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relatively low-cost roads. Roads in this region must be built in
the mud and the muskeg, because frequent rainlall prevents the

attainment of optimum soil moisture content.

DEFINITION OF SOUTHEAST ALASKA MUSKEG

Muskeg is defined as terrain composed of a living organic mat

of mosses, sedges, or grasses, with or without tree and shrub

growth, and underlain by a highly compressible mixture of
partially decomposed and disintegrated organic material com-

monly known as peat or muck (i). It is variable in its

composition as well as its depth. It may consist of as much as

3,000 percent water; \.vater contents of 900 percent are common

in southeast Alaska (/, 2). Because summer temperatures are

cool (550 F average) and annual rainfalls are high (60 to over 200

in), vegetation in southeast Alaskan muskegs decomposes very

Efforts To Reduce Construction Costs of
Logging Roads in Muskeg and Wet Soils in
Southeast Alaska
Me I-vrN H. Dlrrir¿en

A description is provided of the efforts of the U.S. Departrnent

of Agriculture, Forest Service' to reduce the costs of low-

volume logging roads constructed in the muskeg terrain of
southeast Alaska. Muskeg and its characteristics as a road

supporting material are described. Techniques to more ac'

curately design and build roads across muskeg and wet soils are

discussed. The methods used by the Forest Service to reduce

construction costs âre analyzed empirically to determine their

effectiveness.

An old axiom known to most road enginêers is that a

requirement for good road construction is "to build and

maintain it with a tight roof and a dry basement." That is

impossible in southeast Alaska, especially lor low-volume and
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slowly (J). Some woody material in muskegs is over 8,000 years
old (4). Muskegs are underlain by material that ranges from
solid rock to consolidated silts.

The surface mat of muskeg is frequently interlaced with tree
roots. Sometimes these roots are in layers several feet deep that
developed over the centuries through the growth cycles oftrees
and grass that dominated other vegetatioñ (see Figure l). At
other locations, the roots appear to have developed from
continuous tree growth, because the roots are dispersed
throughout the upper muskeg, as shown in Figure 2.

The top roots in the muskeg may be the extensions of living
trees that are growing I00 or more feet away. Although the
lower roots in the muskeg are no longer tied to living trees, they
retain much of their original tensile strength because they
decompose very slowly. The lower portions of many deeper
muskegs consist almost entirely of highly compressible peat
with some distinguishable roots and logs. Some rnuskegs have
no tree root layers or definable woody debris at all. All of these
variations may occur within short distances of eaih other.
. The interspersion of tree roots in muskegs is not extensively

discussed in literature on road construction across muskeg
terrain (l, 5-7). However, roots appear to play a significant role
in supporting a road embankment that is being ..floated" 

across
a muskeg. The term "floated" is a local colloquialism that is
used to describe a shot-rock embankment that is built on top of

Transportalion Re.searth Re¿,ord I t 06

the muskeg. The support for the embankment is provided by
peat, muck, roots, and other compressible and displaceable
materials.

Another characteristic of muskeg in southeast Alaska is
difficult to visualize by those who have not seen it. Although the
water table is approximately at the surface of the muskeg,
muskegs are frequently located on slopes greater than 20
percent (see Figure 3). This is possible because of the high
rainfall, low transpiration rates, and the retardation of water
flows by the fibrous, spongelike material of the muskeg. As a
result, muskegs exist from the valley floor to and including the
tops of some low mountains. The characteristics of muskegs are
also controlled to some extent by how they were formed. Flat
muskegs that developed from the infilling oflakes after glaciers
receded from southeast Alaska about 10,000 years ago contain
less fibrous and woody material, are much weaker, and have
more liquid at their bottoms (4). Those muskegs that deVeloped
on sloping or well-drained surfaces have more fibrous and
woody material throughout their depths and therefore provide
more support to a road embankment.

FIGURE3 Deep muskeg onsidehillinwhichsmall poolsofwaterare
visible.

HISTORY OF ROAD CONSTRL]CTION IN SOUTHEAST
ALASKA

Before logging roads were built, float planes and boats were the
primary mode of travel of residents and visitors in southeast
Alaska. Road building for log harvest became significant in the
1950s. At first, log harvest equipment and associated admin-
istrative traffic almost exclusively used the roads. As the road
systems grew and interconnected, and as isolated logging camþs
grew into communities, people became dependent on roads.
Despite this increasing dependency on road transportation,
traffic volumes rarely reach 200 vehicles per day (vpd) on the
most-used mainline systems. The vast majority of roads that are
being co4structed today are low-speed, singleJane, logging
roads with traffic volumes of less than 50 vpd.

Since the initiation of logging road consrruction in the 1950s,
over 2,000 mi of permanent Forest Service roads have been
constructed and are in service on the Tongass National Forest.
Many miles of temporary or "logger's choice" roads were also
constructed. Until the 1970s, most of the roads were ..logger's

choice" roads and only the mainline roads were designed by

FIGURE I Muskeg with three tree root layers exposed in road cut.

F-l(;URE 2 Tree roots exposed throughout muskeg excavation.
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Forest Service engineers. Many of the early road construction

methods that were developed by the loggers and the Forest

Service continue to be used today. These methods consist of

clearing the roadway of timber and end-dumping shot-rock to a

depth needed to support the dump trucks. Although off-

highway logging trucks use the road, the critical weight vehicle,

in terms of axle loading and road degradation, is the loaded

dump truck, which weights up to 90 kips.

Nearly all of the terrain crossed by the logging roads is

covered by vegetative matter to various depths. In regions other

than muskegs, the typical ground profile consists of up to 4 ft of

decaying organic material that is underlain by anything from

weak, saturated soils to solid rock.

In most regions, solid rock is readily available and has been

used as an embankment material to build across muskegs and

over soft, wet soils. Quarries are commonly located adjacent to

the road and are less than 2 mi aparf. Shot-rock embankments

that are placed on the road vary from about I ft in depth, to

documented depths of l2 ft, and estimated depths of20 ft or

more in deep, weak muskegs (8). Of course, these deep muskegs

are avoided if possible.

PROBLEMS AND SOLUTIONS FOR ROAD
CONSTRUCTION IN MUSKEG TERRAIN

Over the past 20 years, road builders and Forest Service

engineers in southeast Alaska have developed basic guidelines

and criteria for designing and building logging roads in muskeg

regions. These are described in the following sections.

Guidelines

One of the important instruments used in field investigation is

the metal rod probe. The probe is I i 2 in in diameter and has a

blunt point. It is pushed through the muskeg to determine its

depth and obtain information about the underlying material

(soil, gravel, or solid rock). Some road designers are recording

the ease or difficulty of pushing the probe into the muskeg as an

indicator of the fill embankment needed. The probe is sometimes

used the entire length of the planned road even in timbered

regions in which shallow or no muskegs exist. In regions in

which no muskegs are found, information is recorded on the

probe depth, the difficulty to probe, and sometimes the

underlying material. Probes are also made through muskegs

approximately 20 ft on each side ofthe planned road centerline

to obtain a profile of the terrain beneath the muskeg.

The compacted depth of shot-rock needed to support the

heavy truck loads over the soft, wet mineral soils (other than

muskeg) in southeast Alaska is 2.0 to 2.5 ft. The depth of

shot-rock needed over muskegs varies from 3.5 ft to two-thirds

the depth of the muskeg, but averages about 5.0 ft.

Shot-rock embankment requirements for a road with l4-ft

top width (including turnouts) is about I 1,500 to l4'000 ydl/ mi.

Roads that have a l6-ft top width are usually built for faster

traffic and require between 13,000 and I7,000 yd3 of rock

embankment per mile. Approximately 70 percent of road

construction costs are associated with obtaining, hauling, and

placing the shot-rock.
When rock embankments are placed on muskegs with root

mats in the upper horizons, every attempt should be made to
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load the mat uniformly. Live loads should not be concentrated

on the embankment until it is at least 3 ft thick''l'he objective is

to avoid puncturing the roor mat that directly supports the

embankment. lt takes at least 3 ft of uncompacted shot-rock to

distribute the live vehicle loads uniformly on the underlying

muskeg. The least combination of live and dead loading per ft2

(about 1,000 psf) occurs with a rock depth ofabout 4.5 ft.

Typical Design Criteria

The following key design criteria are provided to familiariz-e the

reader with the limitations and costs of logging road construction

in muskegs.

The top width of roads is l4 to ló ft in addition to l0-ft-wide

turnouts that are located approximately 500 ft apart. Traffic

design volumes are 0 to 100 vpd. Profile grades follow the

terrain as much as possible and may approach 20 percent. The

road alignment follows the terrain as side-slopes steepen.

Design speeds are 5 to 30 mph. Construction costs usually

control over haul costs and road maintenance in the economic

equation.
The average road cost of a Forest Service public works

contract in southeast Alaska in 1985 was approximately

S167,000/mi, not including bridges. The costs can be broken

down as follows:

Clearing and grubbing
Roadway excavation
Shot-rock embankment
Small drainage, seeding

and mobilization

J'otal, not including bridges

Cosrs ($) (%)

I 7,000 l0
19,000 I I

I 16,000 10

15.000 9

167.000 100

It should be noted that bridge costs vary widely according to the

drainages crossed, but add an average of about $35,000/mi to

the cost of roads.
The average depth of a shot-rock embankment is 5.0 ft in

muskegs and 2.5 ft in regions other than muskegs. About l5
percent of the average road length is located in muskegs. The

àu.rug. mile of road uses I 3,500 ydr 122,000 tons) of crushed or

shot-rock embankment.
As can be gathered from this summary of information, the

greatest opportunity to reduce road construction costs appears

to be in shot-rock embankment. This is also the category in

which the Forest Service has concentrated its efforts to reduce

costs.

REDUCING THE COST OF SHOT-ROCK
EMBANKMENTS

Application of Geotextiles

The first scientific approach toward reducing the amount of
shot-rock embankment by the Forest Service in Alaska was

made in 1975 by then regional geotechnical engineer William
Vischer (2). A geotextile was placed over a muskeg surface and

lifts of shot-rock were placed over the geotextile in varying

thicknesses. A typical logging road was selected 20 mi south of

Petersburg, Alaska. A test section of muskeg 8 to I I ft deep and
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700 ft long was selected. The muskeg was probed to determine
its depths and a vane shear apparatus was used to determine the
apparent shear strength of the in-place (peat) muskeg. The
shear strengths ranged from 50 to 350 psf. The average was
about 200 psf. The water content of the muskeg was about 960
percent.

A nonwoven polypropylene material called fibretex that
weighed 420 gmlm2 was used as a test fabric to cover the
muskeg section. It had a strip tensile strength ofabout 85 lb/ in.
It was tested in both single and double layers. The instru-
mentation used by Vischer included strain gauges and settlement
plates.

Cores were also drilled after the road was completed to
confirm thickness data determined by volumes placed. The size
of shot-rock was highly variable, and ranged from sizes of4 ft
across to gravel and sand sizes.

Vischer concluded that a savings of 28 percent in shot-rock
was obtained by using fabric matting across weak muskegs.
Little or no advantage was gained by placing two layers of
fabric. Negligible benefits were derived from fabrics that were
placed on firm muskegs. Fabrics acted only as flexible tensile
reinforcing members that distributed the load over the entire
subgrade width.

Vischer developed a thickness design guide for muskeg as a
result of his study (2). The guide has not been used to its full
advantage by the Forest Service because of the considerable
amount of site investigation and testing that is required. More
experienced field engineers are also concerned that the test was
too limited in scope and the guide therefore does not accurately
reflect the highly variable nature of muskegs.

Forest Service engineers continued to occasionally use
nonwoven fabrics in muskeg but were uncertain as to their
value. ln 1985 a second project was selected for study but with
less pretesting and instrumentation. On the Bohemia Road near
Kake, Alaska, l4 sections of muskeg were crossed with fabric
for a total road length of 6,704 ft. Nine sections of muskeg were
crossed without fabric for a total road length of5,432 ft (8).

An effort was made to mix the labric and nonfabric sections
so that they shared equal amounts of the variations in muskeg.
However, a critique by geotechnical engineers indicated that the
project engineer tended to follow engineering rather than
scientilic procedures. Consequently, fabric was placed more
frequently on the weaker muskegs in an effort to reduce the
amount of embankment. It was concluded that the amount of
embankment that can be reduced with fabric is slightly more
than the data that were recorded on this project ìndicated.

A Typar 347 I fal>ric was used. Probe tests indicated muskeg
depths from about 5 to I 7 ft. Vane shear tests varied from 50 to
400 psf.'lhe higher vane shear values were usually obtained in
root zones or at the bottoms of the muskeg. The amount ol8-in
minus rock placed was carefully monitored by the Forest
Service project engineer so the depth could be determined (see
Figure 4).

No direct correlation existed between vane shear values and
the depth of rock, but some indicators were obtained. It was
found that when vane shear values averaged less than 300 psf,
the embankment depth averaged 6.7 ft. Vane shear values
greater than 300 psf resulted in average embankment depths of
3.4 ft. However, the use of shear strength for design is not
conclusive because of the limited test data that were obtained in
this study.

The depth of muskeg correlated somewhat to the depth of
rock embankment, as might be expected. For example, muskegs
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under l0 ft deep required an average of 4.0 ft of rock
embankrnent, whereas muskegs deeper than I0 ft required an
average of 6.7 î¡ of rock depth. When the strength was divided
by the depth, a better correlation with the embankment depth
was obtained.

Extensive areas of muskeg were crossed on this project.
Because all rock borrow was weighed, it was relatively easy to
monitor how much rock was required to cross given areas. The
design generally estimated that subsidence olthe embankment
through the test sections would be half the muskeg depth. An
analysis of the data revealed the following:

o The average design depth of rock in muskeg for all test
sections was 5.93 ft,

. The average depth ol rock placed in all test sections \À,as

5.23 ft.
¡ The depth of lock placed in muskeg without fabric was

5.50 fr,
. The depth of'rock placed in muskeg with fabric was 4.70

ft, and
. The computed rock embankment savings with labric was

I 5 percent.

The design did not provide for the reduction in embankment
that might result from the use of fabric. In the test sections in
which fabric \.vas not used, an average depth of 0.43 ft less
embankment was needed than was predicted in the design. This
suggests that the embankment in muskeg may commonly have
been overdesigned.

M uskeg failures were indicated by large embankment
quantities and frequently by an upthrust of muskeg adjacent to
the road. As shown in Figure 5, a deep muskeg on the Bohemia
project partially failed during embankment laydown on a l6-ft-
wide road. Note the bulge adjacent to the road where muskeg
was upwardly displaced. Geotextile fabric was used. The
embankment is over 6 ft deep at this location.

A benefit-cost analysis ofthe Bohemia project indicated that
the savings derived from using a thinner 8-in minus rock
embankment, including haul cost, was approximately equal to
the cost of fabric used. Therefore, no advantage appeared to be
gained from use of fabric. If shot-rock had been used as
embankment because of its lower production cost, the use of

¡-IGURE 4 Placing 8-in minus rock embankment on geotextile fabric.
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fabric would have increased embankment cosis by approx-

imately 3 percent. Average rock haul distances on this project

were about 1.5 mi longer than those usually experienced in

southeast Alaska. lf haul distances had been shorter. the

economic advantages offabric would have been further reduced.

The Bohemia test site selections slightly favored the use of

fabric on the weaker muskegs, which distorted the l5 percent

computed savings to the low side. When these savings are

compared with Vischer's predicted rock embankment savings

ol 28 percent, design projections of a 20 percent reduction in

rock embankment appear to be realistic when geotextile fabrics

are used on weak muskegs (2). Geotextiles are therefore

generally economical when the embankment haul distance

exceeds 2 mi.
An interesting occurrence was observed on this project. At a

test section about I / 2-mi-long near the end of the road' rock

borrow was placed over frozen muskeg, which is a rare

occurrence because snow normally covers the ground during

cold weather. One section of the frozen muskeg was covered

with Typar 347 I fabric. a second section was not covered with

fabric, and a third section was covered with geogrid geotextile.

A 3.5-ft lift of 8-in minus rock was placed. It was assumed that

considerable settlement would occur the next work season,

when the ground thawed and rock trucks resumed hauling over

the road. The road surprisingly settled less than I ft into the

muskeg, except at one section. This approximately 100-ft

section had settled several feet even though it was covered with

Typar fabric. The muskeg under this failed section was

probably much weaker, although this was not detected by

surface observation or from probing records.

Irnproved Design Data

South Wrangell Road, located near Wrangell, Alaska' was

constructed by Forest Service contract in 1983. It was designed

as a typical single-lane, shot-rock embankment logging road

that alternately crossed muskeg and mineral soil terrain. No

geotextile fabrics were used in this project. Pay quantities were

based on design quantities unless the contractor could show

evidence that actual quantities were at least l0 percent greater

than design quantities.

After the road was constructed and accepted as complete by

the Forest Service, the contractor requested permission to dig

test holes in the road to determine the embankment depth. The

test holes were dug to substantiate his claim that actual

embankment quantities \,vere at least l0 percent more than

design quantities. The Forest Service granted the contractor's

request.
On October 2 and 3, 1985, the contractor and his engineering

consultant began excavating holes in the road with a tracked

excavator. The test hole locations were selected by the con-

tractor. Forest Service engineers measured the depth of the

shot-rock embankment. These measurements were made in the

presence of the contractor's consultant. The results of this

investigation are summariz.ed in Table l.
The results of this limited investigation not only showed that

the contractor could not prove his claim, but that the Forest

Service had overdesigned the embankment necessary across

muskeg on this project. These limited data substantiated the

data collected on the Bohemia study that indicated that less

embankment was needed in muskeg than was previously

believecl. Current Forest Service designs have been upgraded to

reflect these reduced embankment needs after the designs are

correlated with muskeg probing depths'

Incorporation of Tirnber Slash on the Subgrade

As recently as the late 1970s, woody debris was traditionally
kept out of permanent road embankments' However' as

traditional practices were examined and efforts were made to

reduce costs. the use of unmerchantable logs as corduroy

became acceptable. More recently the placement of any available

woody debris over the pioneer grade and under the shot-rock

embankment has become commonplace (see Figure 6).

In the years before timber slash was used as corduroy' slash

was windrowed adjacent to the road. This was not only

unsightly but often required extra clearing to create space for

the slash. The use of slash as corduroy has reduced the extra

clearing needed for debris storage. which in turn has reduced

road construction costs slightly.

,l

TABLE 1 RESULTS OF DEPTH MEASUREMENTS OF SHOT.ROCK EMBANKMENT

f't(;l-;RE 5 A deep muskeg on the Bohemia project.

Road Number Station Number Design Depth (ft) Actual Depth (ft) Difference (ft) ln Muskeg

6270
6270
6270
6270
6290
6290
6290

3.8
4.2
t-s
5.5
5.1

2.0
7.6

2.65
3.55
4. l0
4.05
2.85
2.50
3.95

-1.15
-0.65
-3.20
-1.45
-2.25
+0.50

-3.65

529+30
43J+53
326+20
264+80
864+ I 8

859+69
734+59

yes
yes

yes
yes
yes

no
yes
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FIGURE 6 Timber slash placed on the road subgrade as corduroy
before placing rock embankment ín a terrain other than muskeg.

Because the use of timber slash as an effective corduroy
depends on its availability and the skill and commitment of rhe
road contractor, the cost savings are difficult to determine. It
has been estimated by experienced Forest Service construction
engineers that when debris is uniformly spread and mashed
down over the rough subgrade before the shot-rock is placed, a
savings of at least I / 2 ft of rock can be realized in terrain other
than muskeg. No studies or formal documentation of the
estimated savings have been made. This is a subject that could
be researched or studied in southeast Alaska. Because little or
no slash is available in muskegs, and the end haul of slash is
impractical, very little corduroying is done over open muskegs,
and then usually only with logs.

Contract language has been developed to ensure that con_
tractors use timber slash to reinforce the road subgrade. Also,
timber purchasers are using debris more often on temporary
(purchaser-elect) roads as a method of reducing quantities of
shot-rock, which gives further credence to the technique.

Use of 8-Inch Minus Aggregate

Shot-rock as a road building material has some undesirable
characteristics, depending on the quarry and the drilling or
blasting contractor. Some of these undesirable features are as
follows:

r Large, angular rocks may tend to cut through the muskeg
root mat, resulting in increased embankment quantities.

. The use of shot-rock creates a road material that is
difficult to maintain for traffic.

¡ Large rocks are often pushed offthe road runningsurface
during final shaping and are therefore wasted. This also creates
the appearance of an overly wide road.

r Shot-rock too large to use is left, and wasted, in the
quarry.

¡ The minimum thickness of embankment needed, in
theory at least, is the size ofthe largest rock placed, which could
require thicker embankments than are needed for structural
support. 

,

The Forest Service has built several roads using g_in minus
rock with and without fabrics to evaluate its cost-effectiveness.
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Road builders brought in single-stagejaw crushers to meet the
8-in specification requirement. Most of the roads selected were
constructed during 1985. The 8-in minus aggregate has proved
to be a much improved road building material for facilitating
culvert installation and reducing the work of the spreading
equipment.

The running surface of the road is more uniform and easier to
maintain. Very little rock is wasted along the road, and it is not
necessary to increase fill depths simply to accommodate the
rock size.

One of the drawbacks to its use is that larger spaces are
required to set up the crusher, conveyor, and stockpiles.
Crusher downtime can drastically affect production. Although
less 8-in minus rock is wasted in pits and along the side of the
road, rock quantities are not significantly reduced. It appears
that the ungraded smaller rock may have less ofa bridging effect
on the muskeg mat than the larger shot-rock, which results in
higher point loads on the muskeg and the need for slightly
greater depths. Because the 8-in material is not graded, it
frequently has characteristics that cause it to compress under
truck loads. This results in overly wide roads and greater
quantities of rock than are needed for shot-rock.

Processing the 8-in minus aggregate from shot-rock adds
about 25 percent to the cost ofthe embankment. This appears to
make the use of 8-in aggregate an uneconomical construction
practice on very low-use roads in which the advantages of
improved haul and maintenance are not realized.

Decreased Axle Loads

In an effort to reduce live loads on the muskeg during
construction, equipment weight restrictions were added to
some road construction contracts. The weight limitations were
directed toward axle loads, but still allowed off-highway loads
on standard, dual rear-axle dump trucks. Contract clauses were
developed and incorporated into formal contracts.

This requirement appeared to be effective, especially when
8-in rock was used as embankment. The 8-in rock was more
susceptible than shot-rock to ernbankment compression under
high point loads. Fewer failures occurred in muskegs during
embankment laydown and during embankment haul when
weight restrictions on construction equipment were imposed.

Decreased Road Widths

Because traffic speed is not an important economic consideration
for the short feeder roads, it was logical to reduce the road width
to a minimum to reduce construction costs. These intermittent_
use roads were therefore reduced from a l6_ to l4_ft top width;
curves or shoulders were not widened. Design computations
indicate that a width reduction to I 4 ft saves about 1,500 yd3 of
embankment per mile.

It is difficult to build a road as narrowas l4ft on muskegand
wet, soft soils because the embankment tends to spread in width
during construction. The Forest Service has been at least
partially successful, however, by starting the road slightly
narrower than I 4 ft and requiring the use of highway_legal rock
trucks for embankment haul and laydown.
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Payment for Actual Quantities Used

In an attempt to reduce the amount of embankment needed, the

Forest Service awarded some contracts that pay for the actual
quantities of road embankment used, as opposed to paying for
design quantities. The construction inspector observed the

pioneer road subgrade and decreased the depth of shot-rock at

sections at which strong subgrade materials were encountered.

This method has the effect of reducing the direct cost of
embankment materials to the Forest Service. lt should also

reduce the contractor's risk and therefore result in lower bid

prices for embankment.
Payment for actual embankment quantities has been only

partially effective in reducing construction costs. Road con-

struction contractors tend to put down more rock embankment

than is needed and the construction inspector tends to require a

smaller depth than is needed. This has resulted in spot failures

along the road prism. Whenever a failure occurs, it usually

results in more total rock embankment than if a reasonable rock

depth had been placed the first time. The occurrence of spot

failures also disrupts the contractor's operations because he

must move equipment back and forth to correct failures instead

of building the road.
Although data to date are limited, it appears that small

savings are being derived from reducing the contractor's risk.

Contractors on larger projects have expressed satisfaction with
actual quantities measurements.

One of the biggest advantages ofthis approach has been the

collection of embankment quantities data over various segments

of road. For example, it was learned that it takes less

embankment to cross muskegs and slightly more embankment

over terrain other than muskeg than was previously believed.

This verified the test data that were collected on the Bohemia

and South Wrangell roads. As a result, Forest Service design

data will be more accurate in the future, and the amount of

contract variations will be reduced'

Greater Construction Tolerances

Another approach to reducing construction costs has been to

increase construction tolerances. Because the minimum road

that a contractor's construction equipment can build is generally

adequate for the subsequent logging and administrative traffic,

greater tolerances of road geometry could result in lower bid

prices.
No noticeable benefits in cost reduction have been observed

yet. For one thing, tolerances are already generous. Further-

more, in cases in which the Forest Service pays for actual

quantities, greater tolerances allow the contractor to overbuild

a road, which causes construction costs to go up instead of
down.
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Lower Road Standards

Road standards have been reduced in cases in which travel
speeds are not significant compared to construction costs.

Steeper road grades, tighter alignment, shorter turn-outs, more

rolling or undulating of grades, and less concern for vehicle

speed in general have been used in an effort to reduce costs'

Some savings have resulted from this approach. At first it was

believed that per-mile savings of over 25 percent were being

derived. However, it is now apparent that much of the earlier

savings can be attributed to heavy competition in the road

construction industry. Bid prices have risen the past 2 years and

most earlier savings are depleted.

FINDINGS

Savings of about 20 percent in embankment quantities can be

realized by placing geotextile fabrics on the subgrade of logging

roads that are constructed over weak muskeg in southeast

Alaska. This generally makes the use of fabrics economical in

cases in which the embankment haul exceeds 2 mi. The

embankment quantities needed to construct roads across

muskegs are less than was previously believed, especially when

good construction practices, such as reducing live loads and

minimizing road widths, are followed.
The use oftimber slash from the road clearing as a corduroy

to support the rock embankment appears to save up to 6 in of
the embankment depth on logging roads in southeast Alaska'

No studies have been conducted to verify this hypothesis'
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