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ABSTRACT

The evaluation of timber access road alternatives is
one of the primary tasks intimber harvest planning and
design. During the planning stages, it is also one of the
most difficult to accomplish quantitatively because a basis
for comparison is related to such values as grade, length,
horizontal and vertical curvature, and volumes of excava-
tion and embankment. Within reasonable time constraints,
these values are almost impossible to produce with any
accuracy. Evaluating several alternatives is usually out
of the question.

The analysis of timber access road alternatives
involves four analytic procedures:

1. Road projection of a proposedroad corridor with
a specified grade across a topographic or orthophoto map,

2. horizontal alinement analysis of the projected
road grade,

3. vertical alinement analysis of the horizontal
alinement, and

4. computation of excavation and embankment
quantities.

Automated analysis of these procedures has been
implemented on a desk-top calculator system using digiti-
zer and plotter peripherals. The logic and mathematics
are discussed.

The analytic system presented is designed for pre-
harvest planning and is based on map data. The analytic
routines are structured to accept field data with minor
programing changes.

Keywords: Road administration/planning (forest),
computer programs, timber management
planning.



INTRODUCTION

Timber harvest planning and design always begins with a thorough
analysis of the maps and aerial photographs covering the proposed harvest
area. This aspect of the design process can, if properly done, reveal much
about the planning area and increase the efficiency of the layout crews in the
field. Alternative roads, landings, and settings can be evaluated on paper,
and the most suitable combination of these scheduled for field examination.

Much information about the timber stand and the terrain it occupies may
be determined from maps and photographs. Quantitative values for area,
volume, species, size, and distribution can be obtained by the experienced
planner. Simple methods and procedures for doing this are readily available
to the forest manager.

The quantitative evaluation of road and landing alternatives is much more
complex. Basesfor comparison are such values as grade, length, horizontal
and vertical alinement, and volumes of excavation and embankment. These
values are not readily apparent from the topographic maps but could be labori-
ously obtained manually if time allowed. Even so, examining several alterna-
tives is usually out of the question.

This paper presents an analytic system for evaluating timber access
road alternatives, using topographic maps and a desk-top calculator, digitizer,
and plotter. The procedure is simple, fast, accurate, and allows maximum
interaction and engineering judgment on the part of the designer. This informa-
tion should be useful to resource managers and of particular interest in planning
logging and transportation systems.

THE DESIGN PROCESS

The general design process for timber access roads can produce results
useful in evaluating and comparing planning alternatives. The design flow of
this process is illustrated in figure 1.

Each step of the design process produces results that are used to
1) determine if that alternative is satisfactory with respect to design
standards, and 2) generate an array of information to be used in comparing
alternate routes. The results obtained at the various steps of the design
process are shown in figure 2.
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THE DESIGN SYSTEM

A design system capable of high-speed data manipulation, maximum
designer interaction, and ready availability is needed to facilitate rapid and
accurate evaluation of timber access road alternatives. Desk-top calculator
systems with digitizer and plotter facilities best meet these requirements,

Modern desk-top calculator systems (fig. 3) are capable of high-speed,
complex numeric computations with data input and output through digitizers,
plotters, and printers. Maximum designer interaction is possible because
the designer brings his maps, photographs, and concept of the problem directly
to the system and uses his skill, knowledge, and judgment to analyze the trial
road, vary its parameters, and converge on an acceptable solution. The desk-
top computer system relieves the designer of routine '"number crunching' and
allows him to apply professional level skills and judgment to the problem.

This design system allows the designer to immediately see the results of his
decisions, make desired changes, and carry out many more design cycles than
are possible using manual methods or even some methods employing large-scale
computer systems.
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Figure 3.--Desk-top calculator system with digitizer, plotter,
printer, and card reader.

The use of the digitizer in this design process isindispensable. The
digitizer is necessary to convert the graphically displayed information on the
topographic map to numeric coordinates (X, Y, Z). These coordinates are
transferred to the computer and processed by the analytic routines. The
results are then displayed on the plotter and printer for evaluation by the
designer.

DESCRIPTION OF ANALYTIC ROUTINES

Road Projection

The road projection routine is used by the designer to project trial roads
at selected grades from a topographic or orthophoto map base. The map is
placed on the digitizer and trial locations projected using the digitizer cursor.
Information from the digitizer is processed by the desk-top calculator, and an
overlay plot of the routes is made on the plotter. The plots from this routine
will subsequently be used by the horizontal alinement routine. The general
logic for this routine is shown in figure 4.
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Horizontal Alinement

This routine is used to develop the horizontal alinement data using the
trial grade lines produced *bythe road projection routine. The plotted grade
lines on the overlay are transferred to the map positioned on the digitizer.
Using the map and the grade line overlay, P. I, points (point of intersection
between tangents) are selected using the digitizer. This information is
processed by the calculator, L-line data printed (curve data for each curve,
stationing, number of curves, and total curvature) and plan view of the L-line
plotted. The plots from this routine will be used by the vertical alinement
routine. The general logic for the horizontal alinement routine is shown in
figure 5.

The calculations for L-line stationing and curve data are similar to those
used in standard highway engineering texts. L

Vertical Alinement

The vertical alinement routine is used to introduce vertical curve geometry
to the road grade and produce cut and fill depths' at the centerline of the road.
A labeled plot of the road ground profile and grade profile is also produced.

The overlay generated by the horizontal alinement routine is used to
determine ground elevations from the topographic base map on the digitizer.
The mathematics for the vertical curve geometry used by the vertical alinement
routine are similar to those used in-standard highway engineering texts (e.g.,
see footnote 1).

The general logic for the vertical alinement routine is shown in figure 6.

Earthwork Routine

The earthwork routine combines cut and fill information from the vertical
alinement routine with descriptions of the road template (road bed width, cut
and fill slopes, and ground slopes) to produce excavation and embankment
guantities. The macroflow chart for this routine is shown in figure 7.

The computations for roadway cross-section areas used in the earthwork
routine are based on '"'slope stake'' notation. This decision allows the routine
to accept data from the digitizer, or in field note form with minor program
changes, To accept data from the digitizer, slope stake points are located
using slope intercept calculations.

1/ Thomas F. ‘Hickerson. Route surveys and design. 4th edition, McGraw-Hill
Book Co., Inc., New York, 1959.
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Excavation section (referto fig. 8).--

HI - C& _ Al

s =¢c &2
Bl - 2 = ngS) + R/2 (S)

Hl(c) - HI(S) = ce(c) + RrR/2 (5)(C)

_c2(c) + R/2(S)(C)
= C -8

H1

and, using the same geometry,

02-H2=-S(—g§-)—+3/2 (s)

c(ce) - C(H2) = S (H2) + R/2 (C)(S)

ca2(c) - R/2 (C)(5)

HZ = C + 3
and
_HI - cC2
x4_—S
02 = X4 + R/2
02 :u - R/Z
S
_Hz 4
XS—C R/2
D1 = X5 Y R/2
H2
D1 --C—+R

Area of Excavation Section =X = 0.5[(HIMD1) + (H2)(D2)]

Embankment section (referto fig. 9).--
Using the same geometry,

H1-

, [(Cl)(E) + R/2 (S)(F)] / (F-S)

H2 = [(C1)(F) - R/2 (S) J(F).]./' (F+S)

p1 = (H2/F) +R

02

[(H1 - ¢1) / 81 T R/2

Area of Embankment Section = 0.5 (#1(D1) t H2(D2)]
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Combination section.--In a combination section (one with excavation

and embankment) there are two conditions to be treated: (@) fill at centerline,
and (b) cut at centerline.

1. Fill at centerline (refer to fig. 10)

_ C1
03 = ¢
i
D1 =%
p1 = B+ * (R/2 - D3)
c

LR -

S :& (R/2 = D3)

HI = o + s(r/2 - D3)

H1(C) = HI1(5) + (R/2 - D3)(5)(C)
H1(C-S) = (R/2 - D3)(C)(S)

, - (B/2 - D3)(5)(C)

i C - 5)

Area of excavation = [HI (R/2 - D3)] / 2

then,
Da(s) = D2(F) - (R/2 + D3)(F)
Da2(s) - D2(F) = - (R/2 + D3)(F)

_ (R/2 + D3)(F)

02="F—5

and
H2 = Da2(5)
g9 = (R/2 + D3)(F)(S)

F-S

Area of embankment =M = [(R/2 + D3) H2] / 2

12
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2. Cut at centerline (referto fig. 11)

Using the same geometry as in fill,

o 2
p1 =2+ (r/2 + 03)
02 = H8/S

a1 - (B2 + D3)(5)(C)

c-S5
Area of excavation = [HI (R/2 + D3)] / 2

_ (R/2 - D3)(F)(S)

H2 F- s

Area of embankment = [(R/2 - 03) H2] / 2

Figure 11 _.--Finding area of combination section with cut at centerline.



LIMITATIONS

The design system routines discussed in previous sections will treat the
specific problem of evaluating timber access road alternatives. Although the
program codes are designed for relative ease of modification and use, there
are several limitations that should be discussed.

First, the analytic routines are specifically designed to produce quantita-
tive information for evaluating planning alternatives. In this respect, topogra-
phic data are expected to come from topographic or orthophoto maps. The
routines may, however, be modified to accept field data by altering the program
input statements.

Second, the horizontal alinement routine uses curve radius rather than
degrees. It is feltthat' curvature is easier to visualize on maps using radii.
The analytic routine provides for the degree function and could accept degree
input.

Third, the roadway template does not provide for ditches, curve widening,
superelevation, or curvature corrections for earthwork. For planning purposes,
it is felt that these items make a relatively small contribution to volumes, while
detailed road design will require their consideration. Adjustments for shrink
or swell can be made from the earthwork summary.

The design of the analytic routines is general enough that the above
limitations can be eliminated without major logic or programing changes.
What changes are required can be accomplished by any competent BASIC
language programer.
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APPENDIX A

EXAMPLE PROBLEM OPERATING INSTRUCTIONS

Explanation

The purpose of this example is to illustrate the procedure for locating a
road on a topographic map and then evaluating the proposed location in terms
of horizontal alinement, vertical alinement, and earthwork. The operating
instructions presume a knowledge of the Hewlett-Packard Model 983042/
system configuration (fig. 12) and initializing procedures. Supplementary
display instructions are provided under program control.

1. Install "Timber Access Road Pac' tape in the calculator. Place
"Timber Access Road Pac'' overlay (fig. 13)over S. F. keys.

2. Press LOAD, EXECUTE.

3. Press RUN, EXECUTE.

4. Select the desired program by pressing the appropriate S. F. key.
Keep in mind that the earthwork program post-processes vertical alinement
program data.

5. Refer to program instructions for program selected.

6. General instructions may be obtained by pressing S. F. key 4.

Road Projection

Press S.F. key 8.
Place the map on the digitizer (fig. 14).

3. Place transparent overlay material on the plotter. Adjust plotting
area for 9 x 14 inches.

4. Enter map scale, feet per inch.

5. Enter contour interval, feet.

6. Digitize first tic mark (usedto aline overlay on the map) after hearing
beep, Press [S] on the cursor.

7. Digitize second tic mark. Press [S] on the cursor.

8. Enter trial grade, percent.

9. Digitize road starting point. Press [S] on the cursor.

10. Digitize the road location by moving the cursor to the next contour
away from the starting point, press [C] on the cursor, and move the cursor
along the contour until a beep is heard. Move the digitizer to the next contour
and continue across the map along the desired road location. To change grade,
press STOP, CONT 250, EXECUTE, and repeat instructions beginning at step 8.
The plotter will plot the location on the overlay.

11. At the end of the road location, press STOP, SHIFT, and S. F. key 8.

12. The printer will print summary of input data and length of the road
projection in feet and miles.

13. Follow display instructions for new trial road.

N P

2/ The use of trade, firm, or corporation names in this publication s not

an official endorsement or approval by the U.s. Department of Agriculture of any
product to the exclusion of others which may be suitable.
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Figure 12.

MODEL 9830A SYSTEM CONFIGURATION

MODEL 30 CALCULATOR
d 1760 Words RWM, Basic Calculator
& 3808 Words RWM, Option 275
O 7904 Words RWM, Option 276

ROMS
_Plotter Control 271
String Variables 274
Extended 1/0 272

PERIPHERALS SELECT CODE
098 ACardReader......................
[0 9861A Typewriter. ..........covvuunn...

® 9862A Plotter. .............. . ... .. Primary
0 9863A Paper Tape Reader. . ............... S
9864A Digitizer.. .......... ... Primary
&g 9865A Cassette Memory. . ................ 5
9866A Thermal Page Printer. . ............. _Primary

(0 9867 Mass Memory Drive (Unit No. ) ....

Doo0ooao

SPECIAL FUNCTIONS | Timber Access Road Pac |
45
f:b End Road End Finish
Figure 13.--Special |§ L_Proj. || HAL VAL
function key '
overlay card.

Rd.Proi]] HAL || VAL |Farche'k]] Instr.

Shz;ft

[Up-Down [[Down=up |[ lot | lCut—Fiﬁ.H |
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Figure 14.--Map positioned on the digitizer.

Horizontal Alinement

1. Press S.F. key 1.

2. Place road projection plot on the map (fig. 15).

3. Place transparent overlay material on the plotter, Use 9- x 14-inch
plotting area.

4. Enter map scale, feet per inch.

5. Plotter will label plot.

6. Digitize starting point of the road. Use topographic map and overlay
plot to select point. Press [S] on the cursor.

7. Digitize the next P.l. point. Use the map and overlay plot to select
the appropriate point. Press [S] on the cursor. The plotter will plot the tangent.

8. Digitize the next P.l. point.

9. Enter curve radius, feet.

10. Enter direction, right or left.
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11. The plotter will identify curve and plot curve. Printer will list the
curve data:

Delta

Radius
Tangent
Length

P.C. station
P.T. station
P. 1. equation

12. Repeat at step 8, for remaining road length.

13. Atthe end of the road, press STOP, SHIFT, S. F. key 1. The printer
will list a summary giving total number of curves, total curvature, and L-line
distance in feet and miles.

W\ LA

\‘\\ '-\‘.\\.\‘\ - * \\ \
SN

Figure 15.--Road projection plot positioned on the map.

Vertical Alinement

1. Place horizontal alinement plot on the topographic map (fig. 16).

2. Place cross-section paper on the plotter. Use 9- x 14-inch plotting
area and install tape cassette in cassette memory device premarked with
appropriate number of 20-word files.

3. Enter map scale, feet per inch.

4. Enter contour interval, feet.

5. Enter starting elevation of road, feet.

18



6. Digitize road profile. Digitize each point where a contour crosses
the L-line on the overlay, using [S] on the cursor. Begin at station 0+00 and
use the S. F. keys 5 and 6 to change ascending to descending points, and vice
versa. The program assumes ascending points to start.

7. When profile is digitized, press STOP, S.F. key 7.

8. Enter desired horizontal and vertical scale of the plot; feet, feet.

9. The plotter will label the plot and plot output. The printer will list
distance and elevation.

10. For analysis of cut or fill at the centerline, press S. F. key 8. This
provides a routine to allow the introduction of parabolic vertical curves.

11. Enter grade elevation at station 0; feet, 0, EXECUTE.

12. Enter first P.V.Il. (point of vertical intersection) elevation and
station; feet, feet, EXECUTE.

13. Enter next P.V. l. elevation and station; feet, feet, EXECUTE.

14. Enter vertical curve length in stations; e. g., 600 feet = 6 stations.
Plotter will plot road grade and the printer will list cut and fill data, The data
will be stored on tape.

15. Repeat at step 13 until the end of the road is encountered.

16. Press SHIFT, S. F. key 2.

17. The plotter will complete the plot (fig. 17), and the printer will
complete the listing and print a summary of vertical curve data.

{
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Figure 16.--Horizontal alinement plot positioned on map with partial
printer listing. ~
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VERTICAL CumRYE DATA

T - ROAD PROF”_E PLOT STATION GREGUHD GRADE CUT FILL

HOR. SCALE: | IN.= SEE FEET 5] 2 2EEE 5
VERT. SCRLE: | IN.= |B@ FEET 8.8 v1eE 2
9.4 + 44,3 2 281
8.4 + B2.3 2 26
1.8 + 22,3 2 z
JapR + 1.8 + 42,4
1.8 + BV.T
IR + TS9.7
5.8 + 7
5.8 + .
7.9 +
32 7.0 +
28 +
5] +
+
+
"
3188 + +
+ 3.5
+ 7.7
+ ; 1.7
+ z
+ a
agee 4 1 + =
17.0 + 1
1.8 + 5
2.8 + L7
8.4 + V7B
2.8 + 55 1
2888 + 22.8 + 35 7
24 5 + 1% [ 3.6
25,4 + 59 I 14.3
5] + T.E = 1.8
5} + 4.4 &l .0
5] + 78,9 2 3.2
2808 4 5] + 15.2 ] 0.7
5] + S8.8 1 EP]
5] + 2.7 v [SIC]
4] + 13.7 4 2
5] + 94,8 i 5
4] + 43,2 ] 5
el + g + 3@.1 f 1
i + E2.6 & 7
N + 3.8 5 9
5] + 47,7 5] 2
5] + B4.5 @ 3l
2568p - +

+
T

1686, 8 2.0 4.4
242@.0 5.8
3359, 0 5.4

Figure 17.--completed road profile plot with partial printer listing.



Earthwork

Press S.F. key 3.
Rewind data tape on cassette memory.
Enter road bed width, feet, EXECUTE.
Enter cut slope, value, EXECUTE: 1 (1 =1:1),
Enter fill slope, value, EXECUTE: 1 (L.5= 1.5:1),
. Enter number of side slope breaks to be used (maximum of 20), value,
EXECUTE.

7. Enter each side slope and ending station, side slope, ending station,
EXECUTE. Enter side slope as a decimal (e.g., 25 percent = 0.25).

8. The printer will list results of earthwork analysis and summary of
excavation and embankment (fig. 1.8).

SohwN P

ROADEED MIDTH = 16,8 FEET
CUT SLOPE RATIO = 1.8  ti
FILL SLOFE RATIO = 1.5 11

S1DE SLOFE OF 45.8  PERCENT EMDS AT 5T
SIDE SLOPE OF 38,8  PERCEMT EMDS AT 57
SIDE SLOPE OF S@.8  PERCEMT EMDS AT 5T

Hi

—

EARTHUORE DUAMTITIES

CEMTER-LIHE ARER (SELFT. D WOLLME oL D
STATION CuT FILL B EME £l Bk

B8 B B 6 SR i, 5 £
1.6 S 11.2 o L 51,3 13
ddg, 2 (S 4, & 11e. 8 Er 1E
el B, (5G| o, 5 187, e
FEE.d o (! 18,4 3 15
Es, R 2. 0.8 1e.1 13
IRle S ] B 6 1a.1 1
1 ! g, B B, g HEE
159, 5 e B g B8 S
1977 .68 B A, @ 12, a o
I Bl B8 22,8

B, 8 e B8 1E,2

1.6 el B, @ 21,7

SETE, S 1.4 2, 6 R
ERENT 1.8 (S oL
& . i @, 8 B, H an. B
£ ot (SIS Vb 192,68
j1EE.7 H, 6 g B Ted, @
GEED. A B, B B, Eha ]

TOTAL EMBAHKMENT = &%
TOTAL EXCAYATION =

CUBTC YARDE,
CUBTIC YARDS,

Figure 18.--pPrinter listing of earthwork analysis results.
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PROGRAM LISTINGS
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VARIABLES USED IN THE ROAD PROJECTION PROGRAM, TAPE FILE 2

QI
"

o)
1"

VARIABLES USED IN THE HORIZONTAL ALINEMENT PROGRAM,

Horizontal Map Scale
Contour Interval

Tic Mark Coordinates

Trial Grade, Percent
Computed Map Distance

Initial Coordinates

Intermediate Coordinates

Trial Distance
Accumulate Road Distance

TAPE FILE 3

>
»
(T

<X IN=-Z
"

24

Alphameric String for Curve Direction
Curve Number

Plotting Counter

Degree Accumulator

Horizontal Map Scale

Operating Coordinates
Coordinates of Road Starting Point
Back Tangent Coordinates

Forward Tangent Coordinates

Angle of Back Tangent
Back Stationing at P.I.
Length of Back Tangent
Angle of Forward Tangent
Polar Angle

Length of Forward Tangent
Angle Between Tangents
Variable for Quadrant Correction
Curve Radius

Curve Tangent

Degree of

Curve Length

P. C. Distance

P.T. Distance

Normalized VValues of P. C. Station

Normalized Values of P. T. Station



S8

23 = Normalized Values of P.l. Equation
S6,
Zz2 = Distance Accumulator
R = Polar Distance
D5 = Central Angle Plot Increment
D6 = Deflection Angle
D7 = Deflection Angle Increment

VARIABLES USED IN THE VERTICAL ALINEMENT PROGRAM, TAPE FILE 4

AS(I, 1) = Station
AS(I, 2) = Ground Elevation
B(l) = Station
B(2) = Ground Elevation
B(3) = Grade Elevation
Cc@ = Counter
| = Array Index Variable
S1 = Distance Accumulator
J = File Counter
K = Array Index Variable
VS(20, 3) = P.V. Il Station and Elevation Array
H = Horizontal Map Scale
C = Contour Interval
ES5 = Starting Elevation
E = Elevation Print Variable and Accumulator
§ = Operating Coordinates
x1 . .
vl = Initial Coordinates
X2
y = Forward Coordinates
S = Distance Between Coordinates
\Y/ = Vertical Plot Scale
X = Lable Variable
A = Array Index Variable
E2 = Starting Grade Elevation
52 = Starting Station
Gl = Back Tangent Grade
E3 = Back P. V. Il. Elevation
s3 = Back P.V.Il. Station
E4 = Forward P. V. l. Elevation
s4 = Forward P.V. |. Station
G2 = Forward Tangent Grade
Ll = Vertical Curve Length
Pl = P.V.C.
P2 = P,V,T.
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Normalized Stationing

S1
55
R2
Cl

Grade Elevation
Rate of Change of Grade
Cut or Fill at Centerline

VARIABLES USED IN THE EARTHWORK .PROGRAM, TAPE FILE 5

AS(100,2) = Cornmon Buffer
BS(1) = Station
BS(2) = Ground Elevation
BS(3) = Grade Elevation
D(20, 2) = Side Slope Break Array
o]0 = Counter
Q = Number of Side Slope Breaks
X3 = Excavation Accumulator
M3 = Embankment Accumulator
X2 = Excavation Volume Between Sections
M2 = Embankment Volume Between Sections
X = Area of Excavation
M = Area of Embankment
A = File Load Counter
R = Roadbed Width
C = Cut Slope
F = Fill Slope
S = Slide Slope
J = File Counter
L = Centerline Stationing
Cl1 = Centerline Fill (Combination Section)
Cc2 = Centerline Cut (Combination Section)
D3 = Offset Distance (Template)
g; = Template Distances
glz = Template Heights
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THFE FILE @

REM LOAD SPECTAL FUNCTION KEVE. TAFE FILE @
LOAD  KEY 1

36 DISF "SELECT FROGRAM O &F KEYS'

46 EHD

i
Y e
iai Bob

H

THFE FILE 1. SPECTAL FUHMETIOW KEYS

EFOKEY 8

1

2

#ORDE . 18 18

SFOEEY 1

L OFADE. 16 10%

SF KEY 2
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The mission of the PACIFIC NORTHWEST FOREST
AND RANGE EXPERIMENT STATION is to provide the
knowledge, technology, and alternatives for present and
future protection, management, and use of forest, range, and
related environments.

Within this overall mission, the Station conducts and
stimulates research to facilitate and to accelerate progress
toward the following goals:

1. Providing safe and efficient technology for inventory,
protection, and use of resources.

2. Development and evaluation of alternative methods
and levels of resource management.

3. Achievement of optimum sustained resource produc-
tivity consistent with maintaining a high quality forest
environment.

The area of research encompasses Oregon, Washington,
Alaska, and, in some cases, California, Hawaii, the Western
States, and the Nation. Results of the research will be made
available promptly. Project headquarters are at:

Fairbanks, Alaska Portland, Oregon
Juneau, Alaska Olympia, Washington
Bend, Oregon Seattle, Washington
Corwallis, Oregon Wenatchee, Washington

La Grande, Oregon

Mailing Address: Pacific Northwest Forest and Range
Experiment Station
P.O. Box 3141
Portland, Oregon 97208

GPO 991-518



The FOREST SERVICE.of the U. S. Department of Agriculture
is dedicated to the principle-of multiple‘'use management of the
Nation's forest resources for'sustained yields of wood, water,
forage, wildlife, and recreation, Through forestry research, co-
operation with the States and private forest owners, and man-
agement of the National Forests-and National Grasslands, it
strives — as directed by Congress -- to-provide increasingly greater
service to a growing Nation.
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