CIVIL ENGINEERS

SURVEYING - PART Il

This issue contains Part Three of the
three-part series on the subject of Survey-
ing. It provides two useful programs:

Closed Traverse
Angle Arithmetic

CLOSED TRAVERSE

The Closed Traverse program is somewhat
similar to the Open Traverse program
which was provided in the November issue.
As before, the data is entered via data
statements. However, there are important
differences., Whereas the open traverse
program should prove useful for office
computations, the Closed Traverse program
is intended to resolve field data. It will
define the error of closure, including X
and Y components; and will define the
angular error. Then, using the "compass
rule", all leg lengths and azimuths are
recalculated so as to reduce the error of
closure, and the angular error, to zero.

The program also calculates and prints out
the ratio of the closure error to the total
length of the survey. This ratio defines
the accuracy of the survey. If this ratio
is more than about 1 in 3000, the
likelihood becomes strong that the problem
does not stem from "error" (which pertains
to the limitations inherent in the method),
but rather to a mistake or blunder.

PROGRAM LISTING - CLOSED.TRAVERSE /PC=2

18: "A"CLEAR :
LPRINT "CLOSED
TRAVERSE":
LPRINT

28:LLIST 749, :

38:N=188:DIM X(N)
s YAND, X2(ND, Y2
(NJy, X3(ND), Y3(N
), AL(NJ, BE(N):
N=8

40: "W"READ TH, L:
I[F TH=39393THEN
HQI'
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59:
69:
’8:

80:
99:

198:
118:
1208:
1308:
148:
158:
168:

178:
180:

199:
209:

219:

228:
238:

249:

250:

268:
278:

POCHET COMPUTER MOATHLY

GOSUB "DMS™:
GOSUB "DEG-DEC
¥ TH=NH
N=N+1:NN=N

IF N=ILET SH=T
H

TI1=TI+TH
T2=T1:GOSUB "C
HECK": T1=T2
X(N)=L¥SIN Tl
Y(N)=L¥COS TI
Ma-+L
X1=X1+X(N)
YI=Y1+Y(N)
GOTO "W"
"Q"LPRINT “ERR
OR AS SURVEYED

READ TJ
TH=TJ:GOSUB "D
MS": GOSUB "DEG
-DEC": TJ=NH
TI=TI+TJ-SH:LF
2

T2=T1:G60SUB "C
HECK":T1=T2
LPRINT "ANGLE
ERROR=":PH=TI:
GOSUB "DEGMNSC

Z=0 (X1n2+Y102)
LPRINT "ERROR
CLOSURE, X="":
LPRINT INT (X1l
X1088+.5) /10900
LPRINT "ERROR,
CLOSURE, Y=":
LPRINT INT (Yl
X1908+.5) /1000
LPRINT "ERROR
CLOSURE=":
LPRINT INT (2%
1888+.5)/1008
IF 2=BTHEN "R"
LPRINT "RATIO:
":LPRINT "TOTA
L LENGTH/ERROR
“ILPRINT "1 IN
“SINT (M/2)

:URYLF 1:LPRINT

"X¥CORRECTED D
ATAXX":LF |

:RESTORE :XB=X1

:YB=Y1:FOR N=1
TO NN
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PROGRAM LISTING -

CLOSED TRAVERSE/PC=2

{continued)

300:
319:

320:

330:

340:

358:
360:

3798:

380:

399:

4P0:

READ TH, L
GOSUB "DMS":
GOSUB "DEG-DEC
" TH=NH
X2(N)=XB%LM: X
3N)=X(N)-X2(N
)
Y2(N)=YBXL/M:Y
3N =Y(N)=-Y2(N
)
X1=X3(N):Y1=Y3
(NJ:GOSUB "azl
MUTH": QL (N)=TK
:IF N=I1LET SK=
TK
X2=X2+X3(N):Y2
=Y2+Y3(N)
BE(NJ)=AL (N)-AL
(N=1):T2=BE(N)
- GOSUB "CHECK"
tBE(N)=T2
2= (X1r2+Y1n2)
+Z=INT (Z2%1909
+.5)719080
LPRINT :USING
¢LPRINT "LEGH"
sNCLPRINT "LEG
LENGTH=";2:
LPRINT "LEG AZ
IMUTH="
PH=AL (N) : GOSUB
"DEGMNSCY: IF N
=INEXT N
LF 1:LPRINT "A

TV (N=1)57"="3N

410:

420:

4309:

449:

450:

tLFE 1

LPRINT "DEFLEC
T.ANGLE=":PH=B
E(NJ: GOSUB "DE
GMNSC™

LPRINT "INTERI
OR ANGLE=":PH=
188-BE(N):
GOSUB "DEGMNSC

X1=X2:Y1=Y2:
NEXT N

LF 2:LPRINT "A
TU;N; "= 1":RH=A
L(N)-SK:RH=360

-RH: T2=RH:
GOSUB "CHECK":
RH=T2

PH=RH:LPRINT "
DEFLECT.ANGLE=
":GOSUB "DEGMN
SCI!

468:LPRINT "INTERI

479:

480:

4390:

S588:

318:

o880
599

690:

618:

628

»
0

630:

640

6508:

660:

678:

OR ANGLE=":PH=
188-RH: GOSUB *
DEGMNSCY: LF 2
2= (X1n2+4Y102)
Z=INT (2%18P92
+.5)710809

LF 2:LPRINT "A
FTER CORRECTIO
NS HAUE BEEN A
PPLIED: ":
LPRINT

LPRINT "ERROR,
CLOSURE, X=":
LPRINT INT (Xl
X1008+.5)/19808
LPRINT "ERROR,
CLOSURE, Y=":
LPRINT INT (Y1
X19P8+.5)71800
LPRINT "ERROR,
CLOSURE=":
LPRINT Z2:LF 3
END
"AZIMUTH"IF X1
<BAND YI<CBLET
X3=ABS X1:Y3=
ABS Y1:TJ=ATN
(X37Y3):TK=188
+TJ:RETURN

IF XI1<BLET X3=
ABS X1:TJ=ATN
(X37Y1): TK=369
~TJ:RETURN

IF YI<KBLET Y3=
ABS Y1:TJ=ATN
(X17Y3): TK=189
-TJ:RETURN
TJ=ATN (X1rY1)
: TK=TJ:RETURN
"DEGMNSC"PJ=(P
H-INT PH)X68:P
K=INT ((PJ-INT
PJ)%68+.5)
PH=INT PH:PJ=
INT PJ:1IF PJ=5
9AND PK=68LET
PH=PH+1:PJ=8:P
K=0

IF PK=6BLET PJ
=PJ+1:PK=8

IF PH=368AND P
J=BAND PK=8LET
PH=9

LPRINT PH; "DEG
"SPJ; ML Y PRG T
S.";RETURN

6808:

698

..

/88:
’18:

720:
/30:

/49:

/58:

/68:

278

/88:

/98:

81m:
820:

"CHECK"IF T2<8
LET 12=T2+360:
RETURN

IF T2>368LET T
2=T2-360
RETURN
"DMSY"PH=INT (T
H/108888):PJ=(T
H-PHX18898)/10
P:PK=(PJ-INT P
J)¥198:PJ=1INT
PJ

RETURN
"DEG-DEC"NH=PH
+(PJ+PK-68)/60
:RETURN

DATA 458880, 14
14

DATA 399099, 14
14
DATA 4590899, 19
DATA 3880098, 13
12089009, 1
DATA 398898, 99

DATA 39393, 9399
450090
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WORKED OUT EXAMPLE
CLOSED TRAVERSE

All traverses are assumed to have been
surveyed in the clockwise direction,
Angles are "clockwise positive".

Each DATA statement is comprised of an
angle and a length. In the first DATA
statement, the angle is solely for the
purpose of orienting the entire traverse to
north within the X-Y coordinate system; it
expresses the angle between the first leg
and north, The accuracy of this first
angle therefore does not affect the
accuracy of the analysis for traverse
closure; it merely affects the correctness
of each azimuth relative to north. If the
orientation of the traverse to north is not
of importance, you may enter zero.

The program assumes that deflection
angles were measured at all points of
intersection, and that all legs were meas-
ured. The analysis finds the error of
closure of the unadjusted data. The pro-
gram reports the angle error, the X and Y
components of error, and the total error.
Then the accuracy of the survey is
evaluated and reported as a ratio of total
length of the survey, to the closure; the
significance of this number, as above
discussed, is to provide a gauge on the
reasonableness of the adjustment. There
obviously is no point in adjusting a survey
which contains a significant blunder.

The "compass rule" is utilized in making
the adjustment; corrections are applied in
proportion to the lengths of the legs, as a
fraction of the total length of the survey,
as follows:

X correction = (X component of total
error)x(leg length)/(total length of

survey)

The X and Y corrections are applied to
each leg; the new leg length is found, the
new X and Y coordinates of the ends of
the legs (Points of intersection) are
calculated, then the revised azimuths of
the legs, the new deflection angles, and
the interior angles.

Note that a DATA statement must be
entered containing 999, 999. This is for
the purpose of signalling the computer
that all legs have been entered; however,
it is necessary, at this point, to enter a
final DATA statement which provides the
deflection angle at the point of beginning.

Entry of angles is as follows: 70 degrees
is entered as 700000; 15 deg. 7 min. 12
sec. is entered as 150712.

The program is illustrated by the following
Worked Out Example,

CLOSED TRAVERSE

748:DATA 450000, 14

14

758:DATA 900880, 14
14 _

768:DATA 450008, 19
1517}

770:DATA 380048, 139
98

788:DATA 12088089, 1
998

788:DATA 3p0091, 99
9

819:DATA 399, 939
8208:DATA 459000

ERROR AS SURVEYED:

ANGLE ERROR=
BDEG @M. 8S.
ERROR CLOSURE, X=
1.698
ERROR, CLOSURE, Y=
-1
ERROR CLOSURE=

1.921
RATIO:
TOTAL LENGTH/ERROR
1 IN 4477

¥¥XCORRECTED DATAXX

LEGH 1
LEG LENGTH= 1413.8
21

LEG AZIMUTH=
44DEG 53M. 13S.
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LEGH 2 a -
LEG LENGTH= 1413.6 AT 5 8
94 DEFLECT.ANGLE=
LEG QZINUTH= 29DEG 59M. 43S.
135DEG 8M. 12S. INTERIOR ANGLE=
AT 1- 2 15BDEG M. 17S.
DEFLECT.ANGLE= 4 AT 6-1

S8DEG @M. S56S. DEFLECT.ANGLE=
INTERIOR ANGLE= 44DEG 59M. 558.
89DEG 59M. 458S. INTERIOR AONGLE=

1 EG . .

Ee 3 35D AM. 5S

LEG LENGTH= 8383. 88
7

LEG AZIMUTH=

18BDEG 8M. 49S. AFTER CORRECTIONS
HAUE BEEN APPLIED:

aT 2- 3
DEFLECT. ANGLE = ERROR, CLOSURE, X= 2
45DEG BM. 28S. . oy
INTERIOR ANGLE= ERROR, CLOSURE, Y= 2

134DEG 59M. 32S. ERROR, CLOSURE =
%
LEGH 4
LEG LENGTH= 1997.3
96

LEG AZIMUTH=
.210DEG 8M. 46S.

AT 3- 4

DEFLECT. ANGLE=
3PDEG BM. 6S.
INTERIOR ANGLE=
143DEG 539M. 54S.

2-3

LEGH 5 )
LEG LENGTH= 1998.3 28
88 n -
LEG AZIMUTH= 8 S
329DEG 59M. 37S. <®

[ V]

-

AT 4- 5

DEFLECT. ANGLE=
113DEG 58M. 31S.
INTERIOR ANGLE=
60DEG IM. 3S5.

LEGH 6
LEG LENGTH= 8388.11
3

LEG AZIMUTH=
359DEG S9M. 20S.

PLAN-CLOSED TR
Showing Data "as surveyed"
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ANGLE ARITHMETIC

This program allows entry of angles in
degrees, minutes, and seconds. It then
either adds or subtracts, and reports the
sum or remainder.

In subtraction, the first angle entered is
the angle from which all other angles are
subtracted.

The program assumes that angles greater
than 360 degrees, and less than ¢ degrees,
are not desired; therefore the program
provides answers only within the range of
@ to 360 degrees. This is accomplished in
subroutine "CHECK", which adds 360 to
any remainder less than @, and subtracts
360 from any sum greater than 36¢
degrees.

As in the CLOSED TRAVERSE program
provided in this issue, all angles are enter-
ed in DEGMNSC; for example, 34(deg. 8
min, 2 sec. is entered as 34008p2.

PROGRAM LISTING - ANGLE ARITHMETIC/

PC=2

19:"A"GASUB "=":
LPRINT "%¥ANGL
E ADPITIONXx":
LF 1

20: "B"CLEAR :
INPUT "NO.OQF A
NGLES="3M

39:G60SUB "PRT"

4p:FOR I=1T0 M:
LPRINT "ENTER
ANGLE#": 1

580: INPUT 0OH: GOSUB
“"ANGLE-DMSY:
GOSUB "DEG-DEC
“:PH=NH: GOSUB
"DEGMNSCH

60: SM=SM+NH

?9:P2=5M.GOSUB "C
HECK":SM=P2

80: NEXT 1

9P: PH=SM:LF 1I:
LPRINT "RESULT
ANGLE=": GOSUB
“DEGMNSC":LF 3
+ END

190.:

118:

- 128:

130:

149:

150:

168:

178.
188:

1908:

270:

2808:
298:

3P0:

"ANGLE-DMS"PH=
INT (QH-/18808)
:PJ=(0H-PHX188
PR/ 188: PK=(PJ
=INT PJ)%1088:P
J=INT PJ
RETURN
"DEG-DEC"NH=PH
+(PJ+PK/68)/68
:RETURN
"DEGMNSC"PJ=(P
H-INT PH)%68:P
K=INT ((PJ-INT
PJ)X68+.5):PH=
INT PH:PJ=INT
PJ

IF PJ=53AND PK
=6BLET PH=PH+1
‘PJ=P:PK=8

IF PK=6BLET PJ
=PJ+1:PK=8
LPRINT PH; "DEG
TSPJ; MY PK S
*: RETURN
"SrEOsuUB =t
LPRINT "ANGLE
SUBTRACTION":
LF 1:GOSUB "PR
"

"C"CLEAR :
INPUT "NO.OF A
NGLES=":M

:FOR I=1T0 M:

LPRINT "ENTER
ANGLE#"; 1

: INPUT 0OH: GOSUB

"ANGLE-DMS":
GOSUB "DEG-DEC
“:PH=NH: GOSUB
“DEGMNSC"

: IF I=1LET SM=N

H: NEXT I
SM=SM-NH
P2=SM:GOSUB "C
HECK": SM=P2
NEXT 1:GOTO0O 398
"CHECK*IF P2<8@
LET P2=P2+368:
RETURN
IF P2>36BLET P
2=P2-369
RETURN
"PRT"LPRINT "E
NTER ANGLES IN
DEGMNSC":LF 1
‘RETURN
"="LPRINT "%AN
GLE ARITHMETIC
X": | LF 1:RETURN

CECOM P.O. Box 6 Hart, Ml 49420
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WORKED OUT EXAMPLES -
ANGLE ARITHMETIC

XANGLE ARITHMETICx
XXANGLE ADDITIONXX

ENTER ANGLES IN DE
GMNSC

ENTER ANGLE# 1
25DEG 14M 35S
ENTER ANGLE# 2
94DEG 38M 54S
ENTER ANGLE# 3
84DEG 51IM 21S
ENTER ANGLE# 4
125DEG 41M 25
ENTER ANGLE# 5
65DEG 53M 24S

RESULT ANGLE=
36DEG 13M 165

XANGLE ARITHMETICX
ANGLE SUBTRACTION

ENTER ANGLES IN DE
GMNSC

ENTER ANGLE# 1
36DEG 19M 165
ENTER ANGLE# 2
65DEG 53M 245
ENTER ANGLE#® 3
125DEG 41N 2S5
ENTER ANGLE# 4
84DEG S51M 215
ENTER ANGLE# 5
94DEG 38M 545

RESULT ANGLE=
25DEG 14M 35S

MASS STORAGE

Mass storage is probably the major area
where the PC=2/PC-150¢ is deficient.
Perhaps a mini-floppy disk drive will
event ually become available., However, it
is our impression that disk drive units are
touchy and sensitive-not likely to tolerate
the shocks a portable computer must
withstand in normal use. We have had no
experience with a "stringy floppy" drive,

but we are under the impression they are

reasonably durable, comparable with a
cassette tape drive. (Correct us if you
think we are wrong). What we are leading
up to is that a stringy floppy is reported
available for the PC2/PC-1500. You may
inquire to Usonics, 7901 Oak Hill Drive,
Cheltenham, PA 19012, The unit, costing
about $400, will transfer 16K in about 30
seconds, about 50 times faster than an
ordinary cassette drive.

As reported last month, you may now
purchase a PC-15@@A with a 16K RAM
module for a total of at least 22K of
user-available RAM. This is fine; however,
the larger the memory capacity, the larger
the program which may be written, the
longer it would take to load such a
program, perhaps as long as 4@ minutes.
For this problem, the stringy-floppy could
be a solution. Check with Usonics.

Usonics will also sell you a BROTHER
EP-22 portable electronic memory type-
writer containing 2K internal memory.
The EP-22 has a built in RS=232C inter~
face; thus you may connect your PC-2
through the CE-158 RS-232C interface to
this typewriter and use it as an external
printer. Price: about $25@.

We think it is possible that the PC-1500A
will eventually become popular as a
dedicated computer for such purposes as
soil mechanics analysis, steel design,
concrete design, surveying computations
(office and field), and laboratory
computations, Non-engineering applica-
tions could include navigation during
flight, stock market analysis, and real
estate/mortgage analysis. For such
applications, portability and hard copy
could be very significant advantages.,
These programs would be "burned" into
EPROM modules.

Should you wish to purchase listings (no
documentation) of any of our programs for
the Commodore C-64 we will be happy to
sell these at $7 each. Also, we offer
these C-64 programs on 5%" minidisk
(single sided/double density/soft sectored)
for an additional $7 each (minimum $35
charge per disk). In other words we will

CECOM P.O. Box 6 Hart, Ml 49420
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provide up to five programs on a single
disk for $35. For orders to be sent
~outside the US, we must add $2 per order.
The above offer pertains to our programs
we have provided this past year in our
publication,

This is the last issue of our publication.
We wish each of you a prosperous 1984,
Please write us with comments, questions
and errata.

Note This publication is solely for educa-
tional and experimental purposes. CECOM
makes no representation or warranty of
any kind, expressed or implied, concerning
the accuracy, completeness, suitability or
utility of any program, information, or
process provided in this publication. We
do not assume any liability for any direct,
indirect, incidental or consequential
damages relating to the use or application
of the programs or information contained
herein, We suggest that the user prove
each program by making a trial run on a
test problem for which answers are known.,

ERRATA - February Issue

Lines 500, 510 and 528, Steel Beam
Column Program/PC-2, GOTO 535 should
be GOTO 54f.

CECOM P.O. Box 6 Hart, Ml 49420
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CIVIL ENGINEERS

POCHET COMPUTER MOMTHLY

P.O. Box 6 Hart, Ml 49420

December 28, 1983

Dear Subscriber:

Enclosed please find the October, November and December, 1983 issues of our
publication. All these issues deal with the subject of Surveying. They constitute a set
which we trust you will find useful.

We have decided to discontinue publication of Civil Engineers Pocket Computer -
Monthly because of the relatively poor response to our advertising campaign. This
approach to marketing of software apparently does not have sufficient appeal to civil
engineers. '

Also enclosed is an updated index to software and to errata. Should any additional
errata be found we will inform you. :

If you have Commodore VIC-20 or C-64 equipment you may wish to purchase listings/
disks of our software written in BAS|C 2.0. See the note in the December issue
pertaining to this offer.

Note our offer of a free listing of Mr. Michael Sampl's software, Continuous Beam
Analysis, written for TI99/4A. Send a self-addressed stamped envelope.

Please write us with any comments or errata.
Best wishes for the new year.
Slncerely,

(UEE céé/

"_H C. Hall,
Editor

]

HCH:gd
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INDEX OF PROGRAMS*
CIVIL ENGINEERS POCKET COMPUTER MONTHLY

PROGRAM ISSUE ERRATA
Statistics Confidence (PC -1 and PC-2) December, 1982 October
GCP Programs (PC-1 and PC-2) January February
Revised GCP Program (PC-2) Sept ember
Pile Driving Inspection (PC~1 and PC -2) January
Hazen Williams Formula (PC -1 and PC-2) February
Chezy Manning Formula-Flow in Pipe or Channels March September

(PC-2)
Walls Retalning Drained Sand (PC-1 and PC =) March
Steel Column Design-Main Members (PC-1 and PC-2) January February &
March
Steel Beam Column (PC-2) February December
Simple Rectangular Beam (PC-1 and PC -2) January
Wood Foundation Wall (PC-1 and PC-2) February ’ September
Wood Column Design (PC-2) March September
Wood Members-Combined Axial and Bending April & July June,September &
(PC-1 and PC-2) October
Trusses (Pratt Truss)«(PC-2) April
Beams - Fixed End Moment (PC-1 and PC-2) May June
Beams - Four-Span Moment Distribution May
(PC-1 and PC=2)
Beams - Beam A nalysis-Shear /Moment /R eactions June
(PC-1 and PC-2)
Beams - Beam-Moving Load (PC-1 and PC-2) July
Rectangular Reservoir (PC-1 and PC-2) A ugust
Hydraulics - Storage/Mass by C.R. Neill (PC-2) September
‘Surveying-Horizontal Curve (PC-1 and PC-2) October
Surveyling-Vertical Curve (PC-1 and PC-2) October
Surveying-Open Traverse (PC-2) November
Surveying-Triangles (PC-2) November
Surveying-Closed Traverse (PC-2) December
Surveying-Angle Arithmetic (PC-2) December

*All programs were authored by H. C. Hall, PE, except as otherwise designated.






