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The purross of this thesis is te cutline the orincl-
ples 1lavolved 1n the reconnalssance, survey, and design
of forest roads 1in the Jouglas-fir Gsglon.

The reconnalssance survey 1s the mcst lmportant ele- -
ment in road location, Poor reconnalssance often results
in abandonment of the route at considerable sxpence,

The ground slope affects the type of reconnalssance
employed, In lavel country alignment coantrols the loca-
tlon of the road and grade 1s adapted to the topczrariay to
balance excavation and embankment quantitles. In sidehlll
country grade controls the locatlon of the rosd and allign-
ment 1s adapted to the topography to balance excavation
and embankment quantitles,

The reconnalssance survey cay be segaratad into exten-
sive and intensive reconnalssance, The extenslve survey 1is
the study of an erea or dralnage to dstermins the general
location of the route, The intensive reconnalissance 1s a
study of the ground adjacent to the jeneral location of the
route, The final selaction of a route often ianvolves tue
comparlson of one or more alternatives,

A preliminary survey 1a conducted along the fipal re-
connalissance line to establish horizontal and vertlical con-
trol and the topography on either side of the line., The
Freclsion desired determines the method of survey exployed,
The staff compass~tare-ahney survey 1is the most wildely used
xethoed in the Douglas-fir Reglon,

The road 1a designed from the data obtalned from the
reconnalssance and preliminary surveys., Thsse data are
studled graphically using the plan, profile, and cross
sections of the route or any combination of these grarhlc
alds, Center line of the road will closely follow the
final reconnalssance line if the intenslve reconnalssance
1s thorough, 3egardless of the method of design used, the
final center line 18 a compromige between optiuum alizgn-
meut and minimum axcavation,
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FOREST 30AD LOCATION AND DESIGN
IN THE DOUGLAS-FIR REGION

INTRODUCTION

The Douglas-fir Beglon is a narrow strip of land
extonding from the surmit of the Cascade Mountalns west-
ward to the Pacifio Ocean, It is bounded on the south by
the Calapooyo iountains in southern Oregon, and it extends
corth into British Columblia, The total acreage in Washe
ington and Oregon sxceeds 35,000,000 aores of which ap-
proximately 80 percent 1s classified as forest land (13,
Pe 352)., The timber is predominantly found in the moun=-
talnous areas, and to harvest this timber, roads have been
pushed farther back into areas heretofore lnaccessible.

- In the early days of road building, little if any
thought waa given to proper location, alignment, or grade.
Today, logging engineering plays an important part in the
formulation of forest management plans of governcent agean-
oles and private industry. Greater emphasis is placed on
locating the road to serve tomorrow's needs, as well as
today's. Higher road comnstruction costas are accepted 1if
-they result in lower hauling and maintenance costs.

The purpose of this thesis 1s to outline some of the
basic principles for ohoosing the beast route and for the
survey and design of this route, The methods discussed 1in
the following pages are by no szeans the only methods in

use today. Each snglneer develops his own methods or



modifications through experience and experiment. The
method used will depend upon the standard of road desired

and the terra;n eucountéred.



THE RECONNAISSANCE SURVEX

Boad recounnalssance begins when the forest manage-
ment and logging plans are evolved. At this time the
standards of rocads that will serve the dralnage ars es-
tablished. Generally, there will be one or two primary
or access roads (depending upon the size of the dralnage)
and a network of secondary roads branchiag from the pri-
mary roads. Faotors that determine the standard of a road
are average annual haul based upon sustained yleld mnanage-
ment, maintenance dbsta, recreational potential of the
area, and additional industries that may evolve with the
@fvolopmont of the road system.

The primary road follows one of three general
coursesj along the stream bottom, along the ridge top,
or along the sldehlll between the stream bottom and ridge
top. The final choice must be determined from the fleld
reconnalasance, |

Host of the logging will be accomplished from sec-
ondary roads and low standard spur roads. A recent study
on the Willamette Natlonal Forest (9, p. 82-85) ilndlcates
that the moat efficlent road system for logging conaists
of nearly level, parallel routes spaced at the economic
interval from the stream bottom to the ridge top. These

are connected by a road olimbing at the maximum grade.



Sidehlll Reconnalssance

There is a digtinct differsnce in the method of re-
counalssance used in sidehill country and that used in flat
country. In sidehill country, grade will control the lo=
cation of center line, and alignment will be adjusted to
fit the topography and balance excavation znd embankment,
The reverse 1s true in flat country. Alligument will cone
trol the location of center line, and zgrade will be ad-
Justed to balance excavation and erbankment. This section
will cover the method of reconnaissance employed in sldge-
hill country.

Extensive reconnalssance. The process of extercsive

recounalissance begins in the office with maps, aerlal
photos, and any other avallable information pertalning to
the proposed project and continues in the field until the
area through which the route wlll pass is selected,
Contour maps are useful for studying the general
torography, and with them, it 13 possible to determine
whethear the average grade is greater or lesa than the
maximum grade for the standard of the road desired, To
do this, the difference in elevation between the terml-
nals is divided by the distance between the terminals,
It is best to be conservative whean calculating the dis-
tance. If the road can be built on the maximum grade

uslng thie shorter dilstance, it can be bullt on a grade
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less than the maximug, depending upoun the actual distance,
The difference betwean wmaximum grade and the actual grade,
called slack grade, 1s important in avoiding rock, swampa,
and 1n utilizing the various controls located during the
reconnalssance survey. If the grade, as computed by using
a conservatlive distance, ls zreater than the maximum grade
authorlzed for the standard of road, an alternate route or
switchbacks may have to be located, If neither of these
solutions 1s feasible, the excess grade will have to de
Justified, ‘ ¢

With a pair of dividers and a contour map, 1t 1is
possible to sketch a route at the average grade on the
map. Divide the countour interval by the average grade,
This gives the number of stations required to go from one
contour to another. Using the map scale, this distance is
set off on the dividers, 3Set one leg of the dividers on
the beginning of the project and swing the other leg of
the dividers until it intersects the ﬁext contour. A
fraction of this distance 1s used to locate the lntere
seotion with the first contour Af the begiannlng of the
projeot lies betwesn two contour lines. The intersection
of the grade line and each contour line is located with
the dividers, and a 1lines 18 drawn connecting these points.
This does not represent the location of the road, but it

doesg indicate the general area through which the route



may pass. Several routes can usually be sketched on the
map gilving some 1indlcation as to which areas should be
investigated 1in the field,

The limits of the roadway betwesn any two control
Points may be computed after the averaze grade has been
determined as shown below, Assume that the diastance be-
tween coantrols is "D" and the difference 1n elevation be=-
tween the controls 1s "E®" and the maxlmum grade for the
standard of road is "G", There are three basic routes
which may be followed between the controls, First, it may
follow the average grade line between the two controls,

A second poasibility is to go along tne maximum grade une
til the difference 1a elevation at “F" is equal to "E™ and
then coantinue on a level grade to the other coatrol. The
other possiblility 1s to start out level and contlinue to
*"B" from which the other control may be reached on the
maximum grade, The last two routes form a parallelogram,
On long projects, the area bounded by this parallelogram
is large and wlll iuvolve conslderable walking and study-
ing before the final route may be selected, If the average
grade route and the extremes are sketohed on the coantour
map with dividers, the area to be studied can be more

olearly defined,
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Flgure 1, Linmits of the Zcadway

Aerial photographs are another valuable aid in
studying the topography of the area, With the aid of
a stereoscope, it 1z possible to study ridges, draws,
rock bluffs, timber density, and specles, Although to-
pographle features oftem stand out quite clearly, they
should not be considered controls until they have been in-
vastigated 1an the fleld, Aerial photos are exaggerated
vertiocally and tend to make the topography appear staerer
than it actually 1is,

With practice and experience, it 13 possible to
obtalin relative elevations of the prominent topographic
features, With the elavations of these points, it la
possible to compute the averags grade between them, There
will, undoubtedly, be other points located during the

field reconnzissance,



The first step in the field work is to become ac-
quainted with the area through which the road will pass.
To 40 this, the sngineer should take advantage of any fire
loockout towers or exposed vantage polnts which overlook
the area., The process of orientation 1s relatively simple
8ud lavolves comparing what is on the ground with what 1s
on the maps and photoss Each ridge and draw seen on the
map 1s located in its natwral position as seen from the
vantage point. Locating the change in tlimber type 1s
often easy even at a distance, and this also helps 1n the
orleuntation, |

The next atep is to walk through the area on the
average grade to become familiar with the terrain. To
follow the average grade lins, it 13 necessary to carry
a barometer to detarmine relative elevation and to record
pacing, A barometer reading is taken at the beginning of
the project, and based upon the average grade, the ele-
vation of a point ten stations from the beginuning 1is
computed., The difference in elevation is equal to the
average grade timea the distance paced, which in this
case 13 ten statious, This value, added to or subtraoted
from the original reading, gives the grade eslevation ten
stations from the beginning. A barometer reading 1is
taken every ten statious from the beginning, and the engi-

neer moves up or down hill to the computed elevation.



This is soutinued over the entire route., Tags may be
fagtensd to a tree every ten stations with the atatlioning
and elevation noted for future refereunce, Tags should also
be used at oritical stream orossings, passea, and other
features that may be of future interest, The gtatlioning
and elevation ars also marked on sach tage

Major controls are often located on the firat trip
through the area, dividing the project into smaller s58cC-
tious, Wheun a rock bluff is eucountered, the elevatlon
on top and at the base are recorded bhecause the road, lua
zost cases, wlll go ou top of the bluff or below 1it,
There 13 no sharp distinction between a rock outocrop and
a rock bluff. The standard of the road, rather than the
‘size of the outorop or bluff, determinss whether it must
be avolded, Thus, on a lower olass road the alignment
and/or grade are changed to avoid blasting rock, while oun
& higher standard road large volumes of rock may be blasted
to achlieve the desilred grade and alignment,

When a prominent draw is sacountered, it 1s desir-
able to take time to walk up and down the stream bed to
locate several poasible orossivgs. Timber types should
be noted since the size, specles, and location of the
timber will affect the clearing and grubbing costs and
the location of the road, Possible rock quarry sites

should be noted, and rock samples should be collected so
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that an analysis mzay be made to determine their suitablle
ity for base and surface material, Iach time an important
topographic featwrs 1a noted, it 1s helpful to locate the
point on the map or photos, This glves an accurate loca-
tion on a map of the route followed in the field, and 1t
also aids in orientation, If funds peérmit, an aerlal view
of the area 1s extremely helpful after the initial fleld
inspection,

Notes should be kept during this initial trip
through the area describing what is euncountered. They
should be as brief as possible without omitting any ime
portant information, The notes will generally inolude
statlouning, slevation, and a brief description of the
feature noted,

After walking through the area and taking general notes,
the major topographic features may be plotted on a profile
drawing of the routes, With the features plotted at their
rolative elevations along the route, the euntire area may
be studied to determine which sections or areas need fur-
ther inveatigation, The topographic fesatures are analyzed
to determine which will be ocontrols and which will rnot,
When the controls have been determined, the grade lines
Jolning them may be drawn omn the profile, A sacple reo-n=
nailssance profile is inoluded in the Appendix,
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when there is doubt as to which route to follow, an
estimate of conmstruction and hauling costs can be made from
the reconnalssance notes., Construction costs are broken
down into clearing and grﬁbblug costs, excavatlion costs,
and surfacing costs, Usually, the clearing and grubblng
costs and the surfacing costs will not vary appreclably
throughout the area so these will be proportiounal to the
length of the road. Excavation costs vary with the volume
of excavation, type of excavation, and ground slops..

Hauling costs vary with the distancs, grads, aligne
rent, and sight distance. Haullng costs can be obtalned
from past experience and cost records, or an estimate may
be made from ocompiled tables and graphs (1, pe 40-350).
The oonstruction cost or total road cost may be coasldered
as the present value of a terminating series of régular
payrents., The regular payment may be considered as the
annual road coste On this asaumption the annual cost for

congtruction may be computed by the followlng foriulas

Aunual Road Cost = Total Road Cost [p{1 + p)1]
(1+p)0 -1

P = intereat rate
n = number of years before abandonment

or major reconstruction is necessary

The sum of the annual hauling cost, annual maine

tenance cost, and annual road coat are added together to
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€ive the total annual cost of the route, The total annual
cost 13 computed for sach alternate routs, and the route
with the lowest total annual cost is the most economlcal
route,

There are other faoctors that cannot be reduced to a
.coat baals, Eaoch route should be compared from the stand-
Polut of the overall road syatem for the drainage or dralne-
ages, serving the logging needa of the drainage, fire pro-
tection offered, suow removal and subgrade dralinage, soll
erosion and stream siltation, and rights-of-way transac-
tious, 1Hights~of-way transaotions often involve zonsetary
coumpansation and coamonly reciprocal rights-of-way. Many
companlss will avoid such transacticna, if possible, by
sesekling an alternate route.

All these faotors will affect the final declslion as
to which route to followe If a declsion 3till cannot be
reached, sach route must be tagged and more detailed eos-
tinatea based upoun intensive reconnalassance must be zade.

Intensive reconnalssance. Up te thils polint, the
reconnaissance has been conocerned with determining the
area through which the route will pass. It 13 now nece
essary to adjuat and fit the route to the topography of
the area, This is known as the intensive recounalssance.
“hen performing this reccunaissaunce, a tag line is run be-

tween seleocted coutrol points. The tag line is studied
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and adjusted until it represents the desired route.

The tag line is run at the selected grades using
aun abney ard pacing and 13 marked with tags fastensd to
a tree at a point eye level above grade. Although s&ye
level varles with the individual, 1t generally 1s not an
important dlscrepancy. The averags eye height i1s 53 feet
and thls may be used as a constant for the Jjob, Thus, a
tag 1a considered 5i fest above grade. Any exceptious
should be noted on the tag. Stationing need not be placed
ou each tag but should be placed at least svery two to
four statiouns and at svery prominent topographic feature,
There i1s no specifioc or optimum spacing of tags, but they
stiould be closs enough on owrves to approximately defline
the curvature.

Ground slopes, 1in geusral, are steeper adjacent to
oreeks and streams, In some cases, this 1s not a major
faotor, but steep sidehill construotion should be avolded
wheunever it 1s practical., In order to reduce the length
of steep sidehill oconstruotion, the road should descend
into the oreek on a minus grade, cross the oreek, and then
ascend on the other aide of the creek on a positive grade.
Consider the situation showm in the figure below. Suppose
pelint A 1a on the polnt of the ridge where the side slopes
are beginning to inorease, If point A 1s 150 feet above
the oreek, and the grade of the creek is -20 perceat and
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the grade of the road 1is +5 percent, the road will inter-
sect the oreek at pelnt 3, 10 stations from poiunt A,

Flgure 2, Adjusting the Tag Line

Suppose at point A the grade of the road 18 -5
percent. Then tbe road will intersect the creek at
pdint Cy, 8ix stations from point A, It is evident tﬁat
the descending grade will lntersect thq creek in the
shortest distance. In order to go from point C to polat
D (not shown), which lles along the polunt of the ridge
on the other slde of the creek, an ascending grade 1is
used, This method can only be used wheun there 1ls suffl-
clent slack 5rad6 between point A and the next control,
This can be demounstrated by continuing the +5 percent
grade from point B for four stations to point i which 1is
direotly uphill from point C. The difference in eleva-
tion between pointa M and C 18 equal to (5 x 10) + (5 x &)
- (=5 x 6), or 100 feet, In order to have the road pass
through point C, a +5 percent line between point A and the
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next control must either have 100 feet of slack elevatlon,
or a grade in excess of +5 percent must be used,

Sometimes the average grade line goes through rough,
undesirable terrain, When it beoomes apparent that this
line is not practical, the route 1 abandoned by rodding
up or down hill to by-pass the rough terrain, The polut
at which the route is abandoned is referenced ou the siound
indicating the stationing, grade of the line up to the ref-
ersnced polat, and the vertical distance up or down to the
new line, The point where ths zgrade line resumes is also
referenced inhioating the stationing, the vertical dis-
tagoo set up or down, and the grade of the new line., Grade
changes are also referenced to indicate the station at
which the grade changes, the grade up to the refarence,
and the new érade. The most commen form of reference 1s
a tag fastened to a tree, The lnformation on the tag
should alzo be recorded iam the notes,

Notes taken along the tag line should include all
topographio features above and below the line that may af-
feoct the location of the road. Other features that should
be noted are the location of possible quarry sites, timber
types, and average grouud slopes above and below., These
aotes will duplicate, to an extent, the notes takem during
the extensive reconnaissance but they should be more de-

taliled,
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When the tag lins 1s completed, a profile is drawn
and ths topogrephic features above and below the lips are
plotted in thﬁir respective positions, The profile is
studled and any unecessary grads changes can be detersluned
and drawn on the profiles If At was necessary to set up
or down along the route, a new grade lins must be conputed
or scaled from the profile and run in the field. A sample
abney profile is included in the Appendix,

Any changes in the grade line drawn on the profile
mugt be ohecked 1in iho fi0ld to detercine if they fit the
topography better than the original line, This i3 one
phase of adjusting the tag line, Another phase cousists
of adjuasting the fas line in draws and at the point of
ridges so that the line more closely follows the ourvature
desired at these points, It may be umoted that the first
ocagé involves adjusting grade, while the second lnvolves
adjusting allignment,

3lnce there will usually be two or more tag lines
run before the final route 1s acoepted, sach line should
have a soparate marking, Tags along the firat lins may
be xarked "A" and those on the next 1ime "B", and so on
for as many lines as are necesaary., The lines caun then
be referred to as the "A™ line or the "3 liney and when
@ tag line 1s enocountered in the field, it can be identi.
fied by the letter on the tags. Other markers that are
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coxzzonly used are colored tags, pralnt, blazes, strips of
cloth, and colored plastic tape.

When the average grade line between two major coue
trols is greater than the maximum for the standard of the
road, additional distance may be zalned by taking advantage
of spur ridges and side canyons or by locating switchbaoks.
A switchback 18 a change in direction on the same slope
with a corresponding change of sldehill, Thus, if the up-
hill slope is to the right of the line at the PC, 1t will
be to the left of the line at the PT, although switche
backs are best sulted for slopes below 30 percent, it 1is
up to the engineer to determine whether it 1is practlcal te
attempt a switohback on steeper slopes.

The most common form of switchback has a central
angle very olose to 180 degreea, Assuming that the cen-
tral angle is 180 degrees, the difference in elevation be
tween the PC and PT wmay be ccoczputed in the following
ranner, If the average ground slope in perceant is "s"
and the radius of the switochback in astations iz "r” and
the grade of the road around the switohback in percent 1a
“g"™ and the length of the switchback in stations 1s "1",
the following relations may be computed. The difference
in ground elevation betwesn the PC and I'T = 2rs. The dif-
ference in elevation between the PC and the PT along the
Switchbaok equals gl. The sum of cut and fill at the 7C
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and 7T 18 equal to 2rs - gl, This means that if the cen-
ter line cut at the PC 1s zero and the grade of the road
1s (plus, minus), the (ocut, fill) at ths PT will be 2rs =-
£le 1In actual practice there would bes cut at one of the
polints and fill at the other, The dlagram below shows the
roadway cross sectlons of the ?C and PT of a switchback.

The central angle is 180 degrees,

¢
Cut c
S g /_'_
Sope 9 %r_g
Fill F
« 2r -
fizure 3., Cut and F1ll on Switchbacks
r = radius of awltohback in statlions
1 = length of switchback in stations
3 = grade of switohback in rercent
8 = slope of ground in percent
C = cut at ¢ 1n feet
? = f1ll1 at ¢ in feet
Theuns

C+ 7 =22r8 -« gl

Since the length of the switchback "1™ corresponds to the

lergth of a semicircle with a radius "rv, the terx "zl"
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zay be replacsd by "7rg®e. For rapld field calculatious,
" may be considered equal to 3 and tne terx becomes

"3rg”. Factoriag out "r® leavess
C+F =rpr(28 - 3g)

If the ceutral angle varlies considserably {rom 180
degrees, tie term "2r" must be replaced by the long chord
of the curve, The long chord of a curve equals 2r tizes
(sine_%_), where "I" 1as the central angle of the curve.

The formula may be rewritteuns
C+ F = 23r (sina_%_) - gl

- Some proposed roads xay lle adjaceat to tralls.
This is a distilnct advaatage beoauée the trall can be
used as tha control llne, An =2bney traverse 18 xmade over
ﬁhe tralil and the rrofile is drawn, working from tuls
profile, controls above and below the trall can be noted
and tied in accurately. In running a trall traverse,
abney shots uare taken every 100 feet. The abney reading
then zives thne difference in slevation betweeu the sta-~
tions. This traverse can be run almost aa fast as the
men can walk, and several miles may be covered in a daye.

An ingpection of the profile will enavle the engi-
neer to elimlnate certaln sectlions of the trail, Addl-

tional tag lines must be run to cover the discarded
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sections of the trall, The main disadvantage of a trall
control line i1s that the enginser may rely too heavily on
the trail and overlcok important controla.

A similar method oan be used when an existing rocad
is to be improved or when the proposed road follows part
of an old rcad., An abney traverse is run in the same
manner as with the trail traverse, ard a profile is draun,.
Yeost changes in alignment can readily be seen by walking
or driving along the rocad. Crade changes are not as apw
Parent and must be determined from the prefile, By driving
along the road and studying the profile, the engineer can
decide what seotions of the rocad can be retailned and whioh
sections are to be abandoned, Again, with am exlating

recad, the engineer may tend to overlook important controla,

Level Zeconnalssancs

Flat ground poses many more problema than exist om
sidehill reconnalssaunce, Alignment controls the final
selection of the route, and grade is adjuated to fit this
location., There are usually no prominent topographis
features, Visibility is poor, making it difficult to get
oriented even with maps and aerial photos. It is diffi.
cult to locate points on either maps or aerial photos,
Witk uno prominent topographic features, there ars no major

controloce The road may lle anywhere within the llimits of
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the raxlimum grade, and ou flat ground this coveras a wide
area, Grade lines are neaningless, as they meander alme
lesaly over the area, All these factors make it necessary’
to employ another method of fleld rescoannaissance to locate
the most desirable route.

Zxtensive reconnaissance, ZSxtansive reconnalssance
in levsl terralin is concernsd with establishing horizoatal
oontrol, rather than vertical control as in the case of
8idehill recounaiscance. This 13 accemplished by dater-
mining {rom a map the bearivg of the tangent Joining the
two terminals and running this line in the field with a
hand compass and pacing. Tags are placed along this llne
so that the line zay be refsrred to in the futurs. lNotes
will usually be trief because there iz little to note ox-
cept tlmber types and possibly swazpas, Sometinmes it 1is
inpractical to rum a single tangent between the terminals.
Such 18 the case Af a lake or swamp lles along the liae
Joining the terminals, When an obstacle is ancountered,
the lipe is run around it 18ing measured bearivgs rather
than followlng coutours, Wwhen the bearlpg of the control
line is changed, a refersnce point is set indicating the
stationing, the bearing up to the refsrence, and the new
bearing, This information 1s 2lso recorded in the notes,
Any long sections of exceasive grade should be lncluded

in the notes, comall, awampy areas need not be avolded
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with the coutrol line, but it 1s important to record the
distance left and right of the line to the edge of the
swamp, '

When the control line is completed, a plan 1s drawn
and any features noted in the field are located on the
Plan, This plan 1s the bhase map or control map for the
intensive reéonnaissanoo.

Intensive reconualssance, The next step i1a to study

the area on eithsr sids of the countrol line to locate
possible control péints. This involves considerable wWalk-
ing and can b8 accomplished by walking parallel routas on
aither side of the coantrol llne, or by zeandering back and
fogih on sither side of the line, Ia elther case, any con-
trol points located should be tied to the control line.
When the area has been thoroughly studied in the fislg,
the control points are plotted om the plan, The plan is
studled and the desired route 1s selected, This route is
then located and tagzed in the field, using a compass and
Pacing. CGCrade r;adinga may be taken when excessive grade
i3 encountered, This route is adjusted to eliminate any
eéxcaesslive grade and to improve allignweat, If the route
meets the desired specifications and appears to be the
most economical, the preliminary survey mway commence, If
there are two widsly separated routes of seemingly equal

desirability, each should be surveyed and perhaps designed
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to determine the final route. If there are two or nore
routes oloae together, it would be best to survey the nost
direct route and meagure the topography 300 feet on elther
dlde of the line., This will zive ample room to move cene
ter line while designing.

Sefore spending too much tlxze on the field recone
nalssance, the englneer should give serioua thought to
making a topographioc map of the area with two or five {oot
contours, The added time spent on the mapping may =ore
than pay for itself in time saved in the intensive recone

nalssance and preliminary surveye
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TAS PRELIMINARY SUITTY.

The purpose of the preliminary survey is to estab-
lish acourats horizontal and vertical control over the
seleoted tag line, This zay be acconplished eitner by
using a transit, tape, level, and level rod, or by using
a staff cowpass, taps, rercent abney, hand level, and
lavel rod. The transit survey is uzore accurate (1/3000
to 1/5000), but it 13 aouch slower than the compass survey.
Tor surveys involving numerous rights-of-way proolens and
survays in flat ground wherse 1£ 1s desirable to serploy
long tangents, the transit is wore practical. However,
on-ordinary logzing roads where there are few or no
rights-of-way lavolved and an accuracy of 1/300 is suf-
flclent, the compass survey 1s nore practical since it 1is
faster and requires fewer personunel tnan the transit sur-
veYy. For a discussion of the transit survey, the reader

is referred to any standard surveying text.

Horlzontal Control

A cocpass prelimlinary survey can be run by two uen,
but 1t is faster and wore desirable to use three or four
xen, If the survey 1s run by two zen, they should set
8takes and brush the line ons duy and go busk and survey
that portion of tas line the next day. 'vith a taree or

four uzan party, the brushlng and surveying may proceed
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simul tansously. “

Stakés should be set along the tag line avery 100
feet along tangents and every 25 to 50 feet along curves.
These are arbitrary maximum distances between staltsg, A
more realistlc method is to place a stake wherever 1t 1s
needed to define a change in aligunzent, topography along
the line, or topography to eithner side of the line,

Searinzs. A compass bearing is taken at zach turne
ing point. These readings should be taken te the nearest
one~-fourth dsgree, JSlince there ia always a possibillity
of local attraction, backsights should be resad at 2ach
stake, This gives the zame effect as turning angles,
Some englineers set the compass ou an even degree and have
the head chailnman move the stake in line, This aakes it
easier to plot the traverse.

Dlstance. Distances are measured with a tape 100
to 500 feet in length. The 200-foot tape is probabdly the
most commonly used ia the Douglas~fir Reglon, Level tape
ing 13 slow and cumbersome with this type of survey bee
cause of the steep topography sncountered. The slope
dlstance and the percentage of slope are measuredj and with
the aid of alope correction tables, the true nhorizoutal
distance 1s determined, Calder's (2, p. 4-11) slope
tables, or other slmllar tables, way te used., To inake

plotting eaaslor the stake may be movad ahead or baok to
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the nearest oven foot. Thus, If tne slopre distance 1s 57
feet and the correction dus to slope is 0,7 feet, the
horlizontal distance 1a 56,3 feet. The stake can be xoved

ahead 0.7 feat, making the horizontal distance 57.0 fesat.

Vertlcal Control

There are two commor methods of securing vertical
control, The differeuce in elevaticn between two statlons
Can be computed from the slope dlstance and thne percent
Slope, or it can bte determined by using a hand lsvel and
a level rode.

tland lavel and rod slevations. The hand level and

rod- method involves a separate trip over the line but
Zives more accurate results than the abney elevatlons.

The hand level may be steadled by supporting it in the
crotch of a forked stick. RHod readings are taken at every
P-gtake and at any spot where topograpny 1s needed. Ihe
rod should ve read to the nearest 0.1 feet., It i3 not
necessary to use every stake as a turning point. Instead,
turning points may be selected so that after the nelght
of the instrument (HI) haa been established, rod readings
may be taken on several stakes before seleotini a new
turning point. 2ench marks should Le set every five to
ten stations to serve as check poilnts during the locatlon

survey, fCefore rodding down ianto a deep draw, a bench
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gark xay be set. When the other 8lde of the éraw 1s
reached, a sight is made on the bench mark to ellimlnate
the possibility of making’an error in the draw. All
btencn marks should be referenced on the zround and re-
corded in the notes.

Abney elevations. This method 18 rapid and involves

no additional time or affort since an atney readling 1s
necessary to convert slope distance to neorlzoantal dlstance.
To olimninate the posslvility of errors in readlng,
both the head chalnman and the instrument man taka abnay
readings., It is loportant that each man sights on a part
of the other verson's body that 1a the same helght above
theﬁground as his own eye, To determine what spot to
8ight on, the two men should stand on level ground about
10 feet apart with their abneys on zero and sight on each
other, This 13 the spot they will sight on when they are
worklng together. ‘hen measuring the distance bstween
two stakes, 1t 1ls eogually luportant that the men hold the
tares the same distance from the ground at each 2nd so
that the tape is rarallel to the abmney sight. Coth men
should keep notes und each night these notes should bLe
compared. JAny dlscrepancles zay be checked in the fleld

the next day.. Discrepancies of 0.5 gercent are within

the tolerance of an abney and may be ignored,
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The abney reading sives the rise in foet for 100
Jeet of horizosztal distance. The iiffersnce ln eleva-
tion batwaen two statlons can be fournd Dy sultiplylng
the horizontal distance in statlons by the - rade in par-
cents Most 2rrors with this method lavolve the wrong
numerical sizn, rather thaa an error ia reading the abe
ney. Thls 1s the reazscn for having the h2ad chalaman
Y=2ep a zeparate sat of notss,

3irce 0.25 percent is the approxicate llmit of ace
curacy for adlusting an abtrey, each 100-{oot si;nting can
result in an error of £0,25 fset. This error is cumula-
tive, The abney may be rsad to the nearsst 0.50 percent
and can result ia an error of 10,50 feet per 100-foot
slzghting. In a nile, the error due to adjustment 1s
Z0.25 tizes 52.8 or £13.2 feet. If 53 readings are taken
rer mile (approximately 100 feet per sighting), an error
of 20.50V33, or i3.6 feet may be expectad. The suz of
these two probable errors 1s £16.8 feet per mile, “hen
nand levels are run over a survey that already has abney
9levations, this polnt 1s easily dexzonstrated, If a hand
level 13 used and read to the nearest Q.1 foot, the prob=
able error will bs approximately %0,10V53, or 0.7 feet
(7, D 31)a

The abney elsvations also can be used as a check on

the hand level elsvationsa, As rentioned previously, the
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turning points for the hand level survey are selected so
that rod readings may be observed on several stakes from
one turning point. If the rod was read incorrectly at cne
of the lnterxedlate stakes, there would be no way to detect
this error without the abney elevations until the locatlon
survey, Such an error will have adverse effects if the
road is designed on maxlimum grade, or if the zround slopes

in the area are too steep to support rill,

Togograghz

The final center line will not exactly follow the
P-line, At some roints it may be uphill and at others it
ray be dowchill., Since there 18 no way of knowing the ex-
act location of center line when the ?-1line survey is run,
there must be some information of tne topozrarhy above and
below the F-line. This is accomplished with a hand level,
a level rod, and a tape, or by using an abney and tape or
pacing.

Hand level toporraphy. The hand level method is tvest

adapted to flat or moderately sloping terrain with numerous
changea 1n slope. The distance 1s measured at right angles
to the P-~line, or along the bisection of the angle at the
turning points to the lumportant breaks in topography. :od
readings are taken using the hand level at these polnts.

A strip 100 feet wide on sither slde of the P-line 1z
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usually sufficlent. The HI 18 subtracted f{rom each rod
reading to slve the difference in slevatlcn tetween the
P-stake and the break 1n torographye.

Abnsy torozraphy. In steep country an abney and

taps or pacing 13 more practical. One man stands at the
F-gstake with an abney, while the other man takss the end
of the tape and walks out to the break in topograrhy.
The man at the P-stake takes anr abney reading and reads
the slope distance. The slope distance is reduced to
horizontal distance,.and 1t 1s recorded 1n thes unotes
along with the percent of slors.

A more compon zothod 1s to take abney sights and
pace out to any zajor break iam topography within 50 feet
of the F-line., Topograrhy beyond the first 50 feet 1is
not usually critical if the recounaissancs was tuorough.
when usling thnls method, it 1s difficult to get aa accurate
slope readlng bscause there 13 no target to shoot at and
eys lovel must be guessed. Howsver, even aun error of flive
rercent in the slope readingz will not affect the design or
earthwork quantities appreciably. Thls cethod is fast and

requires only one xan to measure and record the topography.

Seference Foints

In many cases the P=line survey is coupleted long be-

fore the road 1is aesigned and constructed, In order to
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relocate the line, permanent references should be set,

The easlest reference iz a metal tag stapled to a tree
facing the F-stake with the statlonm of the P-stake belng
referenced, the difference in elevation between the refe
erence and the stake, and the distance {rom the rsfercuce
to the F-stake. A rmore permanent refersuce 1s a tench
chopped into a tree with the exposed face facling the P=-
stake, The inforzation written on the reférence roint 1s
also recorded 1n tne notes along with the slze and specles
of the tree. 5Since only one reference polnt is set at
any stake, it 1s important that the reference be as close
to the stake as possible to reduce tue error in relocatling
a lost stake. 3eferences made on Douglas-fir, true fir,
spruce, and pine have a tendenoy to pitch over or nmildew
and make it difficult to read the reference data, “'hen
referencing on these trees, the information should also

be scribed on a metal tag and fastened to the tree, ief=-
erences should be set every thres or four atations,

Cwall trees, up to six inches d.b.shie, can be used
as F-stakes., The cdvantase of using treecs 18 that thay
are permanent and rsaferences need not be set. The dls-
advantage of using trees 1s that the compass aust te set
up along side of the tres, and in sighting back or ahead,
the oross-halr must sight on a point that is the same dlis-

tance from the stake aa the compass is from the tree, It



iz difficult to judze this dlétance zcocurately snd errors
may arise. Another dlsadvantage is that trees cannot Ls
reved back or ahesnd to an even foot, and o correctlon zust
Le made on the next steoke., Fetal tu.s should tse used on
uny tree which is likely to riteh oror or wildew,

Cn stesp sidehills there 1s oftcn comnsideralile 2ife
ference in 2levation betuweeun the uphill and downiilll side
of the stake. In order to relceate radle when the slore
gtakes are ret, .rede uust YLe referenced on the [-stuXe.
“his can be Jone Ly malklng a dlstinet zark on the stake
and recerdin;, on the stuke, tie elavation of the zark

atove srads,.
lotes

Tzaoh lndividunl will dsvise his oun zethod of note

Zesplng, but essentlally, the Jata recordsd will be the

3a18 regardlesgs of the method ussd, This includss Learing
nd dlstance Letwesn stakes, tre statlconing of the staxes,

tre abney readlin;, hand levsl elovatlons Af used, :ind sore
tyze of toposrapihy notes. Tha laft hand ra2 13 used for
recoriing the data, and tae rizht tand 7a7s 1s used to add
any dsscriptive information to clarify or explala the data
recorded, Thils information 1s quite usaful when desiynlng
sentar line., “Zesldes belny accurats, tha aotes must be

neat so that any serson can pick tham up nd intarpret
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thiexz, A souwple of the cotes used by the IZiflord Flachot

datlonul Torest ls lncluded lan the Ag,endlx,
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THE ROAD DESIGN

Defore the desizn work can bteglin, certaln criterla
asust be reviewed, Maximum favorable and adverse rads,
wldth of road, and allignzent ars dstermlned during the
forzulation of the lozzging and forest wanagewent plans.
Such factors as slash disposal and clearing specifications
should be determined during the field reconnalssance or
preliminary survey, since they dererd not only on the stand-
ard of road, but also on the size and specles of timver,
Two other factors of prime iaportance that should be con-
sidered before the design Legins are the type of equipnent
to_be used and the allowance to be made for shrinkaze and
loss in earthwork computations, Sarinkage factors will e

dlscussed later in connectlon with earthwork coaputations,

Plottiny Data

when the fleld work is finished, the survey data
azust be interpreted so that it way be studled to deterzine
the location of center line. Three ;raphic alds are used
to interpret and study the data, These are the ,-line
plan, F-line profile, and cross sections, A fourth 3réphic
ald, the mass dlagram, wlll alsc be included in this paper,
Tnls dlagram is plotted and studled after tne center line

has been located on the plan,
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P=line plan, The P-line plan 18 a zraphlc repre-

sentation of the herizontal coatrol of the P-line. The
scale used for plotting the F-line plan ia generally

one 1lnch equala 100 feet of horizoatal distance. The
P=line plan may te plotted by coordinates, with a drafte
ing macnine, or with a protractor, Tae use of coordinates
usually results in plotting accurasy greater than the ace
curacy of the fileld work, Use of tue drafting waochine or
a2 protractor oftsn give rise to a constant arror., I[hus,
if one course 1az plotted wrong, all subsequent courses
will be in the wrong pesition even though they will be
correct relative to each other. On loug surveys drérting
errors ray be avolded by computling coordinates and plot-
ting roints about every oune-fourth mile along the P-~line,
Zetween these polnts, the traverse may ba plotted wita a
drafting rachine., This way no error can accumulate for
zore than ore-fourth mile, The coordlnates act as a
cheok on the plotting; and the rlotting in turn ucts as

3 check upon the coordinates. Lines at rizht angles to
the £-11ue or bisecting the angles at the turnlng polats
zay be drawn in 1ightly., These lines represent places
where topography was taken and are used as guldes for
measuring the offset from the P-stake, Other features
that should appear on the plan are streams, rock oute

crops that might affect the alignnent, sectlon corners,
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A devlice used in connection with the cross sectious
is a roadway template. The template is cut from =zcetate
or slullar material and representa the roadway perpendicu-
lar to the ocenter line, There are three roadway sections:
the through cut, the throuzh f£il1l, and the sidehill sec-
tione. Each of these may be further modifled by changing
the base, the back slopas, or the f1ll slore. If the tez-
plate 13 cut to represent 3 sidehill sectlion, it may also
be used for through cut and throush f1ill sectliona by turae-
ing it over. A geparate template must be cut for each
roadway width and combination of tack slopes ard ill

slopese.

Canter Line Design

In order to explain the procedure of center lire
lesign, a short section of road will be designed based
upon the P-line notes in the Arrendix,

The road used as an oxazple in this paper nas a
subgrade wildth of 20 feet with three additional feet
1llowed for a ditch. This is, for all practical purposes,
aqulivalent to the U. 3, FPorest Service ZE standard road,
Which 1s cousldered a one lane recad. ‘ack slores and
111 slorpes will ta 1:1 and 1 1/231 respectively unlecs
otherwise lndlgated. A ghrinkage facﬁor of 25 percent
w1lll be used for eurthwork computations, and the road will
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be bulilt wita a bulldozer naving a freehaul distance of
200 feste 7The tluber Az belng taulad upnill to tre road
Jutction at statlion O - (0.

ine F-l1line plan, f-llce prolflle, and crcss sectlona

EY

nd Te “

._S

for tue exauple are siuownr im Mijwes %, 5, &, «
turnout 1ls deslred on the pright slde of tlie roud in the
vicianlsty of 2 2 + 91 und D 3 ¢ &0, Cleatatlive Lalacce
oluls for excuvation and eruuaaxpient are desired dsar
2+ G0 uand ¥ 5+ C0e e road desin and cartiwerk
quantity sucets used . (Flgures 0 snd 18) are standard Ue Se
Jopest Service ueylion olx forms, ey were used Tecuusse
tuey were readlily avallavle, Ctiher forus could have leen
used to achleve the 32z results,

Zrlal rede lias, after thie plottlny 1s completed,

toe nealb step 1s bto druw the trolal _rade lins on tic Jro-
{filee It is luportaant to rsview un ilupertaat jolat dlse
Cusssdd in ca9 iirst saction of tals _.grer,

Ja stesp 8lorss, orade is tue coabtrollin [fuctor,
and ceatar lluag 1s Lijusted To flt {ae topo.rupay. The
Cay lide was rua ia the {iaeld L3twesa coatrols .ind tas
f=lluae accurately definad thias liaos. Tha trlal rads line
snould Le drawn on tue i-llne profile Getween thicss sune
coubrolse It 1a uob dacessary to balunces excavaition aad
Swbuaai..3at Wit tue triul rude lins, Jhis cun e Joue by

adJusting center llne to fit the topo.ripiy and _r.ds llas,
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Cn flat slopes, alijament 1s the coatrolling factor,
and srade 1s adjusted to talance excavation znd erbankzent.
It 1s irportant to locute the culverts on the profile at
this tire, Culvarts often become controls tecause :rade
rust ta hizh enocugh to clear the culverts, Trlal zrade 1is
oftan drawyn betwesn sulverts., 7Tolume of excavatlion 13 a
function of cut or f£ill at center line, back slora, fill
g8lope, znd zsrcart of round slcre, As the _round slope
eyrreuches zero, volure becomes more and more a direct
function of cut or fill, Theéefors, axczvatlon and 2o
tankzent juantities ray e roughly balaznced in flat country
by btalznelng cut aand £111 ordinates with the trial zrade
lire on the -1ins profile,

The trial orade drawn on Flgsure § was determlned by

drawing 3 stralzht lire to the tase of the rock bluff at

i

L ¥l

stution 7 €0 + 00 (see “baey Irofile in 2rpendix), It is
interesting to rote that the trial :r-~le line was not
drewn throu_h station 20 + C0, because two divergling roads
tust reraln on the rade of the exictlinz road untlil the
rozducye re antirely indeperdeént of each other,

Tri:l offset roirts, The trial grade elevation for

each section is recorded on the desizn form in Tizure 8,
and 4lso on the oross sectlions, The roadwzy texplate la
roved horlZOntally along the trilal rrads on tne cross sec-

tion until -1 visual btalacce of cut and f1ll area is
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determined, The area of cut should exceed the arsa of
£f111 to account for shrinkage and loss. In this sxample
the area of cut should excesd the fill area by 1 »
e 1023
or 1 , .

The center line of the balanced section i3 rarked
on sach cross seotioun 2s shown ia Figures 9 and 10, The
trial offset left or right of the P-stake is recorded on
the design shéet. After this operation is cospleted for
each stake, the offsets are transferred to the plau.

Sometimes it 1s impossible to obtain a talance be-
tween cut and fill areas., When it is no longer fasasible
to f1ll because of steep slopes, the center line aust be
moved into the hilll at least onme-half the subgrade width
from the point wherse zrade intersects the surface of the
ground., An asterisk 1is maéked on the plan iadicating that
center line must pass through thls point or be farther in-
to the hill,

Centar lins. A 1line on the plan jolning these trial

offset polnts represeuta the ceantar line of a complately
balanced road, The da#hed line on the plan in Pigure 11
representa the bvalanced road for the trial grade. Such a
read 1s lopractiocal because 1t would have very poor allgne
ment, Tangents and curves are drawn to fit these polnts

as closaely as possidle,
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To detormine the dasired coubinations of tanents
and curves reculres considerable study cn the rart of tue
designing snglueer, One lerortant point to receuskter 1is to
raintaln z2dsquete sipght distance ou curves, The dlstunce
required for au vehlole to stop is expressed by “he foruula
{1, r. 85):

d = bhv+ v2
303

d = distance required to stop in feet
v = speed of the vehlcle 1n miles rer hour

coeffioient of frictlon of the tires

agalnst the road

Cn a glngle lane road, two oncoming vehicles require twice
this distance to stop. This is referred to as the doubls
stopping distance, The sight distaﬁce stould ve checked
4t each curve, If it is less tham the double stopping
distance, the road should be widened to allow two vehicles
to pass, The wldening should extend until tne sizht disa
tance agquals or exceeds the double stopplny distance,

When desipgning a road along a sldehill, curves should
be desisned {irst and then the tangents drawn to join tue
curves, The reason for this is that the road must conform
with the contour of the terralm and in sidenill locations,
curves it the contoufs better tnan tangents, On flat

ground the tangents are drawn first tecause long tangeuts
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P-gtationing 1s 4daternined and asntered on the deslgn form
oprrosite the C-station, The offsat from the r-station to
tre coriesponding L-statlon 13 zeasured and recorged on
the desizn sheat. When this has been completed for the
section, the information 1s transferrad to the cross sec-
tions as shown in Rijures 13 and 14, The L-stationing 1s
rlaced directly under the P-statloning at sach cross sec-
tion. The center line offszet 1s located on tue cross
section and the . round elsvation at this polint ls recorded
on the desizn sheet, Thls elevatlon 1ls a projeoted value
hased upon the ;eneral topography of the sidehill, It
does not account for minor irregularities in the torogra-
phy: The actual elevation must be dstarmined in the {leld,

The projected center line profiile is shown 1in Figure
15 The zrade line 1s drawn to fit the profile, In the
example, the grade line 1is the same asz the trial . rale
line, Vertical curve édata are computed and tne curves are
drawn to counect the ;rade lines. Ine grade alevatlon 1is
determined for each station and recorded on the desiyn
sheest,

Eaprthwork guantities. Turning to Fizures 13 and 14,

&rade elevation 18 located and the roadway 13 drawn on
each section with the roadway template. The next step 1is

to determine the areas of cut and 111 at each section,
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Tha L-liae statloa of each saotion, tne distance
tatiwzer secticas, ind the arsa of cut azd i1l at such
s20tica nave taen rocorded on tha arthwerk guantity sheet
siicwa in Flzure 16 1a colusra i, 2, 3, and 3. The end
areasd of successlva statlons are 2dded togsther Lo ;lve
the double eud area, Thess fisures are rscordad in colw
uczns ¥ and 4, The doubles 23nd area i3 converted to voluze
and recorded la coluin 19 lor eoxcavatlion aad column 12
for eumtankzont,

Columa 10 repyresents total excuvatlon, Tuls figure
is convartad to common materlal and colld roci, dapendlag
upon ;he astizatad pesrcoatags of rocks 2a this exampla
there 1S no rock so the msterial is all slassifled as
COnLmoN,

The actual embankment in column 12 1s increased by
a speclfilaed amount to zliow Ffor shrickage and loss, There
baa long bean a disagresment amond =nglnsers as to wiat
sarinzkase factor should be used in balanclng sarthuwork,
¢ ve Tore spscific, thisg factor ia ot only sirinkege,
but 1130 includes loss. If a cubic foot of 3011 is care-
fully removed from the ground, its voluze will increase to
a value grester than one cublde foot tecause of wn lncrease
1o the vold ratic. ''hea placed in a 111, it3s [lnal vol-
u#e ray te Jreater or less tnan one cublc fcoots In zctual

rractlice, a cublec root of excavation jeuerally occocuples a
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volume l2s8s8 taaa one cublo foot 1a 3 fill, IZhia zay be

du® ia zart to the compactlon and in part to tie loss 1m
the procsss of excuvabtiag, nauliang, aand placlog in the
2mbankient. saother explanation is tuat soze of tne rfue
tarlal olassiflad aa dirt 13 nob dirt at alle fne top
layer 1s usually dufi madse up of twilgs and nsedles in
various stages of dacouposition, Also, stumps oscupy space
that has bLeen coasidered as 4irt, The amount o space
sccupied by sturps varies with the 3ilze aad nusber of
stuzps per unlt area, and 1ittle 13 inown as Lo now uuch
tnls valua is, Ilowsvar, iany augianesrs fesl that wnen tne
area ls wsll sbtogked, tne top foob of zo0il wlll be lost in
the olearing and sruddlng operation. Jners tners ars fewer
sturpa, the azount lost uay only be six lacues. Ihe peor-
csut of loss 7arles iuversely wita the depth of the cut,
Thus, the larger the cut, the smallsr tne percentage of
loas due to atumps and Jduif,

Zoss ocsurs 1n ssveral ways, ‘/aen a bulldozsr pushes
dirt, sowa splills off to the sids out of reach of tuse
dlade, JSoma of this 1s pioked up wlth succeeding passes
With the blade, but eveantually sowme will spill over thse
side and will be lost below the toe of tha subaunkwment,
wiien eartawork voluwes are computed, i1t ls assuicad that
the f11l 1s bullt by placinyg dirt la layers, beginnlng at
the lower slope stake and bullding the 11l up to srade.
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This i3 the recommended practice (1&, p.i94) and (3, pe.
381-382), but too often the dirt is pushed over the sids
of the fill and keeps golng until the downward force due
to the weight of the dirt is overcome by the force of
friction between the dirt and the ground. ©On steep slopes
the dirt often continues down the slope well below the
slope stake, finally coming to rest in the timber or 1a
the creek bed, One uethod of reducing the amount of dirt
that runs below the lower slope stake 18 to mark the lower
clearing boundary above the lower slope stake., This prace
tice should be limited to spur roads over which a relatively
szall volume of timber is hauled, There are several dis-
advantages of using thils method om higher standard roads.
The slze of the clearing 1s smaller and less sunlight will
reach the fill, Snow will stay later in the year, Thils
means that the fill cannot dry out or draln properly, thus
becoming unstable, Another disadvantage 1s that it is
difficult to compact this type of fill.

Excavation for the pioneer road accounts for some
loss; but Af the pioneer road i1s placed at the lower slope
stake, 1t can be utlilized as a bench upon which a fill can
be oconstructed. In this way the loss 13 reduced to the
material from the pioneer road,

A method to reduce loss, and at the same time reduce

excavation, i8 by using a retaining wall to hold materilal
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in place. The mogt cowmon use of retaining walls is
around bridge abutments., They may be used 1ln places
where the toe bf tne f1l1l is sublect to srosion by a
stream or river. Aoother use, more ia line with saving
material, 1s in a steep, chute llke draw where gradse
cannot be lowered and it would be too expenslive to move
the center line into the hill., 3Such a structure 1s ex-
pensive out provides better alignment. The use of re-
talning walls on steep slopes to eliminate loss of mate-
rial is not likely to becoms a popular or economlc method
for logging roads in the Douglas~fir zZeglon,.

The shrinkage faotor will jenerally inorease with
the parcent of slope until the slope reaches some valus
between 50 percent and 70 percent, Wwhen the slope ap=-
proachea these values, very little of the road will be on
£1il1l, and there will be an excess of material, The value
also dependa upon the type of 501l and amount of compac-
tion., The GAifford Finchot National Forest uses a 25 per-
cent shrinkage factor and does not consider the top foot
of aaterlal when computing earthwork quantities., Zxperi-
euce should govern in making the decislon, rather than
assumling an arbitrary valus,

When rock 1s excavated, the void ratlo zreatly in~
creases and a swelling rather tham a shrinkage ooours,

Some englineers assume that thils swelllng 1s offset by
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loga, and tha material axcavatad will occupy approxi-
matel} the same voluze. ia tue aabankment (12, p. 11).

A suriaksge {astor of 25 percent nas been used ln
this exanple. The sum of the ascbankrent and iacreass 1is
shown in cclumn 13 of ths guantity shest,

Ihe naxt step in the earthwork couputatlons is to
compute the mass dlagram data. A zass diajraz 1s a
graphic representation of tha alzgebrale sum of the cunu-
lative volumes of excavation and exbaunkzent. Coluans 14
and 15 are added algebraically to obtaln the zess ordlnate
at each statioan showan in column 16, Jass curve data are
valuable to the englneer even if the mass dlagram 1s not
drawn, since by looking at the yardage 1in the mass curve
col;mn, the excess or shortage of materlal at any station
can te deterrcirved, In plotting a xzass dlagram, the ub-
scisaa 1s the L-line stationing and the ordinate 1s the
cunulative voluze of earthwork as shown in colura 16,

The mass dlagram for the example 1s snown in Flgure
17« The curve lles very close to tue zero ordinate from
stations 0 + 00 to 1 r 88, This means that the excava-
tion and embankment ¢uantitles talanced at each cross sec-~
tion. The curve rises at station 1 + 88 indicating that
excavation sxceeds exbankment, The curve contlnues to
rise until station 4 + 56, Then it drops off rapidly,

indicating heavy fllling. The curve crosses the zero
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ordlnate at approxluuitely statlon 5 + 27, At this polnt,
cumulative sxcavation sguals cuuulative ewbanxzent. If
any norlzontul line lantsrseots the curve, excavation and
subankzmsat Letwwen tiis points are squal, Ihe aorizoatal
llne crawn tetween station 2 + 36 to & *+ 96 equals the
free-~haul Jdistance stated om page 38. Iuls liae 1s 600
cuble yards asove the zero ordinate, This reprossats the
overhaul voluxe, Sverhaul 1s material oeoved teyoand thue
free-haul dlstance. It 1s a funotion of voluze and dis-
tance, and 1t 1s uost c6mmonly zaasured iln terms of
atatlon-yards, The average naul distunce equals ths
distance vetween the ceater of zasa of the excuvation and
emban;mant volﬁmes. This distance 1s approxizately equal
to the width of the overhaul area at xlild-usight, The
averase haul shown on thne diagram Ly the dushed line 1is
266 feet, The overnaul Jistance equals 266 - 200, or 66
feete The overhaul 13 equal to (0.356)(6G0), or 396
station-yards,

In additlon to deterziulng overhaul, the mass dia-
grac 1s used to determine borrow, waste, and the direution
that the naterial will be moved. The balance point at
statlion 1 + 88 indicates that the materilal required to
coustruct the fill tegluning at atation 4 + 56 lies be-
tween stations 1 + 88 and 4 + 56, If the curve 1s cor=-

cave upward, uaterial 1s msoved froam right to left. 1If
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the curve is concave downward, the materlal 1s moved from
left to right,

The haul sohedule is shown on the L=-llne profile 1in
figure 15« The haul schedule shows the volume of material,
the direction it will be mzoved, and where it 1la to be

placed,

~ull Rench Degli n

Considerable mileage of rcad in the Douglas-fir
deglion 18 constructed on.ground slopes too steep to
suprort any fill and the rocad must be completely benched.
The mgperlal excavated 1s generally wasted by slide castlng.
Since there 13 no embankment, the desligner 1s not con-
fronted with the problem of balanciag cut aand f1lll volumxes,
A deaign procedure well adapted to side cast construction
1s discussed here, This method does not utillize the
plotting of crosa sectionsa,

The P-line plan, ?-line proflle, and trial grads are
plotted as described previously. Assuming that the road
1s to be completely benched, each P-statlon 1s analyzed as
follows, The ceater line must be moved "x" feet from the

P=gtake to obtaln a full benaohed roadway.
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Flgure 18, Offset for TFull Zeunch Zoad

x = the cffset to center lims {or a fall
tenchad recad

3 = the width of the road frow ceater llne to
ttie shioulder of the road

¢ = the cut or 111 -3 dsterzined froa tues triul

crads

&)
t

the _round slope {rom the topography notes

If the value of "x" 1s positive, the offset is uphill, If
"x" 18 nezative, the o.fse. -3 downhill, If the trial
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srai€e line 1s above the r-stake, the valus of "o 1s

nezative and the [ormula beccress

x = 3 - A28

ol

>
o)

The valuss of "x® are recorded in the trial offset
coluun for eaclh statlon and them traneferred to the plan.
Tlicse polnts are consldered controls hecauvse center line
cannot bve downhill from tham wlthout louering the rade
line, Curves axd tangents are drawn to f1t these ccntrol
poluise Curve data are computed and the road ls ststlonad.
The center lilne offast is scaled from the pizn and recorded
on the 2ssizn form,

Tha diffcreunce in elavation between the P-stake and
the corrssronding Le-statlon 1s egual to the produet of the
genter line offset and the _round slors, This value 1a
1d2ad to or subtracted from the DP-gtalle elevation to arrive
at the rrojectzd center lias elsvation. This fijure 1s
recordadl on the desiza forr.

The L-1line rrofile 1s nlotted from the projlected
senter line alevatlion, and the ;rade lire 13 drawm. The
crade line aust be low 3noush so that the road will be
completaly Lenched, The cut at any point must be equal to
or sreatsr than the produst of the s-round slope and tha

Wwidth of road from tha center line to the zhoulder.
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Excavation quantities are coxputed, but it 1s not
uecessary to plot the mass diagram as it serves no pura
pose with a full benoh road design, 232y changing :rade
frequently, excavation may ve reduced, but thisg may in-
crease hauling cost, If the timber is being hauled up=-
hill, the grade should be held constant so that time will
not be lost by constant shifting of jears.

irade Contour Lesim

The grade contour 1s an imaginary line formed by
the intersection of grade with the ground slope, The
grade contour deslgn 13 similar to the full bench design
vecause neither utilize oross sections, They differ in
that the grade contour design can be used to balance exca=-
vation and embankment quantities, The offset to the zrade

contour 1s located as shown in Figure 19,

G rade

Contour,

Figure 19, Offaset to the Grade Contour
The offset "x" to the grade sontour equals—%-, where "o"

is tne difference in elevation between the P-stake and
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the trial grade eiavatlou and "5" 1s the zround slope.

This offset 18 recorded on the design {orm and plot-
ted ou the plau for the corresponding P-station. When
this has beemn completed for each stake, the polnts are
Joined with stralght lines, This line 1s the grade con~
tour, and it may be considered the centar line of the
balanced road,

Curves and tangents are drawn to fit the grade cone-
tour, curve data are computed, and the road is statloned,
The projected ground éle%ation is determined as shown 1in
the full bench desisn and tne L-line proiile 1s plotted.

The grade line 1s drawn on the L-line profile and
the—brojeoted center line cut is measured and recorded oan
the desi;n form, 3lunce crose sectlions nave not been
drawn, the end area of out and fill at each statlon zust
ve computed from the projected center line cut and the
topography notes, This involves consliderable work withe
out the use of earthwork tables.

An earthwork'tablo zay be compiled to show tue cuble
yards per station of excavation and eubaunkment for any
cut or {1ill, combination of back slope and {ill slope, and
percant of ground slope, The table 1s coustructed for the
wldth of sBubgrade desired, 3Such a table 1s time consuming
to couplle; but once 1t has teen complled, it greatly fae-

ollitates this method and the full Lench method of design.
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The recalning design 1g simllar to the cross section
deslgn, A mass dlagram 1s plotted and the haul schedule

1e shown on the L-line proflle,
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THE CONSTRUCTION SURVEY

The location survey 1s conducted to transfer the
center line data from the plan and profile to the gzround.
There are two basic cethods to accomplizh thise The first
is to run a Qew survey, using the tearings and dilstances
as computed or scaled in the office from tne plan and pro-
file. This method 1s not too popular since it luvolves
brushing a new line, and 1t 1s considerably slower thnan
the offset method. . _

The offset method involves offsetting ths center
line at right angles to the P-line, or along the blsectlion
- of the éngle at each P-stake. The horizontal offset fromz
the P-gtake to thse center line and the diffsrence 1in ele-
vation between these two polnts have already been recorded
on the design sheet, Thils nethod, however, also needs
revlision because the P-stake and the ceuter line stake
both generally lie within the clearingy boundaries =2nd «ill
be destroyed durling the clearing and ;rubblng operatlous,
In order to iunsure permanence of the coutrol data, vench
zarks or reference stakes should be set 10 to 20 reet
beyond the edize of the upper clearing. The most perwanent
reference 1s a bench chopped into a tree closaea to the
ground level, The references ars set at right angles to

the L=lline .hen the uprer slope stake and clearing



boundsry are located, The data recordsd on the reference
are the corrssponding center lins stationinz, the dlstance
from the refasrence to the center line, 2nd the vertlcal
distance from the reference to srade, In addition to
these data, the distance from the refarence to tue upper
slope stake 1s deternined since the uprer slope atake
zarks the place to begin excavation,

The reference can Le located by rodding uphill at
right angles to the P-line without locating the center line
stake, The horizontal distance from the P-atake to thne
ceunter line stake has already been scaled from the plan
and recorded in the design form as the center line offset.
This value is added to ér subtracted from the horilzontal
dlstance between the P-stake and the reference to give the
horlzontal distance from the center line stake to the ref=-
erence, The difference in elevation betwsen zrade at
center line and the P-stake can be determined from the
desizsn form, This value is added to or subtracted from
the differonce in elsvation betwean the P-sgtake and the
reference to give the vertical distance from the reference
to the grade of the roed,

If the direction of the L-line does not cloegely
parallel the dlrectioa of the P-line, the refersuce stake
cannot be set by rodding uphill perpendicular to the
P=line, This can be explained by referring to Filgure 20,
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Plgure 20, L-line Reference

foint "A" represents the referance located :along tne ble
section of the P-lire, 3Since the reference is to be at
right anglss to the L-line, "A" represents the reference
td‘polnt “E" on the L-line instead of point "L", Tuare
are two ways of setting point "3", The first 1s to xzeasure
along the bisection of the turnlng polnt to the L-line,
Then proceed uphlll along bearingz UC3 to polat "=, The
other method involves locating point "C" along the r-line
and proceed uphill along the bearing of CCZ to set point
"3, The distances FD, PC, and CD and the btearing LC3 may
be xreasured on the rlan, The P-stake 18 used as a vacke
8izht for elevations in both methods.

The upper slope stake 1s located elther on the way
up to the reference or clge it 1s located by rodding down
frow the reference, If cross sections have besn lrawn, a

close approximation can be rade of the location of the
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upper slope stake by scsling tha horilzontal distance from
the F-gtake to where tha back slope intaersects the :round
1avel, If the data recorded in the topos-rapulc notes are
acourate, this should colncide julte olosely with the upper
slope stroke, However, errors 1n topozrarzhy or local ground
varlations will 2ffect the losatlion of the slope stake,
“aless the error 13 appreclable, this method can be used
to find the aprroxluate location of the slope stake faster
than rodding up from the P-gteke or dovm from the reference,

Except on flat groﬁnd or through cuts, it 1ls generally
unnecessary to locute the lower slone stuake. 7Ternaps if
more care were taken in construction of f1llls, 1t would be
desirable to locate the lower slore stake, Illowever, the
f1llas in the malority of cases are bHullt by side casting
naterial over the slope uuntil it bHullds up to the dasired
helight of £11l, The material willl run down.past the lower
slope stake and will not stop untlil its momentum 1la checked
Yy frictlion or the lower clearing edge. This resulits in an
unstable roadbed that will eventwilly settle and require
addltlonal waa hours to repalr. In the future more erphasis
will undoubtedly be placed on proper constructioun and cone
paction of {ills, At this time the lower slope stake will
hecore a nazessary item to be located in the fileld.

The upper edge of clearing should be sot at least 10

feat teyond the uprer slope stake so that uo treeas ars
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undsrmined by the sxcavatlion, The lower clearlin; Loundary
i3 set zbout 10 fe=2t Yslow the lower slors stake, 05lace
the lowsar slope staks 1s seldom located, tha lower cleara-
ing boundary can he dstermined by weasurlns tue dlstance
from the P=staks to the 1lntsprsectlon of ths [1ll slope
W@ith the ground (a3 shown on the Jdrawum cross sactlon) and
then 24ding 10 feet, If cross sections are not used, tae
lower clesring boundury may e established by assuslng
that the distance from center line to the lower claaring
boundafy equals the distance fron center lil:ie %o the uprer
clearinz boundary. In steep country thls can result la a
Wide risht-of-way, but the dawange to tress on the lower
3156 Troz roocks nd debrls usually necessltates tuelr rew~
moval anyway. Also, this wide right-of-way wlll allow
wore sunlight to reacn the road, drying 1t out faster and
rercring snow earller, Clearling toundarlies should e
srooth, This often zeans that tie cleurings wlll extend
rore than 10 feet beyoud the uzrer or lower slors stakes,
The location of balance yolnts, wus deternlned oy
the nass dlagram, can 21ls0o ve located and iarked with tags
on trees on the ed;e of the clsaring. This will show the
construction crsw which way the excavation raterlal 1s to
te voved, Culverts are also tentatively located, Usually
a tree is marked or-a atake is set on the ed e of the

asleuring above tihe proposed location of the oculvert, Tae



stationing of the sulvert and its di-icoster and length are
recordad on the tree or stake,

'vhan the rilrht-of-way has teen clesred and grubbed,
the uprer slope stak3as and center lins stakes can bs =¢
from the data recorded on the reference, The cut or [1ll
at ceanter lins 1s rescordad on the stake, At thia zolunt
zrade and alignment can ta cnecked and adjusted for any

Zinor errors,
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