Slab + Haunch + Beam N.A.):;

Sbf (n-—3n)

Beam Z; Allowable capacity M, (in SFDb);
Effective slab thickness

Slab Thickness

Beam Sy¢; Slab area/N

Slab thickness + Haunch

.40, .45, or .85 x F,

NCDL M ("K stored)

Allowable tension flange stress

Mp (in SFb):; Stf (N=3n)
. |

CDL Moment

Actual F,,; Number of studs required/available

yi Ty

.85 Fc!

Xl7 "#STUDS": Sbf (n=n)

Stud capacity/2

Live load moment

Slab area

M)/My
Shear interaction reduction factor

Lateral bracing spacing (inches stored)

M,



PLATE GIRDER ANALYSIS

Program PLG analyzes a plate girder design for com-
pliance with code requirements, and determines allow-
able stresses. It considers a beam one section at a
?ime, considering shear, intermediate stiffener spac-
ing, moment gradient, and section properties within
each bracing bay or section of interest. The program
can analyze a girder by one of four codes:

AISC ASD (Ninth Edition)
AISC LRFD (First Edition)
AASHTO WSD (1989)
AASHTO LFD (1989)

AISC is followed if flag 04 is set. If flag 04 is
clear, AASHTO is followed. At the beginning of a run,
the designer is prompted "WSD?" Answering this with a
1 (yes) sets the program for ASD/ WSD; responding with
a 0 (no) results in the use of LFD/LRFD rules.

For each bracing bay or stiffener panel analyzed,
the program steps through the following sequence:

1) Prompt maximum shear in panel, moments at
each end, and spacing of lateral bracing.

2) Try web configurations; check D/t and
acting shear stress; see if intermediate
stiffeners are needed.

3) Using last web configuration input, calculate
minimum stiffener spacing; try different
spacings, calculating allowable shear stress
for each.

4) Using last web and stiffener input, try
different flange sizes; calculate section
properties; check B/ty and bracing requirements.

5) Calculate allowable stresses (ASD/WSD) or
ultimate moments (LFD/LRFD) for each flange
trial.

6) Start sequence for new panel.

Each step of the sequence repeats itself for new trials
until the user bypasses the first prompt of that step,
thus accepting the last parameter input. See the ex-
amples for clarification.

As mentioned, PLG analyzes a girder one section or
bracing bay at a time; each section can be different.
It prompts for moments M1l and M2 at the ends of the bay
or section, the maximum shear V within the section, and
the unbraced length if non-composite (the length of the

1



bracing bay for noncomposite beams). If a uniform sec-
tion is desired, it's still not a good idea to input
the maximum moment and maximum shear as occurring at
one point if they don't. For one thing, the lower
shear coincident with the maximum moment may give a
higher allowable bending stress. Also, the web stiff-
ener analysis will change with the stiffener spacing,
which presumably will change.

The value of the shear is a design variable affect-
ing the intermediate stiffener area requirements and
spacing and the allowable flange stress calculations,
among other things. As such it must be calculated and
input carefully. The moment values M1l and M2 are a
little less critical. They are used for three things.
First, if M2 is input as 2zero, the program assumes an
end panel and the shear and stiffener calculations are
done accordingly.

Second, the program uses the moments to figure Cp
(for AISC) or to check for the 20% increase in bending
stress allowed by AASHTO LFD. If designing by AISC,
and the panel has a higher moment in the middle than at
the ends, M1l and M2 must be input the same to force
Cb=1o0.

Third, for AASHTO LFD, the maximum unbraced 1length
for full plastic moment capacity is based on the moment
ratio.

The sign convention used by PLG is that moments in-
ducing single curvature are both positive; if they in-
duce reverse curvature, the signs are opposite (either
Ml or M2 is negative). Note that this is opposite the
convention used by AISC.

Some of the things PLG does not do are:

1) Analyze hybrid girders. The web and flanges must
be the same yield strength. Program BM may be
used to calculate the section properties of a
hybrid girder.

2) Design or analyze bearing or intermediate
stiffeners, unless RAM program "STIF" is keyed
into main memory; a listing follows. Space
constraints prevented this from being included
with PLG in the ROM.

3) Consider fatigue. The designer must do this.

4) Check stresses (yield on gross section against
ultimate on net section) at splices or other
bolt holes, or check that bolt hole area is
less than 15% of gross area.



5) Check deflection or camber (although it does
calculate moment of inertia).

6) Analyze beam-columns. Direct axial stress P/A
is assumed to be negligible. See program SBCOL.

The following information concerning what the
program does do, and how it does it, is broken down
into seven sections, concerned respectively with:

softkeys
plastic analysis
the web
intermediate stiffener spacing
the flanges
allowable stresses and moment capacity
composite design
stiffener analysis

SOFTKEYS

Softkeys are used in PLG mainly for jumping from one
area of analysis (for instance, stiffener spacing), to
another (e.g. flanges). Softkey operation is compli-
cated by the fact that PLG uses many subroutines out-
side the main program. However, most of these are
either general-purpose subroutines such as "S", which
have no softkeys of their own; or portions of program
COMP (for input and composite beam design). All of the
softkeys in COMP are uppercase (unshifted); all of
P1G's softkeys are lowercase (shifted). Thus, to use a
softkey in PLG, hold it down so that you can read its
function in the display. If the softkey calls its na-
tive function (X/2, YAX, etc.) instead of XEQ a or XEQ
c, it means that you aren't within PLG and the
softkey is inaccessible at the moment; continue holding
it until it reads NULL. Then continue running the
program until you're back in the main body, and try
again.

Note that when analyzing composite beams, the
program spends a lot of time within program COMP; but
when running non-composite beams, most of the external
subroutines are simply short output and display
routines which can be gotten through quickly with a
couple of SST's. As a quick check, USER mode is turned
off while within COMP and turned back on upon re-entry
into PIG.

PLASTIC DESIGN

Another potentially confusing item is the PLAST?
prompt near the end of the initial input sequence. For
design by LFD/LRFD, this prompt gives the user the op-
tion of disallowing plastic section analysis (the
prompt does not appear for WSD/ASD designs). In other
words, the maximum moment capacity is computed using
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elastic section properties at first yield. This "veto"
ability was initiated for several reasons:

1) AASHTO eq. 10-94 involving flange-web slender-
ness interaction is not checked. For right-to-
the-wire designs where this might be a problen,
the user must check it and disallow plastic
properties if necessary.

2) AASHTO 10.48.3 involving web thickness trans-
itions is ignored, i.e. the allowable moment
capacity is interpolated between elastic and
plastic values. If the user is not comfortable
with this, PLAST? can be disallowed for these
"jin-between" designs.

3) PLG automatically disallows plastic design for
steel yield strengths above 65 ksi per AISC
LRFD A5.1. This is assumed to meet the
requirements of AASHTO 10.48.1.2.

4) For composite beams, flange b/t ratios are not
checked since the flange is assumed restrained
from local buckling by the shear connectors.
For thin flanges with wide connector spacings
(or nervous designers) it may be desireable to
override this assumption.

5) Inevitably, some agencies will refuse to allow
full utilization of plastic strength properties
on their structures.

Answering 1 (yes) to the PLAST? prompt does not mandate
plastic section analysis; it merely allows it. Ap-
plicable code provisions are still checked.

The above discussion is concerned with plastic sec-
tion analysis; PLG assumes that loads are derived from
an elastic structure analysis. AASHTO 10.44.1 is as-
sumed to be met, with the 9/10 exception allowed by
10.48.13; for AISC LRFD designs, equation Fl-4 is
checked, not equation Fl1-1. If the user verifies that
a section meets the requirements of Fl1-1, then PLG may
be used for a plastically analyzed structural member by
LRFD (i.e. the loads may be from a plastic structural
analysis). Doing this generally results in a sig-
nificant decrease in the design loading and thus in the
level of conservatism.

Note that the status initially set by the PLAST?
prompt can be changed manually at any time by changing
the setting of flag 08. This should be done before the
program begins calculating the allowable capacity:
before or during input of the flange dimensions is a
good time. -



WEB

The effective depth of the web used by PLG is the
distance between the flanges rather than the full mem-
ber depth, both for web slenderness and shear stress
calculations. This is in keeping with AASHTO criteria
and 1is in the spirit of AISC ASD rules (assuming web
depth is 95% of full depth) for web slenderness; it is
contrary to the 1liberalization allowed by AISC LRFD
F2.1.

The value of h, is correctly taken as twice the
neutral axis depth for asymmetrical non-composite
beams; however, for composite beams, the value used is
that of the bare beam. This is conservative compared
to the codes, and seems prudent given the uncertainty
of construction loads prior to hardening of the slab.
These limits are concerned primarily with slender web
buckling. Putting a composite slab on a beam with its
web already undergoing flexural buckling does not
reverse the buckling.

AISC rules require calculation of a bending stress
reduction factor, R c: for slender webs. PLG uses web
depth per ASD section G2 rather than h_, as called for
by LRFD A-G2-3.

The shear constant is the ratio of a panel's buc-
kling strength to its yield strength in shear. C;, may
calculate and be displayed as greater than 1 0;
however, for AASHTO and LRFD designs, a maximum of 1.0
is used since the web will yield in shear before it
buckles. AISC ASD effectively liberalizes this 1limit
to (0.4 x 2.89) or 1.156; i.e. F|, is never greater than
0.40 F

Y:

The maximum web depth:thickness ratio for AISC is
figured assuming stiffeners spaced at 1.5 times the
depth; this ratio is only slightly greater than that
for an unstiffened girder. However, maximum stiffener
spacing/%epth is calculated as the greater of
(260tw/h)“€ or 3.0, not 1.5. This will very seldom
cause conflict, since for the large ?/t ratios typi-
cally involved, either the (260t,,/h) requirement or
the shear stress requirements will dictate spacings
less than 1.5h.

Maximum D/tw requirements for AASHTO are based on
AASHTO 10.34.3.1 and 10.48.5.1, and similarly assume
maximum stiffener spacing of 3.0 D, or 1.5 D for end
panels (panels where one of the moments is input as
zero). The increase allowed by 10.34.3.1.1 for bending
stress less than allowable is not used, since at this
point in the program the bending stress is not known.
Stiffeners are required for D/t,, greater than 150, and
to meet shear requirements.



The web slenderness is checked against the AASHTO
value of 608//F, over the web depth instead of 640//F§
over the full a%pth, assuming the flanges comprise 5%
of the depth (608 = .95 x 640). This is within the
spirit of ASD rules and 1is conservative for LRFD.
Another minor adjustment is made to the AISC ASD shear
strength constant of 190 used for the calculation of
Cy+ The program uses v/36000, which is 189.74, to match
the AASHTO wording. For the same reason, PLG uses
186.95 instead of 187 in this portion of the LRFD code.
These differences are obviously insignificant but may
cause very minor differences between computed and hand-
calculated versions of the same design.

PLG does not check web crippling; this must be in-
vestigated by the designer. Neither does it does check
that the web is at least 5/16" thick per AASHTO 10.8.1
if designing by AASHTO. No thickness minimum is
required for AISC designs.

INTERMEDIATE STIFFENERS

Stiffener spacing is checked and a warning displayed
if it is greater than 3.0 D. If the limit is violated,
the program still continues; however, the user may wish
to use softkey "a" to input a new stiffener spacing.
If an end panel is being analyzed by AASHTO, the limit
used is 1.5 rather than 3.

Thicker webs may not require any intermediate stiff-
eners. However, if the actual/allowable shear stress
is greater than 0.6 they may be desirable to eliminate
flange stress reduction. Thus, even if the program
finds NO STIFF REQD, the stiffener input sequence will
still be entered. Or, press softkey (shift) a (in USER
mode) to get to the stiffener input sequence and input
a new stiffener spacing from elsewhere in the program.
If no stiffeners are desired, simply bypass the STIFF
SPA prompt (press R/S with no numeric entry) to get on
to the flange design portion.

The portion of the program related to the analysis
of the actual stiffeners had to be left out of this
version of BRIDGEROM due to severe space constraints
(largely due to the addition of AISC LRFD provisions,
absent in the previous version). However, a listing of
RAM program "STIF" is included. If this is present in
main memory, it will be accessed as a subroutine by PLG
and will analyze both intermediate and bearing stiff-
eners. NOTE: if you have any programs presently in
main memory with the Label STIF, please change the
title if intending to use PIG. For more information,
see page D178.



FLANGES

For composite designs, PLG assumes an unbraced
length of zero and Lb' (lateral bracing spacing) is
never prompted.

Compression flange b/t ratios are checked using full
flange width. For composite beams before hardening of
the slab, the requirements of AASHTO 10.34.2.1.5 or
10.50(c), and AISC LRFD I3.4, regarding width to thick-
ness ratios as a function of dead load stress, are not
checked by the program and should be verified by the
designer.

AASHTO WSD has upper 1limits on compression flange
L/b, while AASHTO LFD and AISC simply keep reducing the
allowable (compressive) bending stress. If an AASHTO
WSD run finds "L/B NG", it is a Code violation, and the
program returns for a new beam section. For situations
where neither the unbraced length nor the flange width
can be changed (i.e. rating of existing structures),
the user is left with the choice of ignoring the limit
and extrapolating the parabolic reduction equation
beyond that point (as the other codes do) or pronounc-
ing the structure impossible to rate or possessing no
strength. PLG will be of no help in any of these
situations, since it does acknowledge the code cutoff
point.

For very wide thin flanges, AISC LRFD equation A-B5-
3 is identical to the Eighth Edition ASD equation C2-3.
This has been changed in the Ninth Edition ASD spec.,
appearing as ASD equation A-B5-3; the equations are
similar except for the introduction of a web slender-
ness interaction constant K.. PLG incorporates K. into
ASD equation Fl1-4; however ghe infrequently used Appen-
dix B equation is the older Eighth Edition ASD C2-3
(LRFD A-B5-3). For designers who like to stretch the
bounds of present knowledge concerning very wide thin
flanges, the newer Ninth Edition equation should be
checked by hand.

The program makes a few minor adjustments to code
constants in the interest of efficient use of code.
The LRFD constant of 11,200 in the b/2t check is taken
as 11,250. Also, for AISC ASD designs, the program as-
sumes b/2t < 195//Fy Koi it doesn't check equation A-
B5-4 in appendix B.

ALLOWABLE STRESSES and MOMENT CAPACITY

The AISC LRFD code explicitly considers the strength
of a beam as the lowest of three values based on
analysis of web slenderness (WLB), flange slenderness
(FLB), and overall (unbraced length) buckling (LTB).
Program PLG uses this approach for all four of the
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codes accepted (AASHTO WSD/LFD and AISC ASD/LRFD); the
moment capacity of the beam is calculated based on each
of the three criteria (WLB is not considered for LRFD
"plate girders" (very slender-webbed members) and for
AASHTO WSD analysis, which has no such provisions).
The final moment capacity output is the least of these
two or three values. If by LRFD, this final capacity
is multiplied by the undercapacity factor phi (which is
why it is not the same as any of the preliminary
values).

Except for AASHTO WSD, the codes recognize three
levels of "compactness" for each of the three beam

criteria: compact
intermediate between compact and non-compact
non-compact

"Compact" beams have a moment capacity (allowable
stress) equal to the plastic moment of the beam (0.66
F,, for AISC ASD). "Non-compact" beams have a capacity
(Xllowable stress) less than or equal to the elastic
strength at first yield (0.60 F,, for ASD). And,
"intermediate" beams have a strengé& (stress) interpo-
lated between these levels.

ALLOWABLE STRESSES8: WSD/ASD

For WSD/ASD, the program uses the actual value of
0.55, .60, or .66 F, rather than the rounded-off values
often used; i.e. ¥6r compact AISC designs it outputs
21.6 ksi instead of the familiar 22 ksi (Grade 36
steel). These values are then reduced for lateral-
bracing, flange-slenderness, and shear-interaction
requirements; AISC designs also are reduced for web
slenderness.

For reduction in the allowable bending stress due to
high shear stress in the web (shear interaction), AISC
reduces only the allowable tension web stress, while
AASHTO simply reduces all stresses. PLG reduces both
tension and compression flange stress, which is correct
for AASHTO and makes no difference for most AISC
designs. In the unlikely event that AISC would allow
a higher compression than tension stress, the output
allowable compression stress will thus be slightly con-
servative.

AISC only makes this reduction if tension field ac-
tion 1is being utilized; AASHTO considers it for all
high shear areas. Thus, when designing by AISC, the
REDX=... display only appears if tension field action
was necessary to carry a shear load with a given web
and stiffener spacing. If the web has sufficient shear
capacity without relying on the tension field, no
reduction is applied. AASHTO takes a simpler view of
things; tension field action is always assumed used and
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the reduction is always investigated. For simplicity,
PLG takes the constants in AASHTO WSD equation 10-29 in
10.34.4.4 as .55 x (1.375 and .625) instead of .754 and
.34; the difference is negligible.

This reduction is not additive with reductions in
compressive flange stress due to lateral bracing
requirements for WSD/ASD designs. However, due to the
way the equations are written, the reduction is addi-
tive with other reductions for LFD/LRFD. Program PLG
takes this shear-interaction reduction as additive in
all cases and is thus slightly conservative for ASD/WSD
designs. While the AASHTO WSD code is a generally con-
servative code, AISC ASD often results in members which
are lighter than the other codes would allow. Thus
this small degree of conservatism is not inappropriate.

MOMENT CAPACITY: LFD/LRFD

As mentioned, moment capacities for beams with com-
pactness properties in the "intermediate" range are
figured by interpolating between the elastic moment at
first yield and the plastic moment. For WLB (slender
web) calculations, the elastic moment is figured with
the section modulus taken with respect to the compres-
sion flange, and when this flange is smaller than or
equal to the tension flange this calculation is
straightforward. However, when the compression flange
is distinctly larger than the tension flange, its sec-
tion modulus may be greater than the plastic modulus 2
of the beam, which, of course, represents a physically
impossible situation. In this case, neither AASHTO nor
AISC offers much advice. Whether the intent is to use
the moment corresponding to first yield of the compres-
sion flange with the tension zone partially yielded (a
difficult computation) or the much lower moment at ten-
sion flange yield, or some other value, is unknown. 1In
this instance, PLG uses the full compression section
modulus, but with an upper limit of the plastic
modulus. In other words, the program may interpolate
between Z and Z. Please note that this applies only to
WLB calculations.

For the case of flange slenderness (FLB) calcula-
tions, the elastic moment is figured differently for
AASHTO LFD and AISC LRFD designs. For thin-webbed
"plate girder" design, LRFD appendix G2 is quite
straightforward, and the program follows it directly.
For stout-webbed "beam" design, LRFD reduces the yield
stress by F,, the assumed residual stress; PLG uses the
compression flange S, for this case. AASHTO also
specifies the full compression flange S,, but with the
full yield stress. In this case, as for web slender-
ness, PLG uses this moment up to a limiting value of
the plastic moment.



COMPOSITEBEAMS

Note: this section mostly reiterates information con-
cerning composite built-up beams from the preceding
material. The documentation for program COMP concerns
itself with all composite beams and should be consulted
along with this documentation for composite plate gir-
ders.

The stability of a composite beam during construc-
tion is not checked directly by the program. To do
this a separate run must be made with the COMP? prompt
answered 0 (no). The designer should input the weight
of the wet slab and beam as dead load, and whatever
construction 1live 1load is 1likely to be applied.
Depending on the degree of restraint afforded by the
slab falsework, the unbraced length of the compression
flange will probably be the distance between cross
bracing. AASHTO 10.50(e), forbidding tension field ac-
tion in a composite beam before hardening of the slab,
is not checked by the program and must be checked by
the designer. AASHTO 10.50(d) is not checked, but the
constant Ry is calculated for use by the designer.

Non-composite beams are checked on the basis of
three criteria: web slenderness (WLB), flange slender-
ness (FLB), and unbraced length (LTB). For composite
beams, only web slenderness is checked. For plastic
design, if the web is compact, a fully plastic com-
posite section is used. However, if the web falls be-
tween the compact and non-compact limits, PLG does not
interpolate between the plastic and elastic (first
yield) 1levels of strength; the moment capacity output
is that of the elastic section at first yield, as
directed by both AASHTO 10.50.1.2 and AISC LRFD I3.2.

The value of h_, is correctly taken as twice the
neutral axis depéh for asymmetrical non-composite
beams; however, for composite beams, the value used is
that of the bare beam. This is conservative compared
to the codes, and seems prudent given the uncertainty
of construction loads prior to hardening of the slab.

For composite beams, flange b/t ratios are not
checked since the flange is assumed restrained from
local buckling by the shear connectors. For thin
flanges with wide connector spacings, the designer
should check by hand that FLB does not govern the
design. For composite beams before hardening of the
slab, the requirements of AASHTO 10.34.2.1.5 or
10.50(c), and AISC LRFD I3.4, regarding flange width to
thickness ratios as a function of dead load stress, are
not checked by the program and should be verified by
the designer.
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The flange is also assumed restrained against LTB by

the slab and shear connectors. For composite designs,
PLG assumes an unbraced length of zero and Lb' (lateral
bracing spacing) is never prompted.

STIFFENER ANALYSIS

Program PLG does not analyze stiffeners by itself.
However, it will access a subroutine in Main Memory
named STIF if such a program exists. (Note: If by
chance you have any programs in memory named "STIF",
change the name if using program PLG.) A listing of
this program follows. It uses the same flag conven-
tions and storage registers as PLG, and requires 393
bytes (57 registers) of memory in RAM.

STIF analyzes both bearing and intermediate stiff-
eners. Bearing stiffeners are assumed to consist of
one plate on each side of the web; intermediate stiff-
eners may be one or two plates. All applicable provi-
sions of AASHTO or AISC are checked, with these
exceptions:

1) AASHTO LFD bearing stiffener analysis gives an
allowable factored load instead of following WSD
criteria as specified.

2) AASHTO WSD intermediate stiffener analysis uses
the minimum area requirement from the LFD spec.

3) Shear transfer (i.e. weld size) is not addressed.
Neither is intermediate stiffener length.

4) All bearing stiffeners are analyzed as columns
with effective length equal to web depth. This
is contrary to the 75% criterion of AISC.

5) Single intermediate stiffener moment of inertia
is calculated from center of web instead of edge
of stiffener plate.
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XEQ “PLG"
9:12:59 AN 83719788

TITLE:

98 FT SIMPLE SPAN BRIDGE
RUN

SXEERRRERRERREXXAREREERE

RASHTO
NSD?

1.0800  RUN
F-Y KSI

56.0080  RUN

2,000.08080  RUN

8.00886  RUN

¥, K
136.16680  RUN

LAT BR SPA"
8.8608  RUN

MAX D/TW=140.0000

KEB D°
48.0000  RUN

TH®
.3758  RUN

D/TH=128.88088 0K
ACT F¥=7.5644 KSI
STIFF REQD

NEB D-
RUN

SEEEEXRBEREEEEALERRARRNSE

END PANEL:

HAX ST SPR=24.0600°

ST SPA*
24.6088  RUN

NO TENS FIELD
ALL F¥=16.6667 KSI 0K

ST SPR*
RUN

$STIFF
1.8808  RUN

J=8.6008
MIN 1=18.1250
EEEEEXRRXRXXXREEXERKRRSRR

INT PAMEL:
MAX ST SPR=72.9808"

bJafkfines Mress

ML s a:b?%w'\.l{
lve %o Chnfn' e
actioNn

O® cheek enmd
fdfl&QJ

€olly braced byelb

New web +viql|?
Bypass

Fet otfener

space

New sfae}u&fi‘uq'!

By pass

5?vq§a.<643{4¥kaer

ST SPA*
72.8080  RUN

Cy=8.3879
TENS FIELD
ALL F¥=11.3883 KSI OK

ST SPA*
RUN

$STIFF
1.0080  RUN

J=8.,5008
MIN 1=1.8984
SEEBERRXRRREXERRRREEAN

STIFF W°
4,0008  RUN

TH*
.2568  RUN

STIFF NG

STIFF W*
6.8088  RUN

TH®
3125  RUN

STIFF NG

STIFF W*
5.0088  RUN

TH®
3125  RUN

STIFF 0K

STIFF W*
RUN

SEEREXARARRERREEEAREAREE

COMP FL R*
14,8088  RUN

TH®
7588  RUN

TENS FL W®
18.8008  RUN

TH*
1.5688  RUN

1=23,176.1267
¥=32.1791"
$-C=720.22480
S-Te=1,282.5877

R=55.5000

b/7=18.6667 0K

ALL L/b=30.060600

L/b 0K

I <« Min

1N

Go on

Cheek flau

omd 1d¢nlL¢n 



 

 

TENS Fb=26.3961 KSI
COMP Fb=26.3961 KSI
 

COMP FL W*
RUN

ERRERERERERRERRARARERRAS

1, K
1,288.8288  RUN

M2, 'K
RUN

v’ K

96,9386  RUN
LAT BR SPR"

22.5008  RUN
MAX D/TH=148,0008

 

WEB D-
XEQ B

COMP FL W*
14,0008  RUN

TH"
7568  RUN

TENS FL W*
18.8088  RUN

TH*
1.5608  RUN

1=23,176.1267
¥=32.1791°
5-C=720.2240
S-Te=1,282.5877

R=35.50080

b/T=18.6667 0K

ALL Ls/b=30.0008

L/b OK

TENS Fb=27.0008 KSI
COMP Fb=21.7378 KSI
 

COMP FL W®

Alloweb les €oc

2ully svppected
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by sheav redyctiom
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suppert cownditiong -
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shoaw 9(‘01;0('\-7“ s“«q

Yhe same - check

new € la’“fl‘ allrwekles

New alloweble etresses
fo~ unbraced LOM&W
of 20.5°  
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AL " Q'-) effestive } '
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— | —_— 2
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—f > 50 L, « 50.25° 3.6

Spav. = 40'- L, =22.5%2=270" ><3.(
Braced @ P+s = L,=21-6

NG jt}r\lv‘la\ e{(.'(wl“;t‘)q

- N

LOADS ,_ ,
Lh= 0 < 43'6. Ol 'Ffi'-fée’rv.‘rc

Mome‘m"{‘é.‘ Sevrv. LF
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LL+ T 1421.09 .35 = 2100,70""

3 3
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ChL .75 1.2 720.49
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1ok

NCOL 1B13-69%12 /1247 5150 = 144163 Lsi
CbL Ue0.69"“y/ww3.z0 = 2.406
LL«I 210070 +(2/1736.75 = _21.41Y4

24093 Lo

T4.99 < 49.04 4     
NeYL 18126911/ 72027 = 25.2T
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LLsT dwo.70-2/4%%7.50 = 4d.4Y,
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216k < Hq.04 014
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Program PLG ~nf, .- i

’ for_Vlale Gicder M{‘?s < bytes  Page_|_of _9

. T

X : Y

|

Z T L.T X v z T l

81eLBL *PLG" 54 INT 2o

82 SF 89 55 ST0 @3 !

B3 E 1 fedantr 56 “NAX D/TH"
94 =CONP?" regpomse 57 XROM °Y*

85 PRONPT 58 SF 14
86 X)8?
87 CF 09 | 59eLBL 86

88 31 L 60 XROM °L*

89 XEQ -SBM- ¥y | T onpel 61 CLX
19 3 Coltouting 62 “WEB D-*

{1 GT0 00 63 PRONPT
64 %=07

12¢LBL ¢ 65 GT0 a

13 XROM *Ls* 66 STO 87 Uit 4

14 4 67 “TH="
68 PRONPT |

15¢LBL 08 69 STO 88 okli

16 FC? 89 | Re
17 XEQ ~SBN- Sla diwmensisw 71 RCL 87

18 CF 85 anf LL “wpt 72 RCL 88 x

19 RCL 17 subtoutine 73/ /s, |war

20 RCL 21 74 STO 10

21 + 75 “D/Th="

22 RCL 26 76 ARCL X

23 + 77 CF o7
24 N1, K" 78 FC? 08

25 FS? 89 79 XEQ 05

26 PROMPT o | 80 X)Y?

27 ENTERt ' ! 81 CTO 86

28 *N2, K fi!_t/ 82 XEQ 12 £

29 PRONPT 83 14 E3 14,000

38 ST0 31 M,

|

K, 84 RCL 96 Yy i

31 X#8? " 85 16.5 b.T

|

T, |42ty

32 7/ /MZ 86 +

33 %=0? 87 RCL 86 Fy

34 SF 85 88

35 SICH s 89 SORT |
% E l 9 / &,—,;—” .
37 LASTY | 91 268 1)
38 ABS Ml L 92 X)Y?
39 X(=Y? 93 XOY Lt

40 XOY ) 94 FC? 04

4/ | £ | 95 150 l:n‘.*‘f/‘
© e 96 RCL 18 |
43 ST0 28 "y 97 %)Y

q 98 SF 07

440LBL d 99 XEQ 61 Ko

|

K¢

45 CF 07 180 FS? 10

46 998 101 .4
47 FS? 06 182 F5? 10

48 1157 183 83149 Koo By

49 FS? 04 184 RCL 10 b,

50 2 E3 650 K> 185 X12 C

51 RCL 86 ¥ rel 186 / i L

52 SQRT Jfi X‘f < 107 XEQ 08
53 7 9 188 CLA

fcv%



Program _P_Z_—_G___
 

 

 

     
  

   

 

 

For bytes

7 .
/ | !Xy T U] X v % T L]

189 FC? 87 | 162 X(@?118 N0 - 163 CLX _
111 “FSTIFF REQD" 164 SQRT mn-cfd

112 AVIEN - 16 ¥
113 CT0 86 127 ENTERt winemin
1140LBL 12 168 FC? 84 1| e115 CF 07 169 1.5 LB
116 =¥, K* V 1704LBL 63
117 PRONPT 171 Y2
18 RCL 7 . |4 172 %C3Y min
119 / { 173 RCL 67 d128 RCL 08 ~ 174 * im5
21 / £ 175 “F ST SPR=*122 *ACT Fy* 176 STO 99 Min123 ST0 22 177 ARCL X124 XROM “KS* 178 “p=*
:gg §$u -Py* 179 FC? @0

180 XEQ °PV-

1270LBLe }32 CE 2 L128 XROM “LL® redvx26¥ROM L 183 ST0 29 e

130¢LBL a
:g?g%;l

131 XEQ @1 186 XROM °L°132 XOY 187 CLX
gi ég s 188 =STIFF SPA""

) 189 PROMPT135 2.89 198 FS? 22
136 STO 04 4‘”;,6 191 ¥=8?

137 XROM “L#* 192 CT0 17
138 “MAX INT* 193 STO 11 ot139 FS? 85 194 CF 28148 “MRX END" 195 FS? 85141 260 1 196 SF 20142 RCL 67 197 RCL 80
::i RCL 68 Yw 198 XOY spa. |win

/ : 99 X)Y?145 ST0 10 i, éea XEQ 65146 7 . 201 RCL 87 4147 X12 (9 4 202 ST/ 11
148 3 3 1) 283 5 5149 FC? @5 204 ENTERt T
15 GTO 03 285 FS? 10151 7 ' 20 206 5.34 :igg §T+ X %7{,3’- 207 FS? 10_ 268 4 4 |5154 RCL 04 - uEom 209 RCL 11 a/y155 RCL 22 e €, 1244 R 218 E 17 |Yd |4 (5156 Rt 211 XHY?157 7 212 XEQ *21° 1 |%4 534y158 * 213 RIN 2]159 214 ¥12 SUMER I%kMNin% 216 + Ks 217 K- ,  

Pageéof fi__



 

 

 

 

Program \"L@ For bytes Page_z_of ‘?

X 1Y TIL | X1y lz "7V L]
218 XRON - | 276 %(8? ’
219 .8 277 SF 28
228 XOY 4 | K 278 RIDN

224-RCL 86 ey 279 FC? 28
222 / ¥y 280 +
223 36 E3 281 CLA
224 * 282 FS? 28
225 1.83 283 *NO -

226 FS? 84 284 “FTENS FIELD"
227 FC? 96 285 FC? 88
228 SICN 286 AVIENW
229 / 287 XEQ 08
230 SQRT 288 G0 21
231 RCL 18
232 / LIST 122
233 1HY?
234 ENTER? 289¢LBL 81
235 X12 290 3
236 XY 291 17X
237 / 292 733 E2
238 SIGN 293 FS? 86
239 LASTX 294 .58
248 X)Y? 295 FS? 86
241 SF 20 296 127 E3
242 “Cy- 297 FS? 04
243 XEQ V- 298 .54
244 SICN 299 FS? 04
245 FS? 18 300 1188 E2
246 1.156 381 RN
247 LASTX
248 X)Y? 382¢LBL 08
249 XOY 383 STO 89 hll, £,
258 STO 81 384 “ALL Fv*
251 ENTER? 305 XROM “KS*
252 SIGN 386 RCL 22 b'y
253 LASTX 387 XEQ 85
254 - 388 X)Y?
255 .87 389 RN
256 + Foroy 310 FS? 04
257 RCL 11 and 311 FC? 20
258 X12 Fs110 312 X(8? )
259 E 313 RIN A2w|
260 + 314 {1 [
261 SQRT 315 “REDX"
262 / 316 5 ¥ | ad |l
263 X¢8? 317 Rt 1 v
264 CLX 318 / Sy U lacd |act
265 ¥=87? o, 39R ast £
266 SF 28 ¥1305-.65F 320 Fen| N
267 XOY Vo321 - 1
268 RCL 86 322 8
269 RCL 84 323 / X
270 / 324 \
271 ST* 2 325 X)Y?
272 % 326 XOY Cebuchor
273 RCL 22 327 ST0 29
274 X(Y?
275 FC? 84 |  

 

   
 

  
 

 
 

  



Program p L G
 

bytes Pagefi_of _EL__

 

L] Y T T L |
 

328¢LBL V"
329 FS? 08
338 RTN
331 "b="
332 ARCL X

333¢LBL “PY"
334 SF 25
335 PRA
336 FC2C 25
337 AVIEN
338 RTN

339¢L8L 85
348 X)Y?
341 SF @7

342 XROM =0K-
343 Xe@ -Py-
344 RTN

345¢LBL 17
346 FS?C 65
347 GT0 a
348 SF 25
349 FS? 22

358 XEQ °STIF-
351 CF 25

352¢LBL b

353 XROM “Ls-

354 CLX

355 “Lb*-

356 FS? 89

357 PROMPT

358 12

359 =

368 STO 38

361 CLX

362 XEQ -SBN"

363 X=0?

364 GT0 ¢

365 RCL 08

366 CF 19

367 RCL 85

368 ST+ X

369 X2Y?

378 SF 19

371 RCL 63

372 3

373 Y#X

374 RCL 64

375 =
376 RCL 10

377 RCL @9

378 3

379 YX

380   
 

   

381 +
382 12
383 7/
384 RCL 81
385 7
386 SORT
387 STO 23

388 “RY"
389 XE@ -¥-
398 FC? 64
391 GTO0 13
392 RCL 68
393 RCL 67
394 =
395 RCL @3
39 7/
397 RCL 04
398 /
399 6
408 +
481 ST+ X
482 SORT
483 RCL 63
484 /
485 1/X

486 STO @9
487 “RT"
488 XROM -y~

489¢LBL 13
410 ADV
411 XEQ 11
412 RCL 87
413 2 E3
414 RCL 12
415 FS? 86
416 GT0 82
417 760
418 XEQ 00
419 FS? 04
420 AVIEN
421 FS? 04
422 SIGN
423 s
424 +
425 -COMP-
426 XEQ 89
427 “TENS®
428 RCL 18
429 RCL 29
430 *
431 XEQ 89
432 CF 18
433 FC? 89
434 GTO 13
435 RCL 14
436 +     

 

 



 

 

 

      
 

 

 

  
 

 

Program YLG For ? ( (14, e () "Lféf Aua(\!g,,, by tes Page_5_of 0{

X1y 2

|

T[L] XIv 1z ITIL]
437 XOY

438 RCL 11
489+BL 08

439. 3.
498 XOY

448 XOY? :gé §ORT

441 XOY 493 RCL 68442 GT0 87 43 8

443¢LBL 82 232 Rt

444 -

oo
497 LASTX

445 /
oL

446 970
447 XEQ 80 ;33 ECL 83

448 FS? 04
449 AVIEN gg; SCL 04
4

S
9083 X>8?

431 * 584 CLX

pre 585 KO
453 FC? 04

906 /
454 SIGN

4355 FC? 89
gg; +E

e 3692P0
916 ARCL X

458+L8L 67
511 FC? 084

912 SIGN
459 CLA

“H=*
913 RCL 12

468 XROM °N=
514 RCL 29461 AVIEN 514 RCL

462 GTO b

4630LBL 82 S16eLBL 11
517 CLX464 RCL 96

465 ¢ 518 SF 18

466 STO 12 519 FS? 04
528 FS? 26467 RCL 85

468 RCL 84 521 X)8?

469 - 522 CF 18
523 CF 67478 5 E2

471 RCL @6
524 FC? 04

925 FS? 66472 395
926 X>8?

473 XEQ 00
527 GTO 16474 LASTX

“Rb* 528 .66

pei
929 FC? 10

476 FC? 04
2 ? 1 5

477 XEQ -V 538 RCL 12 Z

478 + 531 RCL 86 Ty

479 =
532 =

-ALL- 533 ST0 12 Mg
480 “ALL

934 STO 18
481 FC? 18

o o1

482 XEQ 89 0 19
936 “PL"

483eLBL 13 537 XROM ~N="
538 FS? 86484 CF €5

L 539 FC? 18485 XROM “L .

486 548 %=8

487 XEQ “SBM" 541 AVIEW

488 CT0 b 542 ADY
543 RCL 11 s



 

 

 

 

    

 

 635 16.5    
 

Program L & For bytes Pagefi_of fl

X L _

544 FS? 10 i L y 1z T L]

545 .6 o | 601 / |

546 RCL 86 Ty 682 RCL 86

547 * Mg 683 SQRT

548 RCL 12 684 +

549 X>Y?
685 X)Y?

550 X(OY
686 CF 18

551 STO 19 Me 687 FC? 67

552 FC? 20 ! 688 X>Y?

553 ST0 12 T eL4 6089 ¥=07

554 688 5n(40 Cactien., wo 618 GT0 @2

555 RCL @5 v ; 9\%+:c’ vovet 611 RCL 67

956 RCL 04 T FI. ‘, 612 RCL 68

9957 - ‘ 613 7

558 ST+ X he 614 70

559 RCL 8 Fw 615 X>Y?

368 / Wy g 616 GTO 11

561 RCL 86 5 617 RDN

562 SQRT f 618 .46

563
619 CHS

564 X)Y? 620 YX

565 CF 18 621 4.05

566 150
622 *

567 LASTY
623 “Kc*

568 *
624 FS? 18

569 970 625 XEQ V"

570 FS? 04 626 FC? 10

571 XOY ' 627 SIGN

572 RDN
628 SQRT

573 FS? 84 629 *

574 X)Y?
630 Rt

575 %=0?
631 Rt

576 SF 67
577 FC? 86 632¢LBL 11

578 CF 07
633 Rt

579 XEQ 07
634 Rt

580 RCL 10 635 FC? @86

581 X(=Y?
636 95

582 X(OY 637 FS? 86

583 FC? 08 638 70

584 FC? 86 639 FS? 086

585 X(8?
648 FC? 84

586 CF 18
641 GT0 03

587 FC? 18 642 RDN

588 STO 12 643 FC? 87

589 FC? 89 644 GTO 04

590 RTN
645 RCL 16

591 *D/TH" 646 STO 19

592 RCL 12
647 2

593 FC? 87
648 /

594 XEQ 14 649 STO 10

595 SF 18 658 RDN

596 65
651 156

597 RCL 83
632 GT0 83

598 RCL 84
599 /

6534LBL 04

600 2 654 RCL 86   



PLG
 

 

 

      
 

 

 

 

 

Program For bytes Pagelof _fi__

X

|

Y L ] X1y lz T/ L]
656 - | 789 FS? 18
657 RCL 11 | 718 GT0 @z
658 XY 711 FC? 04
£50 4~ 712 G0 83 |
668 STO 19 713 RCL 89 I+
661 RDN 714 FC? 07 ]
662 RCL 86 715 RCL 23 Y
663 LASTX 716 3 E2 ‘66l / 717 RCL 86 - ol ]
665 SQRT 718 SQRT N A

719 7666 1086
667 + 728 *

721 ST0 a .,
668¢LBL 03 722 RCL 36 L,
669 X(=Y? 723 X(=Y?

678 GTO 83 724 GT0 85
671 XEQ 87 725 CF 18
672 GTO 82 726 =X1°

727 FC? @7
673+LBL 83 728 PROMPT
674 FC? 06 729 RCL 23
675 GTO 11 730 *
676 XY 731 ST0 23
677 / 732 -x2-
678 X12 733 FC? 07
679 RCL 18 734 PROMPT
680 * 735 ST0 \
681 CTO 82 736 RCL 86 ¥

737 16.5 |
682¢LBL 11 738 - T,-
683 1.415 739 S1/ 2
684 Rt 748 Xt2
685 229 741 *
686 / 742
687 - 743 +
688 * 744 SQRY

745
689¢LBL 82 746 +
698 “b/2T" 747 SQRT
691 XEQ 14 748 +

749 756
692¢LBL “SFb" 756 RCL 06
693 SF 18 751 SORT
694 RCL 10 Mg 752 /
695 RCL 14 Sy 753 RCL 89
696 RCL 86 y 754 /
697 * 755 FC? 87
698 X<=Y? 756 XOY Ag
699 STO 18 757 RCL 30 Ly
700 2 E4 7= 758 X)Y?
761 RCL 63 759 GT0 04
702 + 768 RCL a el Ly
783 RCL 84 761 %O 2 Yo |2 |Ag
784 + 762 XEQ 67
785 RCL 00 4 763 XEQ 68
786 / 764 X)Y?
787 RCL 86 s 765 XOY
788 / L 766 GT0 85 |  



 

 

  

      
 

 

 

 

 

  

Program —E-—Lé For
bytes Pageiof f}

X1y lz [T]L] X Ty T

7674LBL 84 ' 823 / y (7 T L]

768 RCL 23 824 2

v 769 XOY 825 -

70 7 -~ | 826 CHS

771 ENTERt |

772 %12 - 827¢LBL 02

773 RCL ©\ 828 RCL 06

774 % ! 829 *

775 2 i 8308 3

776 + | 831 / L.

777 SORT | 832 RCL 10 =y

778 « M, 833 X)Y? |

779 286 E3 834 XOY -

780 RCL 30 Ly 835 GTO 85

781 RCL 89 - o

782 7 8364LBL 83 £

783 %12 . 837 FC? 86 ‘

784 7 838 GT0 10

785 FC? 87 839 36

786 XOY 840 RCL 31 Wi

787 RCL 23 841 RCL 19 p

788 =
842 -

789 XEQ 08 843 22

798 GTO 65 844 ¢
845 - .

7914LBL 82 707 A 846 E2 o

792 RCL 63 s 847

L. 19376 | 848 RCL 86 ‘

FL1 794 # 849 /

795 RCL 86 T 858 RCL 23 .

796 SQRT 851 * 2F

797 7 852 RCL 30 L

798 X)Y? 853 X(=Y? |

799 XOY Ay 854 GT0 85 |

868 RCL 38 L 855 CF 18 o b, |

801 X(=Y? 856 Rt ar

|

b

882 GTO 85 857 X)Y?

883 CF 18 858 GTO0 84 2o 1l

[

hy

864 RCL 10 b¥. 859 XEQ 67

8685 RCL 12 s 868 GTO 85

886 X)Y? .
807 XOOY 861eLBL 67 fo

|

%

|

A

888 STO 18 : Laveds 3 862 RCL 19 A II

899 RCL 69 P}’_““% pbeef

L)

4 863 XO T S PO PR N
816 Rt L e 864 ST- Z o

811 / 865 - fede e Mg |g

812 51 E4 866 7

813 XEQ 08 867 XOY S|

814 RCL 06 868 RCL 10 e

|

e ;

815 7
869 -

816 XOY 870

817 X2 871 -

818 * 872 RTN ™M,

819 SICN
828 LASTYX 873eLBL 94

821 X(=Y? 874 XEQ 63

822 GT0 82 875 *
876 RCL 28 | |



Program VL[Q

877 .7
878 X)Y?
879 1.2
880 X(=Y?
881 E
882 XEQ °YT*
883 XEQ 02
884 RCL 66
885 X)Y?
886 XY
887 CLA
888 XEQ 09
889 RCL 14
890

8914LBL 85
892 “Lb"

893eLBL 14
894 FS? 18
895 RCL 19
896 FC? 86
897 XEQ @9
898 FC? 86
899 GT0 14
980 XROM “M="
981 LASTX
962 *
983 FC? 68
984 XEQ “PV-

985¢L8L 14
986 RCL 12
987 X>Y?
968 XOY
989 ST0 12
918 RTN

911eLBL 68
912 3.5
913 RCL 28
914 =
915 CHS
916 LASTX
917 Xt2
918 +
919 .3
920 *
921 1.75
922 +
923 2.3
924 ¥(=Y?
925 XOY
926 RDN

927¢LBL 82
928 =Cb"
929 XEQ ¥-
930 =
971 PTN

For

 

 

 
 

Moy

    

932¢LBL 09
933 °t Fb*

934 XROM °KS*
935 XEQ@ “PY*
936 RTN

937+LBL 18
938 CLX
939 STO 12
948 STO 18
941 139
942 RCL @6
943 SQRT
944 /
945 RCL @3
946 RCL 04
947 /
948 “b/T="
949 ARCL X
958 XEQ @5
951 X>Y?
952 RTN
953 219
954 RCL 86
9355 SQRT
956 /
957 INT
958 “ALL L/b°
959 XEQ °v-

960+LBL 83
961 RCL 30
962 RCL @3
963 /
964 .9
965 FS? 86
966 FC? 19
967 SIGN
968 7
969 FS? 86
978 ENTERt

971 “Lsb="
972 ARCL X
973 AVIEN
974 XOY?
975 RN
976 Xt2
977 95486
978 s
979 RCL @6
980 =
981 SIGN
982 LASTX
983 -
984 RCL @6
985 FS? @6
986 RTN
987 .35
988 =
989 STO 18
998 =
991 STO 12

__ bytes

 

X Y z '7T 1L
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TIMBERBEAMDESIGN

DIA" (round only)

Enter zero for round

members.

Diameter, inches

xeq WBM for wood beam analysis (SIZE 012)

SOFTKEYS8 (USER mode ON)

D New dimensions

E New LDF

F New material properties (skips dimension and load/LDF
prompts to re-evaluate same trial with new allowable
stresses)

USER FLAGS

Flag 00 clear full output
set short format

Flag 04 Cclear AASHTO
set NDS/UBC

INPUT SUMMARY

Prompt Input Default
F-V PSI Allowable horizontal No default

shear stress

Fb PSI Allowable bending No default
stress

E PSI Modulus of elasticity No default

LDF Load Duration Factor 1.0

Le-b" Effective unbraced Previous Le-b
length in the "B"
direction, in inches

B" B dimension, inches. Previous B
Enter zero for round.

D" D dimension, inches. Previous D

No default



OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

(C-K) Slenderness limit, dependent on E and Fyp values

(S) Section modulus in inches cubed

(C-S) Effective length (slenderness) constant, Lg d/b2

(Fb') Allowable bending stress in psi

ALL M Allowable moment on the section

ALL V Allowable shear on the section

PROGRAM FLAGS

Flag 06 clear check slenderness
set no slenderness check necessary

Flag 07 Clear rectangular
set round

Flag 08 clear new material properties input via
softkey "E"; use same loads and dim.

set normal input sequence

Flag 09 clear column analysis (WCOL)
set beam analysis (WBM)

STORAGE REGISTER USE

Register WBM
00 S (in3)

01 Fb

02 Le (inches stored)

03 B or Diameter, in.

04 D, inches

05 LDF

06 Area

07 E, psi

08 Cc-F (form)

09 F-V, psi

10 C-K

11 not used (column effective length)

2



TIMBER BEAM ANALYSIS

Program WBM analyzes the strength of timber beams.
It calculates and displays the section properties and
allowable stresses, as well as all factors and
coefficients used to figure these properties.

MEMBER SECTION

The program is intended for use with solid or glue-
laminated (glulam) members only; the analysis of built-
up members (e.g. nail-laminated or spaced members) or
any solid shape other than rectangular or round, is not
covered.

The program is not able to make allowance for bolt
holes or notches; a uniform section is assumed.
However, in many cases (e.g. slender members with bolt
holes at the ends) the allowable stress may still be
used. This is a matter requiring engineering judge-
ment. Deflection is not calculated or checked.

FLAGS

WBM will analyze by AASHTO (1988) if flag 04 is
clear, and by NDS (National Design Specification for
Wood Construction, 1986, upon which AITC and UBC base
their specs) if flag 04 is set. As with other struc-
tural programs, the code being followed is displayed at
the beginning of each run. The differences between the
two codes are minor; Cx and the slender beam stress
formula for bending are slightly different between the
codes. Also, of course, some of the allowable stresses
are different for different species and grades of tim-
ber. Actually, since AASHTO bases its recommendations
on the NDS, any differences merely reflect AASHTO's
slowness in changing. )

As with other programs in this package, setting flag
00 disables the output of intermediate calculations and
constants (as well as the title block for printed
output), shortening the output.

DIMENSIONS

The dimension prompts for B" and D" (B and D, in
inches) assume D ig the dimension in the direction of
applied side load (or eccentricity for column design).
Thus if a member is being used in weak-axis bending, B
will be greater than D. For columns under pure axial
load, B and D are interchangeable as long as the effec-
tive unbraced length and the member dimension correlate
with each other in each direction. After being input
once, the prompts for Le(b), Le(d), B, and D all



default to their previous values. See the "Input
Summary" section on the front sheet of this documenta-
tion.

ALILOWABLE STRESSES

Engineers using the NDS should note that tabulated
allowable stresses have decreased in recent editions;
an attempt should be made to keep up to date. The
higher equation constants allowed for machine-stress-
rated (MSR or E-rated) timber are not implemented in
these programs.

Factors affecting allowable stresses are input and
used in different ways. The following factors are the
most common.

CUF Condition-of-use or wet-use factor
C-FR 0.9 for fire-retardant treated wood
C-FU Flat-use factor

The above three factors must be chosen by the desig-
ner and applied to the tabulated allowable bending
stress (Fb) values before input; CUF and C-FR must be
applied to the tabulated Fv and E values as well. (CUF
for these is 1.0 for sawn timber but not for glulam.)

C-F Form factor (1.0 for rect. and 1.18
for round members)

c-f Size factor for deep beams

C-F and C-f are calculated by the program and ap-
plied to the allowable bending stress input. C-f 1is
calculated by the basic exponential formula; no adjust-
ment is made for different span/depth or loading condi-
tions. A note of caution: tabulated stresses for
poles or piles (NDS 6.2, UBC ch. 25) already have the
form factor (1.18) included. If these values are used
they must be reduced by 1.18 before input.

LDF Load duration factor

The LDF is input by the user. It is applied where
appropriate by the program (e.g. beams or columns which
have a "short" or "intermediate" effective length) and
must not be included in the allowable stresses input.

Cc-S Slenderness factor

The slenderness factor is calculated and applied by
the program. It is used in conjunction with the CUF,
C-FR, and C-FU factors (obviously, since the allowable
stresses are multiplied by them before input); C-F and
C-f are also used in conjunction with these factors.
However, C-S is not used with C-F and C-f. The allow-
able bending stress is calculated based on both

2



slenderness (C-S) and size (C-F x C-f). The lesser of
these, multiplied by the LDF, is the allowable stress
which is output. This will hopefully be made more
clear in the examples: Fb, is the (user-modified)
tabulated allowable stress to be input. Fb, is the
calculated allowable stress involving size and form.
Fb is the calculated allowable stress involving
slenderness. And finally, Fb is the least of these
two, multiplied by the LDF, which is output.

WBM is applicable to round, sawn, or (rectangular)
glulam beams. However, for heavily cambered or curved
glulam beams the user must modify the allowable stress
by the curvature factor.

EFFECTIVE LENGTH

For rectangular beams which are as wide or wider
than they are deep, and for round members used as
beams, no reduction for slenderness is made; i.e. C=-S =
1.0. For deep rectangular beams which are not fully
braced, C-S depends on the effective length, which in
turn is a multiple of the unbraced length depending on
the loading condition. For those cases where the un-
braced length is not zero, the following multipliers
apply:

1.37 L, + 3D r——i—j

l1.63 Lu + 3D 1
 ]1.84 Ly,

1.44 L, + 3D [
T

 L
L
l

0.90 L, + 3D

For C-S greater than 50 the program calculates an
allowable stress of zero. See the next page for a
graph showing the effect of unbraced length on allow-
able bending stresses.

SHEAR

Shear analysis is a little simpler: the only factors
which pertain are the CUF and C-FR, which the user must
factor into the allowable stress input; and the LDF,
which the user inputs directly. The actual shear
stress compared is VQ/Ib, which amounts to the average
shear stress times 3/2 for rectangular members and 4/3
for round beams.



ALLOWABLE BENDING STRESS considering EFFECTIVE LENGTH

The effect of unbraced length is shown graphically
by the following illustration, taken by permission from
Design of Wood Structures by Donald E. Breyer (McGraw-
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“:h ck XROM “WBM

F-¥ PSI

63.00606 RUN

Fb PSI
945. 6064 RUN

E PSI

1,176,000, 008 RUN

LDF
1.3308 RUN

Le-b"

386. 4008 RUN
B-

9.9044 RUN
n-

13,5044 RUN

w0 rler- L P22196X
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SIZE(1z

SIZE @iz
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h:11:14 PH 11782788

TITLE:

CRANE RAIL RUN
AEREEREREERRRRERRRERRKAE

NDS

F-¥ PSI
63.0000 RUN

Fb PSI

945, 0006 RUN

E PSI

1,176,000.000 RUN

LDF
1.3308 RUN

C-K=28.5363

Le-b"

386.4600 RUN
B-

9.950680 RUN
I‘-

15.5060 RUK

6=228.2292

C-5=14.6709
Fb=1,221.6123 PSI

ALL H=22.4196 ‘K

ALL ¥=4.7621 K
 

Le-b"

<— NUS

 



TIMBER COLUMN and BEAM-COLUMN DESIGN

xeq WCOL for wood column and beam-column analysis (SIZE 019)

SOFTKEYS8 (USER mode ON)

D New dimensions

E New loads and LDF

F New material properties (skips dimension and load/LDF
prompts to re-evaluate same trial with new allowable
stresses)

USER FLAGS

Flag 00 Clear full output
set short format

Flag 02 clear BEEP disabled
set BEEP enabled

Flag 04 clear AASHTO
set NDS

INPUT SUMMARY

Prompt Input Default
Fc PSI Allowable compres- No default

sive stress

Fb PSI Allow. bending stress No default

E PSI Modulus of elasticity No default

P, K Axial load, kips No default

ECca" Eccentricity of axial o
load in the "D" direc-
tion, in inches

LATd M, 'K Moment due to lateral No default
load, in the "D"
direction, in foot-kips

LDF Load Duration Factor 1.0

Le-b" Effective unbraced Previous Le-b
length in the "B"
direction, in inches

1l



Prompt

Le-4da"

B"

D"

DIA" (round only)

Input Default

Effective unbraced Previous Le-d

length in the "D"
direction, in inches

B dimension, inches. Previous B
Zero for round members.

D dimension, inches. Previous D
Zero for round members.

Diameter, inches No default

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear. Asterisked items are displayed only
if the member is in bending.)

(NDS or AASHTO)

(C-K) *

(K)

(s) *

(C-s) *

(Fb') *

(LONG, INTRM,
or SHORT)

(Fc'd and Fc'b)

ALL P

(J) *

INTRXN-b or -d (*)

PROGRAM FLAGS

A reminder of the code used. Press R/S to
continue.

Bending slenderness limit, based on E and Fj

Slenderness limit, based on E, F,, and LDF

Section modulus

Effective length (slenderness) constant

Allowable bending stress in psi

The length category of the column in each
direction

Allowable axial compressive stresses in the
D and B axes, respectively, in psi

The allowable axial load in kips, if no
bending stress is present

Interaction (P-delta) constant

The governing interaction value. Must be
less than unity to be acceptable.

Flag 06 clear check slenderness
set no slenderness check necessary

Flag 07 clear rectangular
set round

2



PROGRAM FLAGS

Flag 08 clear

set

Flag 09 clear
set

Flag 10 clear
set

STORAGE REGISTER USE

new material properties input via
softkey "E"; use same loads and dim.
normal input sequence

column analysis (WCOL)
beam analysis (WBM)

beam-column
pure axial load

Register

00

01l

02

03

04

05

o6

07

.08

09

10

11

12

13

14

15

16

17

18

WCOL

S (in3)

Fb

Lb (inches stored)

B or Diameter, in.

D, inches

LDF

Area

E, psi

C-F (form)

Fc, psi

C-K

Id (inches stored);

P, kips

M (inch-kips stored)

ECC(d), inches

Axial stress due to P

Fc'(b), psi

Fb', psi

K

= o Q

LDF

E, psi

Fc, psi

Length Category
(SHORT, INTRM, LONG)





TIMBER COLUMN ANALYSIS

Program WCOL analyzes the properties and strength of
timber columns and beam-columns. It calculates and
displays the section properties and allowable stresses,
as well as all factors and coefficients calculated to

arrive at these properties.

MEMBER SECTION

The program is intended for use with solid or glue-
laminated (glulam) members only; the analysis of built-
up members (e.g. nail-laminated or spaced members) or
any solid shape other than rectangular or round, is not
covered.

The program is not able to make allowance for bolt
holes or notches; a uniform section is assumed.
However, in many cases (e.g. slender members with bolt
holes at the ends) the allowable stress may still be
used. This is a matter requiring engineering judge-
ment.

FLAGS

The program will analyze by AASHTO (1988) if flag 04
is clear, and by NDS (National Design Specification for
Wood Construction, 1986, upon which AITC and UBC base
their specs) if flag 04 is set. As with other struc-
tural programs, the code being followed is displayed at
the beginning of each run. The differences between the
two codes are minor. Also, of course, some of the al-
lowable stresses are different for different species
and grades of timber. Actually, since AASHTO bases its
recommendations on the NDS, any differences merely
reflect AASHTO's slowness in changing.

Beam-column interaction analysis is based entirely
on the NDS no matter what the status of flag 04.
However, the allowable stresses in bending and compres-
sion are figured using the appropriate code.

As with other programs in this package, setting flag
00 disables the output of intermediate calculations and
constants (as well as the title block for printed
output), shortening the output.

DIMENSIONS

The dimension prompts for B" and D" (B and D, in
inches) assume D is the dimension in the direction of
applied side load or eccentricity for beam-column
design. Thus if a member is being used in weak-axis
bending, B will be greater than D. For columns under
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pure axial load, B and D are interchangeable as long as
the effective unbraced length and the member dimension
correlate with each other in each direction. After
being input once, the prompts for Le(b), Le(d), B, and
D all default to their previous values. See the "Input
Summary" section on the front sheet of this documenta-
tion.

MATERIAL PROPERTIES

The program prompts for material properties Fc, Fb,
and E. Fb is not needed for axial column analysis; E
is not needed for "short" columns. Thus if the design
fits one of these situations, the unnecessary input
prompt can be bypassed (hit R/S without answering the
prompt). Constants calculated using these values (e.q.
C-K and K) will be displayed, but if the estimate of
length category was correct or the column is axially
loaded, these incorrect constants will not enter into
the calculation. If the lenght category estimate was
not correct, however, garbage results. It's usually
best to key in the correct values.

See the WBM documentation for information on factors
affecting allowable stress input for beam-columns.

ALLOWABLE STRESSES

Engineers using the NDS should note that tabulated
allowable stresses have decreased in recent editions;
an attempt should be made to keep up to date. The
higher equation constants allowed for machine-stress-
rated (MSR or E-rated) timber are not implemented in
these programs.

The program only checks column buckling on the gross
section. It is left to the user to check crushing at
the net section (i.e. at bolt holes). Shear is not
checked in beam=-columns. For truss chords the user
must calculate C, and apply it to E before input.

WCOL calculates and displays the allowable compres-
sive stress about each axis, as well as the length
category. For axially loaded columns it then picks the
governing (least) of these and calculates the allowable
axial load. For beam-columns the program calculates
and displays the allowable compressive and bending
stress, and the P-delta constant J. Then it calcu-
lates the interaction formula for each axis (which for
the B axis is simply the actual/allowable compressive
stress) and displays the governing (largest) one. If
this is less than one the design is OK.



EFFECTIVE NGTH

The effective length for columns depends on the end
fixity and the presence or absence of sidesway; such
conditions are a matter of engineering judgement, but
for conditions where sidesway is prevented, Le < Lu.
For unbraced beams, on the other hand, Le > Lu. For
the design of beam-columns, then, the choice of effec-
tive 1length probably should be based on whether the
member is more beam or column. If doing the calcula-
tions by hand, both lengths could be used; the program,
however, accepts only one effective length in each
direction. Most members which carry side loading are
braced laterally by the member delivering the load so
this isn't a problem. For those infrequent cases where
beam slenderness is a factor, it is up to the judgement
of the user whether the program's results are accept-
able.

If Le/D is greater than 50, the allowable stress
output is zero.

All this 1is shown grapically by the following
illustration, taken by permission from Design of Wood
Structures by Donald E. Breyer (McGraw-Hill, 1980)
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SLENDERNESS RAT/IO, L/4

SUBROUTINE "WFc"

As mentioned, spaced column analysis is not covered.
However, the allowable column stress subroutine of the
program has been given a global label, "WFc," so that



it may be called from user-written programs. The
user's program must store the values of K, E, Fc, and
LDF in the proper registers and D and Le must be in the
stack. See the program 1listing for WFc (within
WBM/WCOL, line 345) and the portion of WCOL which calls
WFc (lines 238-243) for clarification.

BIAXTAL BENDING

WCOL does not analyze columns under biaxial bending;
only uni-axial bending is considered. The moment
prompted for is only that due to side loading, not
axial eccentricity. The moments due to side 1loading
and eccentricity are assumed to be additive. If they
are of opposite sign, tending to cancel each other, the
interaction is evaluated in a mathematically correct
way; however, the intent of the Specification is rather
vague on this point. Normally it's not a problem since
the axial load and any side load are usually from dif-
ferent sources (i.e. side loads are usually from wind)
so one of them would simply be neglected.
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YEQ "WCOL"

Y =230 k 6:17:39 PM  11/082/82
1 Desian column for M?a( ITLE.

load™ =20 k Guloding snow) ROOF SUPPORT RUN

-
0

ERRRXAREXAKERKXXRKEXRKKAF

Siflesua prevw‘(efl éUse L= L, NDS

\ Yree 7 s'W\P\e ) Ends Fc PSI
841.7588  RUK 'F gt

   
D
v Snow Load = LODF = LIS Fb PSI » RUN .nee&fi

I can
D _ il E PSI €bYPass

4 esiqn It wet conditions 1,686,000.808 RUN

CUF = .41 fc Y. P, K
. 1.0 for T oo 30.8000  RUN

= L0 4 ¥ 0.0008  RUN
. . LATd N, 'K

Use “1 Dovg¥Fe full cut @ F = 925 psi 6.0088 RUN

(A “Be E = 460000 - 1.1580  RUN |
S cale = 1 ' :A“U:: . C“Bi\?"fi Fp= 1200 psi k=27.2799 i

ve racin ‘3 SEERRRREERRREERRRERRRXKE |

CVF ' L?'b- ;

}'C'o = .Q1 A5 = 94175 ps: 96.6000  RUN |
Le-d"

0000 192.0000  RUN
. ! . - _' 2 < B.

L}g%: ()c 2.5 /D0ps. 5.0008  RUN
D-

— 8.0000  RUN
K: .(,,71 E/ =.é-” 1,600,000 =727.1% INTRM

F.-LDF JdI.754 |15 Fc'b=888.8368 PSI

Ly . 4~ L4 1612 INTRN
s 5Nls0 Fc'd=774.7184 PSI

ALL P=38.9884 K-0K  
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Fed Lldy (3o STE5L psi Governs_ ¢

Allow. P = D252 -510" = 16276 kNG
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Ly=Lg= 160 TITLE:
RE-DESIGH: ROUND COLUMK

Sawe wmalerial © F2 4LTT L RIK
AERXERERKERERAREREXEEEEE

E = 1,600,00 NDS
0.000 Fc PSI

e \ 841.758%  RUN
Use eliuw'D £owa rafl,a(’gnlrd.au‘- Fb PSI

RUN

DESNERIVA E PS1
. 1,660,000.098  RUN

€= =52 5 D= %0Viaw bk
30.0008  RUN

.
ECCd®

Try 4 wmember RUN
f LATd M, *K

RUN

Ly 160 LIF
D %bbr" = 7.7 >21.2% 1.1508  RUN

K=27.2799
= ng EEERKERKEREERREXERKRXKEXX

Le-b"

o ¥ O20F 30, 1600000 - 192.6008  RUN
< (/A €zt qu'q bps' Le-d*

192.0008  RUN
B-

fT’ " T ~” "

Areq = g (%) = B0.2C o 6.0098  RUN
n-

Mlowable P> 50.26- 624.96 = 21.4(4 L e e
§.0908  RUN

LUl > 3D OK LONG
- Fc'b=624.9633 PSI

.. A ) LONG
O, andlyre a< QqUIN - ShUsje”  Mewmbsr Fc'd=624.9633 PSI

V- JEO0.26 = T1.09° ALL P=31.4141 K-OK
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= v . oot
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Allowable P = 50.2bx 654.65 = _32.5]06 k

@ Results are about the same

 



Vall Column
 

4
2
.
1
8
2

1
0
0
S
H
E
E
T
S

M
o
d
e

i
n
U

S
A

 

rl
er

~
n
V
N
a
v
T
i
o
w
v
A
a
L

s Check withot wind

 

Def{\q“ a wall beaw-colomn o

 

     

+he same struedure. Ascume
;v\fi c L(O P‘r CoivmwsC 10 6?&

ezeccen.
20k |

Nl T Use same wool:
| O F = LULTE pei- ' 0 c.o f
| v E, - 1,000,000

_# L Fo, 7 1200 pei
e

N | S Ley =40 %
| j Le.g = 16.0"-192"

JLH Y With wied, LDF = .33
Withod w:yj LDF = LIS

(fmou)

W;Mfl Mowmeud = CL‘O PS\O ‘ID,‘%')‘"‘G'

 

- 12.40""

” " 30,000
Tr! b x\0D (‘c‘ G0 : SOOPe.i

Checle minor - AKis Tuleraction !

(Bc‘mi the etsiect Yo check)

_ - 1,600 .00C

K = .67 LDF - -6-7‘54%0705 (ou;m.z})

Kv:“l= ZS¢3é7

Kenpw = 27.2%0

Lo 9"L.& wo

N <16.0 € 27.29%0 » Lulermed.

Rl - ad75 LIS 1= 4 (o)
- B00 ps;

]M'{f%‘dc"!m’\b = QZ‘?.‘:-.'?

7. .17 929.43,

 = B377<l.0

llvl\o nwor A XV K   

 

a

|
Check mayor @xis, With wind |

é"‘ 101 3 ;

5’ é = 10010 1" C{'CF=’.Of

|

E L. 600,000 _ i

CK: e /Fb-o = 4% y 1 zoo - Z‘?'qg

|
%’lerlou

C. —

Tb 1D = Short" Lor Lcwf'.dfs
1

LOF
‘ / -SRR 13004133 = 1729 s

. d 16417
Im Cow\()fesf,cb—m: —6 = _'0 = lq0

“ < IQZ < 25,367 37“In'f@f‘4,.€f,~€o-f col.

' LD¥

Yoy = AUTE 33 [1-4 BEY] - 99705

] Lrf- 1l

K- 1l

_ 1921
2Tl .5770%

 

£ - a0t
b 00 3 = l053é ks' his doesa'y loof, st

£, £ L13(%)
c ¥ - J-£,

 I n+9¢a c“'\lcn\ =

. 500
197.0%

1E3( «500(6+1.5..570¢) (¥7i0*)

1729 — %5704 (500)

= 2.040¢ >1.0 N6   
To see which qoverns, check vitheot wing

_19.2-1 o |I 05 = -5037 ; £-0

: 1300+ 115

V.4 =441.75» |15 - Il~ 5 (zli=fl= 444, .43(Tps

To0 500 G+ 1.5+.5637)(%)
att4 © 44T - son7- Sop

= qugfs7

T Aeraction -

= L1060 1.0
Clearl%’ Loading with .ind gsvervs

N ~



 

wall Column

ED "RIGL

, ;?~¥ 1q " §:45-47 PE  pis25/0%

| =0,000 ' TITLE:
{R] WALL BERM-COLUNM  RUK

AEEERFEERERKEEAREERXALSRR

" NI

M6 Q6.0 < Fo PSI
b Rl 41,7508 RUK

Fb PSI
b 1,366.0008  RUN

{ = Q—"—("g—'d—;’ ATi £ PSI
’ 1,680.006,808  RUN

K=15.2%7 ; Cy = 24,45 (oteviove P‘"jf)
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F. K

36. 8044 RUK

ECCd"
2.0888 RUN

LATd M. 'K

12.8608 RUN

LDF

1.3308 RUN

C-K=28.4518

K=25.3668
EEREERRRAERRERRARRERKEEE

Le-b" |
96.66060 RUN

Le-d"

192.60608 RUN
B-

6.0080 RUN
D-

18.06000 RUN

5=100.0000

C-5=3. 1646

Fb'=1,729.0086 PSI

INTRM

Fc'b=1,068.4621 PSI

INTRM

Fc*'d=997.8495 PSI

J=8.5788

INTRXN-d=2.0484-NC

Le-b"
RUN

Le-d*

RUN
B-

6.00600 RUH
nn

14,0000 RUN

S=196.0600

C-S=6.11861

Fb'=1,699.6381 PSI  
INTRM
Fc'b=1,0868.4621 PSI

INTRM
Fc'd=1,887.6435 PSI

J=6.1889
INTRXN-d=1.086849-NG
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; ’ 3l lProgram VBEM Wcd. For Viwber Des!%m o bytes Page_lof _4

XYy [z [TL] X Iyl lz i1l L]

56eLBL 08
51 E

@1eLBL “WBM" sz ~LJF
82 SF 89 53 PROMPT
6 1 54 STO 85
84 GTO 08 ss ¢

56 SQRT Jo
@5¢LBL “WCOL" 57 FS? 84

86 CF 89 58 .811

67 18 59 RCL 87
60 RCL 01 F. |E

93eLBL 00 &1 7
65 Sk 68 62 SORT . Js_
18 “NDS" 63+ Ce Co= 2%

11 XROM =AR" 64 STO 10

65 “C-K*

I3 °Fc* 67 XEQ €5
14 FS? 89 68 FS? 89
15 °F-¥* 69 CT0 D
16 °F PSI* 78 RCL 67 B
17 PROWPT F.«F, 71 RCL 89 Fe
18 STO 89 » /
19 *Fb PSI* 73 RCL €5 L*
20 PRONPT 2% 7
21 ST0 01 W 75 SORT
22 °t PSI* 7 .671 T
23 PROWPT 7+ K K= .wajg-;
24 ST0 67 E 28 STO 18 e
25 FC? 68 29 =g
26 CT0 10 88 YEQ 65

81 SF 14
270LBL E
%G 19 820LBL D
29 ¥ROH °L° 83 XROM °LL-
36 F5? 89 84 SF 86
31 GT0 00 g5 CF 67
2P, K" cLe-bes
33 PRONPT :? RCL €2 Le. Vefastt -Previos Lo
34 ST0 12 98 PRONPT
3 CLX 89 STO 62
36 “ECCd™ 9 RCL 11
37 PRONPT 9 “Leg""
38 STO 14 92 FC? 89 Le,(

39 °LATd - 93 PRONPT
40 XROH “H* 9 STO 11
41 PRONPT 95 ¥ROW *B* |D B
424 M % X=8?
43 ST0 13 d 97 CT0 62 .

45 RCL 14 Eey| ¥ W 99 STO 68
46+
47 + iMm

48 ¥=0?
49 SF 10           



 

 

 

 

     

 

  
 

  
 

 

 

Program WBM W0 i <
g L For _Timber De_,lgv\ bytes Pageiof El

xoy 2 1T L | X Iy =z T 7] _

180 LASTX D 153¢LBL 10

161 RCL 83 b | 154 FS? 10

182 X(Y? ' 155 GT0 12
103 CF 96 156 RCL 62 Le-b

184 * Mtea 157 RCL 84 d

185 STO 86 158 *

186 RCL 04 v 159 RCL 03 2

107 * 160 %12 b

188 6 " 161 / Len 4

169 / S, 162 SORT Ce Cs o?

118 E 1 163 C-5

111 GTO @3 164 XEQ 85
165 10

112¢1BL 62 166 XOY Cs |10 Short

113 SF 67 167 X(=Y?

114 -pIA-* 168 FC? 66

115 PRONPT 169 .

116 STO 63
117 .866 178 RCL 18 Cx
118

171 X(=Y?

119 STO 84 eff.d 172 GT0 8@

128 X0 63 fhie, 173 XEQ 84 Facke Trtermed.
121 ENTERt 174 RCL 88 CrCe
122 %12 J‘l J 175 XOY?

123 PI
176 XOY

124 177 RCL 61 Y.

125 4
178 * k.

126 / ar 179 RCL 65 Lb¥

127 STO 6 « 189 +
128 STO 68 181 GTO0 61

129 8 % jwea| d
138 7 182¢1BL 00

131 + s 2 183 CLX

132 1.18 % g 18458 50 |Cs
> 185 X(Y?

133¢LBL €3 186 CLX 0?

134 XOY S |C¢ 187 X=8?
135 °S° 188 GTO @1 E

136 STO 80 189 RCL @7

137 FC? 18 199 FC? 84 Sona
138 XEQ 85 191 .4 4 | |80 |C
139 12 ‘2 192 FS? 84 |

148 RCL 88 4t|s [Ce 193 .438

141 SORT £, 4 194 # SE

142 / Fla 195 Rt Cs

143 9
196 X12

144 17X vq "

|

S |Ce 197 / A

145 Y4X
&

“
146 E 1 @5 |G 199¢LBL 81

147 X)Y? 199 “Fb*"

148 XOY Cs 208 XEQ 86

149 Rt Ce 281 FC? 9
150 * Cer C 262 610 12 ,

151 STO 88 263 RCL 09 & |V,

152 CF @8 204 =
285 XROM “N="



  

 

 

 

   

 

program WBMWCOL For

_

Tiwmber Ve sion bytes Page3of _Y
N

x|y [zZ2lTIlL] Xy lz 7! LI

206 2 257 RCL 18 K

267 AVIEN 4| |62 258 Lasty Wk g0 R
268 3 259 - l-K
209 FS? 67 b 268 / 3
218 4 ) = 261 RBS I
211 7 Torg Ly 262 SIGN 1
212 E3 090 {73e 263 LASTX T |1 |%d
213 / 264 X(=Y?
214 RCL 89 F, 265 XY qrester

|

lascer
215 266 RBN T |4
216 RCL 85 LD¥ 267 XEQ 85
217 + 268 STO \ J |%.4
218 “ALL ¥== |V 269 1.5 . Iiteraction =
219 XEQ 87 270
228 AVIEN 271 6 ' £ Akesy
221 GTO D 272 + ¢ Y| . . R-J€

273 RCL 14 ez .
2220LBL 12 .- 274 RCL 84 ‘
223 870 17 Fo Nf*“' o Leowm  a95, e/f .
224 RCL 82 L line 1SE, R.IT 276 # 14| -
225 RCL 63 b L, does wel cotana 277 RIL 12 v .
226 “Fc'b" Fu- T +hic ewe 278 RCL 86 preq .
227 XEQ “HFc* {no mm&fl}, F, 219/ 'Gc .

228 STO 16 Fe-b is not oused- 288 STO 15
229 RCL 11 L 281 * .
239 RCL 04 d L 22 RCL 13 |M“ -
231 “Fc'd- 283 RCL 09 S ‘

232 XEQ “Wrc*  |V.4 284 / £, FOg -
233 FC? 18 285 + hvmee.

|

o

234 CT0 08 286 RCL \ I .
235 RCL 16 Fe-b 287 RCL 15 € .
236 X)Y? 288 * TE .
237 XY lesger 289 RCL 17 F, ,
238 °F P=- 299 - .
239 XEQ 07 all, P 291 CHS &3..‘ .
40 ReL 12 ohP falwP 292 / 2|
241 €T0 11 293 RCL 15 £ |2Eylv4

294 Rt Fe-d

|

£,
2420LBL 07 shres 295 / e,
243 RCL 86 area fcters, 296 + Tronchn-d
244 ¢ Gece 297 RCL 15 €
245 ARCL X 298 RCL 16 ¥..d
246 °F K- 299 / Teradin- b
247 RTN 380 - INTRXN-*

381 X(=Y?
243¢LBL 00 -4 382 “Hd="
249 RCL 11 L 3683 X)Y?

256 RCL 04 d 384 “Hp="
251 7 Lid 385 X(=
252 11 386 XOY arealer
253 - 2- 1l |Fed 307 SICN 1
254 %(8? 388 LASTX Tdond
235 CLX 309 ARCL X          
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Program \W/BHY\M/COL For 4 bytes Pagedof _U

318¢LBL 11
311 CF 87
312 X)Y? . .
313 SF 07 3614LBL 89 K| LONG® colugmh

314 XROM “0K" 362 RCL 7 E

315 AVIEN 363 .3 3 e |k Y

316 GT0 D 364 # -3E
. 365 Rt Ly,

3176LBL 04 ke W T, 366 X12 Ao ¥- 2E

318 / H 367 / v e Ay

S e q 368¢LBL 68320 %12 ) : ¢
321 3 ( R Rrtovs(1-(3Y) 369 Fe2 o8
322 / , 370 AVIEN
323 SIGN 1 ¥, = VAOF-(1-(0)") 371 CLA
324 LASTX v’/ 372 ARCL 15 L E"

325 - - e R
326 RTN 373¢LBL 86

374 ="

3274LBL 85 375 ARCL X

328 °}=" 36 E3 loo0

329 ARCL X 37 / ¥Lot
330 FC? 00 378 °F PSI*

331 AVIEN 379 FC? 06
332 RTN 389 AVIEN

381 ADY
TIABL Wrew b

|

L 382 “ALL" ,
334 RSTO 15 “F " slored 383 END

|

A%
335 “LONG"
33 / Ly
337 56 50 |
338 X(=Y?
339 (LX L
340 X(=Y? < > B0 = Alow. stress, = 0
341 GTO 88
342 CLX
3 1 %
344 XOY Yy |1
345 X(=
346 . o
347 RCL 18 K [owtfeern .
48 X(=Y? s, K>0>dwt o g
349 610 89 y L .
350 XEQ 04 -0 T3>, then i€ Ketg, GO 09
351 ~INTRM"
352 E 1
353 XOY OV L
354 %=Y?
355 "SHORT"
356 RCL 89 Fe
357 »

358 RCL 85 LDF
359 + Ml¥
368 GTO 68           



SIMPLE SPAN TRUCK MOMENTS

xeq T2 for Type 2 (H15 or H20) truck” (SIZE 013)
T3 for Type 3 straight truck
T4 for Type 4 straight truck (triple axle)
2S1 for HS20 configuration
3S2 for Type 3S2 semi-trailer truck
3S3 for Type 3S3 semi-trailer truck (triple axle)

*Generic trucks only--lane loading not calculated by these
routines. RAM program "TRUCK" contains a routine which
calculates and compares lane loadings.

SOFTKEYS (USER mode ON)

No softkeys are used by the truck routines

USER FLAGS

No user flags are used by the truck routines

INPUT/OUTPUT SUMMARY

These routines have no prompts or output explanation. All the
required data must be stored in the following registers by a
calling program, and the results displayed by that program. The
truck routines are simple numerical calculation routines;
output consists of the governing moment for that truck in the X-
register and register 12. An example calling program which gen-
erates the moments for Minnesota trucks is included in the main
documentation for use or reference.

Register Input
00 Span in feet

01 Pl (front wheel load), kips

02 P2 (second wheel load), kips

03 P3 (third wheel load), kips

04 L2 (distance between the second and third wheel
of a type 2S1 truck) in feet

05 Ll (distance between the front two wheels), feet

06 L2 (distance between the middle and rear sets of
wheels), feet

PROGRAM FLAGS

No program flags are used by the truck routines

1



STORAGE REGISTER USE

Register

00

0l

02

03

04

05

06

07

08

09

10

11

12

Value
Span in feet

Pl (front wheel load), Kkips

P2 (second wheel load), kips

P3 (third wheel load), kips

L2 (distance between the second and third wheel
of a type 2S1 truck) in feet

Ll (distance between the front two wheels), feet

L2 (distance between the middle and rear sets of
wheels), feet

Px L

Minimum P

- PxL)/XLP

Maximum P

P

Governing Moment



 

Sigag{; Reaister Use - Ingu‘(’
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nombe v o+
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wen cafi?n program must L7l these rag?s‘i‘é«f.s

with Fhe ap O?fifffie valves. Wheovre a dimension
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M S ~ Aésum'pfi%; made

- o
T2- O O Nowe .

R.0F

- ~ o
- s = Rear wheels TAeMJficaI, g’ exfmr“'.

> O O O (b see 251D
R.0% D)

s g 3
= = of

25) Q @) O Ncme.
}®.05 ,'L R.04 )[L

Rear wheele 340 m\'coi‘,q’atn.‘%.
R.06 \enqil azsumwed lon

evnough that last 2 axles
qevern evev Lirst 3.

s N 3 8 9i 2 : =
352 O O O O O Wheels whick axe ql(}far‘ v e

o5 |y’ R g’ Tdewtical,

5 g 8§ 2 2 2
< k< pe £ o

383 O O 5 O O O Wheels whickh are 4’ afaf+
05 | R.00 ) L« are ‘ufewf]cal.

The span w {eet wu be sdpred 4 R. 00O
Lov all rouvtines.



Note: tor reterewnce 0C Use in RAM - ngt resigest 14 ROM

   

 

 

      

program

]

RUCK For Minnessta Truck Mowments 194 _bytes Pagelof _|

X1y lz [T]L] XIviz T L]

@1eLBL “TRUCK® 56 14 ¢,
82 CF 87 57 STO 94
83 12 58 STO 85 '

84 XRON °S* 59 XEQ *T2*  |M,
60 “H 28°

85¢LBL 09 61 XEQ 83
86 “SPAN"* 62 XEQ "251°  |M,,

87 PRONPT 63 *HS20°
88 STO 99 Span 64 XEQ 03
89 *[=* 65 XROMW “LL"

18 58 66 GTO 98
11 XY
12 125 ws  |gem |50 674LBL 83
13 + 68 CF 07
14 / 2L 69 RCL 88 5am
15 .3 70 4

16 Y2 7 s 4s Lane Load1y
17 XOY Lwpacth 72 225

18 ARCL X 73 + . ks (LLWSY,

19 FC? 89 74 E2 M-z ¥

26 AVIEN 75 7/ + 18457

21 ADY 76 RCL 09 spom
22 7 778 Lawe M
23 ST0 o1 v, 78 RCL 12 TovelM

24 8.5 79 XOY?
25 §T0 92 L 89 10 01
2 12 81 XOY
27 $T0 85 ¢ 82 ST0 12 sM
28 XEQ T3

|

M5 83 SF 07
29 *T3°
30 XEQ 81 g4eLBL 01
31 4.65 v, 85 h: M=
32 ST0 81 86 ARCL X
338 87 ¥ROM °FK°
34 STO 82 P. 88 FS? 07
35 STO 83 Vs 89 “H(L)* (LY Lawe

36 18 99 FC? 00 load’

37 ST0 85 £, 91 AVIEN qrvern’s
38 25 0 92 END
39 STO 86 z

48 XEQ "352° [My, XEO *TRUCK"

41 352U 9:03:25 AM  82/88/89

42 XEQ 01

e P ;;;hgéorn TRUCKS  RUN

:; 2"5] N P P2 % - sl etored SEERERARLEEEEERRRRERANNS

46 STO 03 3 SPAN"
47 XEQ °3S3° Myss 60.0088  RUN

48 *353°
1=9.2703

49 XEQ 81
50 ADV

T3: N=301.4340 'K
ol 4 Y, 3520 W=297.9510 K

52 STO 81 353: M=292.8894 K

23 go 8 - H 20: W=279.8089 *K(L)

55 STO 83 Ys
HS20: M=483.2667 'K      

SPAN"
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will be omitted or shortened.
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Truck Simle S ' ZProgram VLS For ;mgle =2 pawn Live Load Mameu\Ls QYJq bytes Page_Lof —_

 

- X1y [2 TlL] X1y [z 7T L]

B1eLBL 352 ) 57 RCL 87 & Pe.ct

82 XEQ 13 M, n 58 - Mg
03 XEQ 83 My My for front 59 GT0 22

84 RCL 93 Ys > wheels
85 RCL 82 v, (traeter) 68eLBL =353

86 X)Y? 61 XEQ 13 M,

07 XOY Yoin 62 XEQ 83 Ma

98 STO 08 63 XEQ 04 ™

89 KOV 64 RCL 83 v, ,':1 “f’l‘ -

10 STO 18 Vrouk Poe 63 6 w-2) i)
11 XEQ 12 M, 66 * 5%, 0,

12 RCL 18 \ 67 RCL 86 0,

13 RCL 18 - 68 2

14 RCL 88 Vi 69 +

15 RCL 86 (2 |Ven [Py [Poas | 78 RCL 62 Ye
16 XEQ 14 M3 M5 €oc reap 71 *

17 RCL 10 2 wheels 72 - £%-d

18 ST+ X 2V0ey 73 ST+ X

19 RCL 96 {, 74 RCL 1 5Ps
20 2 75 RCL 02 Y.
21 + 0~2 76 + Preart ?.'Pfs

22 RCL 08 Yoo 77 XEQ 10 M’

23 # 78 RCL 83 Ps

24 - 474 79 12 (e-4')

25 RCL 10 80 *

26 RCL 88 81 -

27 + £P |-2vd 82 XEQ 22 Ms) t’}“ ““12“

28 XEQ 10 M7 83 RCL 86 e | -‘«}}f Tt

29 ST+ X M’ 84 RCL 89 -4, reee

39 RCL 10 ¥v 85 + ,

31 4 q’ 86 CHS 15;

32 » u'p 87 XEQ 85 Mee

33 - My My €on rear 88 RCL 82 v,

34 XEQ 22 U wheel 89 4

35 RCL 82 Y, 99 * §'-¥,

36 4 91 STO @7

37 u?L 92 - M‘Sb MSD 'Jv\c9€l‘

38 RCL 85 £, 93 XEQ 22 2™ axle

39 LASTX d 94 RCL 85 ¢, 0¥ 4cacts ~

40 + {4 95 4 dval

41 RCL 01 Y, 9% +

42 97 RCL 81 Y,

43 + R,- 98 » Y.0-4)

44 STO 97 2M) 99 ST+ 97 £P4,_ mRO

45 RCL 906 l, 108 RCL 89 -4,

46 ST+ X 181 RCL 96 !l

47 4 162 + e
48 + 183 RCL 11 Z¥%
49 RCL 03 Y, 104 ¢

59 * v 165 - ™,
51 - 59.4 186 RCL 11 A

52 RCL 11 LSV 187 RCL 81 P

53 ST+ X % 108 + £¥P,

54 RCL 81 T, 189 XEQ 18 M,
55 + TV 110 RCL @7

56 XEQ 10 M’ 1 -
v 112 6T 22 Mo !

 

     
 

  
 

 
 

  



Program [rucks<
  

 

 

 

   

 

 
 

  
 

  

For
b_ytes PageLOf &

X Y 1zZ2 [TlL| X v lz"TVCT
1130LBL “T4" f
114 RCL 63 Vo 168eLBL 14 L P P Ry
115 XEQ 11 M, 169 XOY I

178 ST+ 2 P
1164LBL 84 b (71 ¢ PO, €9 Pros| Voms
117 RCL 83 L 172 STO 87
118 XEQ 12 M, 173 RCL 04 {,
119 RCL 83 ¥, 174 Rt Yoy Q2. (V€ |$P2
120 RCL 89 Spam 175 ST+ T £P
121 3 176 ¢ V.0, |F0,
122 + 177 - -sP) |2P
123 4 178 XY <P |-1¥4
124 / Sy Y, 179 XEQ 18 M;
125 LASTX ; 188 RCL 87 v, L,
126 - % - Mesy «207_yp 181 - M
127 + ke Y 182 10 22 3
128 XEQ 22 M
129 RCL 82 Y, 1830LBL "251°
130 RCL 06 { 184 XEQ 13 M,
131 4 /-y 185 RCL 03
132 + N 186 RCL 82
133 ¢ .24 187 RCL 81
134 CHS -bd 188 RCL 05 Li [P P [P
135 RCL 83 Y. 189 XEQ 14 M3
136 3 198 RCL 03
137 ¢ i‘f«w 191 RCL @2
138 RCL 82 \ 192 RCL 04 { P, |?
139 + 4P |-174 193 XEQ 62 Ml |
148 XEQ 10 M 194 RCL 01 e
141 RCL @3 Y. 195 RCL 82
142 4 196 RCL 85 ¢, (¥, |P
143 # ay J 197 GTO 82
144 - Mua Myy vnder
145 XEQ 22 3 wheel 1986LBL 12 v
146 RCL 09 -4, 199 ENTERt
147 4 200 ENTER? Py |?
148 + -Lg 201 4 4 |v |P
149 CHS , 282 GT0 82
150 XEQ 85 H
151 RCL 82 |BE 283¢LBL “T2°
152 RCL 86 14, 284 RCL 01 Y
153 * {4 285 XEQ 11
154 - Mg My.g under 206 RCL 81 ¥
155 GTO 22 2 hee| 207 RCL 62 Y.

208 RCL 85 f
156eLBL “T3"
157 RCL 01 209+LBL 82
158 XEQ 11 M, 218 RN Y. |V, {

211 Y7
159¢LBL 3 212 XOY Pin [P {
168 4 213 ST+ ¥ Voin [27
161 STO 04 L 214 Rt 2
162 RCL 62 e 215 # V.0 |5¥
163 XEQ 12 My 216 CHS -
164 RCL 82 217 XOY v |-vJ
165 RCL 82 218 XEQ 10 M,
166 RCL 01 l
167 PP A5 £ 'Y, v TR |

  



  

 

 

       
 

 

Program Tr‘\)clf—b For bytes pageZ' of 2D

X Y L | X1y l=z "7 L]1 .

219¢LBL 22 M 268eLBL “RCO"
220 RCL 12 M| M 269 STO ¢
221 X(=Y? 270 ACOS
222 XOY
223 ST0 12 Moy 271 G108
224 RTN 2724LBL “RSI*

225¢LBL 18 A274 RASIN
226 STO 11 P |-PL 275 610 68
227 / -4
228 STO 89 2764LBL “ATA"

277 STO0 ¢
229¢LBL 05 278 ATAN
239 RCL 09
231 + Spee- 279¢LBL 68
232 2 ¢ 289 FS? 63
233 / i- 281 HNS
234 X)8? X
235 X12 ) 2620LBL 87 et male
236 RCL 11 £y 283 %O L andeJee reso M
237 ¢ 284 CLX
ZBROLO fspee 2685 XO siysat nobe:o Reg. P

/ r o,

248 RTN M’ §§§ :fi. y i beie

2410L8L 13 . 2880LBL 89
242 RCL 01 ' 289 STO ¢ wde
4IRCL O3 |Ps 299 F5? 63 !
244 X<Y? 291 HR Vee.
245 XOY Pra 292 END- 3

2460LBL 11 v
247 RCL 82 2%
248 X(Y?
249 XOY Voo
250 RCL 08 SPam
251 »
252 4

254 STO 12 M,
255 RTN

2560LBL “C0*
257 XEQ 89 k«-tn‘\
258 C0S
259 GTO 07

2684LBL “SI*
261 XEQ 89 1«.:03
262 SIN
263 GTO 87

2640LBL “TR"
265 XEQ 89 b by
266 TAN @
267 GT0 87   





RETAINING WALL ANALYSIS

xeq RW (SIZE 016)

SOFTRKEYS (USER mode ON)

d Jump directly to wall DEPTH prompt
F New footing dimensions
H New height and dimensions

Note: softkeys A, B, and D are used by program SSD and are

active while RW is being run

USER FLAGS

Flag 00 clear Full output
set Partial vert. loads and moments skipped

Flag 03 clear Slope and Phi angles in decimal degrees
set Angles in degrees-minutes-seconds

INPUT SUMMARY

Prompt Input Default
SLOPE Slope angle from horizontal Zero

PHI Angle of internal friction No default

VERT E PCF Vertical earth weight in pounds No default
per cubic foot

SUR PSF Vertical surcharge in pounds No default
per square foot

LAT E PCF Lateral earth load expressed as C, x Vert.
an equivalent fluid, in pcf

SUR PSF Lateral surcharge in psf No default

FRIC 1 Coeff. of sliding friction, mu No default

HT' Height from bottom of footing No default
to top of backfill, in feet

F TH' Footing thickness in feet No default

cov! Soil depth over the toe (front) No default
of the footing, measured from the
top of the footing

T/W TH' Thickness of the cantilever wall No default
B/W TH' at top and bottom of the wall |

1



P CG'

FTG W!

TOE'

Dl

Input Default
Additional vertical load applied No default
to the top of the stem, in kips
(e.g. rail DL or part of the wall
above top of backfill)

Location of the load P, measured No default
back from the front face of the
stem, in feet
 

Footing width in feet No default

Distance from the front of the No default

footing to the front face of the
stem (wall)

Location along the wall (depth) No default
at which to figure moment and shear,
measured down from top of backfill

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

Note: all moments caused by vertical loads are taken about the
toe of the footing.

Ca

(CONC: V,M)

(P: V,M)

(VERT E: V,M)

(SUR: V,M)

(LV, M, RES)

SLIDE FS

TOE P
HEEL P

LAT E: H,M
SUR: H,M
LH,M

Coefficient of active pressure

Vertical load and moment due to the footing
and stem, in kips and foot-kips

Vertical load and moment due to the load
applied to the top of the wall

Vertical load and moment due to vertical
earth load

Vertical load and moment due to vertical sur-
charge. Only if prompt was answered.

Sum of the vertical loads and the moments due
to these loads about the toe of the footing,
and the position of the resultant measured in
feet from the toe.

Sliding factor of safety, neglecting passive
resistance and any key present

Pressure under the heel and toe for a spread
footing

Horizontal shear and moment due to lateral
earth pressure and surcharge, and their
summations.



PROGRAM FLAGS

RW uses no program flags.

STORAGE REGISTER USE

Register
00

0l

02

03

04

05

oé

07

08

09

10

11

12

13

14

15

Value

Summation of vertical forces

Summation of moments

Lateral earth equiv. fluid pressure (k/cf stored)

HT' (height from bottom of footing)

F TH'

Footing width

TOE' (distance from front of footing to the stem)

ST TH' (stem thickness)

Lateral surcharge (ksf stored)

Coefficient of friction, mu

P, K (rail DL)

C.G. P (point of application of rail DL from the
front face of the wall)

COV' (Soil cover over the toe)

Vertical earth weight (k/cf stored)

Vertical surcharge (ksf stored)

Working register



RETAINING WALL ANALYSIS

Program RW calculates the loads and reactions due to
selfweight, soil, and surcharge (if any) on cantilever
retaining walls with cohesionless backfill. Input con-
sists of the wall and footing dimensions, soil
parameters, and surcharge loadings. RW calculates the
resulting moments and horizontal and vertical forces at
bottom of footing, bottom of wall, and any desired
points along the wall, as well as the heel and toe
reactions and sliding factor of safety (assuming a
spread footing).

S8OIL PROPERTIES

RW prompts first for the backfill angle from the
horizontal (see sketch), the internal friction angle O
(phi) of the soil, and the coefficient of friction
(mu) between soil and footing concrete. Typical values
for mu, from the 1958 AREA specifications, are as
follows:

Soil Mu
Sound rock, rough surface 0.60
Coarse-grained, no silt 0.55
Coarse-grained, with silt 0.45
Silt 0.35

The program solves the Rankine/Coulomb formula for the
active pressure coefficient C, for 1lateral loading.
This value is not used directly by the program:;
however, it is multiplied by the soil density (usually
about 120 pcf) to calculate the default value for the
equivalent fluid density used to calculate lateral
pressure (usually about 35 pcf). If the designer
agrees with the assumptions involved in this formula
(cohesionless soil; essentially vertical pressure sur-
face with a prescribed amount of friction between soil
and wall), the default lateral earth pressure may be
used. The formula used is: '
 

cCOoS - COS = _COS
Ca = cos(B) x cos (B) + cos (B) - cos (9)

B = backfill angle (0° = horizontal)
@ = angle of internal fricion
cohesion assumed zero

The user inputs the actual soil weight for vertical
loading, and the equivalent fluid weight for horizontal
loading, using the default if desired. If the user
wants to check a range of soil values (e.g. a lighter
soil weight for potential heel uplift), separate runs
must be made.



The user may also input surcharge loading, both ver-
tical and horizontal, if desired. This is input in
psf.

OUTPUT

The program calculates a force (vertical or
horizontal) and a moment due to each component of load.
These are output separately (in order to allow for
either working stress or load factor methods of design)
and then summed. If flag 00 is set, only the sums are
displayed. An average wall thickness is used in the
calculations; this leads to a minor error in the cal-
culation of vertical surcharge loading.

After calculating vertical and horizontal forces and
moments about the bottom of footing, the program calcu-
lates the sliding factor of safety and the toe and heel
bearing stresses. These are valid, of course, only for
spread footings. The sliding factor of safety is cal-
culated using the input friction factor "mu" ( m ) or
the value of tan @, whichever is less. The former rep-
resents sliding between the footing and the soil; the
latter represents shear failure of the soil under the
footing. (Thus, the PHI prompt should not be bypassed,
since it affects sliding as well as the default lateral
load value.) The safety factor does not include pas-
sive resistance in front of the toe, or the effect of
any key. RW ignores all vertical friction forces.

After outputting resulting forces, moments, and
reactions at top and bottom of footing, the program
calculates the horizontal force and moment at any point
on the wall, e.g. to aid in reinforcing design and
cutoff. RW will continue to do this until the DEPTH'
prompt is bypassed, at which point a new footing size
will be prompted for. (Softkey F will do the same
thing.) Thus, many footing trials may be run easily.

SOFTKEYS

For design of sheetpile walls or to check reinforc-
ing in a concrete wall, allow the program to prompt for
soil parameters, then use softkey d (lowercase) to jump
to the DEPTH' prompt for different points along the
wall.

As mentioned, softkey F will bring up prompts for a
new footing. Softkey H (for Height) will bring up
prompts for a whole new wall configuration. This is
the same as re-executing the program except it saves
re-inputting soil parameters.
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\
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H
E e .0334 100 =145

 M
X -%Q = 5/50

Swech. 0bbe 10 = b ¥ = 2.30
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Row RW' with Flag00 set (Shert Form)
 

SF 68
XEQ “RW" No +iHe

SLOPE (dd) block
RUN

PHI (dd)
35.8008  RUN

Ca=0.2718

VERT E PCF
120.8808  RUN

SUR PSF
0.6088  RUN Lnpet

LAT E PCF <01 |
33.8008  RUN properties

SUR PSF
66.8088  RUN

FRIC »
.4500  RUN

 

HT:
29.1667  RUN

F TH

2.1667  RUN
coy:

2.0088  RUN
T/0 TH'

1.0088  RUN
B/W TH'

2.4888  RUN
P, K

.35688  RUN
P CG

.J8688  RUN
EEXXERRERRERRRERRARRKRKE

FTG W

16,3833  RUN
TOE"

4.6808  RUN

IV=47.08465 K
N=467.7482 'K
RES89.9422° -
 

B/FTG:

ZH=15.9615 K
H=164.5398 'K

SLIDE FS=1.3264

TOE P=4.7326 KSF
HEEL P=6.9414 KSF

TH=13.8185 K
H=132.3135 'K
 

Dl

16.8008  RUN

£H=2.3188 K
N=8.8008 'K
 

BI

Tnev‘\’

wall

parandkrs

Ffl‘flflflns

s a bjt

losse w41,

Flu& 00l

set

Qama(
Sum4  
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!Rda.lv\.m% \Wall Ana(gs"s

 

 

XEQ “RH"
4:45:09 PN 82/82/98

TITLE:
LARP. AVE. WALL RUN
EREERRRREREREARARRRERREE

SLOPE (dd)
0.0088  RUN

PHI (dd)
35.0008  RUN

Ca=8.2716

VERT E PCF
126.0008  RUN

SUR PSF
8.8888  RUN

LAT E PCF
33.8088  RUN

SUR PSF
66.0008  RUN

FRIC »
.4508  RUN

HT*
29.1667  RUN

F TH'
2.1667  RUN

cov:
2.0088  RUN

T/R TH'
1.0088  RUN

B/W TH'

2.4088  RUN

P, K
.3588  RUN

P CG*
.3088  RUN

EERERRREERRRKRRRERRREREE

F1G W'
16,5833  RUN

4.0888  RUN

CONC: ¥=12.2747 K
H=82.2124 'K

P: ¥=8.3588 K
H=1.7858 K

TOE E: ¥=1.1048 K
M=2.5392 'K

HEEL E: ¥=33.317% K
M=381.2117 'K

£¥=47.84c5 K

H=4567.7482 'K

RES®9, 9422
 

B/FTG:

LAT E: H=14.8365 K

H=136.4666 'K

SUR: H=1.9258 K
H=28.8730 'K

ZH=15.9615 K
H=164.5398 'K

SLIDE FS=1.3264

TOE P=4.7326 KSF

HEEL P=8.9414 KSF

T/FTG:

LAT E: H=12.8285 K

H=188.2563 ‘K

SUR: H=1.7828 K
H=24.8578 ‘K

ZH=13.8185 K
H=132.3135 ‘K

16.8068  RUN

LAT E: H=1.6568 K
H=3.50088 ‘K

SUR: H=6.6688 K
H=3.3088 'K

tH=2.3168 K
H=8.8068 'K

 



Program._EL&gL_____ For ?\e‘}a:wfiwg Wl Ana'ggsfs bytes Page_L_of -
 

 

X Y Z
T

Y z 17!V L |
 

@1eLBL "SSI*

114 GTO 86

115¢LBL “RK"
116 13
117 XROM =S®

118 CLX
119 =SLOPE*

126 XROM =Pd"
121 C0S
122 ENTER?
123 ENTER?
124 X2
125 “PHI"

126 XROM “Pd*
127 ST0 @9
128 COS
129 Xt2
136 -
131 S@RT
132 ST- 2
133 +
134 7
135 =
136 STO 85
137 =Ca="
138 ARCL X
139 AVIENW
148 XROM °L"
141 “VER®
142 XEQ 04
143 STO 14
144 RDN
145 STO 13
146 LASTX

147
148 RCL @5
149 =
156 “LR"
151 XEQ 64
152 STO 68
153 RDN
154 ST0 @2
155 “FRIC »*
156 PRONPT
157 RCL @9
158 TAN
159 X>Y?

168 XOOY
161 STO @9

 

    
 

 

162¢LBL H
163 XROM -L*
164 “HT'"
165 PROMPT
166 STO @3
167 °F TH'"
168 PROMPT
169 STO @84

176 =Coy*~

171 PRONPT
172 ST0 12

173 *T/H TH**
174 PROMPT
175 ST0 @7

176 “B/N TH'*
177 PRONPT
178 RCL @7
179 +
186 2
181 /
182 STO 67
183 °P, K*
184 PROMPT
185 STO 16
186 °P CG'*
187 PROMPT

188 ST0 11

189¢LBL F
198 XROM “Ls-
191 “FTG W**
192 PRONPT
193 STO @5
194 “TOE"*
195 PROMPT
196 STO @6
197 XROM °L*
198 RCL 64
199 RCL 65
200 =

281 STO @8
202 LASTX
203 »
264 RCL 63
285 RCL 84
206 -
287 RCL 67
208 »
289 ST+ 66
210 RCL @86
211 ST+ X
212 LASTX
213 +
214 =
215 +
216 .15

 

  
 

 
 

  



Program K W' For Re‘ta'miw% Wall Analysig bytes Page;Z;of
-

—

 

X
1

Y Z
T

L | Y 7z 'T VL]
 

217 ST+ @@

218 #

219 2

228 /

221 STO 81

222 RCL @é

223 XOOY

224 =CONC*
225 XEQ 14
226 ADY
227 RCL 16
228 ST+ @8

229 RCL 86
236 RCL 11
231 +
232 RCL 18
233 »
234 ST+ 81
235 =P

236 XEQ 14
237 ADY
238 RCL 13
239 RCL 12
240 *
241 RCL 86

242 *
243 ENTERt
244 ST+ 00
245 LASTX
246 *
247 2
248 /
249 ST+ 01
259 °TOE E-
251 XEQ 14
252 RCL 83

253 RCL 04
254-

255 RCL 13
256 *
257 °HEEL E°
258 XE@ 11
259 RCL 14

268 “SUR"
261 XE@ 11
262 XROM “L-
263 “Iv="
264 RCL o1
265 RCL 06
266 XEQ 13
267 /7
268 “RESe-
269 ARCL X
278 XEQ °FT-
271 AVIEW

“ -

     

272 RCL 85

273 2
274 /
273 -
276 RCL 66

277 *

278 STO 81
279 XROM =LL"
280 “B-
281 RCL 83
282 XEQ 85
283 RCL @8
284 RCL 89
285 *
286 XOY
287 7/
288 ADY

289 “SLIDE FS="
298 ARCL X
291 AVIEW
292 ADY
293 RCL o6
294 RCL @5

295 /
296 RCL 61
297 6
298 RCL 85
299 Xt2
368 /
301 *
382 ST+ 2
363 -
384 “TOE"
305 XEQ 160
386 XOY

387 “HEEL"
368 Xe@ 18
369 XROM -L*
316 RCL 63
311 RCL 64
312 -
313 °T°

314 XEQ 65

315¢LBL d
316 XROM °LL"
317 =D+~
318 CLX
319 PROMPT
320 X=8?
321 GTO F
322 XeQ 62
323 GT0 d

 

   
 

  



Program V \h/ For p\e“a]y\lm%\f\/a” Avm'qsf.s bytes Page_\z_of

 

X Y Z T L |
7

T T L]
 

324¢LBL 85
325 “H/FTG:*
326 AYIEMW

327¢LBL 82
328 ENTERt

329 ENTERt
338 Xt2
331 2
332 /
333 ST0 15
334 RCL 92

335 *
336 ST+ Y
337 XOY
338 3
339 /
348 “LAT E-
341 XEQ 12
342 ADY
343 Rt
344 RCL 68
345 *
346 RCL 15
347 ST+ L
348 XOO L
349 =SUR"
350 XEQ 12
351 ADY
352 ST+ Z
[ XOT
34 +
3535 XOY
356 “IH="
357 GT0 13

358¢LBL 11
359 RCL @5
368 RCL 86
361 -
362 RCL @7

363 -
364 STO T
365 *
366 ST+ 88
367 RCL 85
368 Rt
369 2

378 /
371 -
372
373 ST+ @1
374 ADY      

375¢LBL 14
376 XY
377 FC? 08
378 X=087?
379 RTN
388 “F: VY=
381 GTO 13

382¢LBL 12
383 ST- @l
384 XOY
385 FC? o8

386 X=8?
387 RTN
388 “F: H="

389¢LBL 13
398 ARCL X

391 °F K®
392 AVIEN
393 “N="
394 ARCL Y

395 ¥ROM “FK*
396 AVIEW

397 RN

398¢LBL 04
399 HT E PCF*

488 PROMPT
481 “SUR PSF-
462 PRONPT
483 E3
484 ST/ 2
485 /
486 RTN

4074LBL 16
498 °F P=
489 ARCL X
410 “F KSF*
411 %(0?
412 “F:UPL"
413 AVIEN
414 END      

 





  

 

 

        
 

  

Program R &/ For Re+a\m:mq W/a (| AM‘\(S 'S bytes Page_|of _Z
<

X1y lz IT]lL] Xy lz Tl L|
81eLBL"5SD" 166 RCL 84 TH

: 167 - e’
114 GTO 96 168 RCL 87 SlamTh

169 = tom A

1150LBL “RW" 178 ST+ 89
116 15 171 RCL 96 Toe
117 XROM °S° 172 ST+ % Z-Tre
118 “LA® 173 LASTX YeuTh
119 XEQ 84 174 + Vist.
128 STO 88 (of 50 175 * GemM
121 RDN 176 + M
122 STO 82 Lot € 177 .15 conei
123 FS? 09 178 ST+ 0@
124 GTO 83 179 *
125 “VER® 189 2
126 XEQ 04 181 /
127 STO 14 VertSor 182 STO 81
128 RDN 183 RCL 08 vV M
129 STO 13 Vet . 184 “CONC*

185 XEQ 14
1394LBL H 186 RCL 10 ¥
131 XROM °L* 187 ST+ 90 (£Y)
132 “HT'* 188 RCL 96 Tee
133 PROMPT 189 RCL 11 C.6.
134 STO 03 Ry, 199 + .6
135 *F TH'* 191 * M
136 PROMPT 192 ST+ 81
137 STO 94 F e 193 RCL 10 P M
138 -COV'* 194 -p
139 PRONPT 195 XEQ 14
148 STO 12 cover 196 RCL 13 120
141 *ST TH'* 197 RCL 12 over
142 PRONPT 198 *
143 STO 97 Stem Hh 199 RCL 96 Mee
144 °P, K* 200 * Toe V
145 PROMPT 281 STO 15
146 STO 18 Y 282 LASTX Toe V
147 P CG'" 203 ToeM

148 PRONPT 204 STO 89
149 STO 11 C.6. 285 RCL 83 M-

206 RCL 94 FtaTh.,
158¢LBL 81 207 - Wt
151 XROM -L* 208 RCL 13 A0
152 “FTG W*'* FaW 209 = EmihY
153 PROMPT 210 "VERT E*
154 STO 85 211 XEQ 11
155 “TOE'* 212 CLX
156 PROMPT 213 STO @9
157 STO 96 Toe 214 STO0 15

158 XROM “LL" 215 RCL 14 ot Y
159 RCL 04 Figl, 216 “SUR®
168 RCL 95 FW 217 XEQ 11
161 * 218 XROM °L°
162 STO 09 ¥ A 219 *gy="
163 LASTX Frub 220 RCL 01 M
164 * M’ 221 RCL 98 V
165 RCL 83 M 222 XEQ 13 L

223 / Ves,| | |



 

 

 

        
 

  

Program M_For Rd‘a\mv\g \A/all Av\al\{sas bytes Page_;of 2

X[V [z [TlL/| XTIy |z 'TTL]
224 “RESE"
225 ARCL X 273eLBL 11 W/

226 AVIEN 274 RCL 85 Fta

227 ¥ROM “LL" 275 RCL 96 e

228 “B* 276 -

229 RCL 03 Nt 277 RCL 07 e,

238 XEQ 85 278 - Ree|

231 RCL @83 Nt 279 ST0 T Heel |W/ heel

232 RCL 94 P44 280 * V

233 - ’ 281 ST+ 15 “«V)

234 -T- e 282 RCL 85 [F4e
235 XEQ 95 283 Rt hed|

284 2

2364LBL 03 285 ST/ 89
237 *D'* 286 7/ hed/2 We}'h} V

238 CLX 287 - Arwn

|

V

239 PRONPT Vet 288 * ™M

248 %=0? 289 RCL 89 Muve

241 SF 14 299 + M

242 %=0? 291 ST+ 81

243 GTO 01 292 RCL 15 <V

244 XEQ 92 293 ST+ 90

245 GT0 93
2944LBL 14

2464LBL 05 295 %=0?

247 “F/FIG:" 296 RTN

248 AVIEN 297 ADV
298 AVIEN

2494LBL 92 W 299 =y=*

250 ENTERt W 368 GTO 13
251 ENTERt h |W |h
252 X2 Wt 301eLBL 12 M| H

253 2 T W lw

|

W 382 XOY K M

254 / Wy 303 X=8?

255 ST0 15 . 384 RN

256 RCL 62 E|"2

|

W 385 AVIEN
257 * vhY, 386 “H="

258 ST* ¥ vl h |W
259 XOY | 387eLBL 13 Not i

|

M

260 3 . 308 ARCL X

261 / WG (Wbl W | 389 °F K°
262 “LAT E- 310 AVIEM

263 XEQ 12 31 Nt

264 Rt W 312 ARCL Y

265 RCL 15 Wy 313 XROW “FK°

266 RCL 08 Lot Sue| Wi

|

h 314 AVIEM
267 STs Z wh 315 RN
268 * Wbl
269 “SUR* 3164LBL 04

278 XEQ 12 317 *FT E PCF°

271 %ROM “L® 318 PRONPT

272 RN 319 "SUR PSF* <y| F ool
328 PROMPT
321 E3 1000
322 ST/ 2
323 / SWCL YJ\H\

324 END | @



ELASTOMERIC BEARING PAD ANALYSIS

xeq NEO (SIZE 017)

SOFTKEYS  (USER mode ON)

D Input new shim thickness and pad dimensions

USER FLAGS

Flag 00 clear Full output
set Skips output of shape factor, dead 1load

stress, and reduced pier forces

Flag 02 clear Warning BEEP disabled
set Warning BEEP enabled

Flag 03 clear Pier SKEW in decimal degrees
set SKEW in degrees-minutes-seconds

Flag 04 clear AASHTO
set AASHTO (ignores flag 04)

INPUT SUMMARY

Prompt

HARD

ILOW G PSI
HI G PSI

DEL-T"

DL K/PAD

D+L K/PAD

# PADS

PIER HT'

Input Default
Neoprene durometer hardness No default

Low- and high-end values of AASHTO
shear modulus. Default per
AASHTO table 14.2.2A.

Movement due to temperature No default
(one way), in inches (zero for
a fixed pad)

Dead load, kips per pad No default
(reduced by live load uplift,
if any)

Maximum dead and live load No default

Number of bearing pads on one One
pier. If bypassed (or one is
entered), pier properties are not
prompted and pier flexibility is
neglected.

Pier height from point of fixity No default
to beam seat, in feet. If zero is
entered, pier properties are ignored.

1



Prompt

SKEW (dd or DMS)

# COLS

DIA' (If #COLS
is not zero)

SH TH' (T-piers)

W' (T-piers only)

SHIM TH 16'S

PAD L"

w"

#SHIMS

LAM TH"

TH"

Input
Skew of the pier

Number of pier columns. Zero
(or bypass) for a T-pier.

Column diameter in feet

Shaft thickness in feet

Shaft width, feet

Metal shim thickness in six-
teenths of an inch. May bypass
for unreinforced pads. Answer
2 for 1/8"shims, 3 for 3/16".

Pad length in inches

Pad width in inches. Inter-
changeable with length.

Number of shims.
unreinforced pads.

Bypass for

Lamination thickness in inches
(for the lams between the shims).
Program assumes 1/4" thick cover
layers outside the shims.

Thickness of the (unreinforced)
pad in inches, if #SHIMS prompt
was answered zero or bypassed

Default

0 (T-pier)

No

No

No

default

default

default

Two (1/8")

No

No

No

No

No

default

default

shims

default

default

OUTPUT SUMMARY (Items in parenthesis are displayed only if flag
00 is clear)

TH

TH>MAX **%*

(SH F)

ALL STRS

(DL STRS)

D+L STRS

Thickness of the (reinforced) pad in inches
if SHIM TH was not answered zero (assumes
1/4" cover layers)

Warns that bearing is too thick per AASHTO
14.2.7 (TH > W/3 or W/5)

Shape factor (Area/Perimeter th.)

Allowable compressive stress in kips per
square inch. Fixed bearings are allowed a
10% increase (DEL-T" input as zero).

Dead load stress acting.

Combined dead and live load stress acting.

2



DL>MAX **x*

DL<.2 **%

D+L>MAX *%*%

STRN

STR>7% *%*

TH<2T ***

BOND ***

(Fe-11 and Fe-})

OK or NG

ROGRAM FLAGS

Flag 05 clear
set

Flag 06 clear
set

Flag 07 clear
set

Flag 09 clear
set

Warns that dead load stress is more than 500

psi (guideline carried over from 1978 AASHTO)
 

Warns that dead load is less than 200 psi
(guideline carried over from 1978 AASHTO
concerning anchorage of pads)

Warns that compressive stress is greater than
calculated allowable

Compressive strain in percent. DuPont
recommends strain be kept under 7%.

Warns against high strain. Reduce stress
or increase shape factor.

Warns pad is too thin for shear deformation
needed, per AASHTO 14.2.6

Warns pad needs to be secured against hori-
zontal movement per AASHTO 14.2.9. No
account is taken of pier flexibility for
this warning.

Shear force in kips developed by the thermal
deflection (DEL-T") input, considering the
pier rigid

Effective shear force developed parallel and
perpendicular to the long axis of the pier,
respectively, taking into account the flexi-
bility of the pier

Trial pad design is OK or no good with
respect to the above-mentioned checks

Thermal movement

Fixed pad (DEL-T" = 0)

No pier properties
Consider pier flexibility

OK
NG

Multiple shims
One shim (used rarely)



STORAGE REGISTER USE

Register
00

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

Value
DL K/PAD (Minimum load combination)

D+L K/PAD (Maximum load combination)

Lesser of pad length or width; pad area

Low-end shear modulus G (ksi stored)

Number of shims; 3 or 5 x Total thickness

Lamination thickness

Durometer hardness

Combined DL + LL stress

DEL-T (Thermal movement, one way)

Total elastomer thickness

High-end shear modulus x 1.9 (cold) x 5

Greater of pad length and width; shape factor

Skew (decimal degrees stored)

Pier height; L3/3EI of pier shaft or columns (Cp)

Number of pads per pier

Allowable compressive stress

Shim thickness (inches stored)



ELASTOMERIC BEARING PAD ANALYSIS

Program NEO calculates properties and allowable
stresses for elastomeric (neoprene) bearing pads by
AASHTO Specifications, 1985 Revision. It uses AASHTO's
compressive stress:strain curves. Default shear moduli
are the high- and low-end values from AASHTO Table
14.2.2A; a cold-weather constant of 1.9 (recommended by
DuPont for cold regions with temperatures down to
-20°F) is included in the shear-force calculations
(high-end values) but not the allowable stress calcula-
tions (low-end values). The program allows elastomer
durometer hardness values between 50 and 70; any other
values may be assigned incorrect shear moduli.

PIER INTERACTION

NEO will analyze a bearing pad alone, or it will
analyze a system of bearing pads and pier. If a ther-
mal movement DEL-T" (deltaign,, inches) of zero is in-
put, the bearing is assumed fixed and its allowable
compressive stress is increased by 10%. If DEL-T"
greater than 2zero is input, the program prompts for
pier dimensions in order to calculate the effective
shear force considering pier flexibility. The follow-
ing assumptions are made:

1) Superstructure movement is purely longitudinal;
deck does not rotate or deflect laterally on
skewed piers.

2) Deck and beams are rigid in all directions.

3) Pier deflects only perpendicular to its 1long
axis; it is assumed rigid along its long axis
(parallel direction).

4) Pier 1is fixed at bottom. Definition of
"bottom" depends on PIER HT' (pier height in feet)
input by user, but is usually taken from top of
footing.

5) The elastomeric material is at a temperature of
-20°F and its stiffness has increased 90% over
tabulated values. This may be somewhat over-
conservative for warmer climates.

6) The pier concrete has a proportionality con-
stant of N=8, and the gross moment of inertia of
the pier shaft or columns is used.

7) The program assumes that a single pier shaft is
rectangular, and that multiple columns are round.
It considers the shaft or columns to be of uniform

1l



stiffness all the way to the bearings, ignoring
the effect of the pier cap perpendicular to the
long axis of the pier. (See the INPUT SUMMARY
section.)

All but the last of these is conservative. If the
bridge design involves a short T-pier, the designer may
wish to input a PIER HT less than actual in recognition
of the greater stiffness of the cap. For pier concrete
of somewhat greater stiffness than indicated by N=8,
assumption 6) is probably still conservative since the
columns usually suffer at 1least minor cracking,
decreasing their stiffness. The assumption of rectan-
gular shape is pretty good for round-nosed T-pier
shafts; just input a shaft length less than the actual
by about one-half the shaft width. For rectangular
column bents the user will have to calculate the DIA'
(diameter in feet) of a round column of equal stiff-
ness. For a single round column, answer the #COL
prompt with 1; for a rectangular or roundnosed shaft
respond with a zero.

DEFAULT SHEAR MODULI

The default values of G in psi are from AASHTO table
14.2.2A (except for 70 duro) and are as follows:

Duro Low G High G
50 85 110

55 102.5 132.5

60 120 155

70 155 200

(AASHTO 70) (160) (260)

SHEAR FORCE

For a non-fixed pier (one whose bearings absorb
movement), NEO first calculates the shear force assum-
ing the pads take all the thermal movement, i.e. the
substructure is assumed rigid. If the #PADS prompt is
bypassed (R/S is hit without keying in a number) or the
PIER HT' prompt is answered zero, the program leaves
its shear-force calculations at that. This, for in-
stance, is appropriate for abutment bearings and very
conservative pier designers. If these prompts are
answered, however, NEO goes on to calculate the effec-
tive force developed considering the piers flexible
using the above-noted assumptions.

Pad anchorage and shear checks are made for non-
fixed piers using the full rigid-pier shear force (i.e.
pier flexibility is not taken into account) whether or
not pier information has been input. These checks are
not made for fixed piers since the anchor bolts or

2



other "fixing" mechanism are assumed to absorb the en-
tire shear force.

The program assumes that elastomeric material harder
than 60 durometer is used only in fixed, unreinforced
pads, in accordance with AASHTO 14.2.2. If an expan-
sion bearing (assumed reinforced) of 70 durometer
material is analyzed using the default high-end shear
modulus, the shear-force calculations will be about 25%
low due to an error in the shear modulus calculation
algorithm. If the user chooses to ignore 14.2.2, the
default high-end modulus should not be used. The
preceding section lists the defaults.

PAD GEOMETRY

The program works only with rectangular bearing
pads, not round ones. It is not able to accommodate
holes in pads. Pad length and width are interchange-
able.

EXCEPTIONS

All AASHTO specifications are checked except 14.2.5,
dealing with rotation, and 14.2.2, which forbids
laminated pads of greater than 60 durometer hardness.
If a pad fails to meet a given criterion, a message is
displayed. At the end of the run, if a design has met
all the checks, the program displays OK. If it has
failed one or more of the checks, the program displays
NG (no good) and, if flag 02 is set, a BEEP sounds.

OBSOLETE CHECKS

NEO checks against dead load stress of over 500 psi
or under 200 psi; and total compressive strain of over
7%. The former are carried over as a guide from the
1978 AASHTO Specifications, while the latter comes from
DuPont's 1959 guide to elastomeric bearing pad design.
The program will label a design "NG" if it violates
either of these; however, the design may still be valid
by present (1989) AASHTO Specifications.
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xeq PIER

SOFTKEYS

(SIZE 043)

AASHTO T-PIER ANALYSIS

(USER mode ON)

PIER uses no softkeys

USER FLAGS

PIER recognizes no user flags

INPUT SUMMARY

Prompt

T/C EL

CAP HT'

FTG HT'

B/F EL

DLW

DHW (if DLW prompt
was answered)

GR EL (if DLW was
bypassed)

SH TH'

SH L'

CAP TH'

CAP L'

WEDGE

WEDGE HT'

Input
Top of cap elevation

Cap height in feet

Footing height (thickness), feet

Bottom of footing elevation

Design low water elevation.
Bypass (or enter zero) to signify
dry-land construction.

Design high water elevation.
Used to calculate ice elevation.

Ground elevation, for landlocked
piers

Shaft thickness in feet

Shaft length measured along
centerline of pier, in feet

Cap thickness in feet

Cap length in feet

Length of the triangular chamfer
cut from the underside of the cap
cantilever, in feet

Height of the cantilever chamfer
which when subtracted from the CAP

HT' leaves the height of the cap
at the end of the cantilever

1

Default

No

No

No

No

default

default

default

default

Zero

No

No

No

No

No

No

No

No

default

default

default

default

default

default

default

default



Prompt Input Default
SPAN' Span length in feet. For No default

different spans about a pier,
use the average of their lengths.

DW O-0' Deck width, out to out, in feet No default

RW W' Roadway width between curbs, for No default
figuring live load lane eccen-
tricities

SKEW Skew of the pier. A "square" No default
bridge is defined to have 0° skew.

DECK EL Elevation of the bridge deck No default

BM+R HT' Height from low beam to top of No default
rail, for wind calculation, in feet

BRG HT' Bearing height; the difference in No default
elevation between low beam and
top of cap.

ICE Fc PSI (if Ice crushing strength in psi No default
DLW prompt answered)

OUTPUT SUMMARY (Flag 00 has no effect on PIER)

MIN A-S Minimum area of vertical reinforcing for the
pier shaft (1/2 %) in square inches

SH DL Shaft dead load in kips (assuming round ends)

CAP DL Cap dead load in Kkips (assuming square ends)

SU DL EST An estimate of the superstructure dead load

1L LL EST An estimate of one lane of live load, without
impact. Assumes continuous construction.

1L ARM Eccentricity of one and two lanes of live
2L ARM load with respect to centerline of roadway

(or CL pier) measured along the pier cap, in
feet. Will not display 2-lane value if RW W'
is less than 22'-0.

DLW Values which follow are for Design Low Water
ICE (or Ice) elevation. Press R/S to continue.

If DLW prompt was bypassed (i.e. landlocked
pier), no such identifier is displayed.

WOoS Wind on substructure. See next page for
explanation of postscripts.



SH ARM Position of center of action of load with
respect to top of footing, for shaft design

FTG ARM Position of center of action of load with
respect to bottom of footing, for footing
design; in feet.

ICE Ice force along centerline of pier

WOF Wind overturning force (uplift), in kips

WOF-11 Wind overturning moment, in foot-kips

W Wind on superstructure

WL Wind on live load

Postscripts (see below)
F Perpendicular to the long axis of the pier

11 Parallel to the long axis of the pier

T Transverse to centerline of roadway

L Longitudinal to (along) centerline of roadway

 

 

 

PROGRAM FLAGS

Flag 07 clear Transverse force
set Longitudinal force

Flag 08 clear Landlocked pier (DLW prompt bypassed)
set Pier in water

Flag 09 Clear WOS for DLW stage
set WOS for ICE stage, or if landlocked

Flag 10 clear WOS-F (perpendicular)
set WOS-11 (parallel)



STORAGE REGISTER USE

 

 

Register Value
00 Height of shaft

01 Top of cap elevation

02 DLW elevation or zero

03 ICE elevation or Ground elevation

04 Top of footing elevation

05 Footing thickness

06 Skew (degrees)

07 Shaft length

08 Cap height

09 Wedge height

10 Wedge length

11 Cap width (thickness)

12 Shaft thickness

13 Span

14 Deck width out to out

15 Cap length

16 Beam + rail (+ slab) height

17 WOS-11 ]

13 HOSTIL AT L by bie
20 WOS-- Arm |

21 WOoS-11 ]

24 WOS-F Arm

25 Bearing height

26 Pier dead load (shaft + cap)

27 WOF, K
28 WOF-11, 'K

29 ICE force (11)
30 ICE arm



Register Value
31 Estimated Live load (one lane, no impact)
32 Estimated superstructure dead load

33 Height from top of cap to 6'-0 above top of deck
(WL-T Arm)

34 W-T (11)
35 W-T (F)
36 W-T Arm

37 W-L (11)
38 W-L (F)

39 WL-T (11)
40 WL-T (V)

41 WL-L (11)
42 WL-L (F)





T-PIER ANALYSIS

Program PIER is a fast, simple way to calculate or
check the AASHTO loads on a bridge pier. The program
is written to analyze T-piers, but most of the output
can also be used for column-bent piers by considering
the columns as one shaft of equivalent width for pur-
poses of wind load. In order to shorten the program, a
few simplifying conditions were set:

1) The superstructure, pier, and footing are assumed
to be symmetric with respect to the centerline of
roadway.

2) The program does not recognize the presence of a
sidewalk when calculating live load lane ec-
centricity, nor does it calculate sidewalk 1live
load.

3) PIER does not calculate earth loads, loads due to
earthquake or streamflow, or 1longitudinal forces
due to live load.

4) Elastomeric bearing pads are assumed used. That
is, the force due to temperature change is not the
limit of the longitudinal force able to reach the
pier; it is merely another additive force.

CONVENTION of DIRECTION of FORCES

This program, along with programs FTG and SHFTG
(footing analysis programs) use a simple convention to
differentiate directions of applied forces. Directions
with respect to the superstructure or centerline of
roadway are designated with a "T" for transverse forces
and an "L" for longitudinal forces (forces acting along
the centerline of roadway). Directions with respect to
the centerline of the pier are designated with a "}"
for perpendicular forces and a "11" for parallel forces
(forces acting along the long axis of the pier). For
bridges with no skew ("square" bridges), of course, F
= F; and F = Fp. For skewed bridges, the following
dlagram w1:5 prov1de the simplest description.

 

>

 

See the example for further clarification of the trans-
lation process between the two axes.



POINT of APPLICATION of FORCES

Program PIER calculates the magnitude and point of
action of the following forces, according to AASHTO
Chapter 3:

W Wind on superstructure
WOF Wind overturning force
WOS Wind on substructure
WL Wind on live load
ICE Ice force

The point of application of each component of these
forces is given as a distance, or moment arm, both from
bottom of footing (FTG ARM) for footing design; and
from top of footing (SH ARM) for shaft design.

Wind on superstructure (W) is calculated by the
simplified method of AASHTO 3.15.2.1.3; PIER does not
check the requirement that the span be less than 125
feet. W and WL (wind on LL) are calculated as
transverse and longitudinal forces with respect to cen-
terline of roadway. Since a transverse force effec-
tively is felt at its point of application while a-
longitudinal force can act only through friction at the
beam seat (due to the restraint of rotation by the
beams longitudinally), different moment arms are given
for each component. Then each of these forces is nor-
malized (split) into components parallel (11) and per-
pendicular ( ) to the long axis of the pier. See the
example for clarification.

WOF (wind overturning force) is calculated and dis-
played as an uplifting force in kips and an overturning
moment parallel to the long axis of the pier (WOF-11).
There is no component perpendicular to the pier.

WOS (wind on substructure) is calculated as a force
of 40 psf on each face of the pier. Those who would
argue that the wind can't blow four directions at once
will have to reduce these values with their sines and
cosines. This program uses the simple reasoning that
it's already blowing from two different directions on
the superstructure; two more directions isn't that many
more. WOS 1is actually calculated twice: once on the
portion of the pier above DLW (design low water
elevation), and once on the portion of the pier above
the Ice elevation. PIER assumes that the bottom of the
pier cap is above both these elevations; if this is not
the case, the WOS values will be in error (they will be
calculated with the full cap and a negative length of
shaft exposed to the wind).

The ICE elevation is not input directly; it is as-
sumed to be midway between DLW and DHW (design high
water). Since the DHW elevation is not used for any-
thing else, the ICE elevation can be set to any desired

2



value by changing the DHW elevation. Although this may
seem like a backward way of doing things, most hydrol-
ogy information is presented in terms of DLW and DHW;
only rarely is an ICE elevation given directly. The
ice force is calculated as twelve inches of ice, of the
crushing strength input, times the thickness of the
pier shaft.

LANDLOCKED PIERS

For landlocked piers, bypass the DLW prompt and you
will be prompted for GR EL, the ground elevation. WOS
is calculated only once for this case, on the portion
of the pier above ground. Again, the ground elevation
must be lower than the top of the cap.

DEAD LOADS and ESTIMATES

Besides the AASHTO wind and ice loads, PIER also
~calculates the following quantities:

1) The pier dead load (shaft and cap separately), as
suming a round-ended shaft, square-ended cap, and
concrete at 150 pounds per cubic foot.

2) The minimum reinforcing required in the shaft
(1/2% by AASHTO 4.4.9.4).

3) An estimate of the superstructure dead load, as
suming a 7" thick deck, jersey rails, steel beans
spaced at about 7'-0, and continuous construction.
Naturally, all these assumptions place limits on
the accuracy of such an estimate; still, ex-
perience with a given type of construction will
lead to an expected deviation from this estimate,
so it still can be useful as a check.

4) An estimate of reaction due to one lane of live
load, assuming AASHTO lane loading, continuous

-~ construction, and no impact.
5) The effective moment arm (eccentricity) of one and

two lanes of live load, measured along the pier
cap from centerline of roadway. See the example
for assumptions.

USE as SUBROUTINE

Although written as a stand-alone program, features
are incorporated that allow PIER to be called as part
of a user-written program; all of its output is stored
for use by such a program. For example, a program to
calculate and display AASHTO load groups could be
written:

01 LBL GROUP
02 XROM "PIER" (called with XEQ)
03 "]l LANE LL"

04 PROMPT

etc.

Such a program was not included in this module for two
reasons: differing interpretations of several AASHTO

3



provisions (for example, the application of WOS to a
skewed pier was alluded to); and lack of memory space
in the module (a working version took up about 750
bytes) . Also important is the fact that output from
PIER is essentially an intermediate step in the pier
design procedure; an engineer has to digest it to get
useful results, i.e. AASHTO load groups. If these
results were calculated and output by a program written
by a third party (this author), the results would be
susceptible to use without checking or even understand-
ing how they came about. As mentioned, many details of
pier design by AASHTO are open to debate, and most
design offices settle on certain methods; these would
doubtless be different than the reasoning this author
would employ.
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Superst. DL
Beains 5> 45 L/ 270" = |371.50 |k
Vieph 29"~ 37551552 U0 .40
| it Viggh 29"« 4523« |5 = 10.40

Deek .L15-33.017<«70:15 = 2]|7.70

FWS .07 30" +770' = 4r.0

Raills 2« 27Y =70 = LDl.%

5Z0.6 k

| P58 5,49,:54, L

(64" flO‘:!fi)*ZLL 2 420 Y0e

E<timdle ¢ap cfr,f"f'k b\, Wsp :

% (320.6)+ 2. (41.0) + U'r33Tl(5
273,14 k 

 AASHTO T-Rer Loads

Rllew. v, 2180 ps7 w/ stirmops

o 273.24k
‘.Nee:Q J: "5“47‘3'35!(1 L{é‘

USE CAP HT.=5-0

 

 

 

     

 

 

[ /—437.00

S

DHY ¢ WL——Q—J

~ <€26.00
10 12-Q !

woYW o
4(9.00 ——— Strealed FIf6.00

) | | g91300

leyath

Beawq 3-75'

Veecl .67’

”aoucl\ |7/

4,54

PG Elev. 44L.00
4,54’

brq ___.4C°
$317.00 T/Caf El.

Stretmbed elev. = 414.00

® Set B/Fta Elev. = . €13.00
N

T/Ca.(p 4357.0D
5.0

i est, 3.5

WF*@ %1300
5.5’ = Shaf+¥

Shaft

Caf) = 36-0 » UsE 12-0 SHAFT

DTt
\1z-0  
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Ca=.¢ DL

(36% 5= N.5% 167" )e3.33 <15 $O4T

Shaft DL

(U= 2.43"),243 = 25.97 &’
(2-a¥Y - "y = (.20

 

22.27

32.270' < \5.5£, 15 - 75.04 k

Wind on Svbsetr uc_i_we,
 

Wos, : _Aea 4 AL
cap 1900 2.5°  UFQ
> -19.7 444’ -45.9

160.943 ¢’ 364 .%|

@ vcsTsp\ Low Water DLW ¢

160,93 364 .21

SLaft 186.00 1.5"  1794.00

21695 215%.%)

C.6.2 6.9 Frow T/0ep = 13.64’ Fr,,.T/rle. (VL)

WosS, @ DW= 216.4>d'x040 =12.67 k

DLWDHW
® Tce Eley. (= =—F— = 421.50)

Cap 160.43 204.%1
Sft N4.00 975 1 1.50
YL 1476.3|

C.6.@ 5.57 Frp T/c,f, = 1213 From T/Ff:\ Clce)

W05, @ lee = 74430= 040 Lse = 10.99 -
0

1

 

 

Wo5%, @ bLW
Acea ,{ A&

Ca‘g \e67u” 2.5° 4l.67
Shaft 3642 1.5 423,83

53.50d 465.20

£-6-= 570" $toq TCgp = 1190GVit

\/0s, @ DLW = 53.50".0u0=2.14 k 
Wos, @ lce Elev (- 4271.T0)

Aea  _d4d AL
C lb.677 al.67 |
swét 2697 475" 2ezdd

43,59 o’ 204.\]

C.6.€ (.98 fwnTGy =135oT/Py

W05,@ lee = U3.59a<04~ 1.74 &k

Vind om Sqws‘h* vetvre
 

Beam .75’

Nawmel A7
Deck 67
Rail 2.67'

7.15’

Areq = 1.25' —w—'{"—"-'- 567.5°

Wy = 507.5a" < .050 ks = 25.3F L

Wr.y © 25.2% rcos20" ~ 2344 k

W, = 7 rsal0'-348 L ‘
{
|

 
Pewa @ Shedd 155’

C 5.0’A
Supor .2 23,03

2455’ T T/Pr
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Wind_ow Super. Ceont'd)

W, = 507.5a<01z kef <609 b

W, =609~ sinl0" = 2.0%k

W,=609 cos20® = 5.72 &

St
Arm = 5.0 = |s¥.:5' : ZO.SI'QTLFQ

&/;vwg Lj L. a

WLl = 70" .0Uk/fa= 2.90 k

WLL,., = 240« cosl0’ = 2.5k

WLLL'“ = 2.80<etnld =.4¢C k

Atm = Z0.5' Yo T/fls

Wit = 70« oY = .00 Lk

Wiy,= 1045 20° = 2.29 k

Wile,, =707 cos 10° = (.B< k

Ao = @UL.00-16.50 + 6.0

= DL.B0' b Tfia

Wind Ovcr'l’urn‘mg Fovee

WOF = 70« 3347'«.020 = 4645 L 4

/

VOF” = Ueldd L'%fl /cos L0°

= Ll:!g .7ZI.L

WOF_ = 0.0

lce @ 2m poi Cvories deeuding o 4#\“()

Lce, =

Tce, = 05«122.26= 1524k

Arm = 322.50-91(,50= (.00w

TlnerMa‘ Ffi‘gg S

Obtaiy fovrees from Elastoweric
BCMTV\% Pad fleo'asu-

Arwm = 437.00- 41,.50 = 20.5 '

Live loead

Frows sh.l, 1 lawe =220k (eef.)
z.o'/,p.f&fi'_*

’ ] 0.0’

L j2.0° I \2.¢ [
1 Lane Lane

. \E.Q’ i

-
1-Lame Arm =100/eos 20° = 10.64°

  

 

 

7-Lave Avwm = -’-Q'OT-Z—Q /el = U.Zb’

Note : Hais T +the method vsed 5\1
the proqram . Some states keep

the cecond lame on Tts side
of G . Thus the arm wovld be

calcvlated :

-lane Arwn = 'L%E—'O;Eoszo" 2.66°

The proarowm's method is +he wore

conservative.

2.4% ' |44 x.30 = 2126k

- VP,
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EAAéWO T-Pler Loais_,i

XEQ “PIER"

7:43:17 AN 89/27/88

TITLE:

PIERS 1 AND 3 RIIN
ERXXREERERRRXXXKERRRRER

740 EL

537.0888  RUN
CAP HT"

5.8088  RUN
FTG HT'

3.5008  RUN
B/F EL

813.00860  RUN
DLW

819.0000  RUN
DHN

826.00080  RUN

SH TH'
2.8333  RUN

SH L
12.8008  RUN

CAP TH'
3.3333  RUN

CAP L*
36.0000  RUN

NEDGE
11.5600  RUN

WEDGE HT'
1.6667  RUN

SPAN
70.6008  RUN

DN'0-0
33.1667  RUN

RW W°
30.0008  RUN

SKEW
20.0000  RUN

DECK EL
842.8000  RUN

BM+R HT'

7.25080  RUN
BRG HT'

.4167  RUN
ICE Fc PSI

306.00080  RUN
 

MIN R-5=23.2394 SQ*
SH DL=75.08439 K
CAP DL=88.4157 K

SU DL EST=513.8727 K

1L LL EST=82.0000 K

IL ARM=18.6418"
2L ARM=4,2567"
 

T'a' of Caf

FOO+‘|‘% T‘\‘.‘k noss

BO*Q\M o'(‘ Fo“?.s

bufi%u Low Water B,

Design Kigh Uater EL.

Shaft Thicknees

Leagth

C¢1, Thickness

Cof L‘u%ll\

Tr‘umauo Vdag

Lcn%+k

$haf't

Av%. 6P‘k on "'CP

deck width ovd-art

Roedway width

“fisld of kuw\,f‘a?l

and deck

hm?.\s m‘\d

"

Min. shaft reinf.

sheéd DL

cap bL

}es 4imates

1 La .
1 La:: w ¢cce-&r’ug.{-y

DLW

W0S-+=12.6733 K
SH ARM=13.5863"
FTG ARM=17.1863"

HOS-11=2.14608 K

SH ARM=11.8837"
FTG ARM=13.3037"

ICE
W0S-+=18.9933 K
SH ARM=15.1283"
FTG ARM=18.6283"

WOS-11=1,7433 K
SH ARM=13.5225"
FTG ARN=17.8225"

ICE=122.3986 K
SH ARM=6.0000°
FTG ARN=9.5808'

WOF=46,4334 K

11 H=489.7196 'K
 

H-T=25.37568 K
F-11=23.8447 K
F-+=8.6788 K
SH ARM=24.5417"
FTG ARM=28.8417"

k-1=6.8908 K
F-11=2.0829 K
F-+=5.7227 K
SH ARM=28.5000°
FTG ARM=24.0080"

WL-T=7.00088 K
F-11=6.5778 K
F-+=2.3941 K
SH ARM=31.5000°
FTG ARM=35.0008"

HL-1=2.8608 K
F-11=8.9577 K
F-+=2.6311 K
SH ARM=28.5000°
FTG ARM=24.06008"
SEEERLRLERELLS LLRX2

Ui

l
\«/Tni on 40‘1’*;

structuce |

@ Vesign Low' Waler

W0s @ lce

lce Force

Viad 0'#‘\'vr-‘.1s

W?nl oNn

Svperstrueton)

Wind 0w LL

  



 
Bear‘ms Yad Dcs"ugb\
 

 

6 eo) Ters |

Blb e
0'c0 ' ®0-0 | 600
4 A = 1 N

 

|
lT

Skew TO° RWF

5 Beams @ 7-6

 2%0-0

VL = B20:-e - 57,00 L/t
10 pads
(103.)

LiveLoad

Dist. = gs_g . }—55- = 1.3636 Yo

| lan
22.0 Yiang * T ¢ 1.3(,34-& ‘ li'ffi'-f -7 35'7“‘

Uplifd (Frowa Compier ou“pu'} or tables)

U70 Yae * % 13650 » 47160Yad

Igw\gggdfig_ - Ont-w A.r

(A01) (6.57107°) » UT'F  (Comcrete beans)

= . 29"

Piov height » (431.0-413.0)-3.5'= 0.5’

Yieste. bms # 1O brg. pads

Vesire Loagth ~ =44for prestr. bowms

Uce 55 durompter nespreme

Try 10"« 16" Pads w/ U-%" lams

XROM “NEO*
9:45:52 PH  89/18/88

TITLE:
PIERS 1| AND 3 RUN
EEXXRXXXXXXXRREREREXRRKL

 

HARD
55.8888  RUN

DEL-T-
.2818  RUN

DL K/PRD
52.9688  RUN

MAX LL K/PAD
27.9568  RUN

MIN LL K/PAD
-1.6008  RUN

§ PADS
16.6608  RUN

PIER HT'
20.5088  RUN

SKEW (DNS)
20.08080  RUN

§ COLS
RUN

SH TH'
2.8333  RUN

Hu

11.0060  RUN
SHIN TH 16'S

2.0008  RUN

PAD L®
16.5008  RUN

"-

16.0808  RUN
$1/8°SHINS

5.0088  RUN

LAM TH*
.58880  RUM

TH=3.1256°

SH F=6,2264
ALL STRS=8.6382 KSI

BL STRS=8.3155 KSI
B+L STRS=0.4849 KSI
STRAIN=2.8641%

F=4.6736 K/PAD
=46.7359 K/PIER
Fe-11=15.9846 K/PIER
Fe-+=28.5575 K/PIER

0K
 

PRD L*

N  
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C alcylations For FOOTING DESIGN

T-Prev Foa'h'm% i 4
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—- c— b{ \\\ —— - ——

CSkew = 20° RHF
L

.
GROUP P M"Y MM GroOUP Pok) My R (M, Y

LA I A _
Superst. DL 520.60) — — Growp TA 435.05| (96.L0| —
Piee DL T5swtom| IBB.A6| — | — Thormel o NEOdM — 393,03]665.5%

PierSh. Buw 322015-.004 503 — — Grewp TLA @ 125% (435,03 |1082.1Y (4534 §
!

L Llaves LL 041.04% 164.00| (9%.6| — Iy
r IB 153.03/472.50| —

Grovp LA@ 100% 435.03 64%.6 — Thevwal @24 — |3434>|645%
= —f

20 Gronp TL BE 125%| T53.03|1256.12| 645.8| 7
VL C11.03| — —
Ov\e Laue LLQU‘““ 42.0 272.5 - 1

Greuwp IL GLz4.60| 0611 |594.5]
Group I® @ 100% 7T53.03| 472.5| — T — 383.65| %58

—=%
)

T LFerY_@ 40% 624.060| 1444,7Y [1743.49] ¢

L 6103 — — YTA
WosS e@vLw — 3205 1217.90| Gr. DA %21.10 |\12d47 |326.44
WoOF -4643 (40972 — T —  |2%3.05| (852%

W Llowgt. @40 — |=50.00 13734 Growp TL AG 1o 42110 |\607.40 101147 1
W Tramsy. Q7G04 — G 6%.64| 14337 o

Growp L @ 125% (24.60 |06l [E94.5l|| 6Gr. I B 124.10 \>9%.07 326.49
—x T — 39343 625.-A4

T A Growp YL B & 140% T739.10 (179170 |len%T 10

Gr. TA 435.03 642.00] — Yo A
B CWeWoF+Wos) —13.93| 214.33 179.55|| Gr. TA 23503 69%.60| —

lce 1z1up~4.5° —  [1162.20] 17442
WLL LeglWy| — 22.98| (25| Group YIIL A @ 140%|435.0D 196(.40 17uuz |
WL Tramsv.@350| — [230.22| 439 TB =

Gm‘; TLARCITED |10 \22d.NT JZMdf| Gr. I D 753.03|471.50| — 1
: — |W62.490] | 74.42

B Grow YLB@ 140%| 753.03| 203530 (74 42, 11
Gr. IB 753,03 47Zv50 - K_ Gere. X ely.co 10 6( .11 gqg_gfl

-13.4% BB51| 326.49 lce 1162.90] 174 47
Grow LD 115%)| 739.10| 1394012264}l Group X @ V50% (24.60|222349(] 77293 '>



 

 

 

     

 

  
 

  
 

 

Program P\E For _AASHTO T-Pier L04£5 40 | bytes Page | of L

X1y 1z [TIlL [ Xy lz!T1L]
S4 *NEDGE"

g14LBL "PIER" 55 PROMPT
82 42 56 STO 16 Wedy L
93 XROM -S* 57 XEQ 88
94 CF @89 58 STO 89 Ud,.mi
95 CF 18 59 XROM “L°
96 “T/C EL® 68 “SPAN'"
97 PRONPT 61 PRONPT
98 STO 81 et 62 STO 13 6pan
99 “CAP* 63 “DN'0-0°
18 XEQ 88 64 PRONPT
11 STO 08 (o M 65 STO 14 Vedk /
12 “FTG" 66 RN H'*
13 XEQ 08 Fq o 67 PROMPT
14 STO 85 68 STO 17 k]
15 “B/F EL® 69 “SKEW*
16 PROMPT 70 PRONPT
17 RCL 95 FoyTh. 71 STO 06 Sk
18 + 72 *DECK EL"
19 STO 04 /P 73 PROMPT DLEl
20 CLX 74 RCL 04 /PyB
21 “DLN" 75 -
22 PROMPT 7 6 o

23 STO 82 pu €l 77+
24 %=8? 78 STO 33 W LL
25 GTO 99 79 “BM+R"
26 CF 08 80 XEQ 68
27 “DHN" 81 STO 16 rs-m-{
28 PRONPT AW 82 “BRG"
29 RCL 82 bLw 83 XEQ 68
30 + 84 STO 25 by
32 85 *ICE Fc PSI
32/ TecEl 86 FC? 08
33 GT0 63 87 PRONPT

88 STO 29 Lk
344LBL 99 89 XROM “LL"
35 “GR EL* 99 RCL 87 Sh. L

36 PROMPT Gl 91 RCL 12 S1.Th
37 SF 88 92 4.66 ]
38 SF 89 93 / /

94 - ‘ 1
39¢LBL 03 95 RCL 12
40 ST0 @3 Tee ot Ge. 9% * 5&.&.1

41 XROM °L° 97 .72
42 'SH TH" 98 % M As (P-’,005>'Hu'.77_

43 PROMPT 99 “NIN °
44 STO 12 Sh.Th 189 XROM °AS*
45 “SH L** 181 AVIEN
46 PRONPT 162 4.8 LT
47 ST0 87 L. L 103 / ALY, L 48

48 “CAP TH'" 184 RCL 01 Tie eL
49 PROMPT 185 RCL 04 (IEwEl
58 STO 11 CapTh 186 -
S1 *CAP L'* 187 STO 09 bb
52 PRONPT 188 RCL 88 Lo M.
53 ST0 15 cql 109 -

118 STO 19 0



 

 

 

Program _P_‘_E_R_For 407 bytes Page_g_of 4

X 1Y L | X1y lz 1Tl |
11 * 4.L 168 RCL 86 Saw

112 *SH DL* 169 C0S
113 XEQ 18 178 7
114 STO 26 171 -1L°

115 RCL 15 Col 172 XEQ 13 Mem olLae 1L

116 RCL 68 Cop W 173 6 amaVfy

117 * 174 LASTX emlbia)

118 RCL 89 Wege bt 175 7
119 RCL 18 Wy L 176 -

120 * 177 =2L° ""*’14"&‘4.

121 - Cy g 178 X)8?

122 RCL 11 CagTh 179 XEQ 13

123 * 180 XROM °LL®

124 .15 181 “DLN"

125 # Cag VL 182 FC? 08
126 ST+ 26 : 183 AVIEN

127 “CAP DL PecBL 2 RL6
128 XEQ 18 184¢LBL 18

129 ADY 185 RCL 82 bLwel

138 RCL 13 Seam 186 FS? 89

131 75 187 RCL 63 Fee EL.

132 7 188 RCL 81 L)

133 .42 189 -

134 - 198 CHS L,..,,,

135 RCL 14 191 RCL 68 Lap .

136 # 192 - Kol

137 7 193 FS? 18

138 7 194 RCL 12

139 .87 195 FC? 18

149 + 196 RCL 07 .Letl,

141 RCL 14 197 FC? 18

142 18 198 RCL 15
143 / 199 FS? 18

144 + 200 RCL 11 L LTt

145 RCL 13 201 RCL 68 &'N. Cql=T| 9 Lo, Sh. W,

146 + 202 CLA

147 RCL 14 203 XROM “RY* Aren |C.Goty

148 1.5 204 STO [
149 * 285 » Ay

150 + 266 RCL 88 Cop .

151 ST0 32 287 RCL 89 My08

152 *SU D*

4

pe,WEshudle 208 3 CH. rm

153 XEQ 64 209 /

154 RCL 13 210 -
155 .8 4% 11,252 ,¢ 211 RCL 89 wedye .

156 * 212 RCL 10 Mty L

157 26 Lame L/ 213 FS? 10

158 + 214 CLX

159 STO 31 215 * Wby A

160 1L L* 216 ST- [
161 XEQ 84 L esk. 217 # iy AY| AT

162 ADY 218 - £ Ag

163 RCL 17 M' 219 RCL [ zA

@ 164 2 220 / Y

165 7 221 LASTX ZA

166 5 222 25
167 - 223 / WA Fandg | Wos - U pe€          



 

 

 

Program Y |ER For 407 bytes Page 3 of (;f

X[y [z [TlL ][ X1y iz Il L]

224 RCL 99 Gy W _ 276 -
225 RCL Z Y [B-miuos |y 277 ST0 30 Teo Aom
226 - s. 278 XEQ 11
227 *W0S-* 279 XROM °L*
228 FS? 18
229 GT0 82 280eLBL 86
230 “H-* 281 RCL 14 Deck W/
231 STO 24 Atm, 282 3
232 XOY 283 *
233 ST0 23 wWos, 284 RCL 13 Sean
234 GTO 97 285 RCL 14 DackV

286 * Atea

235¢LBL 92 287 50 VO = 20 pef
236 “F11° 288 / -
237 ST0 22 Am, 289 STO 27 WO A vy
238 XOY 299 “NOF*
239 STO 21 Wos, 291 XEQ 10

292 »
2480LBL 67 293 RCL 86 st
241 XEQ 10 Voo 294 C0S
242 XOY 295 /
243 XEQ 11 Atwa 29% * 11"
244 FS7C 10 297 XROM *M="
245 GT0 14 298 STO 28 Me bvidae 4y 1

246 SF 18 299 AVIEW
247 ADV 300 XROM “LL"
248 GTO 18 301 CF 67

382 RCL 13 $pane
249¢LBL 14 BIRCL 16w W
250 XROM °L* 304 » 4re q
251 FS? 98 305 20 Wid= B0 pef
252 GTO0 96 306 /
253 “ICE" 387 “N-T°
254 FS7C 89 308 XEQ 09
255 GTO 85 389 STO 35 W,
256 STO 18 Acwy 310 XY
257 XOY 311 STO 34 W,
258 STO 17 VS 312 RCL 68 WY
259 RCL 23 313 RCL 16 W
268 STO 19 oS, 314 2
261 RCL 24 315 / ¥ (.6,
262 STO 20 e 316 +
263 SF 89 317 RCL 25 [Bry 4+
264 AVIEN 318 + MT A
265 GTO 18 319 STO 36

320 XEQ 11
2660LBL 85 321 SF @7
267 RCL 29 Fn. ¢ 322 RCL 13
268 . 144 44/w0 323 RCL 16
269 * 324 & Brea
278 RCL 12 r*-flo 325 .812 Wind-L > 1T pef
271 # 326 »
272 S10 29 r«w{ 327 ADY
273 XEQ 18 328 “W-L°
274 RCL 03 \ee EL, 329 XEQ 89
275 RCL 84 e 339 STO 38 Wi,          



Program _ELE_V;_ For %07 bytes Page_g__of &

 

X Y L | T
T

L |
 

331 XOY
332 STO0 37
333 RCL 080
334 XEQ 11
335 CF @7
336 RCL 13
337 .1
338 =
339 XROM “L®
348 “HL-T®
341 XEQ 09
342 STO 40
343 XOY
344 STO 39
345 RCL 33
346 XEQ 11
347 SF @7
348 RCL 13
349 25
358 /
351 ABY
352 “WL-L*
353 XEQ @9
354 STO 42
395 XOY
356 STO 41
357 RCL @0
358 Xee 11

359 XROM “Le°
368 RTN

361¢LBL 88
362 °F HT'®
363 PROMPT
364 RTN

365¢LBL 64
366 “H. EST"
367 GTO 180

J68eLBL 11
369 ° SH°
370 XeQ@ 13
371 RCL 85
372 +
373 * FTG*

374¢LBL 13
379 “F ARN="
376 ARCL X
377 XEQ °FT°
378 AVIEW
379 RN

pu-u*.
W-ly

oan

WLT,

VLT,

At wa

WAL

VL-L,

Bl R

5.e

FyThl

FraA     

\\/L = ‘w “./H,

WL-L 4o/4.

380¢LBL 89
381 XEQ 180
382 RCL 86
383 XOY
384 P-R
385 FS? @7
386 XY
387 * F-11°
388 XEQ 10
389 XOY
390 ° F-t-

391eLBL 10
392 °p=*
393 ARCL X
394 °F K°
395 AVIENW
396 END

    
 

 



FOOTING ANALYSIS PROGRAMS

xeq FTG for iterative footing analysis (SIZE 4N+17 for N groups)

SOFTKEYS (USER mode ON)

C Correct a load group input incorrectly

F New footing configuration

USER FLAGS

Flag 00 clear Full output, including MAX,, and MAX_
set Skips the MAX for each side

INPUT SUMMARY

Prompt Input Default
#GRPS Number of load groups to be One

input and stored

P-DL Vertical force due to dead load. No default
Bypass to input Group 1 directly
and skip the load breakdown.

M-11 Moment parallel to the long axis Zero
of the pier

M-} Moment perpendicular to the long Zero
axis of the pier

P-LL Vertical force due to live load No default

P-2, etc. Vertical force (parallel moment, No default
perpendicular moment) in Group 2

DIV 1.25,1.4 The load group divisor (from 1.0

LIMIT

# PILES

column 14 of AASHTO Table 3.22.1A)

Allowable pile load or bearing Zero
pressure above which the resulting
pressure calculated should be dis-
played. If bypassed (or zero is
input), all results are displayed.
If a value greater than zero is input,
only displays MAX's greater than LIMIT
and MIN values less than zero.

Number of piles. Zero
spread footing.

Bypass for a



Prompt

S-11 (piles)

S-F (piles)

L' (11) (spread)

W' () (spread)

FTG DL, K

Input
Section modulus of a pile
footing parallel to the long
axis of the pier, in feet

Section modulus of a pile
footing perpendicular to the
long axis of the pier, in feet

Length of the footing in the
direction parallel to the long
axis of the pier, in feet

Width of the footing in the
direction perpendicular to the
long axis of the pier

Footing deadload in kips. Should
include the weight of earth on
the footing and the effect of
buoyancy on the footing, if any.

Default
No default

No default

No default

No default

No default

OUTPUT SUMMARY (Items in brackets ( )} are displayed only if flag'
00 is clear)

1 MAX The maximum pressure or pile load due to Group 1,
in kips per square foot or kips respectively

{ (11) MAX) The average maximum pressure on the long side
of the footing

{ (F)MAX) The average maximum pressure on the short side of
the footing

1 MIN The minimum pressure or pile load due to Group 1;
If less than zero, appends UPL to denote uplift.

GR _ GOV: Displays the group producing the largest MAX

DL The dead load, live load, and overturning
LL components and total load of the governing group,
oT in tons per square foot or tons. This is the
T full unDIVided load.

PROGRAM FLAGS

Flag 05 clear LIMIT of zero (all groups displayed)
set only display MAX's greater than LIMIT

and MIN's less than zero

Flag 06 clear Inputting DL and LL
set DL and LL have been input



Flag 08

Flag 09

Flag 10

clear FTG

set SHFTG

clear Spread footing
set Pile footing

clear Have DL and LL--do breakdown

set No DL or LL--no breakdown

STORAGE REGISTER USE

Register
00

01

02

03

04

05

06

07

08
09

10

11
12
13

14
15
16

17
18
19
20

21
22
23
24

25

Value

LIMIT

# PILES or area

Sk

S11

FTG DL, K

Counter

Governing MAX

Governing Group

(11) MAX
(F) MAX

Governing MAX, unDIVided

DL P
DL M-11

DL M-}

LL P
LL M-11
LL M-+

Group 1 P
Group 1 M-11
Group 1 M-}
Group 1 L.F. (1.0)

Group 2 P
Group 2 M-11
Group 2 M-|
Group 2 L.F.

Group 3 P
etc.



FOOTING ANALYSIS PROGRAM

Program FTG is a general-purpose pier and column
footing analysis program, an extended version of SHFTG.
It analyzes both spread footings on rock and pile foot-
ings. It accepts any number of load groups, then
prompts for and analyzes different footing configura-
tions until a satisfactory solution is found. This is
the biggest difference between FTG and SHFTG, which
accepts one footing configuration and then analyzes
different load groups on that footing.

FTG first asks for the number of load groups to be
input, in order to check the SIZE (storage register)
requirement. It then begins prompting for load groups.
A load group consists of a vertical load, moments in
two planes, and a "load factor" by which these are
divided. See the example. The vertical 1load should
not include the weight of the footing itself (FTG DL),
since this 1is input with each trial footing's
properties. This way, if the footing size changes from
the original estimate the results are still correct.

LOAD GROUPS

FTG assumes that Load Group 1 consists of only dead
load and live load. The vertical load and moments due
to each of these are input separately and combined by
the program to comprise its Group 1l; it then prompts
for Group 2 and so on. Group 1 is thus not input
directly. The DL and LL are also stored separately so
that a breakdown may be made of the governing 'load
group into DL, LL, and the remainder, OT (overturning,
i.e. wind and other lateral forces). After the program
has analyzed a given footing configuration for all the
load groups, it displays the governing group and calcu-
lates this breakdown for that group; these loads have
not been divided by the DIV factor input. This is made
clear in the example. If this breakdown is not wanted,
bypass the dead load prompt (P-DL). The program will
then prompt for Group 1 in its entirety, then Group 2
and so on as before. All this is also made more clear
in the examples. Note that the program assumes the
governing group includes the Live Load (axial and
moments) input at the beginning of the run. If this is
not true, the load breakdown at the end will be incor-
rect.

If there is only one load group to be analyzed, the
P-DL prompt may be bypassed and the group entered
directly, or (if it consists of just DL and LL) the
component loads can be input, and the program will give
the breakdown at the end.



CORRECTING INPUT ERRORS

If a mistake is made when inputting load groups,
press softkey C to correct it. This must be done
before finishing inputting the next group. If C 1is
pressed during the moment or DIV input, the program
returns to the beginning prompt (P, K) for that 1load
group; if before or during input of the vertical 1load,
it returns to the previous group's prompt. Softkey C
may be pressed more than once to get back to a previous
load group. However, any load information input after
that group will have to be re-input. Softkey C will
not return to the P-DL or P-LL prompt from the P-2
prompt sequence; it will prompt for P-1, etc., not cor-
recting the DL or LL values input.

If a mistake is made inputting footing properties,
press softkey F. Softkey F can be used at any time; it
will interrupt an analysis and jump immediately to the
footing input section.

"LIMIT:" LONG and SHORT OUTPUT

FTG has two basic modes of operation, controlled by
the user's input to the LIMIT prompt. If a "limit" of
zero is input (the default value), the program calcu-
lates and displays the results of all the load groups
upon the given footing, as explained in the next
several paragraphs. If, on the other hand, the desig-
ner wants to check out several different footing con-
figurations quickly, this full output becomes rather
time-consuming. If, for instance, the maximum allow-
able pile load is 80 kips, input a LIMIT of, say, 75.
Then the program will only display the load groups
which cause a maximum pile load over 75 kips or a mini-
mum pile load of less than zero (uplift). Thus, a num-
ber of footing trials can be run quickly. This also
works, of course, for spread footings; the LIMIT is
then in kips per square foot.

Assuming the LIMIT prompt is bypassed (or zero
input), FTG calculates and displays the maximum and
minimum corner or pile load for each load group; if the
minimum is less than zero (i.e. an uplift exists) this
is noted by UPL displayed after the pressure value.
The program assumes that the footing is effective in
uplift. That is, 1its calculations are based on the
full footing properties whether or not uplift exists.
In reality, of course, if a spread footing undergoes
uplift, a neutral axis shift occurs and the maximum
corner pressure increases. FTG does not calculate this
increase.

If flag 00 is clear, the program also displays the
average maximum load along each side as defined by
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AASHTO 4.4.6.1 and ACI 15.4.1 for reinforcing design.
See the examples. As mentioned, it then displays the
governing load group, and, if the dead load and 1live
load forces and moments were input separately, the
breakdown of forces for that group.

FLAG 00

If flag 00 is set, display of the side maximums
(11)MAX and (F)MAX is skipped. This is the only func-
tion of flag 00; most of the output control is handled
by the LIMIT feature. FTG is thus one of the few
programs in this package whose normal mode of operation
will probably be with flag 00 set.

SPREAD and PILE FOOTINGS

Spread footings and pile footings are handled dif-
ferently in the input sequence. For a pile footing,
the designer must calculate the section (moment)
properties in each direction, and then input the number
of piles (# PILES) and these properties. For a
spread footing, the # PILES prompt is bypassed
(press R/S without keying anything in). The program
then prompts for the footing length and width, and
figures the section properties itself. For either of
these, the designer needs to calculate and input the
FTG DL, the selfweight of the footing being analyzed
(unless it was included in all the load groups--this
takes a lot of confidence). An extra calculator is
handy for this, as well as pile property calculations.
However, these calculations can all be done on the HP-
41 after the prompt if a few extra numbers on the prin-
tout aren't objectionable. For instance, for a 9'x12°
footing 3'-0 thick, after the FTG DL prompt, key in:

12

Enter/

If not using a printer, of course, this is no problem
at all.

The calculations for pile group properties (S-11 and
S-+) can also be done during a run, as no information
is being carried in the stack. However, it is often
more convenient to use another calculator or work out a
few trials beforehand. Although this sounds awkward,
in practice it works quite well.
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QFOo‘Pmfi DL = 12%Q%¢3= (.15-.0624)

=79.%%

S, = (6-1.5%+6+4T')/y 5’ = 0.0

£=3-3 =240

’

XEQ “FTG"

$ GRPS
5.0888  RUN

8:22:48 AN 83/21/89

TITLE:

T-PIER 28d SKEK RUN
KEXXXXRRRRARRRERRRERERRE

P-DL K
671.8388  RUN

M-11 'K
8.8888  RUM

8.0088  RUN

164.08088  RUN

698.6808  RUN

RUN

624.6888  RUN

H-11 'K
1,861.1188  RUN

H-+ ‘K
998.5188  RUN

DIV 1.23.1.4
1.2568  RUN

821.1888  RUN
N-11 'K

1,224.1788  RUN

H-+ ‘K
326.4988  RUN

DIV 1.25,1.4
1.2568  RUN

P-4 K
821.1068  RUN

H-11 K
1,687.8688  RUN

M-+ ‘K
1,811.8768  RUN

nlv 1025’1-4

1.4088  RUN

739.1088  RUN
H-11 *K

1,781.7688  RUN
K-+ K

1,811.8768  RUN
DIV 1.25,1.4

1.4800  RUN
EEERRERRERLREARERRARRERA
LINIT
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LIMIT of 100 'k (sligud 1LES 6.0088  RUM
below allowable of 110 Upe +0 ! 12.8808  RUN ,

cheelk for ovwlaa& u\ol.'fl' g-11 . ;
35.0008  RUN |

S+ s
ERRERRXXXKEXKRERXRRRKRKK 32.0000 RUN |

LIMIT FTG DL, K |
108, 8000 RUN 45,5308 RUN -

RPILES s f
12.8880  RUN 1 MAX=93.3480 K

5-11 (11) MAX=93.3400 K
30.0000  RUN (F) MAX=73.3800 K

S-+ { WIN=53.4208 K
24.0000  RUN

FTG DL, K 2 NAX=93.8928 K |
28.3808  RUN (11) MAX=68.9293 K

--------- (F) MA¥=59.6381 K
2 MIN=-5.8933 K: UPL 2 WIN=5.4586 K
3 MAX=100. 1595 K
4 MAX=118.9684 K 3 MAX=93.9186 K !

4 MIN=-17.8318 K: UPL (11) MAX=85.7564 K |
5 WAX=118.2199 K (F) MA¥=65.9376 K
5 MIN=-26.8533 K: UPL 3 MIN=21.6321 K

GR 4 GOV: 4 NAX=106.9837 K |
SEXREXEXEXEEERERERREEXXX (“) ng=34_39?4 K |

‘ (F) WAX=74.1715 K

Botlh maxinwm downward 4 NIN=-3.8135 K: UPL

load and vphift owe Yoo high -
wevrease '€oa+‘m3 size and 5 MAX=185.6518 K

e ron < \ (11) MAX=83.8654 K
re TUM . Stuce Yhese weve (F) MAX=69.2986 K

close ,expect next trial Yo S MIN=-12.2434 K: UPL
 worlk = sed LIMIT = O.
GR 4 GOV:

DL=29.8567 T
 

  

 

 

    
 

 

> LL=16.8133 T
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g T T T T £=74.8886 T
% AEEEEEKRAXXXKXKXXXXXLXK i
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Ftg DL (255 10387 C5-0020 =4Sk % : LelED magobers

Sy* 6+ (LT+5.25%)/5.25= 35.0’ =4Ik + 140 = 106,98 k
‘ Z / - / ‘

S, = 4«U)/w = 32.0 OT > diference = (44.74-59.11-33473 |
=644k e
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Check the same fotin |
Jon <21.10 +45.53 |

1s a spread footing. 3 £ “%.50, - DP-H3¢ Lot

L = 125 c W= 1.0’ 1607.90™ = 4 4|7
334.125 '

01.27"*
LIMIT <= = 3,77

SF @ Sed €lag 00 272.t5
| 8.8008 RN Y% elwinale
i % PILES “gide* laafls Max <= 14.3265 ks?

RUN : .40
| LD —

| 135080 RUN 10-26 st
; N (F)
| 11,0008  RUN MinZ = 5436 -(AT3.1T/1.40

FTG DL, K
45.5308  RUN = -7.69 Lf/1.40

1 MAX=8.8205 KSF _
1 NIN=3.8389 KSF = -1.92 kst (ORI

2 WA¥=7.9895 KSF
2 NIN=-0.6892 KSF: UPL (Nobe +haf Hr a spreal \Cwmi'ha

3 WAX=8.5591 KSF coener Tn vplift fewfers Fhe
3 WIN=0.7783 KSF above avxalyds Twialid. Most :

i o WAY=18.2684 KSF desianevs WOU|$ accept onlu

| =19. . a swall ampunt of vplift.This
|  WIN=-1.5234 16F: IR fosting shoold +hus be vpsTied)

S WAX=18.2377 KSF
5 MIN=-2.6896 KSF: UPL

GR 4 GOV: Had €lag 00 been clear, Yhe ayevaac
DL=2.4127 TSF ) ' 1
LL=1.5976 TSF side ‘04(95 would be: } | 07=3.1728 TSF
- AMax =(5.426 +« 4 %11)/.40
| £=7.1823 TSF ,

 

EREXXERXEXEERERRRXXTRXX
-

LINIT
7,61 LA l

(F) Mayx = (5.436+3.7170/1.40 |

Aga‘m ctheck qrovp 4: .- .97 Lo i

, o , These awve vsed for The methods :

Acea = 13.5'% ' = 143,805 feccvived Tw ACT 154,01 amd |
2 AMSHTO 4.4.0.\ i+ theee ove .

S, 2135 <0/ = 334425 & e d by the designer. |

S, = I%13.5/6 = 272.25 #&* 



FOOTING ANALYSIS PROGRAMS

xeq SHFTG for simple footing analysis (SIZE 004)

SOFTKEYS

SHFTG uses no softkeys. However, the softkeys C and F are ac-
tive in FTG when SHFTG is in use, and should be avoided.

USER FLAGS

Flag 00 clear Full output
set Title block not printed; no other effect

INPUT SUMMARY

Prompt Input Default
# PILES Number of piles. Bypass for a Zero

spread footing.

S-11 (piles) Section modulus of a pile No default
footing parallel to the long
axis of the pier, in feet

S=-F (piles) Section modulus of a pile No default
footing perpendicular to the
long axis of the pier, in feet

L' (11) (spread) Length of the footing in the No default
direction parallel to the long
axis of the pier, in feet

W' (F) (spread) Width of the footing in the No default
direction perpendicular to the
long axis of the pier

P Vertical force in kips No default

M-11 Moment parallel to the long axis Zero
of the pier

M-} Moment perpendicular to the long M-11
axis of the pier



OUTPUT SUMMARY

MAX

MIN

PROGRAM FLAGS

Flag 08

Flag 09

The maximum pressure or pile load, in kips per
square foot or kips respectively

The minimum pressure or pile load; if less than
zero, appends UPL to denote uplift.

clear FTG
set SHFTG

clear Spread footing
set Pile footing

STORAGE REGISTER USE

Register
00

01l

02

03

Value

not used

# PILES or area

Sk

S11

COMPARISON BETWEEN PROGRAMS

Feature

FTG DL

Divisor

Loads

Best use

SIZE

SHFTG

Must be included
in loads

Must be included
in loads

Not stored

Checking/analysis

004

FTG
Input separately

Input separately

Stored

Design

4N + 17



SHORT FOOTING ANALYSIS PROGRAM

Program SHFTG is a simple pier and column footing
analysis program, an much-simplified version of FTG.
It analyzes both spread footings on rock and pile foot-
ings. It prompts for a footing configuration, then
analyzes any number of load groups; these load groups,
however, are not stored and must be re-input for each
footing trial. This is the main difference between
SHFTG and FTG, which accepts all the load groups up
front, and then analyzes different footing configura-
tions on all the groups input. SHFTG is thus best used
for checking a given footing configuration, while
program FTG is better suited for iterating to the best
configuration. See the preceding page for a com-
parison.

INPUT

SHFTG begins by asking for the footing
configuration; the input sequence is the same as for
program FTG. It then begins prompting for load groups.
A load group consists of a vertical load and moments in
two planes. See the example. The vertical load must
include the weight of the footing; SHFTG does not allow
input of the footing deadload separately as FTG does.
It must also have been divided by the "load factor"
(1.0, 1.25, 1.40, or 1.50) as SHFTG does not do this
itself. The moments should both be positive. If one
is negative, pressures or pile loads will be at non-
extreme corners of the footing; if both are negative,
MAX and MIN will be switched.

MAXIMUMS and MINIMUMS

SHFTG calculates and displays the maximum and mini-
mum corner or pile load for each load group; if the
minimum is less than zero (i.e. an uplift exists) this
is noted by UPL displayed after the pressure value.
The program assumes that the footing is effective in
uplift. That is, its calculations are based on the
full footing properties whether or not uplift exists.
In reality, of course, if a spread footing undergoes
uplift, a neutral axis shift occurs and the maximum
corner pressure increases. SHFTG does not calculate
this increase.

FOOTING TYPES

Spread footings and pile footings are input dif-
ferently. For a pile footing, the designer must calcu-
late the section (moment) properties in each direction,
and then input the number of piles and these
properties; an extra calculator is handy for this. The
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calculations can be done on the HP-41 during the run;
no data is being carried in the stack. See the program
listing and stack analysis for clarification.

For a spread footing, on the other hand, the # PILES
prompt is bypassed (press R/S without keying anything
in). The program then prompts for the footing length
and width, and figures the section properties itself.

FOOTING SHAPE

A spread footing must be rectangular in order that
its section properties will be calculated correctly by
the program. A pile footing, on the other hand, has
all its properties input by the user. Thus, if a non-
rectangular spread footing is to be analyzed, its
properties must be calculated by hand and input as for
a pile footing. All output will be in Kips and Tons,
instead of KSF and TSF as for a normal spread footing.



 

 

 

Progran FG For _Footg Avxa{\{e’:l S 124  bytes Page!lof 4

X1y lzTlLI Xy lzlTiLl]
56 4

81eLBL “FTG" 57 /
82 CF 88 s INT
a3 E 1 59 4
@4 % GRPS* 60 * P ennt| 17.5 B
85 PROMPT ¥G 61 +
86 4 62 INT New Gl Fre
07 +
08 40 o kA
18 ENTER? ez, [Req 65 STO 85
11 XROM *5*  [Rey. 66 GTO 86
12 E3 1060
13/ 67¢LBL 01
14 11 68 SF 19
{5 + 1.00% 69 6
16 STO 05 ccuter 78 ST+ @5 Covater
17 SF 96
18 DL 714LBL 96
19 ASTO X 72 CF 96

28 CF 22 73 RCL 85 onder
21 XEQ 12 74 4

22 XROM °L° 75 /
23 “LL" 7 3
24 ASTO X 77 - Grag*

25 XEQ 12 78 XROM L
26 CF 10
27 RCL 14 IL P 794LBL 12 Growp
28 RCL 11 oL P 80 *P-*
29 + 81 XROM =RX"
30 STO l? GeX P 82 -’_ K-

31 RCL 15 wm, 83 PROMPT v
32 RCL 12 oL M, 84 FC? 22
33 + 85 GT0 81
34 STO 18 Ge3 M, 86 STO IND @5
35 RCL 16 (LM, 87 1SG 85
36 RCL 13 DM, 88 CLX
37 + 89 XEQ 85 M
38 STO0 19 GeI M, 99 STO IND 05
39 SIGN 1 91 ISG 85
48 STO 26 be T tiw 92 CLX

41 3 93 PROMPT M.
42 ST+ 85 94 STO IND 85
43 186 05 95 15G 85
44 GTO 86 9% FS? 86
45 CTO F 97 RTN

98 SIGN 1
46eLBL C 99 “DIV 1.25,1.4°
47 RCL 85 Coder 109 PRONPT Diviy
48 FRC +00 ey 101 STO IND 85
49 LASTX Counter Fre. 182 1SG 85
58 17.5 183 GT0 86
51 -
52 LASTX 1% 194¢LBL F
93 XOY covt-19 11.9 Fee 105 XROM °Ls* @

54 X(9? 186 CF 85
55 GTO @7 187 CLX

108 STO 86 My |         
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X[V [lz2 [TlL] XIlvilz!ITlL ]| _
189 “LINIT® 164eLBL 23
118 PRONPT 165 FC? 85
111 STO 8@ Limid 166 ADY
112 X)8?
113 SF 85 1674LBL 82

163 RCL IND @5 |V
114¢LBL 88 169 RCL 04 g DL
115 CF 89 178 + 1P
116 CLX 171 RCL 01 201g |or Men

117 *# PILES® 172 /
118 PROMPT 173 STO 88 b/A
119 X=8? 174 STO 89 v/A
128 GTO 89 175 1SC 85
121 STO @1 ™ Prles 176 RCL IND 85 Mn
122 SF 89 177 RCL 03 Su
123 *S-11° 178 / M/5,
124 PROMPT 179 ST+ 88 foe )
125 STO @3 S\ 188 1SG 85
126 “S-+- 181 RCL IND 85  |M+
127 PRONPT 182 RCL 62 Se My |M/5, [T/8
128 STO 82 Sy 183 / M/, |hs, |P/4
129 GT0 82 184 ST+ 89 ( Maxy)

185 + s M/s [P/A P/A

1364LBL 89 186 ST- 2 Min
131 "L Aan- 187 + Max 1Hin
132 PRONPT Leagh 188 RCL 85 trwlon .
133 ENTERt 189 4 Y [cde Max) i
134 ENTERt L oL L 199 /
135 N (F)* 191 4
136 PROWPT wolL |t 192 -
137 # Ateq 193 CLA Croop® Flax My
138 STO o1 194 XROW “AX*  |'Owuy?]
139 LASTX w 195 RDN Max |Min
148 * viL 19 1SG 85
141 XOY L 197 RCL IND 85  [Viver|Max P2,
142 RCL 61 Areq 198 ST/ 98
143 » WLt 199 ST/ 89
144 6 . 200 ST/ 2 i
145 / VL4 201 / Max #1in
146 STO 83 Sy 262 RCL 60 Liwit 2
147 ROY wiL 203 X)¥? Y {aw 10
148 LASTX ¢ 204 FC? 85 Fors 3
149 / 285 %(8? 105
158 STO 82 St 206 GT0 10 -

287 ASTO X Mool Max |F7n
151eLBL 82 208 XOY Max [“e=
152 FS? 08 209 XEQ 14
153 RTN 218 RCL 06 MAX Mag |6%| Min| MAX Ts largest

154 °FTG DL, K* 211 ¥HY? of Mar's
155 PROMPT 212 GT0 62
156 STO 04 Fta TL 213 RIN Mox |Nger”|m .
157 XROM “L° : 214 STO 86 M| [ Max s new MAX
158 RCL 85 215 ST# L Div. = (Hex /p:)
159 FRC 00Rey 216 RN ["Be | Min Max n LaghX
168 17 217 ST0 @7 Asto'd
161 + 218 LASTX Max (DGl| 1o
162 STO 85 Cantor 219 STO 18 o
163 GT0 82 228 Rt | f&“ Min
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XYy lz[T[L] Xy lzlTloL]
274 RCL 01 Areq

221eLBL @2 275 7 LLr/a

222 FC? 85 276 RCL 15 L H,

223 FS? 09 277 RCL 83 s,

|

M, |F/A |Hax

224 GTO 82 278 / Mis |PA

|

Wow |

225 = (11)* 279 + % LL

226 X() 88 Max 280 RCL 16 LL M,

227 XEQ 14 281 RCL @2 5‘. My |£LL [RMax

228 * (b)° 282 /

229 X¢> 89 Mo 283 + Z LL

|

Max

239 XEQ 14 284 ST- 10
285 “LL"

2314LBL 82 “Get'| Min 286 XEQ 13 €Ll

232 CLA 287 RCL 10 Remeuids Rewoindon

233 ARCL 2 G2 288 RND OT [s0b [Max [Mer

|

= Overbwniug
289 -0T*

2340LBL 10 299 XEQ 13

235 Rt n i 291 XROM °L°
236 X)8? X<O0%) by 292°T°
237 FC? 85 o ™ 293 Rt Mae(DNiked)
238 XEQ 03 Fe' 0% 294 XEQ 13

295 GTO F
239¢LBL 11
248 1SC 85 2964LBL 85
241 GT0 23 297 * H-11 °K*

242 RCL 85 cosmtng . 298 PRONPT M,
243 FRC A'L,%MP 299 = M-+ ‘K°
244 17 e- 4o 300 RTN
245 + bl‘ufilow‘n

0'(’ Nernin

246 STO 85 conter] G,if 1 381eLBL “SHFTG
247 XROM “LL® 362 SF 68
248 RCL 19 uDIVile/ May 383 3 Rcs

249 RCL 04 FHy DL 304 XROM °S°
258 RCL 11 L P 385 XEQ 08 Lbl 04 prompts

251 + 5L P

|

Max 306 XROM °L° H’% erffirkgs

252 RCL 01 Aren
253 / W VA 3974LBL 04
254 RCL 12 bl My 388 °P, K*

255 RCL 83 Sv M oY% |Paa 389 PRONPT P
256 / vL gl YR My 310 RCL 01 Area

257 + € DL

|

Moy 31/ P/A

258 RCL 13 LN, 312 XEQ 85 M.
259 RCL 02 S |M, |evL Mo 313 RCL 03 S,
268 / 314 / M/, P/A
261 + 2 VL 315 PROWPT ™,

262 ST- 10 316 RCL 82 Se M ™M,

|

P/A

263 “GR ° 37 / M5,

264 ARCL 07 318 + 7 Vs

|

P/A

265 °F GOV:* 319 + Max
266 AVIEW 328 CLA

267 FC? 10 321 XEQ 14

268 FS? 85 322 LASTX 7 WS |Mey

269 GTO F 323 ST+ X

270 *DL° 324 - Min
271 XEQ 13 T DL 325 CLA @

272 RN Max 326 XEQ 83

273 RCL 14 (twy 327 XROM “LL®
328 GTO 04         
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x [y [zZ2[TL] X1y lzlTt!lL]

329¢LBL 13 Load, k
339 2 3674LBL “RP* X Y,

33/ Loah Trmp 368 R-P d o

332 =" 369 STO a d X
333 ARCL X 378 %O L X |8 d
334 °F T 371 XOY o

|

x
335 GT0 07 372 FS? @3

373 HNS & x

336eLBL 83 374 XOY S
337 °F MIN=® 375 %OL doi6 B )
338 GTO 82 376 CLX 0

377 %O a d |6 X
339¢LBL 14 378 RTN
340 *F MAX="

379e8L PR+ |4 O
3414LBL 82 388 XOY e’ d
342 ARCL X 381 FS? 03

382 HR o |4
343¢LBL 09 383 XOY d

|

@

344 °F K° 384 PR x |y d
385 END

3456LBL 67
346 FC? 89
347 “HSF"
348 X(9? Load
349 *F: UPL"
358 XEQ “PV*
351 RTN

352eLBL °Y2* X 1Y (2 |T
353 RDN y |z |7 |x
354 XOY z Y T |x
355 Rt
356 RTN x |z |Y |T

357eLBL “YT* x |y |z |T
358 RDN v |z |T |x
359 X() 2 T |z |y |x
360 Rt
361 RTN x [T |2 1Y

3624LBL 2T x |y [z |T
363 Rt T |x |y |2
364 XO T z |Ix |y |T
365 RIN
366 RTN X |(Y |T |2

!
|
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