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FOREST 2OAD LOCATION AND DESIGN

IN THE DOUGLAS-FIB REGION

INTRODUCTION

The Doug].aa-(ir' Region is a narrow 8 trip of land.

extending from the summit of the Cascade Mountains west-

ward to the Pacific Ocean. It ii bounded on the south by

the Calapooyo ?ountains in southern Oregon, and it extends

north into British Columbia. The total acreage in Wash-

ington and Oregon exceeds 35,000,000 acres of which ap-

proximately 80 percent is classified as forest land (13,

p. 352) The timber is predominantly found in the nioun-

tainous areas, and to harvest this timber, roads have been

pushed farther baok into areas heretofore inaccessible.

In the early days of road building, little if any

thought was given to proper looation, alignment, or grade.

Today, logging engineering plays an important part in the

formulation of forest management plans of governxent agen-

cies and private industry. Greater emphasis is placed on

locating the road to serve tomorrow's needs, as well as

today's. Higher road construction coats are accepted if

they result in lower hauling and maintenance costs.

The purpose of this thesis is to outline some of the

basic principles for choosing the best route and for the

survey and design of this route. The methods discussed in

the following pages are by no means the only methods in

use today. Each engineer develops his own methods or
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nioditiO8tiofll through experience and experiment. The

method used will depend upon the standard of road desired

and the terrain encountered.
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THE RECONNAISSANCE SURVEY

Road reoonriaissanoe begins when the forest manage.

mont and logging plans are evolved. At this time the

standards of roads that will serve the drainage are es

tablished. Gnerally, there will be one or two primary

or access roads (depending upon the size of the &'ainage)

and a network of secondary roads branching from the pri-

mary roads. Factors that determine the standard of a road

are average annual haul based upon sustained yield manage-'

mont, maintenance costs, recreational potential of the

area, and additional industries that may evolve with the

development of the road system.

The priaary road follows on of three general

courses; along the stream bottom, along the ridge top,

or along the sidehill between the stream bottom and ridge

top. The final choice must be determined from the field

reconnaissance.

ost of the logging will be accomplished from see-'

ondary roads and low standard spur roads. A reoent study

on the Willamette National Porest (9, p. 82-8) indicates

that the most effioieut road system for logging consists

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.



Stdehifl ReconnaissanCe

There is a distinct difference in the nethod of re-

connatasance used in sidehifl 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 end enibankitent.

The reverse is true in flat country. Alignment will con..

trol the location of center line, and grade will be ad.

juated. to balance excavation and embankment. This section

will cover the method of reconnaissance employed in side-

hill country.

Extensive reconnaissance,. The process of extenatve

rcotmaiSaar1Ce begins in the office with maps, aerial

photos, and any other available information pertaining to

the proposed project and continues in the field until the

area through which the route will pass is selected.

Contour maps are useful for stud.yin the genera].

topography, and with them, it is possible to determine

whether the average grade is greater or less than the

maximum grade for the standard of the road desired. To

do this, the difference in elevation between the termi-

nals is divided by the distance between the terminals.

It is best to be conservative when calculating the die-

tarice. If the road can be built on the maximum grade

using this shorter distance, it can be built on a grade
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less than the maxi12um, depending UOfl the actual distance.

The difference between maximum grade and the actual grade,

called slack jrade, is inportant in avoiding rock, swazips,

and in utilizing the various controls located during the

reconnaissance survey. If the grade, as computed by using

a conservative distance, is greater than the maximum grade

authorized for the standard of road, an alternate route or

switobbacks may have to be located. ir neither of these

solutions is feasible, the excess grade will have to be

jUstif ied.

With a pair of dividers and. a contour map, it is

possible to sketch a route at the average grade on the

map. Divide the contour 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 oft on the dividers. Set one leg of the dividers on

the beginning of the project and. awing the other leg of

the dividers until it intersects the next contour. A

fraction of this distance is used to locate the inter-

section with the first contour if the beginning of the

project lies between two contour lines. The intersection

or the grade Line and each contour line is located with

the dividers, and a line is drawn connecting these points.

This does not represent the location of' the road, but it

does indicate the general area through which the route
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may pass. Several routes can ua1lY be skstOhSd on the

map giving some indication as to which areas hOU1d be

inyeetgated in the field.

The limits of the roadway between any two control

points may be computed after the average grade has been

determined as shown below. AseuflS that the distance be-

tween controls is WDW and the difference in elevation be-

tween the controls is "Es and the maximUm grade for the

standard of road. is "G". There are three basic routes

which may be followd betweefl the controls. First, it may

follow the average grade line between the two controls.

A ond p0ibtlitY is to go along the maximUm grade Un-

tii the difference in elevation at 'P is equal to "E" and

then continue on a level grade to the other control. The

other possibilitY is to start out level and continue to

"H" from which the other control may b reached on the

maximum grade. The last two routes form a parallelogram.

On long projeotS. the area bounded by this palle10gr

is large and will involve 0onsidsrable walking and etudY

trig before the final route may be selected. If the average

grade route and the extremes are sketched on the contour

map with dividers, the area to be tudiOd can be more

clearly defined.
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D,.s#o,,ce - 5*o*,ons

?igure t. Limits of the Roadway

Aerial photographs are another valuable aid in

studying the topography of the area. With the aid of

a stereoscope, it is possible to study ridges, draws,

rook bluffs, timber density, and species. Although to-

pographic features often stand out quite clearly, they

should not be considered controls until they have been in-

vestigated in the field. Aerial photos are exaggerated

vertically and tend to make the topography appear steeper

than it actually is.

With practice and. experience, it is possible to

obtain relative elevations of the prominent topographic

features. With the elevations of these points, it is

possible to compute the average grade between them. There

will, undoubtedly, be other points located during the

field reconnaissance.
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The first step in the field work is to become ao

quaiuted with the area through which the road will pass.

To do this, the engineer hou1d take advantage of any fire

lookout towers or exposed vantage points which overlook

the area. The process of orientatiOn is relatively simple

and involves comparing what 3* on the ground with what is

on the maps and. photos. Each ridge and draw seen on the

map is located in its natural position as seen from the

vantage point. Locating the change in timber type is

often easy even at a distance, and this also helps in the

orientation.

The next step is to walk through the area on the

average grade to become familiar with the terrain. To

follow the average grade line, it is necessary to carry

a barometer to determine 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

vatlon of a point ten stations from the beginning is

computed. The difference in elevation is equal to the

average grade times the distance paced, which in this

case is ten stations. This value, added to or subtracted

from the original reading, gives the grade elevation ten

stations from the beginning. A barometer reading is

taken every ten stations from the beginning, and the erigi

neer moves up or down hill to the computed elevation.
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This is continued over the entire roite. Tags may be

fastened to a tree every ten stations with the stationing

and elevation noted for future reference. Tags shoUld. also

be used at critical stream oroasinB, passes, and other

features that may be of future interest. The 3ationirig

and elevation are also marked on each tag.

Major controls are often located on the first trip

through the area, dividing the project into smaller sao

tione. When a rook bluff is encountered, the elevatiori

on top and at the base are recorded because the road, in

w.oat cases, will go on top of the bluff or below it.

There is no sharp distiflOtiOri between a rook outcrOP and

a rock bluff. The standard of the road, rather than the

size of the outcrop or bluff, determines whether it muøt

be avoided. Thus, on a lower class road the alignment

and/or grade are changed to avoid blasting rock, while on

a higher standard road large volwxLeS of rook ma: be blasted

to achieve the desired grade and alignment.

When a prominent draw is encountered, it is dOl3iX'

able to tak* time to walk up and down the stream bed to

locate several possible crossings. Timber types hOuld

be noted since the size, species, and location of the

timber will affect the clearing and grubbing costs and

the looat.Ot1 of the road. Possible rook quarrY sites

should be noted, and rook samples hould be collected 80



10

that an analysis may be made to determine their suitabil'.

ity for base and surface material. Each time an important

topographic feature is noted, it is helpful to locate the

point on the map or photos. This gives an accurate boa-

tion on a map of the route followed in the field, and it

also aida in orientation. If funds permit, an aerial view

of the area is extremely helpful after the initial field

inspeo tion.

Notes should be kept during this initial trip

through the area describing what ii encountered. They

should be as brief as possible without omitting any ia-

port.ant information. The notes will generally include

stationing, elevation, 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 route. With the features plotted at their

relative elevations along the route, the entire area may

be studied to determine which sections or areas need fur-.

thor investigation. The topographic features are analyzed

to determine which will be controls and which will not,

When the controls have been determined, the grade lines

joining them may be drawn on the profile. A sample reoti-.

naissance profile is included in the Appendix.
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When there is doubt as to which route to follow, an

estimate of construction and hauling costs can be made from

the reconnatasance notes. Construction costs are broken

down into clearing and grubbing cot3, excavation coats,

and surfacing costs. Usually, the clearing and grubbing

costs and the surfacing costs will not vary appreciably

throughout the area so these will be proportional to the

length of the road. Excavation coats vary with the volume

of excavation, type of excavation, and. ground slope..

Hauling costs vary with the distance, rada, align-

meat, and sight distanes. Hauling ooata can be obtained

from past experience and coat records, or an saturate may

beads from compiled tables and graphs (1, p. 4O..5O).

The construction cost or total road cost may be coisid.'Od

as the present value or a terminating series of regular

payments. The regular payment may be considered as the

annual road cost. On this assumption the annual ooat for

conatruotiofl may be computed by the following foraulii

Annual ioad Cost Tot. Road Coat p(1 + p)flJ
(1 + - 1

p interest rate

n number of years before abandonment

or major reconstruction j necessary

The sum of the annual hauling cost, annual main-

tenance cost, and annual road coat are added together to
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give the total annual eoat of the route. The total annual

cost is oowputod. for each alternate route, and the route

with the lowest total annual cost is the most economical

route.

There are other factors that cannot be reduced to a

coat basis. Each route should be compared from the stand-

point of the overall road syStem for the drainage or drain-

ages, serving the logging needs of the drainage, (ire pro-

tection offered, snow renoval and aubgi'ade drainage, soil

erosion and stream siltation, and rightaOtWa7 transac-

tione. aightaot-WaY transaotiOtl8 often involve ozietarY

compensation and comnonly reciprocal rightsOtWaY. 1arIy

opaniea will avoid such transactions, it possible, by

seeking an alternate route.
All these factors will affect the final decision as

to which route to follow. If a deoiiOn still cannot be

reached, each rotts uuat be tagged and ixore detailed as-

tiznatea based upon intensive reoounaiasanoe must be uiade.

Intensive reeonnaiasafloe,. Up to this point, the

reconnaissance baa been concerned with determining the

area through whiob the route will pasS. It is now nec-

essary to adjust and fit the route to the topography of

the area. This is known as the intensive reconflaisaaflOe.

When perforluitig this reconnaissalloe, a tag line is run be-

tween selected control points. The tag line is studied
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ad adjusted. until it represents the desired route.

The tag Line ii run at the 1eotd grades using

an abney and pacing and. 2.s marked with tags fastened to

a tree at a point eye level above grade. A1thoUt1 eye

level varies with the individual, it geceral1 is not an

iniportant discrepancy. The average eye height is sà feet

and this may be used as a constant for the job. Thus, a

tag is considered 5 feet above grade. Any exceptiOnS

should be noted. on the tag. Stationing need not be placed

on each tag but shou4 be placed at least every two to

tour stations end at every prominent topographic feature.

There is no specific or optimum spacing of tags, but they

&rould be close enough on curves to approximately define

the curvature.

Ground slopes, in general, are steeper adjacent to

creeks and streams. In some cases, this is not a major

factor, but steep aidehill construction ahould be avoided

whenever it is practical. In order to reduce the length

of steep aidehill construction, the road should descend

into the creek on a minus grade, cross the creek, and. then

ascend on the other side of the creek on a poaitive grade.

Consider the situation shown in the figure below. Suppose

point A is on the point of the ridge where the side slopes

are beginning to increase. It point A is 150 feet above

the creek, and the grade of the creek is .20 percent and
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the grade of the road is +5 percent, the road will inter

sect the creek at point 3, 10 stations from point A.

Figur 2, Adjusting the Tag Line

Suppose at point A the grade of the road is -$

percent. Then the road will intersect the creek at

point C, six stations from point A. It is evident that

the descending grade will intersect the creek in the

shortest distance. In order to go from point C to point

D (not shown), which lies along the point of the ridge

on the other side of the creek, an ascending grade is

used. This method can only be used when there is suff 1.

cient slack grade between point A and the next control.

This can be demonstrated by' continuing the +5 percent

grade from point 3 for four stations to point 4 which is

directly uphill from point C. The difference in eleva-'

tion between points 14 and C is equal to (5 x 10) + (5 x lj)

(..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 elavatiofl,

or a grade in excess of +5 percent must be used.

Sometimes the average grade line goes through rough,

undesirable terrain. When it becomes apparent that this

line is not pz'aotiOal, the route is abaz4OZ3Cd by rod4ing

up or down hill to bypaS$ the rough terrain. The point

at hioh the route is abandoned is referenced on the ground

indicating the stationing, grade of the line up to the ret-'

erericed point, and the vertical distance up or down to the

new line. The poiz!tt where the grade line resumes ts also

referenced iudioatiflg the statioflil. the vertical dis-

tanos set up or down, and the grade of the new line. Grade

changes are also referenced to indloatS the station at

which the grade changes, the grad.* up to the reference,

and the new grade. The most cowmen form of reference is

a tag fastened to a tree. The intortijation on the tag

should also be recorded in the notes.

Notes taken along the tag line should include all

topographic features above and below the Line that may at-'

teat th. location of the road. Other features that boUld

be noted are the location of possible quarry sites, timber

types, and average ground slopes above and below. These

nota will duplicate, to an extent, the notes taken during

the 5xtOnStVS reoonriaies*noe but they ghould be more de-

tailed.
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When the tag line is couplsted, a profile is drawn
and the topogr.pb.ta tea tuz'es above and below the line are

plotted in their respective positions. The profile Is
studied and any necessary grads changes can be determined

and drawn on the profile. It it wsa necessary to Set up
or down along the route, a new grade line must be computed

or scaled tram the profile and run in the field. A sample

abnsy profil, is InClUded in the &ppeud.tx.
An.y changes In the grad. line drawn on the profile

must be checked in the field to determine if they fit the
topography better than the original line. This is one

phase of adjusting the tag line. Another phase consists

of adjusting the tag ins in draws and at the point of
ridges so that the hin* more closely follows the ow'vature
desired at these points. It may be noted that the first
case involves adjusting grade, while the second involves

adjusting alignment.
31nco there will i.wually be two or more tag lines

run before the final route is accepted, eaob line should

have a separate marking. Tags along the first line may
be marked "A" and those on the next line "B", and so on

for as many lines as are necessary. The lines can then

be referred to as the "A" line or the "3" linel and when
a tag line Is encountered in the field, it can be I4ontI...
fled by the letter on the tags. Other markers that are
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commonly used are colored tags, paint, blazes, strips of

cloth, and colored plastic tape.

When the average grade line between two major oon

trols is greater than the maximum for the standard of the

road, additional distance may be gained by taking advantage

of spur ridges and side canyons or' by locating swttohbaoks.

A awitonbaok is a change in direction on the same slope

with a corresponding change of sidehill. Thus, it the up

hill slope is to the right of the Line at the PC, it will

be to the left of the line at the PT. Although itoh-

backs are beat suited for slopes below 0 percent, it is

up to the engineer to determine whether it is practical to

attempt a switobback on steeper slopes.

The most common form of switobbaok has a central

angle very close to 180 degrees. Assuming that the oen

tral angle is 180 degrees, th. difference In elevation be..

tween the PC and, PT way be ecr.;uted in the following

nanner. It the average ground slope in percent is "s"

and the radius of the switohbaok in stations is r and

the grade of the road around the switobback in percent is

"g and the length of the switohbaok in stations is lN,

the following relations may be computed. The difference

in ground elevation between the PC and i'T 2rs. The dif

tererice in elevation between the PC and the PT along the

switchbaok equals gl. The sum of out and fill at the PC



'igure . Cut and Fill on .witohbaoks
r radius of switohbaok in stations

1. length of switoh'oaok in stations

a grade or awitohbaok in percent

a = slope of ground in percent
C cut at C in feet

La

= fill at in test

Then:

C + 2rs gl

18

and PT is equal to 2rs gl. This iens that if the cen-

ter line out at the PC is zero and the grade of the road

is (plus, minus), the (cut, fill) at the PT will be 2rs
l. In actual practice there would be cut at one of the

points and fill at the other. The diagram below shows the

roadway cross sections of the PC and PT of a swttchbaok.

The central angle is 180 degrees.

Since the length of the switchback "1" corresponds to the
length of a semicircle with radius "z-", the tern "l"
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may be replaced by '7Trç". 'or rapid Cield caloulatlocis,

"" nay be considered equal to 3 and the term becores

'3rg". 'aotor out r" leavess

C ' P = r(2s - 3g)

If the central angle varies conatderablf roia 180

decrees, tie teri '2r zivat be replaced by the long chord

of the curve. The long chord of a curve equals 2r tiues

(sine ), where "I" is the central angle of the curve.

The formula may be zewrittens

C s F 2sr (sine- ) -

Some proposed roads may lie adjacent to trails.
This is a distinct advantage bocauze the trail carl be

used as the control line. An bney traverse Is made over

the trail nd the jrof lie is drawn. orkin from this

profile, controls above and below the trail can be noted

and tied in acourtely. In running a trail traverse,

abnsy shots are taken every 100 feet. the abney reading

then ivea the difference in elevation between the sta-

tions. This traverse can be run ainiost as fast as the
men can walk, and several miles may be covered in a day.

An inspection of the profile will enable the eni-
neer to eliminate certain sections of the trail. Addi-

tional tag lines must be run to cover the discarded
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sections of the trail. The main disadvantage of a trail.

control line is that the engineer may rely too heavily on

the trail and overlook important controls.

A similar method can be used when an existing road

is to be improved or when the proposed road follows part

of an old road. An abnay traverse is run in the same

manzier as with the trail traverse, and a profile is drawn.

Noit changes in alignment can readily be seen by walking

or driving along the road. Grade changes are not as apse

parent and mist be determined from the pref 110. By driving

along the road and stu&ying the profile, the engineer can

decide what sections of the road can be retained arid whioh

eotiona are to be abandoned. Again, with an existing

road, the engineer may tend to overlook important controls.

Level Reconnaissance

Flat rourid poses many more problems than exist On

aidehill z'econnatsaattoe. A1tgnent controls the final

selection of the route, and grade is a&juateJ to fit this

location. There are usually no prominent topographic

features. Visibility is poor, making it difficult to get

oriented even with maps and aerial photos. It is diff is

cult to locate point. on either map. ox' aerial photos.

With no prominent topographic features, there are no major

Oontrolo. The road mar Lie anywhere within the limits of
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the uaximum grade, and on flat ground this covers a wide

area. Grade lines are nieaninglesa, as they meander aim.'

Leaalj over the area. AU theue factors zake it necessary

to employ another method of field reoonnaia8aflOe to locate

the most desirable route.
xtens ive reconnaissance. xtenstYe reOOnn3ta5Oe

in level terrain is concerned with eatabltabiU horizontal

control1 rather than vertical control as iii the case of

aideblfl reoonnaisanOe. This is accoinlihGd by datex'.'

mining from a map the bearing of the tangent joining the

two terminals and running this line in the field with a

hand compass and pacing. Tage are placed along this line

othat the line ray be referred to in the future. otes

will usually be brief because there is little to note ex-
oept timber types and possibly swamps. Sometimes it is

impractical to run a single tangent between the terminals.

uoh is the case if a lake or cwamp lies along the lice

joining the terminals. iihen an obstacle is er.countered,

the line is run around it 'B1.ng measured bearings rzther

than following contours. When the bearing of the control

line is changed, a reference point is set indicating the

stationing, the bearing up to the reference, and the new

bearing. This infortiatiOn is ai.o recorded. in the notes.

Any long ceotions of excessive .rade should be included.

in the notes. .m3ll, uampy areas need not be avoided
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with the control line, but it is important to record the

distance left arid right of the line to the edge of the

swamp.

When the control line is completed, a plan is drawn

and any features noted in the field are located on the

plan. This plan is the base map or control map for the

intensive reconnaissance.
Xntenstve reconnaissance. The next step is to study

the area on either side of the control line to locate

9038ib15 control points. This involves considerable wal1C

ing and can be accomplished by walking parallel routes on

either side of the control line, or by meandering back 3nd

forth on either aide of the line. In either case, any con

trol points located should be tied to the control line.

'hen the area has been thoroughly studied in the field,

the control points are plotted on the plan. The plan in

studied and the desired route is selected. This route is

then located and tagged in the field, using a compass and

paoing. Grcde readings may be taken when excessive grade

ig encountered. Thin route is adjusted to eliminate any

excessive grade and to improve altnment. It the route

meets the desired specifications and appears to be the

most economical, the preltnii.nary survey may commence. It

there are two widely 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 more

routes clone together, it would be best to survey the covt

direct route and measure the topography 300 feet on either

aide of the tine. This wifl dive ample roow to move oen"

tsr line while deain.tng.
efore spending too much time on the field recon-

naissance, the engineer should give serious thought to
making a topographic map of the area with two or five toot

contours. The added time spent on the mapping may more

than pay for ita1t in time saved in the intenstve reori
T2aisBaUce arid preliminary survey.



T 2ELtiIN-i 3!J1T.

The purpose of the prelixiiiflary survey is to estab-

lish accurate horizontal and vertical control over the

selected tag line. This zay be accocplished either by

using a transit, tape, level, and level rod, or by usin

a staff ootipasa, tape, percent abtiey, hand level, and

level rod. The transit survey is uore accurate (1/3000

to 1/5000), but it is rnuch slower than the coupaBs survey.

or surveys involving nuaerou$ ihtsof-Way problenia and

surveys in flat around where it is desirable to ezploy

long tangents, the transit is rore practical. iOw8VOr,

on-ordinary logjing roads where there are few or no

rights-of-way involved and an accuracy of 1/300 is suf-

ficient, the cowpase survey is more practical since it is

faster and requires fewer personnel than the transit sur-

vey. For a discussion of the transit survey, the reader

is referred to any standard surveyiri text.

orizontal Control

A copasa preliciinary survey can be run by two wan,

but it is faster arid wore desirable to use three or four

Len If the survey is run by two Lsfl they should set

at.akea and brush the line one ay and o bucc ind survey

that portion of tne line the next day. 'ith a three or

four nan party, the brushing and surveying way proceed

2L1.
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ultaneoual'e

Stakes should be set along the tag line every 100

feet along tangents and every 25 to 50 feet along ourv03.

These are arbitrary maximum distances betWee1 stakes. A

more realistic method is to place a stake wherever it is

needed to define a change in alinOflt, topography along

the line, or topography to either side of the line.

3earinPs. A compass bearing is taken at each tu.rn

ing point. These readings should be taken to the nearest

onefourth degree. 3ince there is always a possibilitY

of local attraction, baokstghts ahould be read at each

stake. This gives the same effect as turning angles.

some engineers set the compass on an even degree and have

the head ohainnan move the stake in line. This iakea it

easier to plot the traverse.

Distanç. Distances are measured with a tape 100

to 500 feet in length. The 200fOOt tape is probablY the

iost commonly used in the Dou.Zlaafir aegiori. Level tap-

ing is slow and cumbersome with this type of survey be-

cause of the steep topography encountered. The slope

distance and the percentage of slope are measu.red; and with

the aid of sloçe correction tables, the true horizontal

dist3nce is determined. Calder's (2, p. 1ii1) slope

tables, or other similar tables, may be used. To make

plotting easier the stake may be moved ahead or back to
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the nearest even foot. Thus, if the slope distance is 57

feet and the correction due to slope is 0.7 feet, the

horizontal distance is 56.3 feet. The stake can be moved

ahead 0.7 feet, making the horizontal distance 57.0 feet.

Vertical Control

There are two common methods of securing vertical

control. The difference in elevation between two stations

can be computed from the slope distance and. the percent

slope, or it can be determined by using a hand level and.

a level rod.

Hand level and rod elevations. The hand level and

rod- method involves a separate trip over the line but

gives more accurate results than the abney elevations.

The hand level may be steadied by supporting it in the

crotch of a forked stick. aod readings are taken at. every

P-stake and at any spot where topography is needed. the

rod should be read to the nearest 0.1 feet. It is not

necessary to use every stake as a turning point. Instead,

turning points may be selected so that after the height

of the instrument (HI) has been established, rod readinB

may be taken on several stakes before selectin a new

turning point. 3enoh marks should be set every five to

ten stations to serve as check points during the location

survey. E'etore rodding down into a deep draw, a bench
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ir.ark may be set. When the other side of the draw 13

reached, a sight is made on the bench mark to elin.inate

the poasibility of making an error in the draw. All

beach marks should be referenced on the rourid and re-

corded in the notes.

Abtey elevations. This iethod is rapid and involves

no additional tune or effort since an abney reading is

necessary to convert slope distance to horizontal distance.

To eliivate the possibility of errors in read.irg,

both the head chainiari and the instrument ntari take abney

readings. It is inportant that each man sights on a part

of the other person's body that is the same height above

the around as his own eye. To determine what spot to

sight on, the two men should stand on level ground about

10 feet apart with their abneya on zero and sight on eaoh

other. This is the spot they will sight on when they are

working together. Then measuring the distance between

two stakes, it is equally important that the iien hold the

tape the saie distance froni the 'round at each end so

that the tape is parallel to the abney eight. both men

should keep notes and each night these notes should be

compared. ny discrepancies may be checked in the field

the next day.. Discrepancies of 0.5 çercerLt are within

the tolerance of an abney and may be ignored.
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The abney reading tve tae rioe in fet for 100

feet of horizo.ta]. dtztance. The Uffererice in eleva-

tion between two statiois can be found by ulttplyin,

the horizontal diatance in stations by the rade in ;r-

oent. ?ost errors with this method involve the wrong

numerical sian, rather than an error in reading the ab-

ney. This is the reason for havic the head chainan

sep a 3eparate set of notes.
3tcoe 0.25 percent is the approximate lLtt of ac-

curaoy for aduztiri ri abcey, ecich 100-toot s1htin can
result in an error of ±0.25 feet. This error is cuula-
tive. The abney ray be reai to the nearest 0.50 percent

znd can result in an error of ±0.50 feet per 100-toot

sititing. In a mile, the error due to ad3ustent is
.0.25 tiaes 52.8 or ±1:3.2 feet, If 53 read1ns are taken

per mile (approx1ately 100 feet per sihtin&, an error

of ±O.50J, or ±3,6 feet may be expected. The surt of

these two probable errors Is ±16.8 feet per mile. when

hand levels are run over a survey that already has bney

elevations, this point is easily demonstrated. If ' hand

level Is used and read to the nearest 0.1 toot, the prob-

able error will be approximately ±O.iov5, or ±0.7 feet

(7, p. 1).

The abney elevations also can be used s a check on

the ha'd level elevations. As mentioned 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. It the rod was read. incorrectly at one

of the iritermedi.ate stakes, there would be no way to detect

this error without the abney elevations until the location

survey. Such an error will have adverse effects if the

road is designed on maximum rade, or if the ground slopes

in the area are too steep to support fill.

Topography

The final center line will not exactly follow the

P-line. At some points it may be uphill and at others it

may be downhill. Since there is no way of knowing the ex-

act location of center line when the i-line survey is run,

there must be some information of the topography above and.

below the F-line. This is accomplished with a hand level,

a level rod, and a tape, or by using an bney and tape or

pacing.

Hand level toporraphy. The hand level method is best

adapted. to flat or moderately sloping terrain with numerous

changes in slope. The distance is measured at right angles

to the Pline, or along the bisection of the angle at the

turning points to the important breaks in topography. dod

readings are taken using the hand level at these points.

A strip 100 feet wide on either side of the P-line is
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usually sufficient. The HI is subtracted from each rod

reading to ive the difference in elevation between the

P..stake and the break in topography.

Abney topozraphy. In. steep country an abney arid

tape or pacing is more practical. One uan stands at the

P..stake with an abney, while the other man takes the end

of the tape and walks out to the break in topography.

The an at the Pstake takes an abney reading and reads

the slope distance. The slope di.starice is reduced to

horizontal distance,. arid it is recorded in the notes

along with the percent of elope.

A more common .ethod is to take bney ihta arid

pace out to any major break in topography within 50 feet

of the Plirie. Topography beyond the first 50 feet is

not usually critical if the reconnaissance was thorough.

When using this method, it is difficult to et an. accurate

slope reading because there is no target to shoot at and

eye level must be guessed. However, even an error of five

percent in. the slope read.ng will riot affect the desi;n or

earthwork quantities appreciably. This method is fast ad
requires only one man to measure aud record the topography.

eterence oints

In many cases the P-line survey is ooziipleted long be-

fore the road is ciesined and constructed. In order to
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relocate the line, perianent references should be set.

The easiest reference is a uietal ta stapled to a tree

facing the P-stake iith the station of the Pstake being

referenced, the difference in elevation between the ret-

erenoa and the stake, and the distance fro&2 the reference

to the P-stake. A iiore pertnarient reference is a bench

chopped into a tree with the exposed face facing the P.-

atake. The iriforation written on the reference point is

also recorded in the notes along with the size and species

of the tree. Since only one reference point is set at

any stake, it is inportant that the reference be as close

to the stake as posibl6 to reduce the error in relocati

a lost stake. 3eferences 'ade on Doulaa-fir, true fir,

spruce, and pine have a tendency to pitch over or aildew

and trake it difficult to read the reference data. .rhen

referencing on these trees, the tnfortnatiOfl should also

be scribed on a metal tag and fastened to the tree. ief-

erencea should be set every three or four stations.

wall trees, up to six inches d.b.h., can. be used

as P-stakes. The advntae of uain trees is that they

are permanent and references need not be sot. The dis-

adveiitage of using trees is that the compass auat be set

up along side of the tree, and in sihting oaok or ahead,

the cross-hair aust aiht on a point that is the sane dis-

tanoe from the stake as the compass is from the tree. It



j difficult to ue this ditincC ccurritel17 ard errors

zay arise. nother dicndvfltne is that trees c:nnOt be

rcved back or hed to n even foote arid a correction ust

be iade on the ne:t ett1 t'o should be u2ed ori

r.y tree hioh is ltl:ely to fitch ozor or ildew.

Cn steep idchill there is often consith3rl0 .f-

ference iri e1vat.oTi between the uphii.l arid do';nai1l i1e

OL the tc1o. ri oz-cor o reloct.0 Lrctie when the aloie

stckes :'e set, rede ivat be referenced on tre -stake.

ri can be cone kirij a iistinct rrk on thea stake

I recordii, on the tike, tie e1evtion of the :rark

bovo rade.

:Totes

ìoh id17duL.tl will dovio his :m .ethod. of ot

eepir, but esser.tillY, the 'Liti roordd will be the

3as-3 reirdleS2 of the rothod This c1dos ering

.rid distance bet'een tikes, the statiOflifl1. of the stakes,

the abney reai, hand level oLivtiofla if use, r1 oo:e

type of toporaphy otss. The left hand ae 1 used for

ror1tri ttie 3ata, .rid the riht hand r.:e is u3cd to add

tiy descriptive infor.atiOfl to clarify or explala the data

recorded. This inforirtiOn is quite useful when dest.nifl

center line. '3coides being accurate, the notes must be

neat so that iny person can pick them up and tntDrPret



:hei. A ai.pie i' the iote u2eit by the fforti ioot

ioii1 'ores Ic.cludo'1 1i l;1e .4.eniUx.



THE ROAD DESIGN

3efore the design work can begin, certain criteria

aust be reviewed. :!aximuLA favorable and adverse rade,

width of road, and alignrnent are deterrnined during the

formulation of the logging and forest caua:eient plans.

Such factors as slash disposal and clearing specifications

should be determined during the field reconnaissance or

preliminary survey, since they depend not only on the stand-

ard of road, but also on the size and species of tiiber.

Two other factors of price importance that should be con-

sidered before the design begins are the type of equipient

to.be used and the allowance to be made for shrinkae and

loss in earthwork computations. Shrinkae factors will be

discussed later in connection ;ith earthwork computations.

Plottinç Data

when the field work is finished, the survey data

-ust be interpreted so that it uiy be studied to determine

the location of center line. Three raphio aids are uad

to interpret and study the data. These are the i'-line

plan, p-line profile, and cross sections. A fourth raphio

aid, the mass diagram, will also be included in this paper.

This diLram is plotted and studied after the center line

has been located on the plan.
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?..line plan. The ?-line plan is a raphio repre-

sentatton of' the horizontal control. of' the P-line. ihe

scale used for plotting the i'-line plan is generally

one icoh ecivals 100 feet of horizontal distance. The

Pline plan may be plotted by coordinates, with a draft-

in.g machine, or with a protractor. The use of coordinates

usually results in plotting accuracy reater than the ac-

curacy of the field work. Use of' the drafting uohine ox'

protractor often give rise to a constant error. thus,

if one course is plotted wrong, all subsequent courses

will be in the wrong position even though they will, be

correct relative to each other. On, long surveys drafting

ez'rox'a may be avoided by oowputing 000rdi.riates and plot-

ting çoints about every one..fourth ztile along the ?-line.

3etween these points, the traverse may be plotted witn a

dritting machine. This way no error can aoouulate for

more than one-fourth mile, the coordi.iates act as a

cheek on the plotting; and the plotting in turn acts as

a check upon the coordinates. Lines at right angles to

the Pline or biaeoting the angles at the turning points

may be drawn in lightly, These lines represent places

where topography was taken and, are used as guides for

measuring the offset from the P-stake, Other features

that should appear on the plan are streans, rock out-

crops that might affect the alicent, section corners,
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A devtce used in connection with the cross sections

is a roadway template. The template is out from acetate

or siLillar material nd represents the roadway perpendicu-

lar to the center line, There are three roadway sections:

the through cut, the throuh fill, and the idehill see-

tton. Each of these ay be further modified by chant
the base, the back slope, or the till slope. if the te-
plate is out to represent sidehill section, it La a130

be used for through out irid throuh till sections by turns

ing it over, A separate template must be cut for each

roadway width and combination of bach slopes nd fill
slopes.

Canter Line Des in

In order to explain the procedure of center line
icsln, a short section of road will be desi;ned based
upon the P-line notes in the Appendix.

The road used as an exa.ple in this paper has a
subrade width of 20 feet with three additional feet
illowed for a ditch. This is, for all practical purposes,
equivalent to the U. 3, Forest Service E standard road,

thioh is considered a one lane road. aok slopes and

fill slopes iill be 1:1 and 1 1/2:1 respectivelY unless
otherwise indicated. A shrtnkae factor of 25 percent
will be used for erthiork computations, and the road will
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be built iit a L,1lozer -vj a freehaul ditarice ot
200 feet. Th tiber i bsit uld u1ll to t.a road

uotioL1 t station 0 GO.

the P-1ie plan, I'.4ie proi1e, and crcs ectoi
for tue exale aie &uo;rn in Fiures 2, , 6, .d 7.
turnout i. .cired on the rLht 1de o tIie road in the
vioiriy of 2 + 91 nd i 3 cO. 'etative alince

poiut £ or excvaL.ion exiLT.5r1t desired ar
2 -r GO ud k 5 + 00. the roI 1.csin ird eartLwcrk

quantity iet& ud.(Fiures C :;id 16) re tazidard U. 3.

:orest ervioe eion ix o't ey ;cro ed ecuse
tiy w.re 4'edily available. Cter i ors could have en
ue41 to ..LchiVe te a.O 'esu1t3.

Trial rIe line. :fter te lottir l irpcted,
te uet tp ic to the t:i.tl rjie line on tLc 1ro-
fiit. It Is purtit to rav1e n L.portaat ;oin il3-.

cuid in e fLt ctioa of ti
Ou eteep aiops, rade i. to coitrol1i ctor,

fllU cerLtr 11d 1I .1jUQttd .o ae toj.o,-pnj. e

t lifle aas run iU the field at1.zeei cocitrol 4nd t..1e

-liUi3 courtely tia th13 lia. .':.-3 trial rie 1t1O
snould e drwn u tie -line :.z'ofie tween tnzse .iaiie

cotiLro]..s. It Ia .ot eces&ry to bal.noe eoation nd
iu.ut ;iti te trial line, n e one by

cljustiri center Line to fit the tporpi1y nd line.
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On tltt slo's, liruert is the catrollirig f.3otor,
and rido t adjusted to balance exclv.3tlon nd ebakent.
It i itortnt to locte the culverts on the profile at
this time. Culverts oftri bcoe controls beciuse rade

e h1h erouh to cicu' the culverts. Tri1. rade is
of t drawn betwn culvrts, 7oluie of cavation is
function of c't or flU t center line, ba
8lop, rid ;ercet of rc'nd slope. As the .rotud slope
a;rcchs zero, voluie oozes iore and rore a direct
function of cut or fill. Therefore, sccavation and 3
tunkent uaritities ray 'ze roughly lnced in flat country
br balnoi cut and fill ordiites with the trial rade

line on the -ltne profile.
The trial rde drawn on 7iure 5 was determined by

drawin a striht line to the 1z.ase of th rock bluff t
ttion E0 + 00 (see bey irofile In pTndix). It is

interest to aote that the trial r'e line was not
drawn throuh statIon P0 f 00, because two dlverIr roa1s

rust rer.in on te .,rade of the eistIn road until the
roduya entirely indeçecdr.t f each other.

TrI1. offtet çolrtc. The trial rde elevation for
each section is recorded on the design form in Fiure 8,
arid also on the cross ectioris, The roadway tepl;ite is
iovud horizoitally clone the trial :rQde on the crocs sec-
tion until i vtcual brlance of cut irid fill area is

ck s1oe, fill



determined. The area of out ahould exceed the ar?a of

till to account for shrinkage and loss. In this example

the area of out should exceed the fill area by 1 ,
1-O.2

or 1
0.75

The center line of the balanced eotion is marked

on each cross aeotion as shown in Figures 9 and 10. The

trial offset left or right of the P-stake is recorded on

the design sheet. After this operation is coupleted for

each stake, the offsets are transferred to the plan.

Societtuies it is impoasibiG to obtain a balance be-

tween cut and fill areas. When it is no longer feasible

to till boause of steep elopes, the center line iiiuet be

moved into the hill at least one.half the eubgrade width

from the point where grade interc;eots the surface of the

ground. An asterisk is marked on the plan indicating that

center line must pass through this point or be farther in-

to the hill.

Center line. A line on the plan joining these trial

offset points represents the center line of a completely

balanced road. The dashed line on the plan in Figure 11

represents the balanced road for the trial grade. Such a

road is impractical because it would have very poor align-

merit. Tangents and curves are drawn to f it these points

as closely as possible.
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To deteruiue the esired. 00 juttOflS Of tr.eritS

and curves requires considerable study on the part of the

designing engineer. One iortnt otht to reeLber 3.a to

airitatn idequte sight disttUOe ou 'urves. The dist1Ce

required for a ehiole to stop is expressed by be f'orLula

(1, c. 85):

l41l4.y+ v2
Oc

d = distance required to stop in feet

v speed of the vehicle in rniles per hour

f coefficient of friction of the tires

ain8t the road

On a Single lane road, two ouoowin vehicles require twice

this distance to stop. This is referred to as the double

stopping distance. The sight distance ahould be checked

t each curve. If it is less than the double stopping

distance, the road should be widnd to allow two vehicles

to pass. The widening should extend until the sight dis-

tance equals or exceeds the double stopping distuLlOe.

when designing a road along a sidehill, curves should

be desited first arid then the tangents dra(U to join the

curves. The reason for this is that the road uat conforfl

with the contOur of the terrain and in sidehill locationS,

curves fit the contours better than tangents. On flat

ground the tangents are drawn first because long tangents
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p_stationing 18 dstermthed nd entered on the desifl form

opposit6 the P_statiOn. The offset from the 2_statiOct to

the corresponding L-statiort Is measured actd recorded oct

the desigtl sheet. When thiB has been complete'l for the

section, the Information is trariaf erred to the cross sec-

tioris as shown in tureS i arid 1L.. the tatiOrl is

placed directly under the p_stationing at each crosS 550-

tion. The center line offøt Is located on the cross

section and the ,round elevatiOfl at this point Is rtcorded

on the desifl sheet. This elevation is a proe0ted value

based upon the eneral topngraPhy of the sidehifl. it

does not account for minor irregulartt in the topogra-

phy. The aotu3l elevation must be determined in the tield.

The proieoted center line profile is shown in ?iure

i. The rde line is drawn to fit the profile. In the

example, the rad6 line is the same as the trial ra1e

line. Vertical curve data are 0ODpUt5d and the curves are

drawn to connect the rade lines. £he grade alevatiOri is

deternifled for each station and recorded on the des1.ri

sheet.

EarthwOX Sritit1t. Turning to 'iure3 i and 1L,

grade elevation is located and the roadwaY is drawn on

each section with the roadwaY template. The next step is

to determine the areas of cut arid fill at each eotiOfl.



S
ca

le
: J

'2
O

R
O

A
D

W
A

Y
 O

P
 D

E
J/

G
N

E
D

C
E

N
T

E
R

 L
IN

E

p 
/+

42
1

p.
.

L2
" 

94

P
ro

je
ct

ed
 6

ro
i,n

d 
fl.

va
tiO

i'

L 
/#

97

R
T

O

C
e,

ile
t L

in
e

O
ffs

et

36

g
P

70



R
O

A
D

 W
A

 Y
 O

P
 D

E
3/

G
M

E
D

C
E

N
T

E
R

 L
IN

E

.$
ca

ie
: /

Z
Op4

'k
s?

1.
 4

56C
en

te
r 

L
in

e 
O

ff
ie

f

2'
J

IT
'



M
50 /4
1

I4
40

.

,.y
Q

A /
14

a0

H
0+

00

L
-I

JN
E

 P
R

O
FI

L
E

FI
N

A
L

G
R

A
D

E

2#
0o

3O
O

L-
 5

ta
t,o

ns 1 
5.

4t
00

5t
Q

O
,o

O
7.

00

x
/1

84
C

,
5m

b
/7

84
C

r
E

A
C

/?
7 

C
)'

E
m

b
0.

/i.
3,

'
1e

7 
c 

y



57

T -lte t3t.atlon of each sotiO1,

bte ecttQ1S, tie area of cut £111 t eh
have ber1 ocoNe'i on the earthwC uart1tY sheet

shows 1i Ftxr i6 ir co1wzr 1, , 3, 5. The er4

reaJ of succe.3iV3 tttofls ir a41a toSthr 3O

the aouble eu1 arei. TheB fiures re rcor&d lu co1-'

ns L' and . The .Io'zbla end. -ire i couvrted. to vo1ue

core1 l.a 1.D for exojtiOi id. o]xULa 12

for ebn1Ciaflt.
Colui 1.0 i'esent8 total eLWtVatiOTl. This C Iur3

is oov)rtO.l to oO irater1..il ari1 colid roc(, d.3pLi

'ipofl the o3tirated ;erc of rook. :i tki

there is n' rock so te rteritl i_s 311 31a551f16a 38

QOOfl.

The ctua1 eubankUet3t ir column 12 is increased by

a s;eoifl.ed. ouut to 1low for riti'e aad loss. There

hi iOn beea a d reitit ion cir.eers ai to iit
sr.kae aotor hoUl be ud In baliflOIr eathO.
Th be lore pcif Ic, thia factor Is :ot only rtrikae,

but 1so includes loss. if a cubic foot of oI]. is care-

fully rcoved C rout t.he around., its vo1uuG will increase to

a value Creater than one cublo Coot because of an increase

in the void. rtic. en pltice3. in fill, its .rnal'VOl

u.e r.ay be reater or lesa than one oubic foot. in .ctual

practice, a cubt foot of excavation enerallY occupies a
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volUUG 1C88 than one oublO foot in fill. hi3 be

3u.e in ;art to the oopaotiOfl nd in part to the loss in

the prooe$S of exvat-, hauli, and p1acir in the

bank5iit. aother explaati0n i that some of the a-

tr1al oissif Led. a lirt is riot dirt t rll. the top

layer ts aullY Juff iad6 up of twis and n-3CdL iii

various staeS of dOLPOSitt0fl Also, sP5 oouP' oe

that has been ociidere' as dirt. he amount of O6

by 3tUILPS vari5 with the size ad iuber of

atum2 per unit area, and lIttle is known as to how uoh

ttII3 valuC 13. :lowever, 1iciera feel that when te

area is well 5tOoke, the to loot of soil will be Lost La

theO1art and ru31 operation. mere tclere are fewer

stuiL3, the anount lost ay only be six inches. 2he per-

w&t the depth of the cut.
cent of loss iirtss inverselY

Thus, the l.irer the out, the sizaller the rOeCaLe o'

1038 clue to stumps ad J.uf C.

Lose occurs in several 1

dirt, soae cipillB off to the s

ladO. 3oie of this is pikd up with succeedi passes

with the blade, but eventUallY sooe will 3pill over th

side and will be lost below the toe of ttis

'.heti arthiOrk voltu.O8 re computed, it is au'1 that

the fill is built by placufl dirt in layers, be initi at

the lower slope atke and build1flL the fill up to rad'O.

ay3. I1ioa a bulLlO3r pushes

Ide out of reach of the
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This is the reconnerided practice (11, p. 94) and (3, p.

381..:382), but too often the dirt is pushed over the side

of the fill, and keeps going until the downward force due

to the weight of the dirt is overcome oy 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 in

the creek bed. One trrethod. of reducing the amount of dirt

that runs below the lower slope stake is to mark the lower

clearing boundary above the lower slope stake. This prac-

tice should be Limited to spur roads over which a relatively

small volume of timber is hauled. There are several dis-

advantages of using this method on higher standard roads.

The size of the clearing is smaller and less sunlight will

reach the fill. Snow will stay later in the year. This

means that the fill cannot dry out or drain properly, thus

becoming unstable. Another disadvantaçe is that it is

difficult to compact this type of till.

Excavation for the pioneer road accounts for some

baa; but if the pioneer road. is placed at the, lower slope

stake, it can be utilized as a bench upon which a fill can

be constructed. In this way the loss is reduced to the

material from the pioneer road.

A method to reduce lose, and at the Bame time reduce

excavation, is by using a retaining wall to hold material
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in place. The nost use of reta1nin walls is

around bridge abutments. 'They may be used in places

Where the toe of tae fill is subject to erosion by a

stream or river. Another use, more in line with saving

material, is in a steep, chute like draw where grade

cannot be lowered and it would be too expensive to move

the center line into the hill. Such a structure is ex-

pensive but provides better alignment. The use of re-

taming walls on steep slopes to eliminate loss of mate-

rial is not likely to become a popular or economic method

for logging roads in the Douglas-fir aegion.

The ahrinkae factor will 1enerallY increase with

the percent of slope until the slope reaches some value

between 50 percent and 70 percent. When the slope ap-

proaches these values, very little of the road will be on

fill, and there will be an excess of material. The value

also depends upon the type of aoil and amount of compac-

tion. The Gifford Finchot National Forest uses a 25 per-

cent shrinkage factor and. does not consider the top foot

of material when computing earthwork quantities. xperi-

ence should govern in making the deotsiOn, rather than

assuming an arbitrary value.

When rook is excavated, the void. ratio greatly in-

creases and a swelling rather than a shrinkage occurs.

Some engineers assume that this swelling is offset by
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loss, and the ateral exc'vtad tll occupy pprox1-

ately the same vo1uein the ec.baniCIeflt (12, p. 11).

A inkae factor of 25 percent has been us3d in

this exa1e. Ihe su of the ehankent and. increa35 is

shown in cclun.n 13 of the quantity sheet.

.he next step in the erthwork cciputatiOris is to

conipute the mass diara data. A sass diarai is a

graphic representation of the alebriiO st of the CUEU-

lative voluues of excavation and ebankent. Coluria 114

and 15 are added a1ebraicallY to obtain the iass ordinate

at each station siown in colurin 16. azs curve data are

valuable to the engineer even if the .ss diagraril is not

drawn, since by looking at the yardage in the rr.ass curve

coiUILn, the excess or shortaee of itaterial t any station

can be deterrined. In plotting a '.ass diagram, the ab-.

soissa i.e the L...lirie stationing and the ordinate is the

cwulat1ve volurne of earthwork e shown in coluza i6.

The ae diara for the example is shown in Fture

17. The curve itea very close to the zero ordinate frorn

statiOns 0 + 00 to 1 + 88. This rneans that the excava-

tion and eibankmerit quantities balanced at each cross sec-

tion, The curve rises at station 1 88 indicating that

excavation exceeds ezibankrnent. The curve continues to

rise until station Z. + 6. Then it drops off rapidly,

indicating heavy filling. The curve crosses the zero
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ordinat at p oxtelYStdti0 5 - 2. At this point,

cuitulative excavatioti equals cui.ulatiV ebankOrt. If

.UY horizortl line inrseot8 the curve, ecvatiOfl and

bankeat between the oina arO ejual. Lhe ioriZ31tal

line ranri et;een atatofl 2 96 to + 6 equals the

tree-haul 11tnce stated on pate 38. 1 line is 600

cu1ic yaris a'.ove the zero ordinate. rhs rorosent3 the

overh3ul voluize. Cverhaul i iaterial .oved beyond the

freehaul .Iiztance. It is a funotion of volurne and di-

tance, and. it is ist co'o&.Y asurel in terms of

atatlon-yards. The ivera haul distance equals the

diatance between the center. of 'ass of the excavation and

eankeut volulLes. This distance is approXiLatelY equal

to the width of the overhaul area at xi.dh8iEht. The

avorae haul shown on the diara by the dahed line is

266 feet. The overhaul listance equal3 266 - 200, or 66

feet. The overhaul is equal to (O.6)(60O), or 396

station-yards.

In .aiition to determinin overhaul, the iass dia-

is used to deteruir1e borrow, waste, and the diretiOfl

that the n.aterial iill be moved. The balance point at

station 1. + 8 indicates that the material required to

construct the fill teinnin t station i. + 56 lies be-

tween stations 1. 88 and. 1 56. It the curve is con-

cave upzard, ii.ateril is zoved front riht to left. If
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the curve is concave downward, the material is moved from

left to right.

The haul schedule is shown on the L-line profile in

Figure 1.5. The haul schedule shows the volume of material,

the direction it will be moved, and where it is to be

placed.

?ull ench Jecfl

Considerable ui.tleage of road in the Douglas-fir

Region is constructed on ground slopes too steep to

support any fill and the road must be completely benched.

The material excavated is generallY wasted by side casting.

Since there is no embankment, the deaignet is not con-

fronted with the problem of balancing cut ann. fill volumes.

A design procedure well adapted to side cast construction

is disou5Sed here. This method does not utilize the

plotting of cross sections.

The P-line plan, P-line profile, and trial grade are

plotted as described previouslY. tssuming that the road

is to be completely benched, each Patation is analYZed as

follows. The center line must be moved "x feet from the

P-stake to obtain a full benched roadway.



FL,ure 18. Offset fox' Full 'ionoh oad

a 0-r
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x tho cfThet to cnter 11re 'or a fill
t,er4ch6d road

T) the wt1th of the roat fr ceuter line to

the houler of the ro3d
a the out or fill z doterine from the tr2.l

ra
the around slope frog the toporuphy notes

It the value of x" L posttt;e, the offset is uphill. It

is negative, the of fse downhill. If the trial



re line is above the -stake1 the value of "&' i

neative and, the fortiula becowez:

x= B -

The values of are recorded in the trial offset

colu;.n for each station and then tranaferrel to the plan.

Tae joint3 tire considered controls becae center line

cannot be downhill from them without lo:!erir the rde

line, Curves and t.:.irens re drawn to fit these control

pointa. Curvs data are computed nd the rod 18 ct.9tiOed.

he center line offaet Is scaled from the plan nd recorded

on th form.

The ditftrence in. elsyatton between the P-stake nd

the corres;ondtfl Lstattori is ecual to the prothiot of the

center U.ne offset rind the round slope. rh%5 '7alue is

d.ed to or subtracted from the -tae elevation t.o arrive

t the ;roeoted center line elevatIon. This flure is

recorded on the desifn form.

The Iliie -'rof lie is olcttsd from the projected

oeter line ale-ration, cmd the rade line is drawn. The

rade line 'ust be low anouh so that the road will be

conpletely benched. The out 3t any point tvust be equal to

or reatar than the product of the round slope and the

qtdth of road from the center ltie to the shoulder.

67



Excavation quantities are ooputed, but it is not

necessary to plot the mass diagram as it serves uo pur-

pose with a full bench road design. By changing -rade

frequently, excavation uay be reduced, but this may in-

crease hauling cost, If the timber is being hauled up

hill, the grads should be held constant so that time will

riot be lost by constant shifting of u-ears.

'Tr' Contour Det,-n

The grade contour is an imairiary line formed by

the intersection of grade with the ground slope. The

grade contour design is similar to the full bench design

because neither utilizs cross sections. They differ in

that the grade contour design can be used to balance exca-

vation arid embankment quantities. The offset to the grade

contour is located as shown in Figure 19.

p-.stoXe

I-)

Gra c/e
Con tour

Tr,o/ Grade (fevahon

68

Figure 19, Offset to the Grade Contour

The offset x to the grade contour equala.- , where "0'

is the difference in elevation bett;een the P-stake and
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the trial grade elevation and. "mi" is the ground slope.

This offset is recorded on the desiri form and plot-

ted on the plan for the corresponding P-station. t2en

this has been completed for each atako, the points are

joined with straight lines. This line is the rade con-

tour, and it iray be considered the center line of the

balanced road.

Curves and tangents are drawn to fit the rade con-

tour, curve data are computed, and the road is stationed.

The projected ground elavtion is determined as shown in

the full bench design and the L-line profile is plotted.

The grade line is drawn on the L-licie profile acid

-

the projeoted center line out is measured and recorded on

the desin form. Lince cross sections have not been

drawn, the end area of out and fill at each station must

be computed from the projected center line cut and the

topography notes. This involves considerable work with-

out the use of earthwork tables.

a earthwork table may be compiled to show the cubic

yards per station or excavation and eabankent for any

out or fill, combination of back slope and till slope, and

percent of ground slope. The table is constructed for the

width of aubgrude desired. 3uoh a table is time oonaumin

to coLbpile; but once it has .been compiled, it greatly fa

oilitatea this method. acid the full bench method of design.
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The reaintng destn is sti1ar to the oros section

desii. A wass dtaram is plotted arid the haul schedule

is shown on the L-lirie profile.



THE CONSTIWCTION" 3UIVEY

The location survey is conducted to transfer the

center line data frou the plan and profile to the round.

There are two basic rethoda to accomplish this. The first

is to run a now survey, using the bearings and distances

as computed or scaled in the office from the plan and pro-

file. This method is not too popular since it involves

brushing a new line, arid it is considerably slower than

the offset method.

The offset method involves offsetting the center

line at right angles to the P-line, or along the bisectiOri

of the angle at each P-stake. The horizontal offset fron

the P-stake to the center line arid the difference in ele-

vation between these two points have already been recorded

on the desin sheet. This method, however, also needs

revision because the P-stake and the center line stake

both generally lie within the clearin boundaries nd will

be destroyed during the clearing and drubbing operations.

In order to insure permanence of the control data, bench

iarka or reference stakes should be set 10 to 20 feet

beyond the ed-e of the upper clearing. The iost permanent

reference is a bench chopped into a tree close to the

ground level. The references are set at riht angles to

the Lline ihen the upper slope stake and olearing

71
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bounds.ry are located. The data recorded on the reference

are the corresponding center line stationing, the distance

from the reference to the center line, and the vertical

dietaries from the reference to Crade. In addition to

these i3ta, the distance from the ref3rence to the upper

slope stake is determined since the upper slope stake

xrarks the place to begin excavation.

The reference can be located by rodding uphill ut

rtht angles to the P-line :ithout locating the center line

stake. The horizontal djstance from the P-atake to the

center line atace has already boon scaled froi the plan

and recorded in the destCn form as the center line offset.

This value is added to or subtracted from the horizontal

distance between the I'-atake and the reference to give the

horizontal distance trom the center line stake to the ref-

erence. The difference in elevation between rade at

center line and the P-stake can be deterntnod from the

design form. This value is added to or subtracted from

the difference in elevation between the P-stake and the

reference to give the vertical distance from the reference

to the grsde of the road.

It the direction of the L-line does not closely

parallel the direction of the P-line, the reference stake

cannot be set by roddtni uphill perpendicular to the

P-line. This can be explained by referring to Figure 20.
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Piure 20. L-line Reference

Point "A" repreent3 thà refer3noe locate1 ilo' the bi

aeotior of the P-line. 3ince the referetice 1 to be at

right an1es to the L-line, "At' represents the ref ere!1Ce

topoit "E" on the L-line instead of point "D". There

are tio ways of cettin point "". The first is to ea8Ure

alor the bisection of the turni point to the L-line.

Then proceed uphill a1or be3rin DC3 to point ". The
other method involves 1ocat1n point "C" 1ong the ?-line

and proceed uphill along the bearing of C to set point

The distances FD, FC, and CD and the bearifl LC waY

be measured on the plan. The Pstake Ia used a a baok

sight for elevations in both methods.

The upper slope stake is located either on the way

up to the reference or else it Is located by rodchi J.orn

from the reference. If cr083 sections have been 1rwfl, a

close spproztm3tiOn can be rade of the location of the



upper slope st.ke by soalin the horizontal ilstance from

the P-stake to where the back slope intersects the round

level. If the data recorded in the toporaphio note3 are

accurate, this should coincide :;uite closely with the upper

slope stake. Eowever, errors in topo.raphy or local ground

variations will .ff cot the location of the slope stake.

nless the error is appreciable, this method can be used

to find, the approxiiate location of the slope stake faster

than roddiri up from the ?..otake or down from the reference.

Except on Clt round or through cuts, it is erierally

unnecessary to locate the lo;er slope stake. ?erhips if

ore care ;ere taken in constructIon of fills, it iould be
rlesirablo to locate the lower slope stake, :!o-iever, the

fills in the raortty of cases are built by side castinj

rterial over the slope until it builds up to the desired

heitit of fill. The r.atericul will run down past the lower

slope stake and will not stop until its rnotientum is checked

by friction or the lower clearing edge. This resulca in an

unstable roidbed that ',lill eventually settle and require

additional uan hours to repair. In the future core ephasia

will undoubtedly be placed on proper construction and oom..

paction of fills, \t this time the lower slope stake will

becorr.e a necessary item to be located in the field.

The upper edge of oleartn should. be sot at least 10
Cost beyond the uppr slope stake so that no trees are
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undertntned by the a:cavatior. The lower c1earin boui.iary

is set about 10 feet below the lower sloçe stake. 3tice

the lower slope stake is 3e1J.oia located, the lower clear-

in bound-ary ori be deterrined by eisurtfl the J.isterICe

frorn the 2-stake to the intersection of the fill slope

wIth the round (:is sho:n on the Crnrn cross section) and.

then 3ddin 10 feet. If cross sections are not used, the

lower clerin boundary ry be established by assut

that the distance from center line to the lower clearIn

boundary equals the dlstar,.ce fror center li:e o the uper

olearir boundary. In steep country thiu can result in a

wile riht-of-way, but the daCe to trees on the 1oer

side frotn rocks arid debris usually flecessitates their re-

oval any1ny. Also, this wide riht-of-waY will :l1ow

acre sunliht to reach the ro.d, drying it out faster and.

rero7ifl4 snow earlier. ClearIng bountcir1e3 should be

ooth. This often aena that the o1earin. will extend

more than 10 feet beyond the u;;er or lower sloie stakes.

The location of balance ;oiits, s deteriined by

the L;as3 diara, can also be boat-ed and aarked uith tas

on trees on the ede of the oleerin. This will show the

construction crew which way the excavation Laterinl is to

be oved. Culverts re also tentatively located. Usually

a tree is rarked or a &.take is sot o the ede of the

clerin above the roosed location of the culvert. The



stationin of the 3u1vrt 9nd tt di:.?ter rd 1erth re

recorded on the tree or stake.
hen the rtht-oC-Y h.s teen c1e.re rbbed,

the upper slope stkas nd ceflter le stakes ai be Let

from the data recorded on the referere. The cut or fill

t ceater lies is recorded on the 3tk3. -t thl.a ;oit
rade 1 3llgnhiient can s checked nd adjusted for any

irior errors.
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