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NOMENCLATURE

AYG XG.1 ‘ elevation of a grid point on the vertical control grid
M at location XG,YG :
AYG XG.2 | qualitative fact, a grid point on the vertical control
2 ’ grid at location XG,YG '
ARC. .+ 4 length of an arc from poiht i to point k, i1, j, and k,
J being the PC, center of curvature, and PT, respectively
AREAi_ m area of a traverse containing points i,...,m
Bi 1 east (X) coordinate of a random input point i
Bi 5 north (Y) coordinate of a random input point i
] : | i
Bi 3 elevation of random input point i
Bi 4 qualitative fact about random input point i
Ci 1 correction of the east (X) coordinate of point i
Ci 2 | correction of the north (Y) coordinate of point i
CH. . 1ength of the Tong chord of a curve defined by po1nts
i-j-k _
i, j, and k v
DIST,1..j horizontal distance between points i and j
DMD.. double meridian distance of a 1line defined by points
J - j and k in a traverse containing points i, j, k, . . .,
m, being twice the sum of all AE's occurring before
the 1ine defined by points j and k plus AEj—k
DIST(YG XG)-i horizontal distance between a grid point at location
> XG,YG and a random input point i
DIST(YGI XG)-0 horizontal distance between a grid po1nt at location
' i XG,YG and the origin
ELContour elevation of a contour line to be plotted
vELmax. elevation of the highest random input point
ELmin _ elevation of the Towest random input point

viii
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i, j, k, 1, m

RAD _;_,
i,1

i,2
i3
SCF

SH

TAN, 5 )
Y6
XG+1

Y6+
~ XPEN

YPEN

*direction)

vertical exaggeration factor used in three- d1mens1ona1
pictures

points (given integer 1abeis)

number of points in a traverse

radius of a curve defined by points i, j, and k
east (X) coordinate of point i |
north (Y) coordinate of point i

qualitative fact concerning point i

scale factor used in plotting; usually the plot is
drawn at a scale of 1 inch = SCF (feet of meters)

shrink factor used to allow three-dimensional pictures
to fit on the eighteen-inch plot

tangent length of the curve defined by points i, J,
and k

X (east) location on the vertical control grid
Y (north) location on the vertical control grid

location XG on the vertical control grid plus one
grid location to the east (X)

location YG on the vertical control grid p]us one
grid location to the north (Y)

X location on the plot in inches for the next pen
movement

Y location on the plot in inches for the next pen
movement

angle which is the arctangent of (AN ; + AE;_3); may
be the bearing angle of the line def1n%d by poqnts i
and j, if so noted :

interior angle at point j defined by points i, j, and k

interior angle defined by the positive x axis, the ori-
gin, and point i

given angle in surveying and the d1rect1on (right,
left, deflection right, deflection left) of the angle

rotation angle used in three-dimensional plotting
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- AEL.

BE;

i-J
AN1._J.
N

tE

altitude angle used in three-dimensional plotting

deflection angle per foot of arc in minutes of a curve
defined by points i, j, and k :

grade of a vertical tangent approaching a vertical
curve

grade of a vertical tangent following a vertical curve

horizontal distance between the east (X) coordinates
of points i and j

change in elevation betweeh vertical'points i and j

horizontal distance between north (Y) coordinates of
points i and j

north {Y) increment used in profile plotting

east (X) increment used in profile plotting



CHAPTER 1
INTRODUCTION

As cities around the world continue to grow, many more housing areas
must be incorporated within or around them. Many areas have planning
laws and ordinances governing additions to éities. For example, when a
parcel of Tand is reduced into Tots, or subdivided, it may be required
that each Tot have access to streets and utilities, that all distances
aﬁd bearings close in all directions horizontally, and that the areas of
all divisions or lots be calculated.

In addition to many of the traditional considerations of housing
éubdivision design such as horizontal closure, street and sewer grades,
water lines and access to other utilities, other considerations such as
new subdivision and platting regulations, and site planning standards
such as soil type, vegetation, hydrology, topography, optimum soiar and
wind orientation, surface water retention, and existing sufveying systems
of the area must be investigated.

Each of the considerations listed above requires many man-hours of
time to be adequately investigated. This has the effect of unnecessarily
driving up the cost of housing subdivision design, or reducing the profifs
of the consulting engineer or the subdivision designer.

. The objective of this research was to investigate the appiicationé
of the digital cbmputer to the various housing subdivision design cri-»i
teria, and to design and implement a cohputer program which would aid a

consulting engineer in the various aspects of housing subdivision design.

1



CHAPTER 11
LITERATURE REVIEW
Subdividing and Platting Lands

The art and science of surveying and subdividing'1and is thousands
of years old. According td Kissam (1979), the ancient Egyptians‘hdd a
~command of surveyihg, as evidenced in the Great Pyramid'of Khufu at Giza,
which was built about 2700 B.C. It was exactly 755 feet long and 480
feet high, accurately square and perfectly oriented to the cardinal
pdihts of the compass. The Egyptians are also credited with deveioping
the surveying techniques necessary for property and boundary surVeying.
On the wall of a tomb at Thebes (bui]t about 1400 B.C.), a head and rear
chairman are pictured measuring a grainfield with what appears to be a
rope with knots or marks at uniform intefvais. The annual flooding on
the Nile necessitated some system for reproducing obliterated Tines and
corners (Bouchard 1979), hence much of the early mathematics and survey-
ing techniques were developed.

Among the first ar£1c1es in English Titerature concerning tHe sub-
divisions of land was an article by Agas (1596). In "A Preparative to
Platting of Lands and Tenements for Surveigh" he‘discusses the accuracy
of vafious surveying instruments used for platting in the field.

. I have seen several measurements taken by the plain table,
and set down particularly under several men's hands, differing
fifteen acres, from the most to the least, in the sum of one

hundred and twenty, valued and sold at nine pounds, and ten
shillings, for every acre. ... (p. 7)



. . . And now to the theodolite: It carries in itself all
manner of angles, measures, numbers and proportions, . . .
It enforceth ground in what quantity ever, . . . varying
against the same anyway at your pleasure, so full and exact-
ly . . . Enter then your practice for a country manner,
lordship, etc. in the middle, or where best you 1ike, ob-
serve, and quote your angles every way as they light: some-
time half a dozen at a station, more or less, and follow for
your most advantage. (pp. 8-9)

Concerning the subdividing and platting of lands,

. If you will sever any field or close into two or more
parcels . . . the survey by plat . . . shall be for continual
evidence, and perpetual preservation of all lands and tene-

. ments, unto the owners thereof, that are contained and set
down 'in the same. And therefore, upon the perfecting of any
such survey, you may make a fair parchment book with a large
margin, you may enter and engrave the same from the said plat,
and give it date accordingly . . . About twenty years hence,
in the controversy for a sheep's course or walk, (the) map
may be employed for laying out . . . the circuit and bounds
of the same course. (pp. 15-16) |

Clearly, the subdivision and development of lands cannot take place
without some form of regu]ation. Community'P1anning Associates (1976)
defines sub-division control as

. Local ordinances which typically have controlled the

physical layout of new areas (size of Tots, width of streets,

building Tines, street contours, etc.). Increasingly, they

are also requiring the provision of utilities and other

basic improvements, such as open space, parking areas,

shopping centers, and school sites. (p. 76)

Subdivision regulations apply to previously undeveloped areas which
are being developed for homes. These regulations are a form of consumer
protection for the home buyer, assuring adequate streets, sewers, and
water supply, as well as provisions for parks and schools (Community
Planning Associates, 1976).

The general nature of subdivision regulations may serve a wide range -

of purposes. To the health officer they are a'means,of insuring that new

residential developments have a safe water supply and sewage disposal



systenm, as well as prdviding a record of the Tocation of underground
utilities (Goodman et al., 1968).

According to Laﬁtner (1941); the authority or the regulation of
p]atting is usually held on the local Tlevel. In most states, approval
by a local agency is required before a plat may be recorded. The approv-
ing authority is usually a city planning commission, city-county planning
commission, the local Tegislative body (such as a city commission), the
city engineer, or a combination of the above. Figure 1 depicts two
common apprbva] schemes.

In order to satisfy the regulations for subdivision design and to
avoid omissions, an outline of certain site planning standards should be
followed. According to DeChiara‘and Koppelman (1978), a site inventdry
including soils, vegetation, hydrology, climate, gnd existing land use,
as well as the survey system of the area (metes-and-bounds or rectangu-
lar), geology, .and topography should be made. A preliminary plat includ-
ing grading, earthwork, drainage (erosion), and street and utility loca-
tion may then be made. If available, a preliminary graphfc analysis of
topography (see Figure 2) is helpful.

More specific considerations, such as climate conditions, flood
plain classification, specific drainage plans, water supply, sewage ree.
moval, and final sité,se1ection for single and multifamily housing,
schools, parks and green belts, solar orientation, wind orientation,
noise, traffic, spatial structure, and landscaping are then made.

Figure 3 illustrates the various phases of site planning from the end of
the preliminary investigation through final plat for a housing subdi-
vision. |

Vogel (1965) describes certain design considerations in the subdi-



SCHEME 1

State Legislature

Grants authority to muni-
cipalities by general or
specific act.

City Administration

Grants authority on plats
to planning commission by
ordinance. Accepts dedicat-
ed areas on plats.

Planning Commission

Adopts rules and regula-
tions for submission and
standards for plats. Re-
quires preliminary and final
plats. Approves and endorses

A

Land Subdivider

Submits preliminary and
final plats in accordance
with conditions set up by the
planning commission.

!

County Recorder

Records plats when approved
by the planning commission.

SCHEME IT-

State Legislature

Grants authority to muni-
cipalities by general or
specific act.

City Administration

Approves subdivision
plats. Accepts dedicated
ar‘/eas on p]]jS 1\

Planning Commission

Advisest administration.

\ Land Subdivider

Submits preliminary and
final plats in accordance
with conditions set up by
administration alone or in
conjunction with planning
commission. \b

County Recorder

Records plats when approved
by administration.

Source: Harold W. Lautner, Subdivision Regulations (1941).

Figure 1. Two Methods of Housing Subdivision
Planning Authority






NEARBY
LR

SIREET P,

wNTER

\

\\ PROPENTY
Q%
A2 ron
“*uo [0 14 SLVELOPHENT
D
CnooL

\fna«urr un::.J

[LITITTY

'\ EXAMPLE OF A VI(_ZINIT Y SKETCH

E | E EXISTING  SUBDIVISION

NIRRT IRLLY *
E “aoljonat waumcns OWNERSNIP
wCTEONTH ) o ﬂn{:{:‘r ARTERIAL KIGHWAY
-ADOI IOV } .

¢ : i | ™ w10

OOUTTENTN \ W L]

}

VICINITY SKETCH
PAINTED HILLS ADDITION

o BT & Sow BTV wes

EXAMILE NLUSTRATING WFORMATION
RLOKRED UNDER SECTION 4, PROCEODURE

-

(a) Example of a'Vicinity Sketch

EXAMPLE OF A CONTOUR - MAP

HLLUSTRATING - INFORMATION REQUIRED

UNDER SECTION 4, PROCEDURE

SUSING  » AMONSIOND O (TION
""""ﬁ
AN

1i3

4

TREET.

—

§ 138

prar\ TN\

¥
i—2,
I“’ s
.

cas T 3Nam Stasn

= b iAok

EXISTING WATER AND SEWER Lﬂl!.fm
3 1

EXISTING
anean

——t LN jiames 8" tam Bavia

T
H z
.

awLoine

ACDITION

BROOKE

an

7
Neearenn

v

o P TN
- AEN

PA'NT!‘_D

Ornam: Susanioen :

Leamiany SunTcn

. t
laglls LYY PR

be] S

ve oty o§g ) §

NAME OF SUBOIVISION NORTN POINT, SCALE i
XSS 2Ok — AL S =T Ca LT 8 NUMBER OF LOTS

NOFRITH

s

W rnroroseo

NlLL% ADDlTlON
NANE AND

“ran

Amep & Pacsran ‘7101 ““"u surveron Scpavarog: Ceomes Culv';'-u-" 30 Lors
7 pans  Sr t-un 807 Seanswar S o P
Srovn Civew Jovea Save Crve Jord Voaue 40 oa
Tan #-mrce Pous. o) Ronwen

Figure 3.

(b) Example of a Contour Map

Development of a Site Plan for a Housing Subdivision




EXAMPLE OF A PRELIMINARY SKETCH ILLUSTAATING  INFORMATION REQUIRED

BRACE FaARKE AceTior UNDER SECTION 4, PROCEOURE
P L g Jo e ey S ‘

[ ” @ . -l l
. o e A7 \ ll t -

o ’ ) “

Y 4 - // ____l
¢ & P - .

; urr?\;’v' “ / \g — hinkliiogupyin “-"‘"'

% . e 7 ) I

; PN Ny K
o P z;z';"'}/, ko] ]
) /‘ ,

[ Dy
siF SN an N P Ky 1
;i! 0 2 Tt Pt ol . - . \’ "ﬁ,. - 2 /\" . [
TN ; o ~ £ ; T T I
“ taucen  ruessarv |j J K P v [ 0
ul [ mnolosEo  SYeer yawes.._ ;. v : ]
ifoan s = [ 4 - L <
” Y 8 } =
' - - — ? /\°t.~ o .. ‘
W . Aave
«, we_ [or u:fr / ) iy JP s
\ ?L._.. ' / ] , ‘f— .
? F - .- ...,/ 4
. . At i
’ ] ; » . | v .. ___J i
i « Pl 7 ! :
3 s g { {
[ . (4 [ 4
g i :
: NORTH PYNT, SCaL
-?ﬁl"' T Tk ) or tors \
. mrdy : H LR )
AR L o
°“"‘:2‘/~mn AND ADORCSSES OF ISURIVIDER AN mm\.
Ownewn-Bremvetn: Huae = P rand - Wrmvaviem, ‘i.an-u [=V TV R :: L:-
17 Deavre wv BT fmarmow  Sw Sam .
T Rivwy, i Srmo Civr . e Velen s 40wn
oo, BBy Oa. ha U -l —eaycey

(c) Example of a Preliminary Sketch

I TAISTING  ADIACENT  SNOIVISIGN

. 1 enace parg ADoITION .
{ :!Hi- ?"\" 'l\'( "'.!\g E ‘g \Farmm«';w gmu't'qu.m.ﬁzuuag\w SECTION & QUARTED  SCEDOW Sy -
H (e \vat R\ ymy Qe g ey v sy S | YO S 3 =¥
‘ ~ tgrou‘r, 1fomagas C
i I.\\_) AN Nt {
ity SR
: A ) ) \\n‘ N N
é 3 ’ "‘! CaN] td NoeviN g b
*l {1 avk Apwheas, li
R i g
Y ity e ]
:'3 u - RN .?»..{J\_NFA{: - 4
3 _-? 20" et v PTN. "
S it
lmurm. /;uu 4Xp wioTws, OF\ ‘enorosto \sratc T
O 3w swymans ) 1|\ o ave.
B ’/ - Ly \.. s
\J L - NSy

A\
\

a

\
A

sreeer UK Teyr
Ly 14
2
E
1
N
A
g
\2

e e s st e i e PRV 568 B4 e s

prron's el
$ ot M Bt A
g 3 snorgRry '," e 3
L4 K
— B ]
PROPOSED  MAME  OF JOMIIION l 9 ~
- SRADING  PLAN : ,; “)10.—-‘—“‘—"'._-':‘;:: e
’ PAINTED HILLS AD;ITION B N7 T e
L LTI LU T T T DT T —

OESCRIPTION, LOCATION, AND ELEVATION
OF BENCH NARR
T

S et Me w e B, e 0, et 0 eare, AWTE 90 s e
evnca  FRED £ PALMER sorviven) STORSL Cummgn TN VI aeveu
-

WesmE,  WIF  BAVIE  avL o7 snsmdviw 9V Y] H e
1 oun [ ™)
Youn w1y, | N.mw » mlmav. PRI, RANGESOQUNTY AND STATE
e s s wian |
haves avo snomisses o Wﬂlﬁ‘.u;:::wl, ANO LAND MVETOR EXAMPLE OF A GRADING PLAN
witiae RLUSTRATNG INFORMATION  REQUIRED  UNMOER

SECTION 4, PROCEDURE

(d) Example of a Gradihg Plan

Figure 3. (Continued)



SYREETY  PROFILES
~ SANITARY  BLWERS
Y ISy S PROFILE  SCALE!
WORIZONTAL:  |° = 40°
VERTICAL e @&
1aEOUCED)
PAINTED HILLS ADDITION
0V . CITY, I0wA 15
SUBDIVIOL B mES  PaER 3
susverce . cuver - H .
e G=an r_l_.
NOER T H'é _'—'—‘
[ 1 ui-.c 2 ! 17
1 l L 1.1
1 | A n
+ ¢ H -
2 1 . 4 D,
. 1T T %)
4 w LI 7
133 P O Q| by b gn : -l +
BasEnmarunaranars Afrunnd pusns: o
- B 8 RS ENNN § P ]
- 1S 11 AP
P 5 i 4 J . ““_ H " . : x "
. L] i% L o™ it L 1
i RO B LD ot I {
‘.ri . “ )" : . J,.I';n 'v*.‘l‘\ i .
1 il PN TLAE Tl H
i1 i Tl I LL 1
" R e ! ad <RI TY
1 : I R ] i n
NSRS N NREE R RN i 17 H
T SORI N I g : :
ne : 1 —. ! .
1 '._J: ) '.’a: 5 3 !
B g SpEm :
T N '
T i N T *
I ) ! Y il 3 i H
I T T T T T U T 1 1 . (1]
0 [ 128 wo 700 240 ne 120 60 | 400 a0 480
(e) Example of Street and Sewer Profiles
NAMES IN DOYTED LETTERING OF, ADJACENT PLATS
1 wian erace sann ADOTION
s oy - stins rrnee e -
Y. s oo P g L g Jevs g Lomn
I.ﬁ/lV.[.:’ﬂ D ANG _(zNS arF LOT{LINES
T . [ 4 3
1_5, b 2 | e X o f .IZ
I’fr
5| Peunams Jseraa e g!:
P i e _pLls el
i . ' Lér
i T T e L..A28 FIs -
w f/‘MfS ‘”g,mﬂ{,’[”'s OF Sr/?['é'ffm
AND __ ALLEYS TO BE DEDICATED
-~ TReany “e D) - ED H T an] At
o I n R Lt X :..,_.
*
i g QW
b . [H
l;’ R RN R B : ’
wmetrinG | oF térs Awo dllacks
Ffv»-m ) INED -
0. Tk sk Xl s Yo A YTl 7 4 5
> SHON PAOERTY & 3 ...0€§éRIPTM OF ALl
| k! oF Ehste Y PERMANENT mwumrf)
NAME OF FLigpwy NORTH POINT, AN " Y T e e o

NAMES ANU™"ZDDRESSES OF "

AND széeallﬁbm "
PRAINTED  HILLS A

o o aes gur e

E
L

o wmamn  semomier

[ ey
————— oy

FUTLRE %)

aveea i SLONGE CLARR
" maewe W
sove 2y, e
™", son

e tesse

(f) Example of a Final Plat

Figure 3.

(Continued)



10

viding and platting of lands. All horizontal distances must c]ose; the
“areas of each lot and easement must be calculated, and all street and
utility grades must be found.

One of the common problems of land surveying is the division of an
irregularly shaped parcel of land into two or more parts with known areas
(Moffitt and Bouchard 1975). Figure 4 graphically displays the problem.

The total area of the figure (AREA.

1—j-k—1) is to be found, then AREA.

_ i-j-1
are to be found. The solutions are detailed in Table I.

and AREAj_k_]

Figure 4. Illustration of Splitting Land Into
Two Unequal Areas



TABLE I

SOLUTION FOR AREAS DESCRIBED IN FIGURE 4 BY DOUBLE MERIDIAN DISTANCE FORMULA

Side Latitude

Departure 'DoubXe Meridian Distance Couble Area
AREA{-j-k-1
i-J ANi-j AEi-j AEi_j = DMDT._j ANW_: X DMDi_J
-k BN; BE; DDy + LE; 5 + 2E; | = DMD, o BN X DMDs
k-1 AN, AE, DMD;  *+ BEg_y + BEy = DMD BN,y X MD,
1-1 BNy 5 8Ey_; DMD, _y *+ AE, , +AE,_, = DMD, - ANy _5 % DMD,
L Double Area#® 2 = AREA; . , ;
AREA{- 4.1 )
i-J ANi-j AE1-j AEi-j = DMDi_j 7 ANi-j X DMD1._j
j=1 ANj_] AEj-] DMDi_j + AEi-j + AEj_] = DMDJ.__.| ‘ ANJ..1 X DMDJ._T
1-1 AN1_1 AE]-i DMDj-} + AEj—T +‘AE1_1 = DMD1_i AN]_i X DMD1_i
T Double Aread2 = AREA’_j_{
AREAg-k-1 ,
J-k ANj-k AEj-k AEJ—k + DMDj-k ANj-k X DMDJ._k
1-] ANy _5 8Ey_; DMD, _; *+ AE, ¢ + ‘AE1_3 z DMDl_j‘ ANy _; X DMD,_,

T Dogble Areat?2 = AREAJ._k_1

Source: Francis-H. Moffitt and Harry Bouchard, "Computations

for Parting Off Land," Surveying (1975).

Lt
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Cartography and Computer Mapping

Cartography, the art of map making has been practiced as Tong as men
have desired a permanent record of their envirohs. The oldest known map
existing today is a small clay tab]et depicting a man's estate in Meso-
potamia dating from about 2800 B.C. (Raisz, 1962).

The informatfon on a planar map may be represented in several forms.
Conic, azimuthal, sinusoidal, and cylindrical maps are used to project
" landforms on world maps, (Merriman, 1947) while contour maps, isometric,
volumetric and block diagrams are used to display various data for
smaller areas (Raisz, 1962). Isometric and block diagrams have particu-.
lar use in terrain analysis and geology.

Several computer programs exist which perform certain mapping
functions. The most common of these are I.C.E.S. 'COGO and ROADS, and

SYMAP (Montgomery, 1968). The I.C.E.S. (Intégrated Civil Engineering
| System) program package ;ontains several programs of interesf to Civil
"Engineers, including structural, transportation, and construction
scheduling programs.
| " The I.C.E.S. COGO (Coordinate Geometry) program uses problem orf-
eﬁted language (POL) commands which requirg the user to learn a complete-
1y new language before using the program. COGO may be applied to the
solution of most surveying problems, as well as highway design, construc-
.'tion layout, and housing subdivision design. The line printer is used
for all COGO output (Benz and Manke, 1970).

| ~1.C.E.S. ROADS (Roadway Analysis and Design System) is a comprehen-
sive and integrated engineering computer system for use in the solution

of highway design problems. According to Suhrbier (1967), ROADS may also
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be applied to railroad design, waterway channels, dams, and éirport
runways, as soon as a general location corridor has been defined. ROADS
performs all horizontal and vertical calculations necessary in highway
design. The line printer is the ROADS output device (see Figure 5).
SYMAP (Synagraphic Mapping System) was created by the Laboratory
for Computer Graphics and Spatial Analysis at Harvard University. Ac-
cording to Dougenik and Sheehan (1975), SYMAP is designed to be used by
geographers, planners, geologists, and others who have an interest in
analyzing spatial data. Conformant, proximal, contour, trend surface,
and residual maps can be made using SYMAP. The output device is the
line printer.
| Other computer programs exist which perform more specific mapping
functions. SYMVU (Peucker, 197é) interfaces withvSYMAP to perform three
dimensiona] pen plots of data interpolated by SYMAP. Table II Tlists

available mapping programs and their purposes.
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TABLE TI

COMPUTER MAPPING PROGRAMS FOR SPECIFIC PURPOSES

Program Purpose
GEOFIT Estimates sets of source coordinates
: from empirical geographical distri-
butions.
POPMAP Reads X,Y coordinates, with popula-
tion, then draws population maps.
GRID Interpolation to a square lattice
from measures given at scattered X,Y
locations.
RGRID Produces a printer contour map from
scattered observat1ons
CONTUR Uses the 30-inch Calcomp Plotter to

draw contour maps, stereograms, and
perspective contours from data given
in a matrix form.
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CHAPTER III
THE NUMERICAL METHOD OF ANALYSIS
Horizontal Calculations

Method of Input

The basic method of input for the Subdivision program is a surveying
system. In this system, the X (east) and Y (north) coordinates of a
point are defined by naming a backsight point (i), naming a point "at"

(j), naming a point to be defined (k), giving an angle (o ) and a

’ direction
distance from the point "at" to the point being defined(DISTj_k). Angles

)5

are separated by quadrants, being either angles to the right (“right

angles to the left (a ), deflections to the right (

left %efl right)® OF
deflections to the left (adefl 1eft)' The quadrants of each type of

angle are illustrated below.

Deflection to
the Left

Angle to

the Right/
g Deflection to

the Right

Backsight
Point i

Angle to
the Left

Figure 6. 'The Quadrants of Each Type of Surveying Angle .
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The method of defining the X (east) and Y (north) coordinates of

the new point (k) is done according to the orientation of points i and

J, and whether an angle to the right, angle to the left, deflection to

~the right, or deflection to the left is spécified. The numerical method

is given below.

- If Si 1 is greater than or equal to Sj 1° and Si 9 is greater than

or equal to Sj o and an angle to the right is specified,

Sk,] = Sj,] + (DISTJ._k X sine (a

> j.2

If an angle to the left is specified,

Sk,] = Sj,] + (DISTj_k‘x sine (ai_. -

J

Se,2 = S5.2 % (DISTJ._k X cosine (ai-j - oqapt))-

If a deflection to the right is specified,

S Sj,] ~ (DISTJ._k x sine (a;_

i

S N

If a deflection to the left is specified,

Se,1 = S5,1 " (DISTJ._k x sine (o

5 1—j

> J>s

If Si 1 is less than Sj 1’ and Si 9 is greater than or equal to

Sj é, and an angle to the right is specified,

S

it

k= Sj,] - (DISTJ._k x sine {(a

Sk,2 = Sj,Z + (DISTJ._k X cosine (ai_- -

i-3 * %right))

K2 = S, ., + (DISTJ._k X cosine (ai-j + aright))'

5 ¥ ®4efl right)!

L2 - S: o - (DISTJ._k X cosine (ui-j t e right))'

" Sdefl Teft))

k2= Sio- (DISTj_k x cosine (ai_j - O4ef] Jeft))

i-j "

(1)

(3)

(4)

(5)

(7)

(8)

(10)



If an angle to the left is specified,

i Sia - (DISTJ._k X sine (ai—j + ayart))

Sk,2 = Sj,2 + (DIS»TJ._k X cosine (“i—j + “]eft))'

If a deflection to the right is specified,

S

i-j 7 %defl right))

K1 Sj,l + (DISTJ._k x sine (o

S S.

5.9 - (DIST,_

k,2
If a deflection to the left is specified,

S,

S.

3.1 + (DISTJ._k x sine (o

i-3 ¥ %def] 1eft)

Sk,2 SJ.,2 - (DISTj_k X cosine (ai_jv+ Agaf] 1eft))'

If Si 1 is greater than or equal to Sj 1° and Si

>

Sj 9 and an angle to the right is specified,

S

1

S, 1t (DISTJ._k x sine (o

k,1 i i-j ~ “right))

S

it

S. 5 - (DISTJ._k x cosine (a;_

K2 = 5.2 j " %eight)):

If an angle to the left is specified,

It

S

K1 7 %5,

+ (DISTj_k x sine (a; 5 + ajqe))

Sk,2 =S, 5 - (DISTJ._k X cosine (“i—j + aleft))'

J>s

If a deflection to the right is specified,

S,

ko1 = 35

g1 = (DIST; \ x sine (a; s - agepy pignt))

it

S Si,2 ¥ (DISTj_k X cqsine (o

k,2
If a deflection to the left is specified,

Sk,1 % Sy, 7 (ISTyy x sine (a5 + agepy 1ept)

2 N

k X cosine (o o = agep right))'

i-j ~ %def1 right))’

18

(11)

(12)

(13)

(14)

(15)

(16)

2 is less than ”

(17)

(18)

(19)

(20)

(21)

(22)

(23)



Sk,2 = SJ.,2 + (DISTj—k X cosine (“i-j + adefl‘left))‘

19

(24)

If Si,] is less than Sj,]’ and 51’2 is less than Sj,2’ and an angle

to the right is specified,

S S:q- (DISTJ._k X sine (ai- )

k1" 75, i ¥ *right

S

1]

,2 Sj 5 - (DISTJ.._k X cosine (ai-j + aright))‘

2

If an angle to the left is specified,

t

Sk,] = Sj,l - (DISTj_k X sine (ai-j - a]eft))

Sk,2 = Sj’2 - (DISTJ._k X cosine (ai-j - “]eft))'

If a deflection to the right is specified,

S

k1 - Sj,1 F (DISTy  xsine (og 5+ aqoer pight))

I

Sk,2 = Sj,z + (DISTJ._k X cosine (ai—j t oyaf] right))’

If a deflection to the left is specified,

S

t

S.

j.p + (DIST,_

k,1 jok X sine (o 5 = ageey tert))

,Sk,2 = Sj 5t (DISTJ._k X cosine (ai-j - %4ef] 1eft))‘

b

If points i, j, énd k Tie on one line, no angle is specified.

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

If

poiht j lies between point i and point k, DISTJ._k is pdsitive. If point

-k lies between point i and point j, DISTJ._k is negative. The analogy

given above is then used.

Other methods which define new points or change the coordinates of

stored points, such as intersecting two lines or adjusting a traverse

are discussed below.
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Retrieving and Plotting Stored Information

'Updn completion of storing the points and their coordinates, inform-
ation concerning the points such as the X (east) and Y (north) location,
the distance between two points, or the area defined by a set of points
may be desired. It may also be desirable for the computer to make a map
of the horizontal area described, showing the points stored and important
Tines between them. The following sections of this chapter contain pro-
gram segments which illustrate dctua] plotting procedures. The subrou-
tines shown are COMPLOT plotting subroutines. An explanation for each

follows the program segment.

Points and the Coordinates

To obtain a list of certain stored points and the coordinates as
well as plot and label the point on the map, the following method is used.
For a point i, the printer output contains the label i, 51,2 (the north
coordinate of point i) and Si,] (the east coordinate of point i). To

plot and label point i, Equation sequence (33) is used.

XPEN = S,

it SCF

i

YPEN = S + SCF

i,2
SUBROUTINE SYMBOL

XPEN = XPEN + .07
YPEN = YPEN + .07
SUBROUTINE NUMBER | (33)

SUBROUTINE SYMBOL plots a special symbol centered on the plotting coor-
dinates XPEN and YPEN. SUBROUTINE NUMBER places the label i on the plot
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.07 inches above and to the right of the special symbol. i may also be

placed to the left of the special symbo].v

Lines, Distances, and Bearings

~ The distance between points i and j (DISTi_j) is found by

) Y- 2.5
DIST, ; = ((ANi_j) + (AEi_j) T

The bearing of the line is found by

o4 = arctangent (ANi—j * AEi_j)'

If Si 5 is less than Sj 9 the bearing is a north bearing. If S

(38)

(35)

is
52

greater than Sj 0 the bearing is a south bearing.’_If Si ] is less than

Sj 1’ the bearing is an east bearing. vaSi 1 is greater than Sj ],bthe

bearing is a west bearing.

The line from point i to point j is drawn and labeled by Equation

Sequence (36).

1]

S. 1 ¢ SCF

XPEN = S

1]

YPEN = S + SCF

i,2
SUBROUTINE PLOT

CXPEN = S. . = SCF

J»1

3.2 + SCF

SUBROUTINE PLOT

YPEN = S

XPEN = (((Si

YPEN = (((S5 5*+S; ») #2) +SCF) - (sine (90-a;_

t

J
SUBROUTINE NUMBER ‘

1 #55) £2) 2 SCF) - (cosine (90‘;ai_j)x .5) - .04
;) x .5)+ .04

XPEN = (((S; +5; 1)#2)# SCF) - (cosine (90-a;_;)x.6)+.1
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YPEN =,(((Si,2-FSj’2) $2) +SCF) - (sine (90—-ai_j)x .6) - .1
SUBROUTINE SYMBOL. ' | (36)

The first call to SUBROUTINE PLOT moves the pen to point i without
drawing a line. The second call to SUBROUTINE PLOT moves the pen to
point j, drawing the line. SUBROUTINE NUMBER labels thé Tine with the
Tength of the ]1ne, and SUBROUTINE SYMBOL Tabels the Tine with the bear-
ing. If the length of the line is less than 1.7 x SCF, the distance and
bearing 6f the line is placed in a table above and to the left of the

entire plot.

Closing a Traverse

To close a traverse consisting of points i, jﬂ . ..s 1, and m, where
the error of closure is assumed to be between point m and point i, the

-fof]owing equations are used:

Cyq = 5 X (02 n) | (37)
Cpp = A5 % (n %) o (38)
Crp =8k x(n-1)+n) | (39)
Clp =My x (-1 s 40)
i q = 06y x (0= (0= 1) o) (a1)
¢ o=t x ((n- (0= 1) +n) (42)
Ci,l =0 _ : - (43)
Ci,p = 0 - | | )

‘Any point or set of points may be held from adjustment.
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Horizontal Curves

Data for a curve defined by points i, j, and k, being the PC, cen-
ter of curvature, and PT, respectively, are found below. The radius,

arc, long chord, and tangent of a circular curve are illustrated in

Figure 7.
ARC ;= 2 X m X RAD;_; \ X (0551 * 360) | ()
CHy_yope = (M08 + (0Ey )% (46)
RAD, sy % ((ANi_j)2 + (AEi_j)Z)‘B (47)
TAN; ;_, = tangent (ai—j-k + 2) X RAD, 5 (48)
aiojok = ((90 = ((180 = oy s ) £2)) +ARC, 5 ) x 60 (49)

The interior angle a. is defined completely in the Lots and Traverses

i-j-k
section.

Center of Curvature

Figure 7. Parts of a Horizontal Circular Curve
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Horizonfai curves are plotted by connecting chords subtending ;two
vdegrees of central angle. With point i remaining as the PC and be{ng
called the backsight point, point j being the center of curvature and
the point "at," and point 1 being the temporary poiht to which the chords

are to be drawn, curves are plotted as shown in Equation sequence (50).

SUBROUTINE PLOT

gy =2
S =S+ (RAD_ ., xsine (ag  *ay i)
S1,2 55,2 " (RADi-j-k x cosine (ui_j + a%_j_]))
XPEN = S],l + SCF
YPEN = S],Z + SCF
SUBROUTINE PLOT ‘
| *oj1 = Sieger * 2 . | (50)

The first call to SUBROUTINE PLOT moves the pen to the PC (po%nt i)
of the curve. The second call to SUBRQUTINE PLOT draws the chord. After

angle o,

i-3-1 is incremented by two degrees, program control transfers

back, new coordinates are calculated for point 1, and another chord is

drawn.

Lots and Traverses

For a traverse consisting of points i, j,...,1, and m, it may be
nécesséry to calculate the area and interior angles between the points
defining the traverse. There are sixteen ways for two lines to intersect
~in a four quadrant system. If the first line is defined by points i and

Jj» and the second line is defined by points j and k (thus the intersection
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of the two 11ne§ occurs at pdint j), the 16 ways for the two lines to
intersect may be shown graphically, as in Figure 8. Table III contains
the interior angle calculation for each case shown in Figure 8.

The area of traverse i, j, ..., 1, and m is found by the double

meridian distance method as in Equation (51). .
AREA; o= (8N x DMD; . + AN, x DMD,_

i<k G

AN -m X DMD AN . X DMDm—i) + 2. (51)

1 T-m * m-i

Thé’DMDfs are defined as being twice the sum of all AE's occurring be-

fore the 1ine being calculated plus the AE of the line being calculated.

Horizonta1v1ntersections

Horizonté] intersections are made iterative]yl To intersect a line
segment defined by points i and j with a line defihed by pointé 1 and m,
the line éegment defined by points i:and J is extended, with the coordi-
“nates of a new point k being defined with each iteration (see Figure

9(a)). The iterations are ended when % _m-k is equal to zero (see Equa-

m=-
tion sequence (52)).

DISTj~k = .0001
Sk,] = Sj,] + (DISTj;k.x sine (ai;j))
 Sk,2 =S5 +~(DISTj_k X cosine (“i-j))
IF (ay_,_ = 0-0), transfer out
DIST, \ = DIST, , + .0001. | , . (52)

After DISTJ._k is incremented, control transfers back and the coordinates
for a new point k are determined.
To intersect a line segment defined by points i and j with a curvé

having a center at point 1 and a known radius, the line segment is



26

TABLE III

METHOD FOR THEYCALCULATION OF THE INTERIOR ANGLE
FOR EACH OF THE SIXTEEN POSSIBLE
INTERSECTION CASES

Casé No. | Interior Angle aj_j-k
1 ‘ ‘ %ok T %i-j
2 7' W ey T Sy
3 m + %ij T %5k
4 ' o5 + %5k
5 T - % " %ok
6 %i_§ T %ok
7 a5 * %ok
8 T4 a, i %5k
9 LA + %5k
10 LTI L
1 Ag_5 7 %4k
12 - %5 T %5k
13 o3 + o5k
14 - T+ %55 T %5k
15 ‘ LA T
16 %k T %o

If the interior angle is less than zero, the in-
terior angle is changed to the absolute value of the
interior angle. If the .interior angle is greater than
7, the interior angle is changed to = - (“1—j—k - 7).
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i i
k
3 -
k | o
1. K 2 3. 4.
_ J .
o i .
o . k7 |
5.’ k 6. 7. 8.
k
- J
J k
k
9. 10. 11. 12.
k i
; 3= ) /////’ v
13. 14. k 15. 16.
- Figure 8. The Sixteen Possible Ways for Two Lines to

Intersect in a Four-Quadrant System
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Point 1 e

Final Point

Point j
Point i , ’ lPoint i
(a) Intersecting Two Lines (b) Intersecting a Line With
, : a Curve

Figure 9. Horizontal Intersections
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exténded iteratively as in Equation set (52) with the coordinates of a
new point k being defined with each iteration. The iterations end when
k is one radius away from point 1 (see Figure 9(b)).

If for some reason an intersection is not made after a certain num-
ber of}iterations, or if the coordinates of point k (Sk,l and Sk;z) ex-
tend beyond certain allowable limits (depending on the magnitude of SCF),
the program will abort and an error message describing the‘error'is |

written.

Vertical Calculations

Defining the Vertical Grid

The principal feature of the vertical portioh of the program is the
program's ability to take random input information and arrange the in-
formation into a grid. An elevation is assigned to each grid point by
weighting the five nearest random input points. Also, a qualitative -
fact, such as soil type, vegetation, or depth to bedrock, is assighed to
each grid point on a proximal basis (depending’on that piece of informa-
tion given for the nearest random input point).

The method for defining the vertical grid fs a three-dimensional
interpdlation using the inverse of the sums of the square of the distance
of a particular point from the five nearest random input points. The
heareét point is designated at point number one, the farthest is desig-
nated as point nUmber five. The grid méy be as 1arge as 54 grid poihts
in the north (Y) direction, by 72 grid points in the east (X) direction,
with the distance between the grids in both directions being SCF + 3.
The method‘is detailed in Figure 10 and in Equations (53)'and (54). .Fof

‘grid location X6, YG,
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2
POINT ELEVATION | DIST(YG,XG)_iZ 'zZiziﬁYG’XG)fiz
| (YG,XG)-i
1 105.00 4 | 22.500
2 113.25 9 | 10.000
3 110.50 6 5.625
4 120.75 25 ' 3.600
5 125.00 36 2.500
190 T 44,225
£DIST 2 . DIST 2 o
(YG,XG)-i (Y6,XG)-1 WEIGHTED
Z(EDIST(YG’XG)_iZ s DIST(YG;XG)_iz) ELEVATION
.5088 53.424 -
.2261 25.606
1272 | ~ 14.056
.0814 | 9.829
.0565 - | 7.063
% 1.0000 £ 109.978

Figure 10. Numerical Example of Finding thé Elevation at a Grid Point
~ From Random Input Points (Elevations and Distances are
Assumed) o :
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5

| , - 2. 2
Avg,xe,1 "L, By g x (((E(DIST(yg xg) 1)+ (DIST(yg yg).i)")

¢ (2((0IST(yg ya)-)2 * (OIST(yg yg)-1) D) (83)

Ave,xe,2 = Bi,a- (54)

Three-Dimensional Pictures

Three-dimensional pictures are drawn according to the method given
in Equations (55) and (56). A rotation angle (B), direction (east or
west), an altitude angle (y), and a vertical exaggeration factor (EX)
are given. The rotation is about the origin, therefore the p]ottingi

coordinates at XG, YG are
|

((cosine (a1_0+8))beST(YG’XG)_ o) * (SCFx SH) .(55)

XPEN

YPEN ((((sine (ai_oi-s))x DIST(YG,XG)- o) X (sine ¥))

o ((Ayg.xe,1 -ELmin)xEX))% (SCF x SH). ~ (56)

The plot is drawn by incrementing XG while holding YG constant to
draw the east-west lines, then incrementing YG while holding XG constant
to draw the north-south lines. The data or elevation at theygrid points
are labeled after the east-west line segment is drawn. The shrink fac-v
~tor (SH) is determined by testing the corners of the area to be plotted
to see if they will fit on the plot. If YPEN in the corner test is out?
side of acCeptaB]e Timits (depending on the scale of the plot), the |
"~ shrink factof SH is multiplied by 1.1 until YPEN for the corner fits
within the limits. Increasing SH has the effect of shrinking the entiré

picture.
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“Upon the completion of plotting the vertical control grid three-
dimensionally, the boundary is then plotted with fhe black pen. The
intermediate point's elevations are found similarly to AYG XG ],'and

are plotted according to Equations (55) and (56).

Contour Map

The qualitative fact or e]eVation of each grid point on the vertical
control grid is plotted before any ofher plotting takes place on the con-‘
tour map. The lower left corner of the symbol is the location of the
grid point. The cohtour interval is given and the contours between ELmin
and ELmax are found. For any four-sided element, if the first contour
lies between AYG,XG,] and AYG,XG+1,1’ ﬁhe contour elevation between these
points is located by interpolation and the pen is moved to that location.
If this contour lies between AYG,XG,l’and AfG+1,XG,]’ the contour loca-
tion between these two points is located and a line is drawn to that
to A

position. Sides A to

YG+1,XG, 1 Y6+1,%6+1,1° 2 Aygar xa+1,1
AYG,XG+],1 are checked similarly (see Figures 11 and 12).

[ °

XG,YG+1 XG+1,YG+1
, L4 L

XG,YG XG+1,YG

Figure 11. Labeling Scheme for a Four-Sided
' "~ Element on the Vertical Control
Grid



CONTOUR PASSING BETWEEN o : PEN INTERPOLATION

A

Ave,xe,1 = Ave,xe+ 1 XPEN = ((X6 x (SCF + 3)) + ((ELconeour = Ayg,x6,1)
| ¢ (g xer1,1 - Py xg,1)) X (SCF+3)) # SCF
YPEN = (Y6 x (SCF + 3)) # SCF
Avexe. - Nerl e, XPEN = (XG x (SCF # 3)) + SCF
| | YPEN = (Y6 x (SCF * 3)) + ((ELcgniour - Mva.xe.1)
* (yge1,x6,1 = Prg,xg,1))  (SCF#3)) + SCF
Avg+1,%6,1 7 Ave+1,x6+1,1 XPEN = ((XG x (SCF = 3)) + ((ELcgneonr = Avast,xe,1)
| ot (g, xae1,1 ~ Pretxe,1) X (SCF 2 3))
+ SCF
YPEN = (Y6 + 1 x (SCF # 3)) + SCF
A XPEN = (X6 + 1 x (SCF + 3)) # SCF |
YPEN = (Y6 x (SCF +3)) +'((ELcontour - AYG,XG+1,1)
* (Ayg1,xer1,1 ~ Arg,xee,1)) X (SCF +3))
+ SCF

‘Figure 12. Pen Interpolation for Contour Plotting

€




34

Upon completion of all contour 1ine5, the boundary is drawn and
labeled. A special feature allows lines to be drawn between previous1y
stored points, and labeled on the contour map. This may be done in any.

color (see Lines, Distances, and Bearings, page‘21).

Printer Plots

‘AcCurate prihter plots may be printéd showing the infofmation.stored
“1in the vekticalzcohtrel grid. YG is held at'54‘whf1e XG increments from
1 to 20.e AYG,XG,] is printed at each grid point. YG is thenldecremenfed
by one and’the_same process occurs, until YG reaches 1. YG is then‘re— »
turned to 54 and XG is intremented fr0m 21 to 40. In this mahher,ya .
representation of the vertical control grid is given in strips 20 Toca-
tjons wide. A proximal map is printed in the same manner when AYG XG 2
is printed. Any 1nformat1on which may be represented on a proximal map
may be shown in th1s manner. When printed on an eight-lines-per-inch
‘printer, there is a 30 percent east-west exaggeration. When printed on
a six-lines-per-inch printer, there is e 16 percent east-west exaggera-

tion.

Profiles and Grades

| Selected profiles may be piotted byblisting én array of points.be-
tweeh which plots of cross sections are desired, and a vertieal scé]e at
whieh_the p]otvis to be made. The horizohta1 scale of the plot is dhe
eihch eqha]s SCF. The array is thén}sp]it into pairs of pointé for bfo-
‘file p]otting. The profile fok_pairs of points is then pTotted}inABO

increments; the increments are defined in Equations (57) and (58).

IN = aN;_s ¥ 30 (57)
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‘zE = AEi_j + 30 - " (58)

New north (Y) and east (X) codrdinates are fbund for each increment
along the line. The e]évation’at those coordinates is found similarly
to AYG,XG,]’ and those elevations are plotted against horizontal 1hcre-
ments of DIST, ; < 30. |

Grades are laid out on the plot and digitized in SCF ¢ 10 increments '
on‘the printer output. To define grades, the station and elevation of
all verfical tangent\intersections are given. If a vertica] curve of a
certain length subtends a certain vertical point of intersection, the
curve length is given. The station of thé,beginning of a vertical curve
is found by subtfacting one-half of thé 1eng£h of the vertical curve from
the station of the point of intersection of the Jertica] tangents. The

grade of the vertical tangents is found in Equation (59).

Ty = (TEL;_s & DIST, /) x 100 (59)

The elevation of the beginning of a vertical curve is found by multiply-

inngne~ha1f of the length of the curve by -Ts The elevation at point

-3
j along a vertical curve beginning at point i and ending at point k is
found in Equation (60).
)
)

Elevation = ((((Pz— P])-%(DISTi_ +100.)) +2.) x (DISTi_j)

k
+ (Pi)(DISTi_j)+-E1evation BVC. (60)

Curves are plotted and printed out in increments of SCF : 10.



_ CHAPTER IV
RESULTS AND DISCUSSION

| Moderﬁ~standards for‘housingYSUBdivision design require the»desfgner
to cohsider much more than horizonta} layout of the subdivision.

DeChiara and Koppelman (1978), in their discussion of subdivisions sug-
gest a vicinity review, topographié analysis, a bre1imihary,5ket¢h, and
graphic analysis before attempting to deSigh the final plat. The subdi-.
vision program package has applications in all of these areas.

The results of this research ananthe runniné of numerous.example
problems indicates the following: (see Figures 13 to 26, and Appendices
A to G). | |

The horizontal portion of the program has widely varied uses, from
the closure of tfaverses to the actual platting of subdivisidns. A |
meticulous methdd of adjusting triangulation grids (done by'considering
one three or four-sided element at a fime) is also possible. | |

Figure 13 shows a plot of a small traverse which required hqrfzonta] '
adjustment. The printer output appears in Appendix A. The distances aﬁd
bea}ings of the north, south, east, and west lines were given. The.point
nearest the center (point 700 on the printef’output) was defined by the
interesection‘of the two lines running through it. A forty foot easement
~Tine is shown running parallel to the north line. The intersection
feature of the program was used to establish the point and easemenf'1ine.

Figure 14 is the plotter output of a larger traverse which was to be

36
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divided into several large lots. The printer output for this'prob]emv
appedrs in Appendix B. The area appearing along the south edge is the
right-of—way for state highway 33. The curved 1ine running from neaf the
northwésf'corner of the traverse toward tHe southeast corner is the
centerliné of old state highway 33. Twenty acres was to be parted'off_
~of the west end (Lot Number 20AC in the printer output), and the éreas of
the remaining tracts north and south of the old state highway were to be
found. An easement from the old state highway to the north edge of the
traverse appears as the gkoup of three paraliel line segments in Figure
" _

A small housing subdivision appears in Figure 15. This subdivision
consists of six Tots and a short cul-de-sac. A ¢losure of the perimeter
~was necessary, and points 115, 118, 107, and 105’were infersected. Lines

102 to 114, 113 to 112, and 119 to 110 are radial about point 120. The
; printer output for this subdivision appears in Appendix C.

Figure 16 is a plot of a triangulation course (the Oklahoma State
University surveying traverse). The printer output in Appendix D Shqws-
that an adjustment was made for each four-sided element in the trévefse.

. As-each three or four-sided area was input, it was adjusted, thus é]imi—
nating,errorias»it was intrdduced.. The various elements were then group-
ed according to selected triangles, and the‘distances,'bearings and area
information was fdund for them.

The results for the fifth traverse are shown in Figure 17 and tabu-
]ated'in'Appendix E. This traverse is a fifteen lot subdivision, with ,‘
all streets, Tots, easements, and setback Tines shown. Five concentric;
arcs may be observed around the centers of curvature on "Sunny Hills |

Drive", being the building setback lines, property lines and street
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Centek]ines. In the original plot, the red pen was used.for the twenty
foot utility easements and street cenfer]ines, the blue pen was used for
the building set back lines, and the black pen was used for the lot
lines, and Tot labeling.

The sixth problem is a verfica] control problem. An example of a
traverse with topographiéa] information was devised, and'the contours
were digitized for random input. Soil types using the Unified 30111 S
Classification system were also input. It was assumed that a road would
be Tayed ouf'between points 100 and 200, a sanitary sewer location would
bershown between points 100 and 300, and a water line would be shown be-
tweenkpoints 200 and 400. (See Figures 18 and 19). Printer output of
the»yértfta] elevation grid and the vertical data grid appear in Appendix
F. Figure 20 and Figure 21 depict three-dimensiqnal pictures of the
area, from different perspectives; Figure 22 is a printér output of the
vertical tangents and cur?e, and Figure 23 fs a plotter profile of the
street. | |

The final example is the use of the vertical portion of the program
for use in an actual floodplain study. Figure 24 depicts the Caney River
as if flows through Bartlesville, Oklahoma. The hatched lines indicate
area$ which héve been developed. The wavy 1fnes depict areas proné to
f]doding in a 100 year flood. The raﬁdom elevations were taken at the
section corners, quarter-section corners and section centers. The data
for each individual grid point was given the label FL if the point was
subject to fldoding, DR if it remains dry in a 100 year flood. The point )
was given fﬁe label UR if it was in an urban or developed area and RL if
it was rural. Thus, FLRL would indicate a flooded rural area, FLUR a

flooded urban area, etcetera. The data grid and the elevation grid
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appear in Appendix G. Figure 25 is a three-dimensional picture of the
floodplain with a vertical exageration of three. Figure 26 is a topo-

.graphic map of the area.
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CHAPTER V
SUMMARY AND CONCLUSION
App]ications and Degree of Accuracy

The numerical method of the horizontal and vertical calculations 1n¥
volved in housing subdivision design was investigated and applied in a
FORTRAN IV source program. The program generates a data set of pen move-
ments which provide plots of horizontal maps, contour maps, three-
dimensional views, and selected profiles on the COMPLOT DP-8 drum plotter.

Within thevscope of this study several concepts and ideas of various
experts in the field of housing subdivision design were reported. The
most important concepts to be reiterated are those of DeChiara and
Koppelman (1978), who recommend a site inventory of soils, vegetation,
hydrology, tbpography, and geology. Afprelimihary graphic analysis of
topdgraphy, a vicinity sketch, preliminary sketch, grading plan, street
and sewer profiles, and a final plat of the area may then be drawn. The
computer program developed as a‘result of this research may‘be used to
address any or all of these housing subdivision deéigh criteria.

The overall degree of accuracy'for“the distances and bearings”re-
ported in the program is approximately +.001 foot of distance and ij
second of angle for any distance, és the distances and bearings are cal-
culated between previously stored points, not as.the_points’are stored.
Distances are .reported on both the printout and the plot to the nearest .-

.001 foot. It should be noted; however, that the distance shown on the

54
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printout is rounded to this accuracy, while the distance Shown on the
plot is truncated to three decimal places. For the worst case, in which
two lines are intersected, the accuracy of the bearing may be as low as
¥ two seconds for short distances.

.Asvnbted}in Chapter III, hdrizonta] intersections are performed
iteratively (see Equation sequence (52)). In most cases, when it is de-
sired to intersect two lines in a}p1ane, the equation for each line is
written, and the two equations are solved sihu1tanéous]y for the X and Y
coordinates of the point of intersection. It should be noted,_however;
that when this method is applied to intersect a Tine with a circle, two
compTete1y different solutions are possible for each X and Y coordinate.
When intersections are made iteratively, this is avoided as the itera-
tions are stopped when the first solution is obtained. Moreover, the
mechanisms used fof'iteratively intersecting two lines (see Equation
Sequence 52) are incorporated into other sections of the program (Equa-
tions 1 to 32, Table III), thus making the process a matter of transfer
of control.

The accuracy of the iterative 1ntérsection process gives coordinates
for the point being defined to +.0001 feet. This causes no significant
error in any distances. For relatively short distances (less than'fivé
féet), the angu1ar error may reaéh several seconds. The angular error
diminishes at longer distances. |

In usual practice, traverse closure error is adjusted by a method
which distributes the error according to the length of each 1ine making
up the traverse. Thus, long sides of a traverse will absorb more of the
closure error than short sides. The method used for distributing traverse

error in the program consists of adjusting each point by a fraction of
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the number of points requiring adjustment (see Equations 37 to 44).

When the sides of a traverse are all approximately equal, the two
methods give similar results. When the shortest side of a traverse is
one hundred times smaller than the longest side, significantly different
results are given by each method. ’Thektwo methods yield a 35 pércent
difference in the Tength of the short side, while a three percent differ-
ence occurs in the length of the Tong side. The stated percent differ-
ences are approximate, with the differences decreasing with an increase
in the number of poinfs in the traverse.

In cases of actual housing subdivision design, it may be desired to
adjust several of the points in a traverse while holding the remaining
points from adjustment. This has particular value when the subdivision
abuts existing or previously p]étted subdivisions. ‘When this is desiréd,
the method used in the program is particularly well applied, as the
errors are distributed through a certain number of points, rather than a

certain number of lines.
Additional Research

}Additiona1 research in the field of computer methods for subdivision
design may be considered by the author in the future. The area’of
vertical street layout has no method for the calculation of earthwork in-
corpofated within the program at this time. A method of relating the cut
or fill of the street centerline at a station to the end area was investi-
gated, as was re]&ting the end area to the cut or fill at either side of
the road. Neither method was acceptable as both methods gave approximate

results, and in certain special cases, grossly inaccurate results. An
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iterative method of generating end areas appears to be the most exact
possibility of obtaining the volumes of cut and fill.

The three—dimenéiona] plots shown in this study (Figures 20, 21, and
25) and the numerical method present1y incorporated within the program to
generate them allow lines hidden from view to be plotted. The land areas
usually used for housing subdivision development are flat enough that few
hidden Tines occur. If this program is to be used for sophisticated ter-
rain interpretation at any time in the future, some method of blanking
hidden lines must be devised.

Finally, the use of the numerical method givenin this study for
applications in highway design is an 1nteresting-possibi]ity. Certain
aspects of the horizontal layout of a highway may, be performed directly
by the existing program. However, in order to adequately and accurately
perform every calculation necessary for highway design, it would be
necessary kand advisable) to deviate from the Cértesian coordinate system
and use a station-offset method to define horizontal locations. The
"view down the road" as seen by the driver could then be pIotted with the
three-dimensional plotting methods given in this paper (see Equations
~ (55) and (56)). A blanking method to avoid plotting hidden lines would

be required for this application also.



A SELECTED BIBLIOGRAPHY

Agas, R. A Preparative to Platting of Landes and Tenements for Surveigh.
London: Thomas Scarlet, 1596. _

Anderson, R. 0. Rigorous Analysis of the Scale-Point and Tilt Formulas.
Ann Arbor, Mich.: Edwards Brothers, Inc., 1941.

Benz, P., and P. Manke. Introduction to Applications of ICES COGO I.
Stillwater, Okla.: School of Civil Engineering, Oklahoma State
University, 1970.

Bouchard, Harry. "Surveying." <Collier's Encyclopedia. Vol. 21.
New York: Macmillan Educational Corporation, 1979.

Campbell, E. H., and J. H. Vogel. Surveys, Subdivision and Platting,
and Boundaries. Seattle, Wash.: University Press, 1965.

Chapin, F. S., and S. F. Weiss. Factors Influencing Land Development:
An Urban Studies Research Monograph. Chapel Hill: University of
North Carolina, 1962.

C1oheqy,G. F. "Geodetic Computations by Electronic Computer." Journal of
the Surveying and Mapping Division of the American Society of Civil
Engineers, Vol. 97 (May, 1971), pp. 97-101.

Community Planning Associates. A Citizen's Handbook for Neighborhood
Planning. Tulsa: City of Tulsa, 1976.

DeChiara, J. E., and L. Koppelman. Site Planning Standards. New York:
McGraw-Hi11 Book Company, 1978.

Dougenik, J. A., and D. E. Sheehan. "SYMAP User's Reference Manual."
~Cambridge: President and Fellows of Harvard College, 1975.

Goodman, W. I., and E. C. Freund. Principles and Practice of Urban Plan-
ning. MWashington, D.C.: International City Management Association,
1968.

Hagman, D. G. Urban Planning and Land Deve]opment Control Law. St. Paul:
West Publishing Co., 1971.

Kellaway, G. P. Map Projections. New York: E. P. Dutton & Co. Inc.,
1949. '

Kiefer, R. w , and M. L. Robbins. "Computer-Based Land Use Suitability
Maps." Journal of the Surveying and Mapping Division of the Ameri-
can Society of Civil Engineers, Vo1 99 (September, 1973), pp. 39-62.

58



59

Kissam, Phillip. "Surveying." Encyclopedia Britannica. Vol. 17.
Chicago: Encyclopedia Britannica, Inc., 1979.

Lautner, H. W. Subdivision Reqgulations: An Analysis of Land Subdivision
Control Practices. Chicago: Public Administration. Service, 1941.

Lipner, S. B. "Subsystem Imp1eméntation Guide" ICES/360 COGO I.
Cambridge, Mass.: Civil Engineering Systems Laboratory, October,
1967.

Lawrence, G. R. P. Cartographic Methods. Great Britain: Butler and
Tanner Ltd., 1971.

MacDougall, B. C. Computer Programming for Spatial Problems. London:
William Clowes and Sons, Ltd., 1976.

"Making Maps On A Computer---City and Utilities Team Up In Pioneer Effort."
Civil Engineering, ASCE, Vol. 49 (February, 1979), pp. 56-59.

Merriam, A. D. An Introduction to Map Projections. London: George G.:
Harrap and Co. Ltd., 1947.

Moffitt, F. H. and H. Bouchard. Surveying. 6th @d. New York: Intext
Educational Publishers, 1975.

Montgomery, C. J. "Impact of Computers on Surveying Methods." Journal
of the Surveying and Mapping Division of the American Society of
Civil Engineers, Vol.94 (January, 1968), pp.25-36.

Muehrcke, P. Thematic Cartography. Washington, D.C.: Commission on
College Geography, Association of American Geographers, 1972.

National Association of Real Estate Board. Home Building and Subdividing.
Chicago: National Association of Real Estate Boards, 1925.

Oines, R. "TOPO." University Computer Center Publication. Stillwater,
Okla.: Oklahoma State University, Computer Center, April, 1973.

Peucker, T. K. Computer Cartography. Resource Paper No. 17. Washington
D.C.: Commission on College Geography, Association of American
Geographers, 1972.

Raisz, E. Principles of Cartography. New York: McGraw-Hill Book Co.,
Inc., 1962. »

Ritchie, W., D. A. Tart, M. Wood, and R. Wright. Mapping For Field
Scientists. New York: A. S. Barnes and Co., 19/7.

Soil Conservation Service. Soil Interpretations for Resource Development.
Oklahoma City, Okla: Oklahoma Conservation Commission, Oklahoma
County Conservation District, and the Soil Conservation Service,
1978.




60

Suhrbier, J. H. "Roadway Analysis and Design Systems." Civil Engineer-
ing Systems Laboratory and Transportation, Systems Division, Depart-
ment of Civil Engineering. Cambridge, Mass.: Massachusetts Insti-
tute of Technology, ICES Publications, 1978. :

Tobler, W. R. Selected Computer Programs. Ann Arbor, Mich.: University
of Michigan, 19/0.

vUrquhart, L. E. Civil Engineering Handbook. New York: McGraw-Hi1l Book
Co., Inc., 1959.

Vogel, J. H. "Design of Subdivision." Bureau of Governmental Research
' and Services, Report No. 157. Seattle: University of Washington
Press, June, 1965.

Vogel, J. H., E. H. Campbell, and W. K. Wilson. Surveys, Subdivision
and Platting, and Boundaries. Seattle: University of Washington
Press, June, 1949. '

Wong, K. W. "Computer Program System for Aerotriangulation." Journal
of the Surveying and Mapping Division of the American Society of
Civil Engineers, Vol. 98 (November, 1972), pp. 219-231.




APPENDIX A

HORIZONTAL CLOSURE AND TRAVERSE PRINTOUT:

o1



PTeNDs PYeNDo PT eNDe -
ieo N 50 500 T 730,000 390 N P0T. 100 7502000 L3 N T09. 700 & @&ve.s0a
600 M 361.701 € 90.512 700 358.158 £10.298 800 N S0e409 $09.972
PTeNO o P Te NOo PT eNCe
200 N 663700 - T30.0C00 560 63700 80616 860 W &69. 760 89: 616
SPARAS SR E08 000840890408 09800840¢080RRGEERANERRBERERE RGN RABNNET SR
(LI T T T DISTANCES € EEARINGS 3EIXILIEI]
SRR R LS00 LSS NENRESAIRINE NP ERENVERE SN LS R EEE PR ERAORIGC IR RSN OF
POINT BEARTNG DISTANCE END -
NO. DEG.MINSEC. FT POINT NORTH EASTY
100 A 0-0-0eE 6994700 300 70%. 700 7504000
300 S S0~ 0= Os ® 6€0.500 %00 769.700 69500
400 §,0-10-0e & 3484000 600 361701 90513
600 ¥ 89-31- O0s ¥ 320,160 750 ITE. 158 §.107)1 ] S—
700 S 0= 7- Ce ® 307.670 800 504409 509.972
500 S 69-83~ O0s € 2404029 100 504000 7504000
BRG0S0 95 000454040200 RBRBNSRESRELESSNNENNRALRRESEER SR RN
[IiZ T Y N N [ IEXIIIIZET]
AESRRS ARV R USRS RRAE R AN RACRNRRESLERAS R AR OAIRESRECR PR AR EEDR
POINT BEART NG DISTANCE END .
NO. DEG «MIN «SEC, T POINT NORTH EAST
200 6604384 s00 6694700 89.616

S 90= 0~ 04 W

¢9



ooohaon-tottnoo.otnnnarntooootc.-%g FEURERERSES LSS G ISP S4B E S
bd LOTTING DATA XTI I 1]
SEEFSRARRARB R PR AL BRI AR B U SRRENPARAPERREIR AR P42 2R A9 0 08000

comevemeenees BORIZONT AL L INE CATA -~wcesvecewces meeoe HORE ZONTAL, CURYE DATA eeweooe
) .

POINT  BEMRING . DISTANCE INTER IOR ANGLE PoERT END PCIAT CCCRDS. RADIUS .».%E'é','éé’cn ARC
0o DEGe MINe SECe FT AT END FOINT NO¢ NORTH EAST FT  DEGeMINGSECs T
TRAVERSE - ARES
160 N 06=06-"0G. € 619.700 T60= 0= 0 200 — 669.700 750,000
200 N O~ 0- Oc E 40,000 20~ 0~ Oe 300 7094700 7504000
- W= 0-"0. - - . -S0= Qe . . _U. : B89, 500
«00 S 0-10- 0s € 404000 179-57-5%. 500 6694700 29,616
TS0 5 0-10- 0 € 3075999 S4-39- 0 600 TETT0T 90817
600 S 89-31- 0. € 420.100 90-22~ 0. 700 338.158 s10.598
700 0= 1= 0o @ 367670 $0- 0~ G 800 50 «489 19972
aoo S 89-53- 0. E 240.029 89-23- €. 100 804000 7504 600
AREA = 9508103 FI#92 7603657 ACFES
PERIMETER = 2535.997 T

€9



APPENDIX B

LOTTING AND TRAVERSE ADJUSTMENT PRINTOUT

64



PTeNJe PTeNDeo PTeNCe
$995 N un-ﬁf—g—mmmw—‘t—ﬂm!—wmw
9999 N 100000  E = 10CeNN0 9389 N 12616310 9998 N 1437.172 € 852.6%9
9975 N 1197459 E 8524276 9992 N 272e227  E 850800  S9YT R 282,703 € I1AIJTON
9976 N 422,684 € 1491.514 9979 N 426,737 E 174t1e480 . 9980 N 286775 E 1743.761
CFER N 350.848  E T993. 728 9983 N 348s054 — € ZAZ0ZZ Y9 W WL IZT E W/ILISS
99a3 N 349,027 € 2492889 9972 N 386e 804 E 26€3%132 9991 ‘N 1420957 E 2736750
3574 N 3a7e 77T € 27374628 985N I3a 685 E-3TTE.63T 9330 N 330.95F  E 2737808
9786 N 614,856 E 2231434 9993 N 14864971 E 2742483 9987 N 743,849 E 2056+6086
2988 N 1056.897 E 1398.403 3549 y 0 .
9971 N 1293.868 E 15344198 9994 N 1450695 9998 N 14504695 E 1365.961
& L YTl LTI ISR TR
333533 SOOI £ £33 S N1 DI JORIOIINE - £ 4555 £44
POINT BEARTNG DISTANCE END END POINT COORDSs
NOeo DEGeHINeSECe FTe POINT NORTH EAST
9999 N 89— 4~ 0y € 26370102 9991 142,957 27360750
9999 N _0- 6- Oe E 1604000 999%3 265,000 100279
9998 N O- 6~ 0e E 1017.400 9997 1277.398 102,058
9957 - &= O 'Y TOTE . 141 7.398 TOZ. 29
9996 N 88-29-25, E 750.620 9993 uar.xi’a’ 8524659
9995 $ 0- 5-29s W Z39¢718 9978 TI0T. 430 855318
997S N 75-34~ Q¢ W 257¢378 9989 1261¢61C 603,025
975 5§ 0= 529¢ W 9234233 $90% — Z¥Z.2ET  B50.800
9992 S 89- 4~ Oe W TSQe 620 9998 2600000 1000279
9992 N 89- &~ O0e E 643,080 9977 282,709 1493738
9977 AN 0-56- 1o W 1400000 9978 422, 684 14934514
9978 N 89~ 4- Os E 250000 G52/ I VT 7% (Y A & 47 TY Y| B
9977 N 89~ 4= 0¢ E 2504000 9980 2864 77S 1743.761
9979 S 0-56- 1¢ E T4Ce0J0 9980 2864773 T783,761
9560 N 89- 3-59. E 250.000 9981 290,848 1993.728
9581 N 77-44-50¢ E 255000 9982 INGO58 22892z
9982 N 89~ 2-59, E 250.020 9983 . 349,027 2492.889
9983 N 0-S6- 1s W 33,400

9984 - 382,422 2A92s3AS

99



S R Y Y e e s o L L]

ST IAREREE DISYANCES & BEARINGS bt et bbottd
ERE GRS S RAPERGE R RN RR BB S A AR R PP AU R AN ES SRR ESEN S SRS 4SRRI SNRRSE

FPOINT. BEARING DISTANCE END .
NJe : DEG+MIN+SECse FTe POINT NORTH EAST
9934 N 88-14-33, £ 1424855 9972 3864804 26350132
9972 N 68-14~32¢ € 102,720 3990 380954 27378048
9990 S 0-14-4Ce ¥ 420177 9974 3a7.7T7 2737.624
9974 § O-]a=3C0. W P08, 823 9991 132557 2735750
990 ’ . N 0-14~4Ce E 1097+026 9993 14864971 27424403
9393 § E€8-25-25¢ W 1377.001 ' 5 ’ &5+
9594 S £8-26-27¢ W 5134480 9998 . 1437.172 852.659
9975 § 75-33-59¢ E F€3+925 5788 1056, 83T T3I%8.403
9949 N 9-20-34. W 98.035 . 9970 1122.865 15020020
9970 N 10-39-25¢ € T78.000 9971 1293, 664 15338, 198
971 N 47= 0-34s W 2306000 9994 14500695 1365961
9987 § E3-33-59¢ € 217,200 9988 61k B858  Z2ITAN

't&tt.t..*tt“‘.t“0..‘.‘.l“t'*Q‘."‘t‘l‘.‘.‘i“‘tt‘.‘i‘.t.‘.t

AP RS REK CURVE " TATA FENEIRRETN
-c-nmntuuntov‘t"tto-ttuattttntt‘nttﬂrotl‘nqutoutttt't

QIR e, mppscpmupaver S Qg0 SREIGELENe  TANDT e foranc

9997 100 9989 11460299 25-15-24, 50S¢300 501e219 S e€8-11-62, E 2564822 1+499499168

9988 101 9987 1916100 22~ 0~ 0. TIIATS U 42T 4 P T T o T 18 £/ L Lo ) e
9986 102 9972 1910100 13-56~33e 4640805 463,660 S 60-32-15e E 233,536 | . 04899887370

9972 102 99714 1510,100 ISTP=Z5, 105,685 100610 8 &%= 9-I5s € LITL-5 mmmat 72:3 R 1401 S—
9974 102 9995 1910100 t-14- 3.  Ale143 414142 $ 71-24-57. E 20.572 0.899857184

$586 102 9974 1910+100 T7=13-57%; BT4.400 | S572¢328 & 82-10-38s € 2894430 O.B0988TIRZ

99



SEREGARSRAPANCUIAR R AAAE ARSI NS RCUE SRS EATARRSSERURAE2AGRDRESSRE

dgnewrhesd LOTTING OATA (I3 EY Ty Ty
RESAL AL EPIFENRGARPARE ISR RSERBEREREHE S ARE PRI R A DS AESNECR R4S 0

PR TYT] smeercseseoes HOPIZONTAL LINE DATA ~ececccmccmes — e "“'Q"'égﬁ%’:{ﬁ DAYTA =eeeeew
POINT BEARING DISTANCE INTERICR ANGLE POINY END POINT COORDS, RADIUS ARGLE DELTA ARC
NJ» DEGeMINeSECe FT AT END POINT NOo NORTH EAST FTe DEGeMIN+SECs FTe
LOT AUMBER 20AC
9996 N 88-29~25e¢ E 7500 620 88-23-56s 3995 1437172 T 8524659
9993 S 0~ 5-2% W% 2390714 160~ 0- Os 9375 11974457 852,276
9975 S O0- 5-29¢ ® ©25,233 91= 1-2%. 52 ZTZed2T 50, ®U
99092 S 89- 4~ Ov ¥ 75%0.620 88-58- 0. 9998 2604000 100.279
9998 N U~ 6- Os E 10174400 160~ 0— Oe 9957 1277396 162,05¢%
9997 N O~ 6- 0, E 1404200 91-26~34e 9996 14170398 1024299
AREA = AT1356. 62 FT#43 205 001641 ACRES ’
PERIMETER = 3a323,586 FT
LOT NUMBER ONE
9995 N 8=29-27+ E 513,480 179-55-59, 9994 Ta30.89% 1368.981
999 N 98-26-2% E 1377,001 © - 8B8-1a-45, ‘9993 14686971 276 24482
9993 $ U-14~-40, W 1C97.026 92="0-~ 7o 9990 T 3894954 2937 604
9990 S 88=14~32e W 102720 148-46-88, 9972 3860804 26354132
9972 N 60 =32-15¢ W 46 3¢ 660 173 1-44, 9986 15656 2231438 ISI0- 100 T3-56-33%, LY 7 7% | S
9986 N 53-33-59, W 217.200 169= 0~ 0. L T34 . 743,849 7056.686
9787 N 66-37-59% w 728,928 T65= 0= Os 9988 10564897 TI58:907 TUI0STO0 — 22= 0= 0o T35
9988 N 75-33-59, W 5634925 104~20-31¢ 99175 1197459 852,276
9975 N O~ 5-2S¢ E 239. 718 91-36~ 2. 9935 1337172 52,659
ARC AREA = A43668,891
ARC AREA = ~17CB869473 )
A;E:x:gm - 1117393.2305335 e 274029235 ACRES

L9




--on.-o-t.ggg'ocouxcot-tgoo.tgnc.-totnntmot;t.ot-ttttcnnnc
ErpEak Rt DISTANCES L BEAKR INGS ROXBOBRERE
t-ct-‘u’o-oontstotato:uuos-ttatoa.vta#tounnttt'v.-ootttoo.on

POINT BEARING DISTANCE END .
NO. ) . DEG.MINeSECe FTe POINT NORTH EAST
s9s8 N 9=20-34e ¥ 1014337 : 99s7 11224720 1518.732
9957 N 10-39-2%. € 1784677, ~ 3963 12983185 13arer155
9963 N 47— 0-34, ¥ 2244161 9962 18514168 1383.788
9961 S 47~ 0-34e E 235. 839 9587 T2B331S — IS3V681
9967 S 10-39-25¢ W 169,323 , 9951 ‘1123,011 ' 1489.328
9951 S 9-20~35e E 9ae732 95 29 4'e
PTeNCe PTeNCe ) PTeNOe
996 N 451e1 . 33861 N~ 1450 . . )
9963 N 12908.315 2 E  1347.755 9957 N 1122.720 £ 1S1e.712 99S1 N 11236011 € 1a89.328

$950 N 15029:536 € 1504707 %38 (0227 N - o

89



ﬁti.tt!"*‘Qgﬁ‘!'"*"!‘.Q"...t.ﬁﬁittﬁggttﬂﬁ‘t...ittt.’..t‘i.‘

I I L) LOTTING ATA [T XTII173
I.t.ltttlittlttti0‘0‘.'.t‘Ql‘0!Qt't.tt"tt"t.tht‘t"tﬂ't"*..‘
MORIZONTAL ( INE _DATA == ' '  emmee w ' J——
35?:; BEARING DISTANCE INTERICR ANGLE POINT END POINT COORDSe RADIUS ANGLE DELTA ARC
N3 DEG 4MINeSECs FT AT END POINT NO .. NORTH EAST FTe DEGMINLSECe FT.
LAT NUMBER TwOs
9975 S 75-33-59% E 5634925 169- 0~ Oe 9988 10564897 1398.403 ] :
9988. S 64-33-59, E  728.928 70-36-16, sos? TAZ, 849 20560686 19100100 22- 0~ O¢ 7334423
9987 € 4a-45-45, w 447,108 135-a5-a5%, 9979 RZC2737T - VTR 1. %80
9979 S 89~ A= Oe ¥ 2504000 90~ 0~ Os 9o78 4220688 14914514
9978 S D0-56- 1s E 1404000 0~ 0~ Oe 9977 Z82.703 Tag3.79%
9977 S B9~ 4- 0 ¥ 6434080 s6-58-30. 9992 2724227 €504800
9992 N O0- 5-29. € $25.231% 75-39-28. $975 1197 .459 8520276
ARC AREA = 17006.473 ‘ )
AREA = 758192495 F12%2 17, 405715 ACRES
PERIME TER = 3702+ 757 FT
LCOT NUNBER Twon
9987 S -ac-a5, W 4374104 TI3a-14=14e L) 4264757 —TFaisa80
9979 S 0-S6- 1e & 140,000 90- 0- 0. s9e0 _285.77S 1743.761
9980 N 89- 3-89 £ £56.000 166-47~ Ce 5381 230048 RS T 72N
9981 M 77T-44-89¢ E . 2554000 168=41- 04 ez 344,958 2242,922
9982 N 89- 3-59¢ E 2504000 96~ 3= Os G9¢e3 3ev 027 2492.889
9983 N 0=56- 1s W 33,400 90-49-26¢ 9984 3826422 2492, 245
9984 » 88-14-~33, € 142.355 31-13-12, 5672 366.804 2638.132
9972 N 60-32-15¢ w 4634660 173~ 1-ad, . 9986 614,856 2231434 19100100  13-56-33, 464,808
9986 N 53-33-59, w 217.2G0 98=23-44s 99E7 T 1834847 2056, 686
ARC AREA = -43684 891
AREA = 20 73A0e 15 FTe#2 ' 3. 759878 ACAES
PEFIMETEY = 22006 363 FT

69



FPREASEPERPIEARRRERBEE SR OASE 4RO SQ RO RRARAGEDNOLCCIPRRASEGGREESN

YT X EIIY] LOTTING OATYA L]
BEAESELERI SR EXAR SIS IR RSN EPER AP PRSRRXRBEERNEKS RS EREDEE AN

——emmmmosme—e WOPIZONTAL LINE DATA —eceess—cese= —=m==_HOR TA VE DATA s=evee=
35?5; BEARING DISTANCE INTERICR ANGLE 95?27 END POINT COOR0DSe RADIUS ANELE OeLTA ARCT
NOe DEGeMINeSECe FT AT END POINT NO. NORTH EAST FTe DEG.MINGSEC, T,
LOT NUM3ER ESMT
998C S B9~ A= Os ¥ 2506060 90~ O- Oe 9977 28247063 1493, 94
9977 N 0-S6- 1. W 140,009 90- 0- 0. °078 T 422,684 1491514
9978 N 89~ 4= Os E 2504000 390- 0- Oe 9979 A26e15T  17A1.480
9979 S 0-56- 1e € 1404007 90~ 0~ 0o 9980 2860 TTS 1743, 761
AREA = 35000400 F TR%2 G EGT4B9 ACRES
PERIMETER = 779999 FT
LOT NUMBER SH33
9998 N 89~ 4- 0, E 7504620 180- 0- O, 5962 272s227 9506800
9992 N 89~ 4= Ce £ ‘€43.080 180~ 0= O¢ 9977 2824703 1493,794
9977 N 89- 4~ 0e E 250,000 180- 0- Qe 9980 2864775 THR3. Y51
9980 N 87- 3-59 F 250,00 168-41~ Qe 9981 290.848 1993.728
9981 N 77-44-5G¢ E 255¢€00 166-41~ Ge $982 348957 22482.922
9982 N 89- 3-59, E 250,000 90- 0~ O. 9983 349,027 24924889
9983 N 0-56- 1¢ W 33,400 . 90-49-26¢ 9984 3624422 F492¢ 45
9984 N 88-14-33¢ E 2454575 87-59-53, 9990 3894954 2737804
9990 S 0-14-40¢ W 2474000 91-10-40. 9901 1424957 238,750
9991 S 89- 4- 0e W 2637102 88-58~- Oe 9999 1006000 1004000
9999 N 0- 6- O« E 16G+C00 91= 2~ 0. 9958 2604000 €0 279
AREA = rep = aslsis.g;zfr;;g ey 10394853 ACRES '

0L



[ AR LA R A s AN AR A A I R L A N AR L R T R XA At I AR A X R XA i1l al]

X AATEIILEL] T TETAEEGRBE
lttttt0"#‘0’*'0"0‘0"#..t.‘tlt.tbt.'#"‘t’!.‘tOOOQOOO.‘.Q“.‘
o it e rare SORTZONTAL L INE DATA =emcecemoomas N - - : . - MDRY Z: VE OATA =eewews
START END AL :
POINT BEAFING DISTANCE INTEFICR ANGLE POINT END POINT CCORDSe. RADIUS  ANGLE DELTA ARC
NOs DEGeMIN.SEC. FT AT END POINT NDe NORTH EAST FTe DEGeNINGSECe FTe
LOT  NUMBER oL32
9997 S 66-11-42s F SC1eZ10 167-22-18s 580 T36T+810 N . =2%% <
9989 S 75-38- Ce E 2574374 180~ 0- Oe 9973 11974459 £52e276
9975 § 75-33-50Gs E €37e334 T= 0- 1« L2 TT) T025.131 TST7.538
9949 N 75-33-S8¢ W 123,428 10-53-59, e288 10564897 1398,403
9988 S 68-33-59, E 726+928 169- 0- O« 3987 Ta3.849 2056+686 1910100 22~ O~ Ue TIIRZS
9987 S 53-33-59, E 217e200 S0- 2-30s 9986 6144856 2231.434
N . 10T NUMBER or3d
-3 . [ Y 514856 2231s638 —
9988 S 60-32-1% E 463,660 171-23~ % 9972 3860804 26354132 1910100  13-56=-33, 4644805
- Y Y 3 L) o 8 et ¥ o Q68
9974 S T1-28-57¢ E N1e142 25-27-2% g9es T 334.665 2776.621  1910.100 1-14- 3. 41.143
Qtlttitt...t‘t#.ﬁ.tit“‘t‘t‘t‘t‘ll.’tlt.‘tt.t;t’tti..t"t'tlt"
(I STREET CENTEFLINES F NG BEEXFIREEN
“t‘tttt‘l.t.tt.'.ﬁnt#t‘ttt!tt..‘!l'tﬁ‘#t'tt!.t.'."'#“tt“tt‘ .
P — MXWTA - - 1 0 0 : caene HORI ZONTAL CURVE DATA weccmew
START END _ )
POINT . BEARING DISTANCE :mznwn ANGLE PO INT END POINT COORDSe RADIUS ANGLE DELTA ARC
NDe DEG eMINs SECe FT AT END PCIN NOo NORTH EAST FTe DEGeMINeSECe *Te
LOoT AUMBER ROAC
999 S 47— G-38e E 2332000 122-20- 0Os 97T 1293.86% 1534, 198
99718 'S 10-39-25¢ w 174,000 160~ 0= Oy 9970 1122,865 1502.020
9970 S 9-20-34s € 84035 12-49- &, L TY) “T028.I N TS(7:936

Y



EEO SR G RERER S IR ARRANANASAIGRESSESRERE PR RAXAEREPES S IR INCSHREREN R

Sehnnsanss LOTTING DATA XTI IIIIL]
SEANERARBERE IR ER VISR R VIR A NRRIRNRARER AR KRS AAIRCERRRE N AEE BN

HERL ZONTAL LINE DATA ecomeecmamwee= semee HORIZONTAL CURVE DATA

ssr;ﬁ"r BEARING DISTANCE INTERICR ANGLE pg'?gr END POINT COORDSe RADIUS  ANGLE DELTA ARC

NO» DEGeMINeSECS FT AT END POINT NO o NORTH EAST FTe DEGeMINJSEC. FT.

LOT NUMBER " AREA

9996 N B8-20-26s £ 2641s1C1 88-18-4b¢ 9993 14866971 22483
9993 S 0-14-40. W  1097.D26 92- 0= 7. 9990 389.958 2737804
9990 S 38-14-33¢ W 345,575 3-49-26e TR ~3EZsX27 PAT T RS
9986 S 0-56- 1e E 330400 90- 0~ Oe 99e3 349,027 2492. 289
9983 S 69- 3-59¢ W 25C+000 158-41~ Ge 9982 344 954 20424922
9982 S T77-44-59, % 2554000 168-41~ Qe 9981 2904848 1993. 728
9981 S 89~ 4= 0. W 1873.699 Fa-55= 0. 9558 260 .900 100279
9993 N O« 6~ 0s E 11574401 91-36=34, 9996 1417398 1024299

AREA = 304 9286 26 FT&42 T70.001980 ACRES

PERIME TER ) 7573195 FY »

LOT NUMBER ~ RCAD

9962 S 47- O-34s € 224 161 12Z-20~ Os 9963 1298315 1547753
2963 S 10-39-25, w 178,677 160~ O~ Q. 9987 1122.720 15140712
9957 S 9-20-=34 E 101337 66-13-2%¢ 5048 1022.726 “T53T. 183
9948 N 75-33-59¢ W 27¢319 113-46-235, 9950 1029,536 15044707
9952 N 9-20-35; W Qae 732 160= 0= Oa 9951 1123011 T 1489.328
9951 N 10~39-2Se E 169323 12220~ Ceo 9967 12894813 15200641
9967 N aT- N-3&s W 235.839 T4=30- 0, EET) 135,225 " T3A8. 133
92961 ‘N 88-20-2% E 354668 135-30~ Qs 9962 14514165 1383.788

AREA = 13E8hs 67 FT#93 ~—g+ 268138 ACRES '

PERIMETER = 1067053 FT .

el




APPENDIX C

SMALL SUBDIVISION TEST PROBLEM PRINTOUT

73



SRSt E SIS ERRE ¢S REL S P RN OB OGRS KRS L vGé#Q.O'..’.Q

EEAINIIVS ADJUSTED THRAVERSE DATA e IRERRE
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PCHIMETIR = *1237,324 ov )
PToND. PTe NCo FTeNOe
101 N 430,000 [ 4 80,800 T 102 T N 300 000 £  S6.,000 to3 N 200a000 & 504000
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o7 N 86-12-215 € 126a738 " tos 120e102 353¢128
190 N_O0= $~25, B 3002000 j09 2205102 3534487
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20l N 0= 0= 0 E 1305000 90-25- 8, ‘302 3004000 304000
102 S 89-34-52 & 830 711 134=-28-345 118 2990373 135,709 :
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L bbb bebbban OKLAHCHA STATE UNIVERSITY SUPVEYING TRAVEREEE
VHO"A $IATE ITVERSITY SURVEYING TRAVERS

sane shkens C(LAHOVA STATE UNIVERSITY SURVEY ING TRAVERSEF
*4sn AR OKLAHOMA STATE UNIVFRSITY SURVEYING YRAVERSE
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TEOES mESY BA
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[T 2T
SRCREBBEER .
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S RERERER
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STAPT NG :
POINT BEARING DISTANCE INTERIOR ANGLE POINT €ND POINT COOROS» RADEIUS ANGLE DELTA ARC
NO. DEG.NIN.SECs T AT END POINT NO. NCRTM €AST T ogc.vun.sec. r
TRAVER SE A
1 N 29-S0- 0s W 269,015 $0-32-%5: z Z8IIGK 137114}
2 N 59-37-1S, € 239,063 e8-~13-28. 408.262 247,410
% S II-23-38. ¥ 253,873 T75=33-1%0, 0 TVHHTY 207125
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SREEE EEARRRERERESIRRRA RS IEESEEEREShhES itﬂQ‘ttttot‘.‘.tn.‘.tt‘ts )
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AREA = A1IUIT0 F Tee2 0+ 950269 ACRES
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PERINETER = 809.770 £T
.‘Ctt‘tt.‘.lt...C.““0‘..“'.‘.!""#“.“.0.“‘0.‘..‘.‘0'..0.
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POINT WEARING BISYANCE (4. .
NDe a OEG MINLSECS - T POINT NORTH AT

1 N 29-50- 0e W 269.015 2 263,364 Ate17t
2 T E6A-33~Z8, E 133. 715 1) 208810 2oY.12%
10 S 11-45-10. ¥ 157.716 ] 1 50,000 175.000
10 R T8=82=55. & 357555 3 i 585 %70 L2731 £ n—
3 S 13-17-23. ¥ 2704345 2 283,364 414171
Z ~37-1%. + 083 3 X262 247410
. S 11-23-48, W 203.873 10 2040410 207.125
10 N ¥2-3%-12: E 208135 (3 265,556 0T 586
IS N A8~ 4-44e 207.611 4 4040262 24T7.410
4. N 89-a2-57. & 238 .553 7 405,388 LLEPETY
7 S 31- 0-20. ¥ 1€3.210 6 265.556 - 401.886
r3 N 16~ 15<2%: W IR YT 5 ST RIS I05115
s S 75~49-S54, ¥ 208.131 3 546,470 103,316
3 SASIE 5. B EeE450 % LT3 ) TETETD
" N 16-36- 3¢ &  201.587 s 597,413 305.116
S N 56-46-20. € 182,172 [} —OYT.238 57502
3 S 35-38-39. % 360.518 4 404.262  247.410
s 3-17-27. e T LY 5T Y Y 235,960
? N 5-34<13. ¥ 293,177 8 697.238 457.502
8 $ 2T-43-20: € B2T49% Y Z35. 955 Y00, 785
° N Sl-43-a7. W  271.628 7 205,446 485,950
6 T E4-20-40, € 300,359 v

235.9569 T00.7385
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269.015 135-32-37. 2 “283.364 ale171
TTTTTTE T W 131723, ¥ Z10.3%5 YI7=27-28. 3 17X 14 ] OIS
3 N 75-49-Se. € 208.131 1€66~56-25, B 597 .413 305.116
ol O e & . - B . a 0 <
s S 27-48~29. E 521,494 56~32-20. 9 235.969 T700.785
N B3-20~ ' . <55="T. ~—& 255555 XOT-855
6 S 72~34-12. ¥ 2040135 119-10-58, 10 2044410 267v125
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PERIMETER = 2133.365 FY - —
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Iy S 11-23-48. % 203.873 75-57-12, 10 204.410 207,123
] - 81 - . . S
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TRAVERSE 3
~17-23. ) - 2. 3 11T ITIITE
3 S 45-22-39. E  202.450 15~ 0- 5. 4 . 4044262 247.410
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PERIMETER = - 6124167 FY

€8



OEER S LSR8 4 S RCEEA SR PEOREEVRE RS ARGROBS P DRES L0 0024 0020088000

UATA
SEESAREELSE S SRR PN RRENSP RPN IRNRRORNE L2 AV H VB0 044 4RE
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TRAVER SE 5 _
10 N 11-23-48. E 203.873 5¢-28-22, 4 4040262 ¢ 247.410
'Y $ 48~ a-44. £ 207611 — 89=21= &» [ 2€F.555 STT.886
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PERIMETER = 615618 FT
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& N 16-38=- 3¢ E 201.587 59-55-30. 5 597.413 3050116
T & S a-17-2%. € 263.7133 §85-59-38, 7 F05«2%5 W B3.960
7 S 89-42-S57., W 238,553 © 73~ 4-54. 'y 404,262 207.410
AREA = 23003.91 FT#% N (3 ‘
PERIMETER = 703.87¢ PT -
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TRAVERSE 9
7 N 2-34-13. % 293.177 2z-14~16, - s 69T e238 487,502
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T 3 8 &5-22-39. € 202.450 —TIETISTY, L1 o TH - aummnat L3 4128

17263013 ®"Tee2

763787 £

0e396308 ACRES
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APPENDIX G

* PRINTOUT OF FLOOD PLAIN ELEVATION -AND DATA GRIDS
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