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ABSTRACT 

The evaluation of t imber  a c c e s s  road al ternatives is 
one of the p r i m a r y  t asks  in  t imber  ha rves t  planning and 
design. During the  planning s tages ,  it is a l s o  one of the  
mos t  difficult to accomplish quantitatively because a bas i s  
for  comparison is related to  such values as grade,  length, 
horizontal  and ver t ica l  curvature,  and volumes of excava- 
tion and embankment. Within reasonable t ime  constraints ,  
these  values a r e  a lmost  impossible t o  produce k i t h  any 
accuracy.  Evaluating severa l  al ternatives is usually out 
of the question. 

The analysis  of t imber  access  road al ternatives 

1. Road projection of a proposedroad cor r idor  with 
a specified grade a c r o s s  a topographic o r  orthophoto map,  

2. horizontal alinement analysis  of the projected 
road grade,  

3.  ver t ica l  alinement analysis  of the  horizontal  
alinement, and 

4. computation of excavation and embankment 
quantities. 

involves four analytic procedures:  

Automated analysis  of these  procedures h a s  been 
implemented on a desk-top calculator sys tem using digiti- 
z e r  and plotter per ipherals .  The logic and mathematics 
are discussed.  

The analytic sys tem -presented is designed for pre-  
ha rves t  planning and is based on m a p  data. The analytic 
routines are s t ructured t o  accept field data with minor  
programing changes. 

Keywords: Road administrat ion / planning (fore s t ) ,  
computer p rograms ,  t imber  management 
planning. 



INTRODUCTION 

Timber  harves t  planning and design always begins with a thorough 
analysis of the maps  and ae r i a l  photographs covering the proposed harves t  
a r e a .  This  aspect  of the design process  can, i f  properly done, reveal much 
about the planning a r e a  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 fo r  field examination. 

Much information about the t imber  stand and the t e r r a in  it occupies may 
be determined f r o m  maps and photographs. 
volume, species ,  s ize ,  and distribution can be obtained by the experienced 
planner.  
to  the fores t  manager.  

Quantitative values for  a r e a ,  

Simple methods and procedures  for  doing this a r e  readily available 

The quantitative evaluation of road and landing alternatives is much more  
complex. Bases  for  comparison a r e  such values as grade,  length, horizontal 
and ver t ical  alinement, and volumes of excavation and embankment. These 
values a r e  not readily apparent f r o m  the topographic maps but could be labori- 
ously obtained manually if t ime  allowed. Even so, examining severa l  a l terna-  
t ives  is  usually out of the question. 

This paper presen ts  an analytic sys tem for evaluating t imber  acces s  
road al ternat ives ,  using topographic maps and a desk-top calculator,  digit izer,  
and plotter. The procedure is simple,  fast, accurate ,  and allows maximum 
interaction and engineering judgment on the par t  of the designer.  This  informa- 
tion should be useful to  resource  managers  and of par t icular  interest  in planning 
logging and t ransportat ion systems.  

THE DESIGN PROCESS 

The general  design process  for  t imber  access  roads can  produce resu l t s  
useful in evaluating and comparing planning alternatives.  
th i s  p roces s  is i l lustrated in figure 1.  

The design flow of 

Each s tep of the design process  produces resu l t s  that a r e  used to  
1) determine if  that alternative is satisfactory with respect  to  design 
s tandards,  and 2) generate an a r r a y  of information to  be used in comparing 
a l ternate  routes.  The resul ts  obtained at the various steps of the design 
process  a r e  shown in figure 2. 



Figure 1.—Design flow
for timber access
road analysis.
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Figure 2 .  --Design results useful  i n  eva luat ing  
timber acces s  road a1 t e r n a t i v e s .  

THE DESIGN SYSTEM 

A design sys tem capable of high-speed data manipulation, maximum 
designer  interaction, and ready availability is needed to  facilitate rapid and 
accurate  evaluation of t imber  access  road al ternatives.  Desk-top calculator 
sys tems  with digitizer and plotter facil i t ies bes t  meet  these  requirements,  

Modern desk-top calculator sys tems (fig. 3) a r e  capable of high-speed, 
complex numeric  computations with data input and output through digit izers,  
p lot ters ,  and pr in ters .  Maximum designer interaction is possible because 
the  designer brings his maps ,  photographs, and concept of the problem directly 
t o  the sys tem and uses  his  skill,  knowledge, and judgment t o  analyze the trial 
road,  vary  i t s  pa ramete r s ,  and converge on an acceptable solution. The desk- 
top computer sys tem re l ieves  the designer of routine "number crunchingt1 and 
allows h i m  to apply professional  level  ski l l s  and judgment to the problem. 
This  design sys tem allows the designer to  immediately see  the resul ts  of his 
decisions, make des i red  changes, and c a r r y  out many m o r e  design cycles than 
a r e  possible using manual methods o r  even some methods employing large-  scale  
c o mp ut e r s y s t e m  s . 
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F i g u r e  3 .  --Desk- top c a l c u l a t o r  s y s t e m  w i t h  d i g i t i z e r ,  p l o t t e r ,  
p r i n t e r ,  and card  r e a d e r .  

The use of the digit izer in this  design p rocess  is indispensable. The 
digit izer is necessa ry  to  convert the graphically displayed information on the 
topographic map  to  numeric  coordinates (X, Y ,  Z ) .  These  coordinates a r e  
t r ans fe r red  t o  the computer and processed by the analytic routines. The 
resul ts  a r e  then displayed on the plotter and pr in ter  for evaluation by the 
designer 

DESCRIPTION OF ANALYTIC ROUTINES 

Road Projection 

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

The map  i s  

The plots f r o m  this routine 
The general  
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Figure 4.—Macroflow chart
for road projection
routine.
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Ho r izont al  A in ement 

This  routine is used t o  develop the horizontal alinement data using the 
trial grade l ines produced *by the road projection routine. The plotted grade 
l ines on the overlay a r e  t r ans fe r red  t o  the  map  positioned on the digitizer. 
Using the map and the grade line overlay, P. I, points (point  of intersection 
between tangents) a r e  selected using the digitizer. This  information i s  
processed by the calculator,  L-line data printed ( c u r v e  data fo r  each curve,  
stationing, number of curves ,  and total curvature) and plan view of the L-line 
plotted. 
routine. 
figure 5. 

The plots f r o m  this routine will be  used by the ver t ica l  alinement 
The general  logic for the hor izonta l  alinement routine i s  shown in 

The calculations for  L-line stationing and curve data a r e  s imi la r  t o  those 
used in standard highway engineering t e x t s . l /  

Vert ic a I AI i n em en t 

The ver t ica l  alinement routine is used t o  introduce vert ical  curve geometry 
to  the road grade and produce cut and f i l l  depths' at the  centerl ine of the road. 
A labeled plot of the road ground profile and grade profile is a lso  produced. 

The overlay generated by the horizontal alinement routine i s  used to  
determine ground elevations f r o m  the topographic base map on the digitizer. 
The mathematics for  the ver t ica l  curve geometry used by the ver t ica l  alinement 
routine a r e  similar to  those used in- s tandard highway engineering texts (e. g . ,  
see  footnote 1).  

The general  logic fo r  the vert ical  alinement routine is shown in figure 6. 

Earthwork Routine 

The earthwork routine combines cut and f i l l  information f r o m  the ver t ica l  
alinement routine with descriptions of the road template ( road bed width, cut 
and f i l l  slopes, and ground slopes) to.produce excavation and embankment 
quantities. The macroflow char t  for th is  routine is shown in f igure 7. 

The computations fo r  roadway cross- sect ion a r e a s  used in the earthwork 
routine a r e  based on 'Islope stake" notation. 
t o  accept data f r o m  the digitizer, o r  in field note f o r m  with minor p rogram 
changes, T o  accept data f r o m  the digitizer, slope stake points a r e  located 
using slope intercept  calculations. 

This  decision allows the routine 

Thomas F .  'Hickersan. Route surveys and design. 4th  edi t ion,  McGraw-Hi11 
Book Co., Inc., New York, 1959. 
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Figure 5.—Macroflow chart for
horizontal alinement routine.
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Figure 6.—Macro flow chart
for vertical alinement
routine.
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Figure 7.—Macroflow
chart for earthwork
analysis routine.

9



Excavation section ( r e fe r  to  f ig .  8) .  - -  

H I  - C2 - H1 + R/2 - -  
S C 

HI (C) - HI (SI = CZ(C) + R/2 (S) (C)  

and, using the same  geometry,  

and 

H I  - C2 
S x4 = 

r 

02 = X4 + R/2 

H l  - C2 + R/2' 
S 02 = 

x5 = - H Z  + R/2  
C 

-02 = X5 + R/2 

H2 D l = - + R  
_ I  C 

Area  of Excavation Section = X = 0.5[(Hl)r . (Dl)  + ( H 2 ) ( 0 2 ) ]  

fibankment section ( r e f e r  to  fig. 9) .  - -  
I 

Using the same  geometry, 

01 = (H2/F) + R 

0 2  = [ ( H l  - C l )  / SI + R/2 

A r e a  of Embankment Section = 0.5 [ H l  (01) + H2(D2) 1 

1 0  
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Figure 8.  --Finding area of excavation section. 
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Figure 9.  --Finding area of embankment section. 
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Combination section. --In a combination section (one with excavation 
and embankment) t he re  a r e  two conditions to  be treated: 
and ( b )  cut at centerline. 

(a) f i l l  at centerline, 

1, Fill at centerline ( r e f e r  to fig. 10) 

Cl 03 = - S 

01 = - H l  + (R/2 - 03) 
C 

- =-  'I + (R/2  - 0 3 )  In 
s c  

HI = - + S(R/2 - 03) 
C 

Hl(C-S) = (R/2  - D 3 ) ( C ) ( S )  

Area  of excavation = [HI (R/2 - 0 3 ) ]  / 2 

then, 

(R/2 + D 3 ) ( F )  
F - S  02 = 

and 

H2 = D2(S) 

(R/2 + D3)(F)(S) 
F - S  H2 = 

Area  of embankment = M = [(R/2 + 03) H 2 ]  / 2 

1 2  



I 
I 
I 
I 

Figure lO.--Finding area of combination section with fill at centerline. 

2. Cut at centerl ine ( re fe r  t o  fig. 11) 

Using the same  geometry as in f i l l ,  

c2 03 = - S 

HI 
C D1 = - + (R/2 + 03) 

02 = H2/S 

A r e a  of excavation = [Hl (R/2 + D3)] / 2 
(R/2 - D3)(F)(S) 

F - S  H2 = 

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

I 
I 

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



LlMlTATlO N S 

The design sys tem routines discussed in previous sections will t r e a t  the 
specific problem of evaluating t imber  access  road al ternatives.  
p rogram codes a r e  designed for relative ease  of modification and use, the re  
a r e  severa l  limitations that should be discussed.  

Although the 

First, the analytic routines a r e  specifically designed to  produce quantita- 
In th is  respect ,  topogra- tive information fo r  evaluating planning al ternatives.  

phic data a r e  expected to  come f r o m  topographic o r  orthophoto maps.  
routines may, however, be modified t o  accept field data by al tering the p rogram 
input statements.  

The 

Second, the horizontal  alinement routine uses  curve radius ra the r  than 
degrees.  It is felt that' curvature  is e a s i e r  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 fo r  ditches,  curve widening, 
superelevation, o r  curvature  correction:s fo r  earthwork. 
it is fel t  that  these  i t ems  make a relat ively small contribution to volumes, while 
detailed road design will require  thei'r consideration. 
o r  swell can be made f r o m  the earthwork summary.  

F o r  planning purposes,  

Adjustments for shrink 

The design of the analytic routines is general  enough that  the above 
limitations can be eliminated without ma jor  logic o r  programing changes. 
What changes a r e  required can be accomplished by any competent BASIC 
language p rogramer .  

1 4  



APPENDIX A 

EXAMPLE PROBLEM OPERATING INSTRUCTIONS 

Explanation 

The purpose of th is  example i s  t o  i l lus t ra te  the procedure f o r  locating a 
road on a topographic map  and then evaluating the proposed location in t e r m s  
of horizontal alinement, ver t ica l  alinement, and earthwork. The operating 
instructions presume a knowledge of the Hewlett-Packard Model 9830&/ 
sys tem configuration (fig. 12) and initializing procedures.  Supplementary 
display instructions a r e  provided under p rogram control. 

1. 
"Timber  Access  Road P a c t !  overlay (fig. 13) over S. F. keys. 

2. P r e s s  LOAD, EXECUTE. 
3.  P r e s s  RUN, EXECUTE. 
4. Select the des i red  p rogram by pressing the appropriate S. F. key. 

Instal l  "Timber  Access Road Pat" tape in the calculator. Place  

Keep in mind that the earthwork p rogram post-processes  vert ical  alinement 
p rogram data. 

5.  
6. 

Refer  t o  p rogram instructions for p rogram selected. 
General  instructions may be obtained by press ing S. F. key 4. 

Road Projection 

1. P r e s s  S .F.  key 8.  
2. P lace  the map on the digitizer (fig. 14). 
3. Place  t ransparent  overlay mate r ia l  on the plotter. Adjust plotting 

4. Ente r  .map scale ,  feet per  inch. 
5. En te r  contour interval ,  feet. 
6. 

7. Digitize second t ic  mark .  P r e s s  [SI on the cursor .  
8. En te r  trial grade,  percent .  
9. Digitize road start ing point. P r e s s  [SI on the cursor .  

Digitize the road location by moving the cursor  to  the next contour 
away f r o m  the start ing point, p r e s s  [C] on the c u r s o r ,  and move the c u r s o r  
along the contour until a beep i s  heard.  
and continue a c r o s s  the map along the des i red  road location. 
p r e s s  STOP, CONT 250, EXECUTE, &d repeat  instructions beginning at step 8. 
The  plotter will plot the location on the  overlay. 

a r e a  for 9 x 1 4  inches. 

Digitize f i r s t  t ic  m a r k  (used t o  aline overlay on the map) a f t e r  hearing 
beep, P r e s s  [SI on the cursor .  

10. 

Move the digit izer to the next contour 
To  change grade,  

11. 
12.  

13. 

At the end of the road location, p r e s s  STOP, SHIFT, and S. F. key 8.  
The pr in ter  will print summary of input data and length of the road 

Follow display instructions for  new trial road. 
projection in feet and miles.  

2' The  u s e  of t r a d e ,  f i r m ,  or c o r p o r a t i o n  names i n  th i s  p u b l i c a t i o n  i s  not 
a n  o f f i c i a l  endorsement  or approva l  by the U.S. Department of A g r i c u l t u r e  of a n y  
p r o d u c t  t o  the e x c l u s i o n  of others which may be s u i t a b l e .  
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F i g u r e  12 .  

MODEL 9830A SYSTEM CONFIGURATION 

MODEL 30 CALCULATOR 
0 1760 Words RWM, Basic Calculator 

3808 Words RWM, Option 275 
0 7904 Words RWM, Option 276 

ROMS 
Plo t t e r  Control 271. 
String Variables 274 
Extended 1/0 272 

PER I PH ERALS SELECT CODE 
0 9 8  A Card Reader.. . . . . . . . . . . . . . . . . . . . .  
0 9861 A Typewriter. . . . . . . . . . . . . . . . . . . . . . .  

9862A Plotter. . . . . . . . . . . . . . . . . . . . . . . . . .  Primary 

0 9863A Paper Tape Reader. . . . . . . . . . . . . . . . .  
El 9864A Digitizer.. . . . . . . . . . . . . . . . . . . . . . . .  P r  imar y 

5 @ 9865A Cassette Memory. . . . . . . . . . . . . . . . . .  
Primary 

0 9867 Mass Memory Drive (Unit No. ) . . . .  
B 9866A Thermal Page Printer. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  0 
0 . . . . . . . . . . . . . . .  - 
U . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  0 
0 . . . . . . . . . . . . . . .  

F i g u r e  13 .  - - Spec ia l  
f u n c t i o n  k e y  
o v e r l a y  card. 
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F i g u r e  14.--Map positioned on the d i g i t i z e r .  

Horizon tal AI in em en t 

1. P r e s s  S. F. key 1. 
2. P lace  road projection plot on the map  (fig. 15). 
3.  Place  t ransparent  overlay ma te r i a l  on the plot ter ,  Use 9-  x 14-inch 

4. Ente r  map  scale,  feet pe r  inch. 
5. P lo t te r  will label plot. 
6. 

7. Digitize the next P.I. point. Use the map  and overlay plot to select  

8. Digitize the next P.I. point. 

plotting a rea .  

Digitize s tar t ing point of the road. Use topographic map and overlay 
plot to select  point. P r e s s  [SI on the cu r so r .  

the appropriate point. P r e s s  [SI on the cu r so r .  The plotter will plot the tangent. 

9. Enter  curve radius,  feet. 
10. En te r  direction, right o r  left. 
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11. The plotter will identify curve and plot curve.  P r i n t e r  will list the 
curve  data: 

Delta 
Radius 
Tangent 
Length 
P. C .  station 
P. T .  station 
P. I. equation 

12. Repeat at s tep 8, for  remaining road length. 
13. At the end of the road, p r e s s  STOP, SHIFT, S. F. key 1. The pr inter  

will list a summary  giving total  number of curves,  total  curvature,  and L- l ine 
distance in feet and miles .  

F i g u r e  lS.--Road p r o j e c t i o n  p l o t  positioned on the map. 

Vertical AI i n ement 

1.  P lace  horizontal alinement plot on the topographic map  (fig. 16). 
2. P l ace  c ross- sec t ion  paper  on the plotter.  

a r e a  and install  tape casse t te  in casse t te  memory  device premarked with 
appropriate  number of 20-word files. 

3 .  Ente r  map  scale ,  feet pe r  inch. 
4. Ente r  contour interval ,  feet. 
5. Enter  s tar t ing elevation of road, feet. 

Use 9-  x 14-inch plotting 
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6. Digitize road profile. Digitize each point where a contour c r o s s e s  
the L-line on the overlay, using [SI on the cursor .  Begin at station O t O O  and 
use the S. F. keys 5 and 6 to  change ascending to  descending points, and vice 
versa .  The p rogram assumes  ascending points to start. 

7. When profile is digitized, p r e s s  STOP, S. F. key 7. 
8. 
9. 

Enter  des i red  horizontal and vert ical  scale  of the plot; feet ,  feet. 
The plotter will label the plot and plot output. The pr in te r  will list 

distance and elevation. 

provides a routine to allow the introduction of parabolic ver t ical  curves.  
.” 10. F o r  analysis of cut o r  f i l l  at the centerline, p r e s s  S. F. key 8. This  

11. En te r  grade elevation at station 0; feet, 2, EXECUTE. 
12 .  Enter  first P. V. I. (point of ver t ical  intersection) elevation and 

13. En te r  next P. V. I. elevation and station; feet, feet ,  EXECUTE. 
14. 

station; feet, feet ,  EXECUTE. -- 
-- 

Ente r  ver t ical  curve length in stations; e. g . ,  600 feet = 6 stations. 
P lo t te r  will plot road grade and the pr inter  will list cut and f i l l  data. 
will be s tored  on tape. 

The data 

15. 
16. P r e s s  SHIFT, S. F. key 2. 
17. The plotter will complete the plot (fig. 17) ,  and the pr in te r  will 

Repeat at s tep 13  until the end of the road is encountered. 

complete the listing and print a summary of ver t ical  curve data. 

Figure 16.--Horizontal alinement plot positioned on k p  with partial 
printer listing. - 
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5 

RORD PROFILE PLOT 
HOR. SCRLE: I IN.= SEE FEET 
VERT. 5CRLE: I 1N.e 100 FEET 

!!! 

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



Earthwork 

1. P r e s s  S.F. key 3. 
2. 
3. Enter  road bed width, feet, EXECUTE. 
4. Enter  cut slope, value, EXECUTE: 1 (1 = 1 : l ) .  
5. Ente r  f i l l  slope, value, EXECUTE: 1 '(1. 5 = 1. 5 : l ) .  
6. Ente r  number of side slope breaks to  be used (maximum of 20), value, 

7. En te r  each side slope and ending station, side slope, ending station, 

8. 

Rewind data tape on casse t te  memory.  

EXECUTE. 

EXECUTE. 

excavation and embankment ( f ig .  1.8). 

Enter  side slope as a decimal (e. g . ,  25 percent = 0.25). 
The printer  will list resu l t s  of earthwork analysis and summary of 

Figure  lS . - -Pr in t e r  l i s t i n g  of earthwork a n a l y s i s  results. 
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APPENDIX B 

PROGRAM LISTINGS 
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VARIABLES USED IN THE ROAD PROJECTION PROGRAM, TAPE FILE 2 

H =  
c =  

Y 
G =  
M =  

Y1 
x2 
YZ) = 
R =  

R1 = 

Horizontal Map Scale 
Contour Interval  

Tic Mark Coordinates 

T r i a l  Grade,  Pe rcen t  
Computed Map Distance 

Initial Coordinates 

Intermediate Coordinates 

T r i a l  Distance 
Accumulate Road Distance 

VARIABLES USED IN THE HORIZONTAL ALINEMENT PROGRAM, TAPE FILE 3 

A$ = 
N =  
I =  
z =  
H =  

Y 

Y1 

Y 2  

Y3 
01 = 
s 1  = 
s2 = 
0 2  = 
A =  

D2 = 
o =  
D =  

R1 = 
T =  

R2 = 
L =  

P1 = 
P 2  = 

P 9  

24 

Alphameric String fo r  Curve Direction 
Curve Number 
Plotting Counter 
Degree Accumulator 
Horizontal Map Scale 

Operating Coordinates 

Coordinates of Road Start ing Point 

Back Tangent Coordinates 

Forward Tangent Coordinates 

Angle of Back Tangent 
Back Stationing at P.I. 
Length of Back Tangent 
Angle of Forward Tangent 
Po la r  Angle 
Length of Forward  Tangent 
Angle Between Tangents 
Variable for Quadrant Correct ion 
Curve Radius 
Curve Tangent 
Degree of 
Curve Length 
P. C. Distance 
P. T .  Distance 

Normalized Values of P. C. Station 

Normalized Values of P. T. Station 



2 2  = 
R =  

D5 = 
D6 = 
D7 = 

Normalized Values of P. I. Equation 

Distance Ac c umulat o r 
Po la r  Di stance 
Central  Angle P lo t  Increment 
Deflect ion Angle 
Deflection Angle Increment  

VARIABLES USED IN THE VERTICAL ALINEMENT PROGRAM, TAPE FILE 4 

1) 
AS(L 2) 
B(1) 
B (2) 
B(3) 
Co, 

I 
s 1  
J 
K 

H 
C 

E 5  
E 

VS(20,3) 

x 1  
Y1 7 
"") Y2 

S 
V 
X 
A 

E 2  
s 2  
G1 
E 3  
s 3  
E 4  
s4 
G2 
L1 
P 1  
P 2  

Station 
Ground Elevation 
Stat ion 
Ground Elevation 
Grade Elevation 
Counter 
A r r a y  Index Variable 
Distance Accumulator 
F i le  Counter 
A r r a y  Index Variable 
P. V. I. Station and Elevation A r r a y  
Horizontal Map Scale 
Contour Inter V a l  

Starting E 1 e vati on 
Elevation P r in t  Variable and Accumulator 

Operating Coordinates 

Initial Coordinates 

Forward  Coordinate s 

Di s t anc e B e tw e en C oo r dinat e s 
Vert ical  Plot Scale 
Lable Variable 
A r r a y  Index Variable 
Starting Grade Elevation 
Starting Station 
Back Tangent Grade 
Back P. V. I. Elevation 
Back P. V. I. Station 
Forward  P. V. I. Elevation 
Forward  P. V. I. Station 
Forward  Tangent Grade  
Vertical Curve Length 
P. v. c. 
P. V. T. 
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= Normalized Stationing 
s5 

= Grade Elevation 
= Rate of Change of Grade R 2  

c 1  = Cut o r  Fill at Centerline 

R1 s7 

VARIABLES USED I N  THE EARTHWORK .PROGRAM, TAPE FILE 5 

AS(100, 2) = Cornmon Buffer 
Station 
Ground Elevation 
Grade Elevation 
Side Slope Break Ar ray  
Counter 
Number of Side Slope Breaks  
Excavation Ac cumulat o r 
Embankment A c c umulat o r 
Excavation Volume Between Sections 
Embankment Volume Between Sections 
A r e a  of Excavation 
Area  of Embankment 
Fi le  Load Counter 
Roadbed Width 
Cut Slope 
Fill Slope 
Slide Slope 
Fi le  Counter 
Cent e r l ine Stationing 
Cent e rl ine Fill (C ombination Section) 
Centerline Cut (Combination Section) 
Offset Distance (Template)  

= Template Distances 

= Template Heights 
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TAPE F I L E  2: 

3.0 
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3 5  
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'T'HF'E FILE 5 

38 



39 



40 



The mission of the PACIFIC NORTHWEST FOREST 
A N D  RANGE EXPERIMENT STATlON 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 fol lowing 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- 
t iv i ty  consistent w i th  maintaining a high qual i ty forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and t h e  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 
L a  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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