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Road Obliteration

Sterling J. Wilcox
Director of Engineering
Washington Office

The fiscal year 1991 Appropriations language included something new—
authorization 1o use up {0 $5 million of road maintenance funds for the oblil-
eration of roads no longer needed. This has added a signilicant new tool [or
Forest managers Lo oblilerale roads not needed to implement the Forest
Plans. Most Forest Plans identify the elimination of unneeded roads as part
of the desired [uture condition. For some years, a Comptroller General's let-
ter has prohibited the Forest Service from using Forest road funds for road
oblileration.

Congress added this authorization instead of making an additional $5 mil-
lion reduction in the road mainlenance approprialion as some congressional
members had proposed. Accordingly, while many Forests may still have addi-
tional road maintenance needs, we expect to report that this authorization
was in facl used 1o obliterate roads. Cerlainly, road maintenance funds are
nol the only tool available [or road obliteration; others inclhude the following:

(1} The Federal Facilities Compliance Program can idenlily nonpoint pollu-
tion projects for oblilerating unneeded roads that cause erosion proh-
lems, usually with Soil and Water [unds.

(2) Timber sales can be designed to obliterate unneeded roads, or they can
provide funds to oblilerale unneeded roads alter they have been used
for Knutson-Vandenberg or brush disposal work.

(3) Unneeded roads can be obliterated as part of fire rehabilitation work.
(4)  Trail [unds can be used (o convert an unneeded road to a trail.

Leveraging any of these funding opportunities through cooperative pariner-
ships and involving volunteers can improve accomplishment while providing
a positive Forest management image.

The preparation of a road oblileration plan Is essential for prioritizing work
and for identifying funding and parinership opportunities. The plan should
also identily the nature of the work necessary to accomplish the obliteration.
In some areas, the mechanical stabilization of slopes, the correction of ero-
sion problems, and the planting of vegelation may be necessary. In other
areas, managing access and allowing natural revegetation may be sufficient.



Area closures, signing, ditches, barriers, or other (raffic management strate-
gies may be necessary.

The maonitoring of road obliteration projects will verify that the environmen-
tal protection and traffic management measures worked as planned. Once
traffic is naturally precluded, signs and barriers can he removed.

This new congressional authorization to obliterate roads with road mainte-
nance funds may be used on either system or nonsystem roads. Under the
authorization, the unit cosis of obliteration will not be tracked. However,
miles of sysiem roads obliterated (under any authorization or combination of
methods) will be reported as part of the total road system accomplishment
report to Congress. The Forest Service hopes that Congress will continue
this authorization in the future.



Roadway Surface-Water Deflectors

Introduction

Background

Curt Rosman
Supervisory Civil Engineer
Lolo National Forest, Region 1

Finding an effective. low-cost, low-maintenance method (o deflect surface
water off roadways is a never-ending struggle. Drain dips work well on
grades less than 7 or 8 percent. However, on steeper grades, drain dips can
be a rather abrupt change in road grade, and they have a tendency to be
filled in by traffic and routine maintenance. The traditional open-top cul-
verts also have their drawbacks, such as requiring frequent cleaning and
being damaged by graders.

In 1984, at the Region 1 road maintenance meeting in Missoula, Jim Stack-
house of the Bonners Ferry Ranger District, Idaho Panhandle National For-
ests, gave a presentation on using an old conveyor belt to divert water off
roadways. By 1987, they found that the used belting did not work well, so
they swilched to V-inch by 6-inch skirtboard rubber, which is sandwiched
belween 2-inch lumber, with the top edge of the wood buried approximately
1 inch below road level and the rubber exposed about 2% Inches. This was
an improvement, but il did not held up well to blading or heavy winler traf-
fic. Al last contact, they were not using the conveyor bells very extensively.

In 1985, this author also began experimenting with a conveyor belt. Scme of
the first installations were on the Mayo Gulch Road 4227 near St. Regis,
This is a road with very erosive sandy soil and had 6-inch and deeper gullles
over most of the roadway (figure 1).

The water bars were constructed through force account and installed by a
contractor. Various types, thickness, and width of material were irled: rem-
nants were purchased from a conveyor belt supplier, All the material was
new. Some ol the belt was PVC, while other parts consisted of two or three
lammations of nylon or rayon sandwiched between layers of rubber, The
total thickness ranged from about %16 inch to V2 inch. Because the belting
was remnants, the width varied, including widths of 3, 6, 8, 10, and 12 in-
ches. The 3-inch material was used with the 6-inch material, with the
3-inch being used as filler directly under the 6-inch. The belt was then sand-
wiched belween 2-by-6, 2-by-8, or 2-by-10 trealed timber, leaving 214 or

3 V2 inches of belt projecting above the ireated timber, and nailed with

20 “d” nails at 15- to 18-inch centers. A 2 by 6 was laid {lat underneath the
sandwiched belt and treated timber. All ireated timber members were

20 feet long.



ed belore the installation surface-water delleclors.
sed a small backhoe for exc n and backfilled using a vi-

Several problems have developed with the early installations. The PVC belt-
ing, while very durable, has a tendency not to rebound well under traflic; it
ends up parallel to the road grade. This has been a problem with the rubber-
laminated type also, although not to the extent of the PVC. Afler about
5 years and three or four gradings, the 6-inch belting that was installed
above the 3-inch belting and sandwiched between 2-by-6 treated timber
began to rip out during grading. On other installations that had heavy win-
ter hauling, the top of the bell began to fray and, in some situations, delami-
nate (figure 3). According to one supplier, the reason for the delamination
‘ { rayon. Another problem

stallation on grades less than approximately 6 percent,

eel ruts tend lo cause the w pond on the upgrade

1 potholes (figure 4).

tion is shown in figure 5. / joints in the {reated tim
ber easier (o obtain. Buryi. reated timber 3 to 4
ct the timber {rom damage grading. Using 12-inch
15 to 314 inches of belt exp ove the roadway. If
1is exposed, il lends to curl o 0 much when subject to
exposure is not adequate to water from going over the
as wheel ruts develop. Also, less belt exposed would make it
r the grader operator to see it e maintaining the road.

All of the installations have been on existing roads. The prelerred time to lo-
cate the installation is alter a recent rain, when drainage palterns are more
apparent. Also, the Forest Service Engineering Handbook guide for maxi-
mum spacing of drainage culverts can be used. When feasible, one should

_ lry to locate a water bar immediately above a grade pitch. For the outlet, it is

re 1.—Surfuace erosion from spring runoff (Crusher gure 2.—Installatio a surface-water deflector
Road 18269). 4 (Graves Creck Road 36




Deiaminatwn and fra ing o 1fter several Figure 4.—Potholes
of winter haul (Combesl R

le where bank erosion is blem, prelerably a low [il
[Ticient rock or vegetatior sipate the water. Rarely
1y (o use riprap on a mai installation. However,
installations on new con. where the outlet has
Lhe embankment away. I tuations, riprap, filter
downspol may be necessa ysion next to the belt has
g is adequate.

here the water bars have been particularly uselul {s immedi-

from callleguards (figure 6). he Lolo National Forest, there
are several cattleguard installations where erosion down the road surface
has a tendency to [ill in the cattleguard. One or more water bars above the
caltleguard can signilicantly reduce cleaning out cattleguards,

The installation has been as specified in Forest Service Standard Specilica-

tion 557 Timber Structures, supplemented by a Special Project Specification
(ligure 7

everal contracts, this autho
ring the contractor to furn
n. The last three contracts

the most reasonable.

ly conveyor belt, 1 inc hes, cosls approxjmat
he same-sized rubber sk




—Recent installation.
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Why Weight, Rate, & Calculate
Decisionmaking Is Unsound—A Challenge
to the “Rational Method”

Introduction

Lee Collett
Chief, Engineering Support and Technical Information
Washington Office Engineering

A common method for choosing among mutually exclusive alternatives is to
do the following:

(1) Determine the factors that make a difference in the decision,

(2) Weigh the factors relative to their impaortarnce,

(3) Rate the alternalives so as Lo reflect how well they support the factors.
(4) Multiply the weights of the factors by the ratings of ihe alternatives.
{5} Total the points [or each alternative,

{8) Choose the alternative with the greatest point total.

Does this sound rational? It is called “the rational method of decisionmak-
ing.” However, it is not sound. This weight, rate, and calculate {(WRC) method
is full of opportunities for error and leads people toward making unsound de-
cisions, while they think they are doing everything correctly. What is wrong
with WRC is that it leads people into making a series of “unanchored” judg-
ments. For example, suppose you meet someone you know well on your way
to work. You say, “Hi, how are you?” He or she answers, “Fine, how are you
doing?" You probably reply, “Okay, nice day fsm'l it.” Then the two of you dis-
cuss the weather in more generalities.

Talking in generalities and filling in the blanks (making assumptions) about
what others mean are normal (n daily conversations. Il is done to survive in
soclety. Yet, did you ever stop to think just how vague that talk actually is?
What did you mean when you asked, “How are you?” How is your health?
Your cholesterol level and blood pressure? Or did you mean to ask about a fi-
nancial situation? Is your barnk account up or down? Or did you really ask
the person about his or her relationsh ip with a supervisor? Did he or she do
well on a performance rating?

Indeed, one may be asking, “How are you?,” and meaning one thing (health),
while the other person may be answering, “Fine,” and meaning something
else (the relationship with the boss is on the upswing}. This is acceptable in
small talk conversation, but it is not in making serious decisions. In



decisionmaking, people must “anchor” their statements to the relevant lacts,
not to assumptions that are made in response to generalities.

Examples of WRC: Factors are generalities. When someone {eels thal one faclor is more impor-

Unsound tant than another and gives them dillerent weights, specific assumptions

Decisionmaking aboul general calegories are being made. Error Is being introduced into the
decisionmaking! For example, suppose that you are selecting a design pro-
posal, one {rom several submitted by consulting engineers, for a bridge that
will be built above a deep ravine in mouniaincus lerrain, In your opinion, in
making this decision, which ol the following factors would be most impor-
tant: economics, salety, or esthetics?

More than 90 percent of the respondents to this question answer “safety.”
Why? Because they fill in the blanks. From the informalion given, they pic-
ture vehicles tumbling ofl the bridge inlo the ravine so safely has 1o be the
most imporlant consideration. Whal they were not told is that all the de-
signs meel the Stale salely standards. In [acl, there is actually very litile dil-
ference in the designs relating to salely. The difference in the safety attri-
butes of one design proposal versus ancther is very small and unimportant;
therelore, it has very little 10 do with the decision.

When applying this example to WRC, safety is given 10 paints because it is
considered the mostl imporlant. Then, with the small dilferences In safely,
the alternatives and all rated very good—8, 9, and 10. The weights are mulli-
plied by the rates and a 20-poini spread beiween one alternative and an-
olher is inlroduced, where in lact there should have been no weight given (o
the unimportant dilferences,

An illusiration of the levels ol absiraction used in language will help explain
why it is important 1o weigh only the importance of the dilferences beiween
alternatives. See the diagram in ligure 1.

- D e 0O DN

Abstractions

{Low-Crder

Middle-Order

@S =N——2 030w

Low-Order
Abstractions
{Relevant
Facts)
Six, medium-sized

Figure 1.—Levels of abstraction with common English words,




Attributes
Attribute Alttribute Attribute Advantage Advantage
of A of B of C of B of G

Flgure 2.—Levels of abstraction irnt decisionmaking.

If you were asked to go to the store and get six medium-sized golden deli-
cious apples, you would probably return with six medium-sized golden deli-
clous apples. However, if you were asked to go to the store to gel [ood, what
are the chances you would bring home six medium-sized golden delicious ap-
ples? You would have a better chance If fruit was asked for and an even bel-
ter chance if it was apples. However, unless you are asked to gel six
medium-sized golden delicious apples, ithe chances of you getting exactly
that are slim,

The broad categories of food, clothing, and shelter are high-order abs{rac-
tions. To answer how important one is versus another {or any other specific
question) one has Lo make some assumptions. From where do the assump-
tlons come? They come from past experiences and presenl imaginatlions,
which may not have anything to do with the current decision. These would
be “low-order” assumptions.

Factors are high-order abstractions. To ask how Important a particular fac-
tor 1s, one makes a low-order assumption, {illing in the blanks as to what
one thinks it means in relation to the decision. What are Lthe chances of
guessing correctly? Again, the chances are slim.

The levels of abstraction in decisionmaking are shown in figure 2. In this ex-
ample, within factor 2, the attribute of A is the least preferred attribute and
the advantages of B and C are shown.

Factors, again, are those broad categories that make a difference in the deci-
sion. An aliribute is a characteristic {qualily or quantity} of an allernative or
a proposal. In each factor, there is one attribute for each alternative. An ad-
vantage is a favorable dissimilarity {in quality) or a favorable difference (in
quantity) between two alternatives. The “importance of an advantiage”
equates to how much one is willing to pay for apples.

In 1887 Wellington, a railroad economist slated, “No Increase of expendilure
over the unavoidable minimum is expedient or Jjustifiable, however great the
probable profits and value of an enterprise as a whole, unless the increase
can with reasonable certainty be counted on to be, in itsell, a profitable in-
vestment.” Even though it is narrow in its application, this statement laid



Sound
Decisionmaking

the basis for understanding that one has lo pay attenlion to the differences
in alternatives when making decisions.

Granl and Ireson, in Principles of Engineering Econorny, stmptified the 1dea
by stating, “It is only prospective differences among allernatives that are rele-
vant in their comparison.” They also sald, “Over the years, many published
formulas for the solution of problems in Engineering Economy have given
dangerously misleading guidance to decision makers because the authors of
the formulas have not recognized this concept.” This statement applies 1o
the WRC methods.

Bruce Bishop in his award-winning 1969 reporl, Soclo-Economic and Commu-
nity Factors in Planning Urban Freeways, stated, “Decislons must be based
on the differences among alternatives.” He also stressed the subjective side
of decisionmaking. Decisions are value laden—that is, the decision depends
not only on objective [acts, but also on the viewpoint of the decisionmakers.

To highlight the subjective side of decisionmaking, Jim Suhr, in 1976,
added three words (in italics) to Bishop's statement: “Decisions must be
based on the importance of the dilferences among alternatives” (ilalics
added). To simplify and clarify decisionmaking, and to adopt a posilive view
in the decisionmaking process, Sulr cnce again improved on the fundamen-
tal rule of decisionmaking by staling, “Decisions should be based on the im-
portance of advantages.”

Notice how that last statement fits within the levels of abstraction, By hasing
the decision on the imporlance of advantages, one is addressing relevant
facts rather than low-order assumptions and has a basis for making sound
decisions.

Compare the following steps of sound decisionmaking with those of WRC on
the first page of this article:

(1) Determine the factors that make a difference in the decision.
(2) Detlermine the atiributes of each alternative for each factor.
(3) Decide the least preferred altribute for each [actlor.

(4 Using the least preferred attributes as relerences, decide the advan-
tages of all the rest of the atiribules [or each factor,

(5) Select the most imporiant advaniage in each factor and the most Impor-
tant of the mosl importanl advantages [paramount advantage).

(6) Assign the paramount advantage a convenient number (10, 100, and so
on} and weigh all of the rest of the advaniages based on their impor-

lance as compared with the paramouni advantage.

(7) Tolal the points for each allernaiive.

10



(8] Choose the alternative with the greatest point total,

The method above comes from a decisionmaking system called Choosing by
Advantages (CBA). It was developed by Jim Suhr, Management Methods En-
gineer in the Regional Office of Region 4, Ogden Utah.

CBA is for all types of money and nonmoney decisions, from the stmplest to
the most complex. The system has different methods for addressing different
types of decisions—such as choosing between mutually exclusive alterna-
tives or among nonexclusive proposals or addressing equal-cost and differ-
ent-cost alternatives or proposals. For most decisions, the CBA methods are

much simpler than explained above: and for very simple decisions, the meth-
ods are extremely simple,

What has been explained here is Jjust to whet the reader’s appetite for doing
things right—making sound decisions. If you are interested in learning more
about CBA, contact a qualified CBA instructor or facilitator. It could not only
affect the way you make decisions at work, but could influence your entire
life. After all, what we make of our lives is a result of our decisions.

11



History of Engineering Book Published

Because of continued interest at the Regional Engineers’ meetings and the
growing emphasis on the Centennial and Forest Service history, The History
of Engineering in the Fores{ Service (A Compilation of History and Memoirs,
1905-1989} was published in October 1990. This history includes the previ-
ous volume published in 1969 plus accounts from more recent retirees. As
many Engineering retirees as possible were given the chance to participate;
the contributions of those who did are appreciated. The book is an interest-
ing and colorful account of the personal experiences ol those who worked [or
Engineering in the Forest Service.

Copies were sent lo each Regional Engineer, the relirees who conlributed,
and the Washington Oflice. Il you would like a copy, please conlact your Re-
gional Engineering Ollice.

12



Chainlink Retaining Walls—Alternative
Facings & Forming Can Save Money

il

Don Porior
Civil Engineer
Siskiyou National Forest, Region 6

Introduction This past year, the Siskiyou National Forest constructed two modilied
chainlink walls. They differed from previous designs in their forming meth-
ods and facing. One wall was faced with native logs; the second was formed
with hay bales. Both are permanent, cost-effective, easy-to-construct, and
environmentally appealing structures,

In 1978, the first chainlink walls were installed as a demonstration project
on the Siskiyou National Forest. The largest chainlink structure to date is a
25-foot-high, 2,026-square-foot wall constructed in 1984.

Design

General Drawings and specifications for walls up to 15 feet high and backdrains are
included in the appendix to this article, Three types are included: wire-faced
walls, log-faced walls, and walls with bales used for forming. Grid lengths
are specified for three typical backfill soil types. The design assumes that
backfill material is drained and nonplastic.

If water is encountered or anticipated, a drain is recommended along the
backslope. A standard backdrain detail with specifications was developed for
reinforced soil walls and is available for inclusion with any wall design.

Erosion is a concern on all walls. Typical details may Include cross-drains,
curbs, paving, and tnsloping the roadway.

Delineators, berms, and/or guardrails are typically added for traflic conlirol.
A typlical wall face is set back from the edge of the travelway by 4 1o 5 feet to
allow the placement of a guardratl, the constiruction of a shoulder, and the
reduction of the live-load forces on the facing.

In lieu of chainlink fabric, designers may use a geogrid or high-strength fab-
ric. Many of the commercially avaflable fabrics are superior to chainlink in
costs, ease of handling, and resistance to corrosion. Their design properlies
also vary, Designers need to consider ultimate strength, soil shear stress in-
teraction, creep, and ultraviolet deterloration, in addition to physical

13



Chainlink Wall With

Log Facing

vailable widths, and deliv-
re substiluting other

_ Paving over ontrol erosion. Because walls
often settle slightly their first winter, one should either pave the following
season or plan for a minor skin patch over the completed wall,

_ A chainlink wall with log facing was constructed on Hungry Hall Road, Pow-
_ ers Ranger District. The wall repaired a logging road fill failure. The repair

was expedient and cost-eflective; it demonstrated the use of logs for facing.
See figures 1 and 2.

a landing I epalr desired could be tem-
porary, m vent it} . m entering the drainage
below, shoule crews, and, to avoid litiga-

urchaser felt he could
mple, the malerials were

Figure 1.—Placing fabric and logs for chainlink wall with log facing.
ot A e R R SR R
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Chainlink Wall With

sign is considered a permanent repair.

The campleted log wall is 50 feet\ long and 8 feet high. Five logs {orm a near-

Wrt;ical face. The wall L

\mad’ and adjacent rock outcrops. The con-
tracted cost to the Government was $3,500,

istrict. The wall is a typical
) d of forming. The wall was
g hay bales along the face  wall to act as forms for
inlink wall inside. This fo
' ; port traffic and are placed
[ a wide shoulder. See fig-

bales sprout, with grass gr
like a steep slope covered with




cured with chicken wire wrapped around the face and stakes driven through

the bales to the soil or bales below. This combination develops the lateral
strength required for compactors to work direclly against the bales.

¢ all is 30 feet long at the top and 8 feet

h. The total area is 160 squa e contracted cost was $1,300, not
ding the cost of Governmen ished wire. Overlaps and cutting re-

ired approximately 30 pﬁ ent more wire 1han was originally estimated.

Constructing the slope steeper will not allect the design. Bales should work

as well for forming in a steeper canﬁgumticrx,

untain wall was constructed in 6 hours, while the Hungry
proximalely 14 hours, The ng procedures expedited
1e construction process:

Figure 3. wCompacizon next to face Jor the watl wtth hay Figure 4 ——Placmg and staking fabric for the wall with

bale facing.

hay bale facing.




ontrol was simple. All controls were references to a siringline
ng the face of the wall at the elevation of the [inished road
e fooling of the wall was located by measurements from the
stringline. A level rod held vertically was used [or this purpose, The out-
side edge was established from the wall geometry.

Tolerances were consistent with the design. The foundation was iwssled
within a tenth of a foot under the face. The remainder of the foundation
was allowed lo vary as much as a half foot.

The grade of the wall is mrauei’to the road grade rather than level
Sleps are not designed in the top layer.

The height and spacing of the top layer were field-adjusted to match the
road grade. Typically, the top of a wall is slightly skewed to the road

Rigure 5.—Using a hay bale wall, the completed road- I‘?\Zgure 6.—Completed face of the hay bale wall,
way prior to grading. .

R e




Detailed Cost
Summary

Maintenance

Other Uses

Table 1.—Cost summary: detatled.

Humbug Mountain Hungry Hall
hay bale forming log facing
{160 square feet) {400 square feat)

Mabilization Not required $1,100
Hay bales and stakes $ 100 n/a
Chainlink (Governmant-furnished) 1,000 1,800
Equipmaent and labor 1,200 2,400
Logs (Government-furnished) n/a 500
Subtctal $2,300 $5,800
Cost per square foot of wali $14.74 $14.50

(5) In-place material for backfill should be used provided it is nonplastic.
The savings in haul and borrow will more than compensate for the
exira fabric length and compactive effort.

The detailed cost summaries for the Humbug Mountatn and Hungry Hall
walls are in Table 1. Previously, chainlink walls have cost between $22 and
$25 per square foot. The cost savings here reflect improved designs and pro-
cedures and the use of in-place material for backilll,

Chainlink walls are easy to maintain. In the past 10 years, only two repairs
were reported. Riprap was placed on the sideslope of one wall to repair sur-
face erosion. Resurfacing and grading repaired a second wall after a grader
operator inadvertently pulled up a section of wire.

The maintenance on log-faced walls is minor, In approximately 10 years, the
logs will begin to rot. A slight settlement of the face is anticipated, requiring
minor grading and some additional surfacing. The road behind the wall will

remain intact and stable. Vegetation growing on the rotted logs will restabil-
ize the face,

Forming with hay bales will not aflect maintenance. Some setilement of the
face during the first months is anticipated as the hay loses its strength and
evolves Into a grass mat. The inner wall may develop slight surface bulges.
Routine maintenance grading will correct any seitlement.

The estimated design life of chainlink walls is 50 to 100 years, depending on
the corrosiveness of the backflll material. Log facing or bale forming will not
affect the life. The oldest walls, constructed in 1978, have not shown any
signs of corrosion.

In addition to road repairs, log-faced chainlink walls are applicable for stabi-
lizing landings. Yarders can work without damaging the facing of the walls.

18



Specifications &
Drawings

Conclusions

The ease of installation and log components appeal to most timber opera-
tors. The walls are well suited for work adjacent to streams, such as tempo-
rary bridge abutments and fills along streams.

The walls with hay bale forming are applicable for erosion-control struc-

tures, recreation area structures, and streambank siabilization. Reereation
specialists will appreciate the ease of force account construction.

Standard specifications for reinforced soil walls and backdratns are included

in the appendix. They include the following new features:

(1) Payment is by square foot of wall or square yard of backdrain and in-
cludes all materials, select borrow, and drainage works within the wall
area. Work outside the walls, such as downpipe and guardrall, s not in-
cluded.

(2) The configuration and quantily of a completed wall can vary up to
15 percent under the variations-in-quantities clause. Engineers can ad-
Just the foundation to match ground conditions as a work order adjust-
ment rather than as a change order. The administration is consistent
wilh the design intent.

(3) Two options are allowed for backdrains.

The following standard drawings are included in the appendix for chainlink
walls and backdrains {AutoCAD liles are available on request):

(1) Chainlink wall with wire facing.

(2) Chainlink wall with log facing.

(3) Chainlink wall with bale [acing,

{4) Forming method—chainlink wall with wire facing.

(5) Backdrain for reinforced soll—retaining wall.

(6} Chainlink wall general notes.

The experiences with chainlink walls on the Siskiyou National Forest lead to
the following conclusions:

(1) Chainlink walls are an excellent choice today for Forest roads and recre-
atlon projects with a demonstrated cost advantage on small projects.

(2) Hay bales function well for forming. The grass-covered slopes are attrac-
tive. The hay reduces sedimentation and acts as an organic filter.

18



Appendix—Specifications & Drawings

DRAFT PROPOSAL

SPECIAL PROJECT SPECIFICATION
REINFORCED SOIL WALLS

SECTION 642 REINFORCED SOIL WALLS
DESCRIPTION

642.01 Work. This work shall consist of furnishing and installing reinforced
soil retaining wall(s) complete with soil reinforcement fabric, facing and
hardware. Work shall include all excavation, embankment and backfill. Wall
options permissible for specific projects shall be as SHOWN ON THE DRAWINGS.

MATERIALS

642.02 Geogrid. Geogrids are polypropolene or polyester grid structure
geotextiles specifically fabricated for use as soil reinforcement. Material
shall meet the requirements of section 720, Type 1, Function G. The maximum
tensile strength or type of fabric shall be as SHOWN ON THE DRAWINGS., Mats
must have 70% open area to allow for soil to soil contact.

642.03 Welded Wire. The welded wire fabric shall meet the requircments of
ASTM A-185 and ASTM A-82. The maximum tensile strength requirements or size,
shall be as SHOWN ON THE DRAWINGS. The fabric shall he galvanized at the rate
of 0.4 ounces per square foot.

642.04 Chain Link Fabric. Chain link fabric shall be two inch mesh fencing
material made from 9 gage wire, helically wound, and interwoven in such a
manner as to provide a continuocus mesh without knots or ties. All fabric
material shall conform to the requirements of AASHTO M-181, Type I, with Class
B coating and Knuckled Selvage.

642.05 Treated Timbers. Treated timbers shall meet the requiremants of the
following subsections,

Structural Timber and Lumber 716,07
Preservative Treatment Fle 02

642.06 Landscape Timbers. Landscape timbers shail be No. 1 graded railread
ties or treated timbers as neoted above,

642.07 Masonry Units. Modular blocks specifically designed fov usz as a

retaining wall. Materials shall comply with manufactures specificaricns in
addition to the following: ASTM C90, ASTM Cl40, ASTM Cl45-73.
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642.08 Proprietary Wall Systems. Materials shall comply with manufactures
recommendations except for those as noted above in which case the materisls
shall be equal or better.

642.09 Log Faced Walls: Logs shall be barked and trimmed . Limbs shall be cut
flush with truck. Trees used for logs will be marked by engineer prior o
cutting operations when designated as goverment furnished.. The minimum and
maximum diameter of logs used for wall facing shall be as SHOWN ON DRAWINGS .

642.10 Government Furnished Materials: When SHOWN ON DRAWINGS , Materials for
construction of the wall shall be government furnished. Contractor is
responsible for delivering the materials to the construction site from the
designated pickup location SHOWN OK THE DRAWINGS.

642.11 Backfill. BRackfill material shall be granular in nature and shall meet
the following gradations and plasticity requirements:

Sieve Size Percent Passing
& inch 100

3 inch 75 to 100
Ko. 200 0 te 15

Plasticity Index (P.I.) shall not exceed 6.

The backfill shall be free of organic matter, soft clayey soils, rock of poor
durability, or bituminous material. Suitable on site material shall be used as
backfill as APPROVED BY THE ENGINEER,

642.12 Certification. A manufacturer's certification shall be furnished to
the Engineer upon delivery of the reinforcement material. In addition to
submittal requirements of section 720, the contractor shall furnish
certification of product tensile strengths at breaking, 2% strain and 5% strain
for reinforcement materials not SHOWN ON THE DRAWINGS.
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CONSTRUGTION

642.13 Soil Reinforcements. Socil Reinforcements shall be laid at the proper
elevation and alignment as SHOWN ON THE DRAWINGS.

Soil Reinforcements shall be oriented such that the maximum tensile strength
available is in the direction as SHOWN ON THE DRAWINGS.

Splicing of reinforcements iz not anticipated in the direction perpendicular to
the primary reinforcement. In the direction of primary reinforcement a minimum
overlap of 48 inches is required.

Soil reinforcements shall be installed in accordance with manufacturers
recommendation for their intended purpose. A copy of those recommendations
shall be included with project submittals when requested by the Engineer,

Extreme care should be taken to prevent wrinkle development and/or slippage of
velnforcement during fill placement and spreading. Geogrids and chainlink will
require stretching and staking to mobilize their desired strengths. A plan
must be submitted by the contractor indicating how he proposes to accemplish
this prior to his beginning work.

Tracked conmstruction equipment shall not operate directly upon the
reinforcement material., A minimum fill thickness of 6 inches is required prior
to operation of tracked vehicles over the fabric. Turning of tracked vehicles
should be kept to a minimum to prevent tracks from displacing the fill and
damaging the fsbric.

Precise and accurate installation of the initial mats is very important. A
small grade change can drastically affect the elevation of the top of the

wall, The elevation tolerance for the finished top of the wall is +/-0.3 feer
from design values. The variance from design and/or manufactures
recomnendations for vertical tolerance shall not exceed +/-0.1 foot per 10 feet
of wall height, and shall be such that the designed width of the road shall not
be reduced.

642.14 Field Adjustments. The final limits and configuration of the wall may
vary depending on the foundation materials encountered during excavation.

Final foundation limits will be as approved by the Engineer before placement of
any backfill material.

Yotification will be given to the Engineer at least 48 hours prior to beginning
work to facilitate a timely inspection of the foundation.

Over excavation of foundations bevond approved limits shall he repaired by
contractor at no additional cost to the government.

23



642.15 Excavation. Excavation shall be in accordance with Section 206,
Excavated material shall be considered suitable for backfill when in compliance
with section 642.11 and approved by the Enginecer.

Unsuitable material shall be disposed of as SHOWN ON THE DRAWINGS

Excavation shall be approved by the Engineer before placerment of any backfill
material.

642.16 Performance. The contractor shall rotify the Engineer at least 48
hours prior to heginning of work.

It will be the contractors responsibility to maintain the offset markers and
bench mark and all construction stakes necessary to control the work.

A 3 to 4 inches laver of granulav backfill shall be placed as per the
manufactures recommendations or as SHOWN ON THE DRAWINGS over the entive length
of the completed excavation as & leveling course prior to placing the first
mats of any wall section. This material is incidental to other work.

642.17 Backfilling. Excavated areas shall be backfilled with approved
material placed in horizontal layers, not exceeding 9 inches loose measure in
depth. Fach layer shall be compacted in accerdance with subsection 203.15 (b,
Method 4. Sheepsfoot and pneumatic tire rollers shall not be used to obtain
compaction. Portable vibratory compaction equipment shall be used as APPROVED

BY THE ENGINEER. On chainlink and geogrid walls backfill shall be placed from
the wall face inward to insure that the reinforcing fabric remains taut.

MEASUREMENT

642.18 Method. The Method of Measurement will be designated in the SCHEDULE
OF ITEMS and measured in accordance with section 106.

Payment will be hased on the contract unit price per square foot, wvertical
frontal area of wall completed in place and accepted.

PAYMENT
642.12 Basis. The accepted quantities will be paid for in accordance with
section 106 at the contract unit price for ecach pay item shown in the SCHEDULE

OF ITEMS.

Payment will be made under:

PAY ITEM PAY UNIT

642 (01) Reinforced Soil Wall SQ.FT.

24



DRAFT SPECIFICATION

SPECTAL PROJECT SPECIFICATION

612

SECTICN 612 - BACKSLOPE DRAIN

612.01 Work

This work shall consist of furnishing and installing backslope drainage
systems. Contractor has option of two alternative backslope drain systems as
SHOWN ON THE DRAWINGS. Materials used in systems vary between options. They
may include using woven plastic filter cloth, drainage core, pipe, pipe
connections, and drainrock in accordance with these specifications and as SRHOWN
ON THE DRAWINGS.

MATERTALS

612.02 Geotextiles. Ceotextiles shall meet the requirements of section 720,
Function Type (E). A sample of the material and the manufacturers
specifications, including Equivalent Opening Size (EOS), Percent Open Area; and
Permeability shall be previded to the Forest Service, for appreval, a minimum
of 10 days prior to incorporating into construction.

612.03 Drainage Core. The drainage core shall be an impermeable polymeric
sheet with a 3-dimensional corrugated or waffle-like structure which provides
flow channels for the water. The drainage core shall meet the following
MINIMUM specifications:

Thickness: .75 inches.

Compressive Strength: 4300 pounds per sguare foot,

Flow 5 gallons/minute/foot width.
Specifications and samples of proposed material shall be provided to the Forest
Service, for approval, a winimum of 10 days prior to incorporating into
constructicn,

612.04 Pipe. Drain pipe and couplings shall meet the requirements of AASHTO
M-252. Drain Pipe diameter is SHOWN ON THE DRAWINGS. Oucles pipe shall be
nonperforated pipve of like type and diameter.

612.05 Backslope Drain System. The geotextile does not Rave to be bonded o
the drainage core but shall be pinned and stretched sufficiently taut o
prevent bunching during installation. The number of sidss of <he core to
becovered with the geotextile will be SHOWY ON THE DRAWINGS
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CONSTRUCTIGON

612.06 Assembly of Backslope Drainage System. The system shall be assembled
as SHOWN ON THE DRAWINGS. The drainage pipe shall be installed in contact with
the bottom of the drainage core. The drairage pipe shall be encased in
geotextile, The geotextiles shall he overlapped a minimum of 4 inches at each
joint in the geotextile and drainage core. The overlap shall be secured with
3-inch safety pins or roofing nails with push nuts spaced no more than 2 feet
on center. The overlap may also be secured by sewing. The Engineer will
approve the assembly prior to installation.

612.08 1Installation of Backslope Drainage System. The geotextile shall be
placed and secured sufficiently taut with spikes on the slope and shall have
overlaps as per 612.06. The drainage core shall be placed and pinned in place
to develope a shingle effect with 4-inch overlaps.

After the installation has been inspected and approved by the Engineer,
backfill material may be placed. Backfilling shall be done in uniform layers
not exceeding 1 foot loose thickness. The degree of compaction required is
SHOWN ON THE DRAWINGS. Backfill shall not contain material larger than 6
inches in greatest dimension, and shall be carefully placed by methods that
will not cause damage to the drainage system. Any damaged materials shall be
replaced or repaired by the Contractor.

METHOD OF MEASUREMENT

612.10 Method. The method of measurement will be DESIGNATED in the SCHEDULE
OF ITEMS and measured in accordance with Section 106. Measurement for
Prefabricated Underdrain will be made along slope lines.

BASIS OF PAYMENT
612.11 Basis. The accepted quantities will be paid for in accordance with
Section 106 at the contract unit price for each pay item shown in the SCHEDULE
OF ITEMS. Payment for Prefabricated Underdrain includes gpeotextile, core, and

perforated pipe.

Payment will be made under:

Pay Item Pay Unit
612(01) Prefabricated Underdrain ............. .o\ .. S.Y.
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Bradford Quarry Volume Determination

Objective

Procedure

Aerial Photography

Greg Visconty
Engineering Geologist
Siskiyou National Forest, Region 6

The Bradford Quarry Is localed on private land near Goldbeach, Oregon.
From about 1965 to 1988, the Forest Service authorized contract entry into
this pit for “in-Service” aggregate use, with the owner’s permission. Recently,
the owner requested being paid, as per agreement, for the rock removed
from his land, but records were not kept through most of the quarry activi-
lies. A determination of the 1otal volume of rock removed needed 1o be done.

The Iollowing three methods were considered for this volume determination:

(1]  Measure {he roads that were rocked from this pit (considerable confu-
slon still exists because there are no wrillen records).

(2) Survey the pit, visually estimate what it looked like in 1964, and esti-
mate the velume removed.

(3) Use an AP190 analylical stereoploiier, which would allow three-
dimensional digitizing of aerial photographs of the pit from belore and
alter all the quarry excavations.

The stereoplotter was chosen because il was the most accurate method avail-
able.

Two sets of aerial photographs were used [or the project: one from 1964 and
one from 1986. Both sets were 1:12,000 scale. The 1964 photographs pre-
dated any rock removal and were used as the base for digitizing. However,
the vegetalive cover and the pholograph scale prevented acceptable digitiz-
ing accuracy around the base of the rock cutcrop. The outcrop was [ully
cleared on the 1986 photographs, so these photographs were used for the
base, digllizing only the unexcavated areas around the base of the pit. These
data were slored separalely. Next, the excavaled areas on the north and
south ends ol the pit on the 1986 photographs were digitized and also stored
separately. The perimeters ol these excavated areas were transferred to the
1964 photographs by hand, and the original surfaces over the excavated
areas were digitized on the 1964 pholographs. All three data sels were
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SURFER

Conclusion

combined to form two data sets: one for the preexcavation surface and the
other for the postexcavation surface.

The two dala files were entered into the SURFER sollware program to pro-
duce grid files of the surfaces digitized for 1964 and 1986 (ligures 1 and 2,
respectively). These grid files are used to produce topographical maps and
three-dimensional views of digitized data. The grid flles themselves are gener-
ated using complex mathematical equations, and the user has control over
how the data are manipulated by the program. Both data files were pro-
cessed in SURFER under identical formats. The 1986 surface was compared
to the actual current pit configuration to determine the accuracy of the pro-
cessing format. The following stipulalions were used:

(1) Grid size. The size was cut to 75 columns by 75 columns (later cut 1o
75 by 50).

(2) Method. The melhod was krieging,

(3) Search. This was a normal, radius 80 search, with the number of near-
est points being 10. (These last iwo values will necessarily change, de-
pending on the concentration of data in the data file. They can be
arrived at by (rial and error until the resulting surface view resembles
the actual surface feature that was digitized. Further accuracy should
be field-checked.)

(4) Limits. This was defaull to data limits. (When comparing two separale
data files, as in this project, one must ensure that the Jimils are
identical.)

Once this process was completed, the surface grid [iles were overlayed in the
“Utility” subprogram of SURFER 1o determine the volume dillerence between
the two. If “Cut-and-Fills” is chosen as the output of the volume determina-
tion, the program will list (in cubic data units) how much material was re-
moved and how much was added. If the digitizing and processing methods
are precise, the velume of malerial added should be zero,

The volume ol rock removed (rom this pit was 66,000 yards, with an indi-
caled {ill of approximately 1,400 yards. The method had an ervor rate of
approximalely 2 percent.

The precision of the project was within acceptable limits, but the accuracy of
the work could only be estimated by comparing the surface view of the cur-
rent outcrop condition with the actual outcrop. This comparison was accept-
able considering the small scale of the available aerial photographs.
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Using Autolisp To Compute Design
Quantities in AutoCAD Drawings

Introduction

Background

Tom Strassmaier
Civil Engineer (retired)
Mt. Hood National Forest, Region 6

This article mighi be considered a followup 1o the July-August Engtneering
Field Noles arlicle “Increasing Productivily by Preparing Road Plans With
CADD.” The message in thatl article was thal production can be greatly in-
creased, versus manual dralling methods, through designing application
packages tallored 1o specific needs. This is done by creating prototype draw-
ings; blocking and insertling olten-used graphics; writing custom menus,
macros, and balch processing routlines; and so forth,

While that article was helplul, it is possible to do much more when automat-
ing the drafting process in AutoCAD by writing “Autolisp” routines that oper-
ate both within menus and as external files, which can be “loaded” as
needed. (Autolisp is an AutoCAD program language.) Some examples would
be: (1) to show spol surfacing areas in a plan with hatching created by “pick-
ing" two corners ol a box and (2) {o use keyboard entries (o Insert a culvert
symbol al {he correct station and skew angle with descriptive text.

However, there is an added dimension that can be explored with Aulolisp.
With a few additional keystrokes, the operalor can produce design quaniities
at the same time.

Figure 1 shows an unedited prototype road plan diagram. It is not a line dia-
gram because lhe traveled-way edges are shown so that more detail can be
added lo the drawing. The legend appears on the [irst sheel only. Note the
emply “Sheet Quantities™ {able along the lelt margin. The “T” Intersection
shown at station 0+00 is the defaull intersection graphic.

Figure 2 iIs an example ol how the same drawing would appear after editing.
A cusiom menu (not shown) provides the interface 1o the macros and
Autolisp roulines that do the worlk.

Seme examples of drafiing enhancements can be seen in Figure 2. The “T"
intersection has been replaced by a “Y™-type intersection. This was done
with a single selection from an icon menu (made possible with an Aulolisp
selectlon sel [unction), Culvert symbols are inserled with a macro. The vari-
able data in the culvert descriplion tables (that is, station, diameter. and
length] are input wilh bleck attribule prompts. The {ypleal section number
bubble (the “2” in the circle in {igures 2 and 3) is controlled with an Autolisp
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routine that also trims out the underlying centerline as the symbols are cre-
ated.

While dralling enhancements of this {ype are very uselul, the routines that
also perform routine design computations can be even more so. Examples of
Autolisp design outputs are shown in Figures 2 through 6 by the hatched
areas representing application areas for various subgrade, su rfacing, and
paving requirements. The operator moves through the drawing using the
{ransparent pan and zeom functions and defining each application area, one
by one, with a pick box. The operator then is prompted at each area for de-
sign variables (slopes, widths, depths, and so on). The programs compule de-
sign quantities for each area, and the areas are hatched, dimensioned (in
some cases), and labeled. When the input is complete, the quantities are
placed in the “Sheet Quantities” table, along with the pay item number and
unit of measurement. The table Is constructed, item by item, in a unique
layer for later extraction 1o Lotus, as desired,

The Autolisp routines that control these activities allow for much flexibilily.
Conslants can be changed. Variables can be added or made canstant, or
vice versa. Number-rounding can be adjusted, and so forth.
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Figure 1.—Unedited prototype road plan diagram.
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Figure 2.—Edited version of diagram shown in figure 1.

Developed &
Tested Autolisp
Routines

PAVE_1.LSP SPOT
SURFACING

All of these routines are initiated [rom a submenu in the AutoCAD User In-
terface pulldowns. The user is prompted [or a one-time entry ol the pay item
number, then to pick the lower-lelt and upper-right comers of the first appli-
cation area and to enler the width, depth, and shoulder slopes, The program
responds by drawing a pelyline around the application area, drawing two ver-
tical edge lines, hatching the area, erasing the polyline {0 avoid overplotiting
the road edges (leaving the edge lines), compuling the quantity (*21 Cu. Yd.”
in figure 3}, printing a description centered and above the area, and prompt-
ing to pick the corners of the next area. This repeats, as shown by the three
examples in figures 3 and 4, until lerminated, at which time the total accu-
mulated quantily and other dala are placed in the “Sheet Quantities” table
(figure 7). A swell factor of 1.33 was used in the volume calculations. This
can be changed or made a variable.

A delailed descriplion of this rouline is given in figure 8, and the Autolisp

file is included as figure 9. This routline can also be used for continuous sur-
facing,
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SUB.LSP SUBGRADE
TREATMENT (Fabrics)

PAVE_3.LSP
PAVEMENT INLAY
(Patchlng)

tefi cormner

/— upper righi corner

/7
N

ROAD NO. 525

1 Cu. Yd. Hem 304(01)
Depth 4 Inches/

EDGE OF

50 Cu. Yd. Hem 304{01) TRAVELED
Depth B Inches WAY

< lower
AN
7,
.

Vs =

BEGIN

STATION O

T

/ <N

% ROAD NO. 5254

PROJECT

STATION 0+0Q0

1 2
| |

o

Figure 3.—Sample of Aulolisp design outpud,

This program is similar to PAVE_1.LSP. The outputls are in square yards,
There are no depth and slope variables. A dillerent hatch paliern is used.
The length and widlh dimensions are drawn. An example is shown in figure
4. Again, the total quantity and other data are placed in the table (ligure 7).

In this routine, a vertical edge slope is assumed, outputs are in tons, depth
is again in variable, the inlay areas are dimensioned, and the halch pattern
is ANSI 31 at 90-degree rotation. Three examples are shown i figure 5.

179 Cu, Yd. Item 304(01)
Depth 10 Inches

138 Sg. Yd. ltem 203(18)

i v

LLL
. 4//

T

77
7 TS v

0

i

STATION 5+860
INSTALL 18"X 22 CMP
SKEW 0 DEGREES

)

STATION 11+32
INSTALL 24"x 30 CMP|

11 12

Figure 4.-——Sample of Autolisp design output.
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PAVE_2.LSP
PAVEMENT OVERLAY

Autolisp Routines
To Be Developed

Aggregate Paving

Campground & Parking
Lot Construction or
Restoration

This routine is similar (o PAVE_1.LSP. The oulpuls are in tons. The slope
variable is retained because in Region 6 mat edges are sometimes sloped.
One should use 0.001 for a vertical edge. The unit weight is calculated at
“110#/SqYd/in,.” This can easily be a varlable. Other features, such as begin-
ning and ending slaticn labels, can be added. Three examples of this applica-
tion are shown in figures 5 and 6. In the one place where a patch is overlain

(ligure B), a cross-halch eflect oceurs because the patch areas were hatched
at 90 degrees.

A rouline will be developed for aggregate and paving items with variable
width sections and transition seclions. such as with lurnouts, curve widen-
ing, and curves at intersections. This will require the operator to first outline
the areas as polylines. During operatlon, the designer will be prompted to
pick the polyline segments and then draw the endlines. The volume compu-
tations will be correct because a vertical slope will be applied to the ends
and the specified slope 1o the edges.

Several programs will be writlen for campground and parking lot construc-
tion or restoration; such as the [ollowing:

{1) Aggregate and pavement quantities. The operator will {irst outline areas
of commoen depth and shoulder slope; then the program will operate
much as In the rouline above. Accurate quantities will be developed
when evaluating adjacent sections with dilfering depths and slopes. A
slope can be forced at the outside sectlions by entering a zero value for
the end lines. Individual areas will nol be labeled,

9 Tons ltem 403{05)
Depth 3.0 Inches

82 Tons item 403(05)
Depth B.0 Inches

26 Tons itern 403(05)
Depth 6.0 Inches

sess [T NS e
— o , _ A y
OE i M //7’ A

15 16

SR

STATION 17420
INSTALL 18"X 24 CMP

17

19 20

Figure 5.—Sample of Autolisp design output.
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131 Tons Item 403(01)
Depth 3.5 Inches

EDGE OF

TRAVELED 39 Tons Item 403(01)
WAY Depth 4.5 Inches

Zzz

G\ R ——

INM

22

24 25 26 27 28

Figure 6.—Sample of Aulolisp design output,

Culverts

Drainage Dips

Drainage Ditches

Roadside Diich
Protection

(2) Pavement inlay. This routine will be similar to the example {or road
plans, except that the labels will not be placed at each patch,

(3) Subgrade treatment. This rouline will also be similar to the example for
road plans,

Similar (o the road plans, this rouline will prompt the operator {o input sia-
Uon, diameler, length, and a reference angle that will indicate the direction
ol discharge. The program will then insert the culvert at the correct station,
scale it for diameter and length, rotate it 1o the correct angle, place the cul-
vert information text in the drawing below the culvert, and then prompt for
the next culvert to install. The program will accumulate culvert lengths by di-
ameter; then when the program has ended. it will place totals in the “Sheet
Quantilies” lable as separale pay items.

This will work about the same way as the routine for culverts. There will
likely be only one pay ilem, and the unit will be each.

This will be for furrow ditches, leadolls, and so forth. The unit is each.
These ditches are used exlensively in the southeastern coastal plain, with as
many as 25 (0 30 or more specified per sheet. They are difficult lo count. A
short Autolisp routine will set a counter and then {otal these as they are in-
serted, allowing for 6 or more different types.

Also in the Scutheast, there is a need for specilying roadside ditch protec-
lion in special treatment, such as sod or paving. Routines will be written lor
this that are similar 1o those already discussed, but with variables added to
account for foreslope, backslope, depth, and widths.
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Quantities Table
Contents

Summary

A routine will be developed to export the contents of the quantities table to a
cost-estimating spreadsheet, such as the one developed by Steve Bingham
in Mississippi. The entities in the table will be gathered into a selection set

and counied; then they will be repeatedly loaded inte a three-atiribule insert
belore exporting with a template {ile.

With the increasing worklead in road reconstruction, it is hoped that these
routines will be uselul. They should also work well within Lumberjack plan
and proflle drawings, with some modilication, and for recreation and admin-
istraiive site development,

These routines could be expanded Lo be used In the review process. They
could operate in a different color and layer, with the outputs displayed off
register on Lthe screen. The plans checker would duplicate the process as a
check, then make the check layer invisible.

The routines that require “picks” could be designed so that application areas
are deflned by entering the stalion numbers from the keyboard. This ap-
proach would streamline the variable width applications.

Records could be generated listing the detailed information on individual ap-
plication areas. individual culvert inst{allations, and so forth. This might be
uselul as documentation and to help with processing changes during con-
struction,

SHEET QUANTITIES
[TEM N UNIT

03(01) B5Y [38

304(01) LY 50
N03(01) Ton 1BS
403(05} Ton 11/

Flgure 7.—“Sheet Quantlities™ table,
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Prompt

“Hit <enter> when done:”
“Pay Item Number:”
“Pick lower left corner:™

“Pick vpper right corner:”
“Wigth (ft) <12.0>:"
“Slope «3.0>

“Depth «4.0>"

“Pick lower left corner:”

“Pick lower left corner:”

"Pick lower left corner:”

Figure 8.—PAVE_1.LSP for Spot Surfacing.

Action/remarks

User enters Quantities submenu, then elects SpotRock

<Enter> 304(01)

Pick the lower-left corner of the area to be treated
(Station 1+00 in figure 3)

Pick upper right {Station 2+00)

<Enter> (could change default by entering a new value such as 13.5)
<Enter= to accept default {a slope of 0.001 approximates the vertical)
<Enter> to accept default

Autolisp then draws a Pline around the area, draws two vertical side
lines, hatches the area (ANSI 31), erases the Pline to prevent over-
plotting (leaving the two side lines), computes quantity of material
(CY} and steres this value, creates a text label (21 Cu. Yd. Item
304(01), Depth 4 inches), and places it centered and above the
treatment area

Pick the iower-left corner at Station 3+00 and repeat the process
as for the first area, except that a depth of 6.0 inches is selected
(Autolisp responds, as before, computing 50 CY)

Repeat for the third area (figure 4), with the depth set 1o 10 inches
(Autolisp calculates 179 CY)

<Enter> because this is the last section.

Autolisp then reads and stores the current layer name, changes to
the layer Quantities, sets the color magenta, places the item

No., 304(C1), total quantity, 250, and Unit, CY, in the table as shown
in figure 7, and then restores the former layer and redraws the
screen
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;This routine 1s used to indicate spot surfacing areas, by hatching,

7in line diagram drawlings, compute the volume and place a description
;block at each area, and end by placing the accumulated total In a table.
;Warning: the text styles, x,y coordinates, distances, and volume factor
;iare dependent on the UCS and x y scales and other settlings peculiar to
;the prototype in the example. These values should be c¢changed for other
;drawing environments.

{proempt “\nLoading PAVE 1 by T. Strassmaier”)

{defun c:ipave 1) ( / w s d sumv Ztem 11 ur ui 1r
tempw tempd temps v lay}

{setvar “cmdecho” 0}

{prompt *“\n “}

{prompt “\nHit <Enter> when done: )

{setgw 12,0 :5et initial defaults

s 3.0

d 4,0

sumv 0.0 ivelume accumulator, set at O

ltem ({getstring “\nPay Item Number: *“i) senter item No. once per run

{while tloops for defining multiple areas

{setq ll {getpolnt “\nPick lower left corner: “j) ran <Enter> ends the run
{setgur (getcorner “\nPick upper right corner: * 11}

ul (list (car 11) (cadr ur}) ;sets the other corners

1r list f{car ur}) {(cadr 11}}
)
{prompt “\nWidth {ft) <”) ;these display defau.ts then prompt to accept
{princ w} jor enter a new value which becomes the default

{setq tempw {getreal “>: "}}
{if tempw {(setg w tempw)}
{prompt “\nSlope <"}

{princ s)

{setq temps {getreal ™>: "))
{1f temps (setq s temps)}
{prompt “\nDepth {in} <"}
{princ d}

{setqg tempd (getreal “>: "}}
{if tempd {(setq d tempd)}

{setg 1 (- (car ur} {car 11}} isets 1 to length of spread
v o{* d 0,00034208 1 (+ ¢/ {* d s) 12.0) w}) tvolume of spot surfacing
)
{command "pline™ 11 vl ur lr “close” ;draws rectangle arcund area
"hatch™ “ansi31l" 1200 0 “last® w¢ shatches it
"erase” “p W~ ;erases it
"line™ 11 ul “* “line” !r ur ¢ ;jdraws side lines
;next guantity, item No. and depth are placed centered and above the area
"text™ “s¥ Ws* “e¥ (list {+ {car 11y (/ I 2}} {4+ {cadr ur) 600.0}}
0 (strecat {rtos v 2 0) ™ Cu. Yd. “Lem 7 item} “text” “* ({(strcat
"Depth ™ {(rtos d 2 0} " JTnches"}
)
{setg sumv {(+ sumv v}) jaccumulates volumes
y{princ) send “while”
{setqg lay {(getvar “clayer”)) ;store the currenl layer
{cemmand Tlayer"™ “m” “guantitles® g m3n rnowe ;make layer, set color magenta
"texb"™ {(listc ~1740.0 684C.0) 0 izem jprint data in Sheet Quantities
"text™ ({list -1020.0 €84C.0} O “Cy~®
"text" {(list -720,0 6840.,0} 0 (rtos sumv 2 O)
"layer"™ “s" lay “¥ ;resels layer to previous
"redraw" ;refreshes the screen
)
) {(princ}

Flgure 9.—PAVE_1.LSP Autolisp file.

table
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Possible Problems With Chip Sealing
Over an Aggregate Surface

Introduction

Assumptions

Aggregate Base

Stephan D. Johnson
Region 5 Engineering

Ron Andrus
Shasta-Trinity National Forests, Region 5

Too oflen, when a problem with a chip seal over aggregate occurs, a specific
cause is diflicull to determine. This arlicle discusses possible problem areas
with the aggregale base and the prime that may adversely aflect the chip
seal, along with the chip seal itsell.

There are two main assumptions that are built into a chip seal design. First,
the chips are "one-sized.” A one-sized aggregate, as defined by McLeod
(1960). is an aggregate that has a gradation of 60 to 70 percent passing the
specilied sieve and retained on a sieve having an opening that is 0.7 of the
specified size. Second, the surface receiving the chip seal is hard enough so
the aggregalc parlicles are not embedded in the existing surface.

This layer, together with the subbase (if any) and the subgrade, provides the
entire structural strength in a typical project that includes a chip seal over
aggregale base. Do nol consider any structural strength derived [rom the
chip seal.

The following are possible problems:

(1} Chips become embedded in the aggregate base. The biggest problem is
when the aggregate base allows the chip to be partially embedded in
the surflace ol the base and, therelore, the amount of asphalt material
needed 1o hold the chip in place is reduced. The most obvious cause is
thal the aggregate base is not compact.

(2) The aggregate base is out of specifications. The problem is the gradation
is nol within specifications and allows the chip to be either embedded
in the surflace or the base is of insullicient strength and shears from
torque or cenfrifugat forces.

(3) There is degradation of the aggregate base. The quality of the aggregate
is such that it degrades rapidly.
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clement weather. If the éhip -sealed surface is used during
weather and there is insufficient strength in the aggregate
urface will delorm, resulling in breakup of the chip seal

There are several reasons for using prime. It preserves the aggregate base in
a compact state by maintaining the moisture content. By preserving the ag-
gregate base in a compact state, construction and limited public traflic can
_ be allowed without appreciable damage. The prime penetrates the surface of
_ the aggregate base and adds to the total thickness of the asphalt-tireated ma-
terial. Also, the prime provides a surface {o which the chip seal will readily
adhere. The traditional prime is an MC-70 cutback asphalt. The asphalt
spread rate depends on the porosily or amount of fines at the surface of the

3

o much prime. If loo much p
s not penetrate, a puddle

n the chip seal is applied,
nt and will probably bleed. 1

/ prime may adhere to the tires and cause exlensive damage to
the treated surface. If there is any anticipated or possible use of the
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Asphalt Emulsion/
Aggregate (Chip)
Seals

surface by traffic belore the completion of the curing period, the prime
should be blotled to prevent damage.

{3) Air pollution regulations prevent using MC-type prime. In some areas,
local air pollution control regulations prevent the use of MC-lype
cutback asphalts. Substilutes that have been used are diluted emulsi-
fied asphalts and SC-type cutback asphalts. Undiluted emulsified as-
phalls will not penetrate the aggregate surface. Emulsions of the
slow-setting lype. diluted with [our or five parts of water, have served
reasonably well as an aliernative type of prime. Multiple applications
should be made so that the residual asphall is approximately the same
as a normal prime. Because slow-setling emulsified asphalls contain no
solvents, they allow for the quicker placement of subsequent courses.

(4) Chip sealing is placed over fresh prime loo soon. Another major concern
is when not enough time is allowed before placing the subsequent chip
seal. If the MC-type diluent (kerosene] is not allowed to evaporate be-
fore placing the chip seal, the entire chip seal is soltened by the remain-
ing diluent. This is especially true when a SC-type culback asphalt is
used; Lthe diluent is usually diesel fuel. Environmental conditions
greatily influence the time necessary for the prime to cure. Subsequent
courses should not be placed il there is any “asphalt-lype” smell
present.

(5) The chip sealing is not done soon enough. Allowing too much time be-
tween the prime and the subsequent chip seals may allow existing traf-
fic 1o cause extensive damage to the prime and, therefore, the surlace
of the compacled aggregate base.

(6) Repair of the primed surface is done after chip seal placement. Any dam-
age Lo the primed surlace should be repaired belore placing a chip seal.
If patching is necessary, these palches should be sealed with a heavy
application of fog seal belore placing the chip seal. Otherwise, a portion
of the chip seal emulsion will be absorbed and the chips will not adhere.

It is important that the spread rates [or the chips and the emulsion be prop-
erly designed. Normally, a double chip seal is applied over an aggregate
base. Each subsequent layer uses aggregate one-hall the nominal dimension
of the preceding layer, Il also Is normal procedure to design each chip seal
layer for bolh aggregate and emulsion spread rates and then add the two
emulsion requirements together. Forty percent of this total is applied with
the first application of chips and the remaining 60 percent with the second
application of chips. The amount of residual asphalt required for a chip seal
or seals 1s based on the average leasl dimension of the aggregate. The aver-
age least dimenslon is calculated from void space. gradation, and shape of
the aggregate. Other factors alfecting the required amount of residual as-
phalt include the kind and amount of traflic and condition of the surface on
which the chip seal is being placed.
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Summary

The following are possible problems:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The factors change. Il any of the factors change from what was used In
the chip seal design the resultant chip seal surface will be adversely
afTected.

The chips are not clean. The cleanness of the chips is imporiant be-
cause {ines have a tremendous amount of surface area and will prevent
the asphalt from properly coating the chips,

The timing of the chip seal placement is poor. Chip seals placed late in
the season, afler mid-Seplember, are likely 1o have problems, with the
emulsions adhering 1o the chips and curing before the winier season.

The moisture condition of the chips is not good. The surface moisture
condition of the chips when they are placed affects the adhesion of the
emulsion to the chips. The chips should be damp, but not wet, when
applied to the fresh emulsion.

An improper roller is used. A rubber-tired roller is the roller of choice for
all types of chip seals. There may be limited occasions when a smooth-
drum roller may be used. but iis use is not encouraged and should only
be allowed with carelul preparation. A vibratory roller should never he
used.

The type of emulsion is poor, The selection of the type of emulsion and
any additives, such as lalex, has an effect on the longevity of the chip
seal. The emulsions with latex additives are generally considered more
forgiving because they retain the chips better and bleed less than emul-
slons without latex additive.

There is foo much time between chip applications. The amount of time
between the first and second chip seal ol a double chip seal application
should not be excessive. This is because the amount of emulsion ap-
plied with the first course of aggregate is only 40 percent of the Lotal,
which makes the aggregate more susceptible to displacement during
this period.

When constructing a chip seal over an aggregate base, one must consider
several factors involving the aggregate base, the prime, and the emul-
slon/chip applicalion. A properly constructed chip seal over an aggregate
base road surface can be an economical solution for some low-volume roads,

Proper design cannot be overemphasized. The one laclor that will probably
change the application rate of the emulsion and the chips is the shape of the
aggregate. The Flakiness Index measures the relative lalness of the individ-
ual aggregate (ligure 1}.

As described here, a double chip seal Is normally applied 1o an aggregale
surface to provide a durable light-duty road. A single chip seal should not be

50



1-3/4 in. 3/4-1/2in. 1/2-3/8 in, 3/8-1/4in. /4 in.—

\_/
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0131 in.
ft|
u 0.184 in.
j -]
0.263 in.
|
0.375 in.
|- -]
0.525in.

Multiply inchas by 25.4 to obtain millimeters.
Figure 1.—Slotted sieve openings for testing aggregates for elongated flat particles.

placed on an aggregate surface. The lile of a single chip seal on this type of
surlace Is not much more than can be obtlained by applying slightly heavier
amounts of prime and sanding thoroughly. Single chip seals should only be
used on exisling chip-sealed or asphalt-mix surfaces.

Double chip seals, on structurally adequate base, have been applied on sev-
eral Forests and have commonly carried 20 {o 30 million board feet per year,
wilh lives of 5 to 8 years. Several on the Shasta-Trinity National Forests
were placed in the early 1970's and, with a couple of subsequent single chip
seal applications, are still functioning,

There are many positive factors [or using chip seals. Several allernative
methods of construction can be designed Lo accommodate local conditions.
Any negalive faclors commonly associated with chip seal faflures are usually
caused by improper design or construction and should not preclude the fu-
ture use of these types of surfaces.

Reference McLeod, Norman W. 1960. “Baslc Principles lor the Design and Construction
of Seal Coats and Surface Treatments with Cuiback Asphalt and Asphalt

Cementis.” Supplement 1o Association of Asphalt Paving Technologists’ Pro-
ceedings, Volume 29.
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Trail Hardening Test

Introduction

Treatments

Soll Cement

Concrete Blocks

Daryl L. Gusey
Timber Sale Planner/Geologist
Naches Ranger District, Wenatchee National Forest, Region 6

Trails located through areas of poor soils and steep slopes and in undrained
or wet locations are easily damaged and will eventually be of concern (o For-
est management. As (rail users avoid these problem areas, the trails become
wider and the problem Is compounded; vegetalion is lost and soils erode into
dusty channels. These problems of drainage, erosion, and braiding are uni-
versal to trail managers. The best way {o avoid these problems is rouling, or
rerouting, trails away from problem areas, but this oplion is not always feasi-
ble, Funding, terrain, and management consirainls may prohibit the reloca-
tion and reconstruction of a trail system. In these cases, the solution lies In
stabilizing ithe {rail locatlions that contribute to resource damage,

In 1987, the State of Washington Interagency Committee for Qutdoor Recre-
ation and the Forest Service entered intc an agreement to study trail iread
hardening techniques. The State provided the funding [or this project, The
purpose of the study was to “evaluate the eflectiveness of existing irail hard-
ening methoeds and materials” on multipurpose trails—those used by hikers,
motoreyclists, and horseback riders.

The following trail tread hardening techniques or products were selected for
evaluation in this projeet.

Soil-cement treatment of a trail (or road) consists of mixing a calculated
amount of Portland cement with native soils. It is a technology that has been
In use for many years. Different methods of mixing the cement with the soil
have been tried. For example, it has been mixed in cement mixers, and it
has been mixed in-place (that is, spread on the ground and mixed inlo the
soil materials). Because of the relative inaccessibilily of the trail segments
chosen and the lack of confidence in being able lo control proportions of mix
when spread on the ground, the soil, cement, and water were mixed in
wheelbarrows and then spread on the trail surface. However, the process of
spreading the cement on the ground and mixing it into in-place soils also
was tried. Specific details of installation and the cost of soil cement are dis-
cussed later in this article.

A precast concrete block, marketed under the name “Grass Grid paving

block™ and made by Smithwick Block Company and Weslern Block Com-
pany of Portland, Oregon, was installed. The blocks were available at a local
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Geoweb

ECO-50 (Asphalt
Polymer)

Installation

concrete materials outlet. These blocks are 17.25 inches wide by 23 inches
long by 3.5 inches high, with 4 by 4-inch holes. The blocks weigh approxi-
mately 60 pounds each and have a minimum compressive strength of 4,000
pounds per square inch (psi).

Geoweb is a grid confinement system made out of high-density polyethylene,
The manufacturer, Presto Products, Inc., of Appleton, Wisconsin, donated
materials [or the project. Geoweb comes either 4 or 8 inches thick and in sec-
tions 8 feet wide by 20 feet long (expanded). When collapsed, the sections

are 11.5 feet long by 4 or 8 inches thick. A 4-inch-thick section weighs

57 pounds.

ECO-50 is a polymerized asphalt product sold by Evergreen Chemical Prod-
ucts of Qakland, California. It is used as a soil solidifier on trails and is ap-
plied to a trail scarified to the depth of treatment desired. After mixing with
the specified proportions of water and soil, it is compacted in-place and al-
lowed to cure and harden. Up to 4 weeks of curing may be required belore
the ECO-50-treated trail reaches its full strengih. However, the trail can be

used belore reaching full strength.

Two 1rail segments in need of maintenance and/or reconstruction on the
Naches Ranger District of the Wenatchee National Forest were chosen for
evaluation. On the Naches Ranger District, approxhimately 400 feet each of
Bear Creck trail #2843 and Quartz Mountain trall #948 were hardened. The

Table 1.-~Comparison of treatments used on the Bear Creelk trail.

Concrete
blocks ECO-50 Geoweb Solff cement
Ease of installation Easy (1) Moderate (3) Moderate (2) Difficult {4)

Availability

Cost

Transportability
Traction

Tread protaction
capability

Durability

Esthetics

Masonry stores (2)

$9.08 par
linear foot {4}

Hard work (4)
Gooed {1)

Excelient {1)

Vary good (2)

Shape and form
do not fit well in
the woods (3}

Manufacturer (4)

$£7.75 per
linear foot {3}

Work (2)
Good (3)

Fair {4)

Poor {4}

Takes on color
of native
materials (1)

Distributer {3)

$6.03 per
linear foot (1)

Easy {1}
Good (3)

Good (3)

Geod (3)

Shape and material
do not fit well in the
woods (3)

Hardware stores (1)

$6.67 per
linsar foot {2}

Hard wark {3}
Good {2)

Excallent (2)

Very good (1}

Color close to
native materials (2)

Rankings within each category are shown in parentheses.
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Bear Creek Trail #943

Bear Creek trail was relocated before hardening. Both segments are in the
Little Naches River drainage, which has high recreational use. These irails
are mainly used by motorcyclists. Horseback riders, mountain bikers, and
hikers also use them.

The Bear Creek trail test section is located adjacent to Bear Creek and For-
est Service Road 1911. Site elevalion is approximately 3,200 {eet above the
mean sea level. The low-strength soils present are prone to severe rutting
from meotoreycle use and erosion once the dull layer has been removed. The
duif layer is approximately 4 inches thick over a substrate of mottled clay
that is rich in organic material. The drainage is poor. The site was chosen be-
cause of the wet, low-strength soils, the need Lo relocate the irail away from
Bear Creek, and the easy access. The trail grade in ils new location averages
about 3 percent. The length of each {realment averages around 60 [eet. The
water required for construction {that is, compaction and mixing with the as-
phalt and soil cement) was obtained {rom Bear Creek. A comparison of the
[our dillferent treatment methods for this trail is shown in table 1.

Segment 1. The {irst segment constructed was built with the Grass Grid
paving blocks. The (rail grade was [irst leveled and brushed. The dulf layer,
where present, was not disturbed. A 3-lool-wide sirip of geolabric was then
spread over the prepared surface, The blocks were hauled from the road in
wheelbharrows, two or three at a time, down the hill and cross country about
400 feet to the trail. The concrete blocks were then placed direcily on the {ab-
ric (figure 1). The long dimension of the block was placed perpendicular to
the trail centerline, No. 3 rebar anchors, 40 inches long and bent to shape,
were placed at each comer of the blocks. Some blocks were left unanchored
to see how well they would stay in-place. The holes in the blocks were then
backfilled and compacted, with 3 inches of hackfill placed over the blocks
and then compacted. Back{ill was hauled an average of 130 feet. Log rails,

6 to 10 inches in diameter, were added the following year to keep trail users
(especially moiorcyclists) on the relocated trail. A total of 54 blocks were
used on the 75 feet of trail constructed in this segment. The total cost of in-
stallation and malterials was $8.89 per linear [oot.

Results. The concrete block segment on the Bear Creek trail has functioned
extremely well ({igure 2). Only al the approach to the trail are the blocks ex-
posed. Unanchored blocks have stayed in-place. The trail surface is ex-
tremely durahle.

Segment 2. The second segment was consirucied in much the same man-
ner as a slandard Forest Service {rail lurmpike (FS-7700-70 from FSH
2309.18, Trails Management Handboold, except the trail surface was treated
with ECO-50. The ground surlace was first cleared ol all brush and debris.
A dileh was consirocted, and a culverl was installed. A 3-loot-wide slrip of
geofabric was then laid down on the ground. Relainer logs were cul and
stacked in-place to form a irail tread width of approximalely 2 feet, The area
bhetween the logs was then backlilled and compacted 1o within a few inches
of the 1op of the logs. The average length of haul was about 160 feet. An-
other layer of woven geofabric was placed over the top of the compacted
back(ill material. This was done {o belter conirel the depth of soil material
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Figure 1.—Placement of the concrete blocks on geofabric Flgure 2.—Bear Creek trail segment 1 after two seasons
on Bear Creek trail segmertt 1 (October 1987). of use (June 1990).

treated with ECO-50. Then, 2 to 3 inches of well-graded sandy backfill was
placed over the second geofabric layer. The ECO-50 was applied to the back-
{ill and thoroughly mixed with a rake: it is generally mixed with 7 parts
water to 1 part ECO-50. A 2-gallon garden-type sprinkler can was used to
0-50 to the trail: 50 mix treat approximately
s done by tamping with a
re 3). The trail was then left
s $7.75 per linear foot.

Resulls. igns of beginning to break
up belore ( e third season, the geofab
posed (figure 4], Where it d t break up, the surface
on adequately; the segment 1 itained a natural-appearing
cas that broke up were repaire uring the 1989 field season
with a more concentrated solution of the ECO-50. The siresses of motorey-
€ too great for the ECO-50. The backfill may have been too
clean (that is, not enough fines to bind the mix). and the presence of the




Geoweb. In preparation, the ground was brushed and large stubs removed.
A 3-foot-wide strip of geofabric was then laid over the ground. The dulf layer
was not removed. ’I‘he Geaweb sections were expand&d to their full dimen-

_ with rebar, and then bac
minus) (figure 5). The haul distance to the midpoint of the se
proximately 220 feet. Log rails were added the following year. An additional
depth of approximately 2 to 3 inches of compacted fill was placed over the
top of the Geoweb. The cost for the installation of Geoweb was approxi-

Figure 4.—The ECO-50 segment after two seasons of
use on Bear Creelc trail segment 2. Geofabric (s expose
at the lowerleft corner of the photograph (August 1990).
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Figure 5. wBackfllin' ( b on Bear Creek trail thw ~»r»{‘wc:n.veb is locally expo rM qﬁw e se
taégfﬂc’nt3 (Octo}w« HQ&W},W ails were added later, s«msz cgf use on Bear Creek trail segment 3\ : u@um

from tralfic, it still fune-
The surlace, although not
g and riding.

dding a culvert, bringing

olabric. A diteh was con-
a a culvert to the oppo-
the 1988 season of use is

the minimal trealment
rail prism constructed

is still subject to rutting
when wet (ligure 8).




e trail location was gras
a mlvart was mstalled

available, the cement content . &ded to stabilize the soils (12 percent) was
determined by an educated estimate (based on association literature). The
haul distance was approximately 430 feet. Seven heaping shovelfuls of soil
were well mixed with one heaping shovelful of cement and the proper
amount of water to give a stilf mix. The mixing was done in wheelbarrows
and dumped onto the trail. The mix was spr and compacted ioa 2- to

Figure 7 —Bear Creek rail segment 4 was constructed Figure 8.—Bear Creelk trail segment 4 after Lo seasons
using a layer of geofabric (June 1988). of use June 1990).
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Figure 9. %Ca%}ipacting the soil-cement mixture on Bear Figure 10.—The soil-cement segmen
Creek trail segme October 1987). ’ s of use on Bear Creek trail segr

w

3-inch depth with rakes and footpower (figure 9). After curing, the trail sur-
face was sealed with ECO-50; sand was used to blot the excess ECO-50.
The approximate cost of constructing segment 5 was $6.67 per linear foot.

y natural-looking surface (fi 0). Some cracking has oc-
first few feet of the soil-cem segrient; it has thus far per-

he trail surface was well hardxj: . durable, and smooth and ha

The standard Forest Service 1pike with geofabric and sid
structed for segment 6. No subgrade preparation was require
down the geolabrie. A ditch constructed to the culvert
gment 5. The geolabric was laid down, side rails were cut and
stacked lace, and backfilling was done with material found less than
100 feet from the trail. Segment 6 at the beginning of the first season of use




Quartz Mountain
Trail #948

(1988) is shown in figure 11. The approximate cost of constructing segment
6 was $5.18 per linear foot.

Results. This segment functioned well, although the surface became
slightly rutted and thus subject to water ponding. Use when wet would
likely lead to further rutting. It is natural looking, especially with grasses
growing inside the log rails, but outside the wheel track (figure 12).

The Quartz Mountain trail test section is located on a very draughty south-
west aspect slope. Project elevation is approximately 3,000 feet. The site is
extremely dry, dusty, rocky, and steep. The trail grade averages about 30
percent through test segment 3. Traffic on the existing trail has rutted the
tread. In places, the trail was as wide as 10 feet, where motorcyclists acceler-
ate and spin out as they climb the hill. The soils are dry, loose, and nonplas-
tic and generally lack vegetation for stabilization. The work was done during
October 1987 and June 1988. A comparison of the treatment methods for
the Quartz Mountain trail is shown in table 2.

Figure 11.—The completed standard Forest Service turn- Figure {2'—’”1.9 standard Forest Service turnpike on
pike on Bear Creek trail segment 6 (June 1988). Bear Creek trail segment 6 after three seasons of use

(August 1990).
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Segment 1. Trail tread segment 1 of the Quartz Mountain trail was hard-
encd using the Grass Grid paving block. The subgrade on the existing align-
ment was smoothed and graded so that the blocks would lay [lat. The blocks
were hauled, {wo or three al a time, in wheelbarrows uphill 200 feet to the
project. The blocks were laid directly on the subgrade without geofabric.
Driving rebar anchors into the subgrade was atiempted but proved difficult
because bedrock was encountered within 18 inches of the surface. The holes
in the blocks were backlilled (figure 13). Approximalely 2 inches of soil was
placed over the lop of the blocks, The cost of construclion, including materi-
als, was aboui $2.80 per linear foot.

Resulfts.  The concrete hlocks installed on: the Quartz Mountain trail have
[unctioned well. They are durable and provide a surface with good traction
[or motorcycles climbing the hill (figure 14). Bikers seem to have some difli-
cully staying on the tread because tire tracks were observed on both sides of
the trail; however. the majority of the problem is on the inside ol the corner.
The blocks seem to be staying in place even though only a few anchors were
placed. A few of the blocks have had cutside edges break off,

Segment 2. A soil-aggregale-cement mix was used to harden segment 2.

The trail was [irst smoothed and cleared of large rocks. A slip form made of
2-by-4 lumber spaced 2 feet apart was constructed (figure 15). Portland ce-
ment and a soil-aggregate mixture was mixed in wheelbarrows at a ratio of

Table 2—Comparison of trealments used on the Quartz Mountain trail.

Concrefe
blocks

Soif cement

Geoweb

ECO-50

Ease of installation

Availability

Cost

{including
installation)
Transportability

Traction

Tread protection
capability

Durability

Esthetics

Easy (1)

Masonry
suppliers {2)

$2.80 per
linear foot (2)
Very difficult {4)
Good (1)

Excellent (2}

Very good (2)

Does not blend
well with the
environment (3)

Hard work (4}

Hardware
stores (1}

$4.23 per
linear foot (3)
Difficult {3)
Good (2)

Excellent (1)

Excellent {1)

Cood (2)

Fairly easy {2)
Distributors {3}
$4.38 per
linear foot (4)
Easy (1)
Marginal (3)

Marginal (3)

Fair (3)

Does not blend
well with the
environment {4}

Moderately easy (3)

Manufacturer (4)

$2.01 per
linear foot (1)

Mederate (2)

Rankings within each category are shown in parentheses.
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Figure 13.—Back/illing the concrete blocks on Quartz Figure 14.—Quartz Mountain trail segment 1 after three
Mountain trail segment 1 (October 1987). seasons of use (August 1990).

SRS

1 to 7 with enough water to make a stilf mix. Aggregate from an old stock-
pile was used in the mixture to provide a rough surface for better traction on

ive way of controlling the de
he compacted depth of the :
inches,. The mix was then a to cure, sealed with ECO-
1 with soil material from the he approximate cost [or seg
3 per linear foot,

oil-cement segment on the irtz Mountain trail has per-

is durable and has shown n s of cracking or other dis-
tress. The tread is well defined, although the straight nature of the
segment makes it look more like a steep, narrow, and dirly sidewalk in the
woods (figure 16). Some erosion has occurred along the edges of the trail. If
the trail had been subexcavated, with the top of the soil cement placed at




Flgure 15.—Quartz Mountain trail segment 2 tread sur- Figure 16.—The slip form with backfilled soil cement on
Jace after two seasons of use (June 1990). Quartz Mountain trail segment 2 (Oclober 1987).

“‘WWWMW

surlace level, some of the erosion may have been prevented. Traction is good
going uphill. Loose debris, in the form of soil and fine rock fragments, make
nhill on the trail somewhat treacherous.

50, which was mixed
ompacted by tamping
s after placement, the hard-
1ssion for segment 5 below for
the appro -

Hesults. Al was detenmined thal the E 0 was not going to work in
hardening segment 3, Portland cement was tried (October 1989). The ce-
ment, appr ately 10 percent by weight, w. ed in-place with soil and
waler using ke. It was then compacted by tamping with the rake and
stomping with feet. By the end of the study pe , the soil cement also was
back to pretreatment conditions. Of all the segments on the Quarty




Mountain hosen tor study, this segme arently has the severest
conditions

Segmentd. Geo men e trail tread was sub-
excavated 4 inches by 24 inches wide to allow for the placement of the Geo-
web. Smoothing of the bed for the Geoweb seemed to be critical because it
would not lie flat otherwise. The Geoweb was expanded and held in-place
with stakes until it was backlilled enough for it to remain expanded [ligure
17). Individual cells were compacted before placing a 2-inch cover of soil
over the Geoweb. The approximate cost for segment 4 was $4 38 per linear
foot. \, \

Results. Early in the following season of use (1988}, the Geoweb became
exposed; the cover material had been worn ofl by the forces of motorcycle
trallic. The Geoweb was particularly exposed on the corners and at the
approach to the segment. As the Geoweb became more exposed. il seemed
that {rail users were avoiding this area (ligu . The exposed Geoweb

—The Geoweb ready for backfilling on Quartz Flgure 18 —0uartz Mountain trail segment 4 aftor (o
in trail segment 4 (October 1987). Seasons of use (June 1990). Note the exposed geoweb.
- ﬂ It was removed shortly afier this photo was tdleen.




Traffic Counters

Discussion

became a hazard because it was slippery. It was removed from the trail tread
early during the 1990 field season. Without the Geoweb, the trail quickly re-
turned to its prestudy condition. By the end of the season, the trail was rut-
ted to a depth of approximately 12 inches.

Segment5. Because segment 3 was treated with ECO-50, segment 5 was
initially left untreated. However, when it became apparent that the ECO-50
was not going to work on segment 3, segment 5, mainly because of its flatter
grade, was treated with the product. Depths of treatment varied from 1.5 to
4 inches. Nothing worked; the trail is back to its prestudy condition. Site
conditions and use were too severe on the Quartz Mountain trail {or the
ECO-50. The approximate cost per linear foot of segment 5 was $2.01.

The trail segments were monitored as to the type and amount of use they re-
ceive. This monitoring was done using a trail traffic counter and camera Sys-
tem developed at the Missoula Equipment Development Center of the Forest
Service and manufactured by Diamond Trallic Products of Oakridge, Ore-
gon. Motorcycles are the dominant use on both trails. Numerous deer and
elk and one coyote also were recorded by the system.

Problem areas cannot always be avoided. Those areas where the subgrade is
wet and soft require that drainage be achieved and the trail prism con-
structed above water. Trail hardening techniques can function as durable
surfaces. The use of concrete blocks and soil cement proved to work well in
wet areas such as on the Bear Creek trail and on steep grades of the Quartz
Mountain trail. Geoweb functioned adequately on the Bear Creek trail (wet
area). Further testing of ECO-50 and Geoweb, in addition to some other po-
tential tread hardeners, is recommended. The stabilization of surface layers
over Geoweb by the use of soil cement or some other hardener should be fur-
ther investigated, especially on steep trails.

One problem encountered during the study, primarily on the Quariz Moun-
tain trail, was keeping users on the trail. Where the trail was not well de-
fined, users tended to wander off the trail. However, even where the trail was
well defined by hardening, such as through the concrete block and soil-
cement segments, there was some ofltrail use. The steepness of the Quartz
Mountain trail undoubtedly contributed to the problem. The offtrail travel
may have been inadvertent because users accelerated up the hill and tried
to stay on the narrow trail. Rocks and logs were placed alongside the trail in
an eflort to force users onto it. These were fairly ellective in that objective. A
method of better defining the trail is the use of vegetation. Wildflowers lining
the trail tread may help prevent trail widening.

Mixing materials such as soil, cement, and water in-place should apparently
be avoided. The results were poor for those test segments where mixing in-
place was tried. Mixing with controlled amounts of malerials in a wheelbar-
row proved to be the best way to achieve the desired hardening. For best
results, one should follow manufacturers’ recommendations as closely as
the site conditions will allow. For example, the ECO-50 application guide
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recommended adding fines (1 to 3 percent) in the form of Pertland cement or
lime to those malerials, such as beach sands, that lack adequale {ines. The
lack of fines may have contribuled Lo the poor performance of the ECO-50.
Also, the second layer of geofabric installed, in an effort Lo beller conlrol the .
mixture, may have contributed Lo [ailure; il may have hinctioned as a plane
ol weakness.

The rebar anchors used to hold the concrete hlocks in-place are notl needed
if curh rails are installed. On the sieep Quarlz Mountain irail, where no
curb rails were installed, the blocks slayed in-place; there, only the first [ew
blocks were anchored. The weight of the blocks and the backlill malerial ap-
parently adequately anchors the blocks.

The products in this Lest all seemed Lo have some limitations, even the ones
that functlioned well. For example, the concretle blocks and the Geowely are
nol natural looking and thus may nol meet (rail visual objectives. The con-
crele blocks and bags of Portland cement are exiremely heavy (60 pounds
and 95 pounds, respectively). Porlland cement and ECO-50 both require
water in their mixes, preferably from a source near the project. These limita-
tions need io be considered belore a hardening method is chosen. However,
in those areas where drainage ol the site can be casily achicved, the stan-
dard Forest Service turnpike is the recommended Lreaiment.

One aspect of trail use not addressed by the study Is user acceptance ol the
various treatments. As mentioned previously, molorcyclists mosily used the
two trails selecled for the study. Althcugh some of the treatments tried are
very visible, especially the concrele blocks and the Geoweb, no comments or
complaints were received by Lhe District. However, in response Lo proposed
projects—{or example, timber sales—organized moioreycle user groups have
made it clear that {irails through ihe forest environment with liltle or no evi-
dence of human presence are highly valued.

Nol much has been written about trail hardening {echnigques lor mullipur-
pose lrails. The best scurce of inlermalion found was through the Forest Scr-
vice lechnology Lransfler network. Manuflaclurers provided brochures f(or the
use of the products tried in this test. The Portland Cement Association also
provided inflormation on the use of soil cement.

For infermation on the productis discussed in this reporl, conlact the [ollow-
ing manufacturers and distribulors:

(1)  Geoweb (and Geoblock)—Presto Products, Inc,, GEQSYSTEMS Division,
P.O. Box 2399, Applelon, Wisconsin 54913-2399, 1-800-548-3124.

(2)  Beil cemenl—Porlland Cement Association, 5420 Old Orchard Road,
Skokie, Illinois 60077-4321, 708-966-6200.

(3) Grass Grid paving block—Smithwick Block Co., 1750 Lombard Place,
P.O. Box 11207, Portland, Oregon 97211, 503-285-4557.
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{4) Tralfic counters—Diamond Traffic Products, 76433 Alder Sireet,
Qakridge, Oregon 97463, 503-782-3903.

For additional informatlion, please contact Daryl Gusey at Naches Ranger
District, Wenatchcee National Forest, 509-653-2205 or DG at ROGF17D08A.
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Is Optical Storage in Our Future?

Introduction

Types of Opticals

Dale Petersen

Acting Chief, Engineering Management Information Branch
Washington Office Engineering

To some degree, oplical storage is already here. We are likely to see more op-
tical storage in the future—and perhaps in a big way. This article provides
SOIE TCasons.

It is important to begin by delining optical slorage. Those who record music
on a compact dise {CD) use oplical storage. A laser picks up information
[rom the pallern of pits placed in the plastic disc. There are about a dozen
dilferent types of optical storage devices. Rather than be too technical about
the various kinds, this discussion is limited 1o likely uses, There are a vari-
ety of lypes vying for the market. A lack of widely accepted standards slows
rapid growth for most of Lthe optical media. Yet some areas, such as compact
disc read only memory (CD-ROM) is very hot. CD-ROM is growing {aster
than color television did for its first years of existence,

CD-ROM is similar io the 434-inch CD disc. Plants manufacture both dises
{o a popular standard, [or low-cost distribution of Information. CD-ROM is a
form of publishing. It stores digital computer informaliion, Including text, plc-
lures, drawings, maps, scanned images, and sound. It is nothing more than
anotlher drive for a computer, such as a hard or floppy disketle. It can store
over 600 megabyles of infermation, or the equivalent of a year’s worth of The
Washingion Posi—except you can [it it all in your coat pocket. It also allows
one Lo {ind anything on the disc quickly.

Corperations and Government can store and distribute data on CD~ROM for
as low as b to 10 percent of the cosl of paper distribution. It is the current
least-cost media for distributing information. It should be in many offices
and homes before long. It has multimedia capability. For example, an ency-
clopedia on the markel makes use of animations, text, photographs, and
sound Lo produce a “living hook.”

Erasables are basically under development, They provide the future option
ol supplementing dala processing by giving the user 600 megabytes or more
storage close at hand. Unlike CD~ROM, erasables allow reading and writing.
They are an extension of the [loppy and hard disks, Bernoulli, or magneto-
oplical (which is a combination laser and magnelic technology). All of these
devices including the optical card (which Is about the size of a credil card)
are in search ol more reusable storage in less space.
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Discussion

CD-ROM

Write once read many (WORM) are devices for recording text or video. One
can add more data lo them laler but cannot erase the data. Disks vary be-
tween 5V4 to 14 inches, depending on the system.

Laser disc {s a term associated with a 12-inch analog recording of video or
still frame photography. With it, one can store a full motion video, such as a
movie,

There are other variations. Some optical systems are inieractive. These tech-
nologles are not considered here because, for the most part, they are not on
the market, but they can be seen or read about.

WORM devices are not likely at this time for most Forest Service offices.
They are quile expensive and require considerable skill in using them, In the
future, they may have a place archiving paper or electronic documents. They

are used for Interim storage before the production of laser discs from WORM
data.

Laser discs have limited use. They are expensive and complicated. Some For-
est Service offices have found them useful in showing recreation information
to the public, especially when incorporated with a touch screen micro. One
product is the Special Collections: Forest Service Photographs disc produced
by the USDA National Agricultural Library for the Forest Service. Readers
may have seen the disc, which should be in each Regional Office; it contains
20,000 photographs dating back to Gifford Pinchot. With the right equip-
ment, il provides an excellent photograph index and data base, Some Forest
Service visionaries saw this medium as a way to keep labs on our historical
collection. Original work at selected, secured sites could provide prints or
copies. The Washington Office Engineering evaluation of WORM and laser
discs in 1988 and 1989 determined that this is a good idea in principle.
Practice is more dillicult.

One Reglon is investigating erasables with the Washington Office. It is an
area worth watching. Price will be a deterrent for most.

The one area that repeatedly shows the most potential is CD-ROM. Washing-
ton Office Engineering has monitored this technology since 1986, shorlly
afler it began in 1985, Engineering Systems’ Communique periodically re-
ported on CD-ROM progress, in and out of Government. In 1987 . Microsoft
Corporation began supporting and promoting the technology. From the be-
ginning, the U.S. Geological Survey saw the value of the technology and
formed the Special Interest Group on CD-ROM Applications and Technology
(SIGCAT). This group. with more than 4,100 members around the globe, has
influenced the standards and interest in CD-ROM. Forest Service employees
are participating in SIGCAT to keep current. SIGCAT has several working
groups, Including a new one on GIS to promote and channel the use of CD~
ROM and GIS applications. The Washington Office Engineering laser disc
evaluation pointed to CD-ROM as the most promising optical storage for For-
esl Service Engineering in the near future.
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The Sampler

While there are many oll-the-ghell CD-ROM tilles available, the value of the
technology is having needed data ready to access. Wilh this in mind, Wash-
inglon Olfice Engineering pul together a data-conversion ellort in a sampler
pilot disc to show proof of the concept. Two hundred coples of the disc, deliv-
ered February 1991, offer user cvaluation and trial,

Samples of data on a CD-ROM disc give users an opportunity to access a va-
riety of information that might interest them ([igure 1). The more users there
are who try the disc, the more likely there will be [eedback [or product evalu-
ation, This will be helpful in creating fulure discs or deciding whether this
technology is worthwhile. The samples on the disc and their scleetion rea-
sens include the [ollowing:

(1) The FSH 7109.31 portion of the Manual of Uniform Traffic Corntral De-
vices (MUTCD)—This shows CD-ROM use for FSH with graphics. It may
allow CD-ROM use with the Signs Advisory Expert Syslem under devel-
opment.

(2) FSH 7108.13b, Cartographic Specs and Symbols—This is another sam-
ple use of CD-ROM for complex graphics in FSH.

(3) January (o June 1980, Engineering Field Noles—These arlicles provide
a contrasting way to lock at a printed publication, including the origi-
nal art and photography.

(4) Road and Bridge Specs—Nearly 400 pages of specificalions are now on
CD-ROM. This gives instant lockup, retrieval, or printing ol any portion
from a workstation. This form of publishing, printing, and handling can
reduce costs 80 percent or more.

{D)  Guide lo the Iderdificalion of Bearing Tree Remains, EM 7150-5—This is
an example of how a document and 48 slides {35 mim) are used to-
gether te capture the original document. It shows that CD-ROM is suil-
able {o store pholography in VGA, 320 by 200, 256 colors, PCX [ormal.
These images could add Lo a dala base or be mailed via the Data Gen-
eral [or viewing, printing, or incorporating into a document,

(8) Off-Highlway Haul, EM 7730 - [—This is another sample of a printed doc-
umeril on CD-ROM.

(7)  Fire Resistard Clothing Special Reporl, ED&T Pub. 829.2—Aboul 3,000
Technology & Development publications daling (0 1940 exisl on micro-
fiche. There is a desire Lo slore them in a more compact, easy-lo-use
form. This conversion was 1o be electronic; however, it proved diflficuli,
Microliche conversion is still a desirable goal.

(8}  AuwloCAD drawings—Storing drawings is a challenge. Many drawings
from Regions 3 and 6 and TontoCAD and AuloCAD demos and anima-
tions prove the suitability ol CD~ROM for slorage. A utililty allows quick
viewing of drawings. The demos and animations suggesl new ways ol
presenting inflormalion.
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Figire 1.—Front and back covers of Engineering’s sampler CD.
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For the Doubters

Back to the Future

(2 Map demo—This shows how a digitized map looks on CD-ROM. It sug-
gests that GIS applicalions can use map data of this qualily. Shown is
the Wildwoods Quadrangle near Chaltanooga, Tennessee.

These products came from paper and electronic documents. Although this
project was part of the Washington Office Engineering approved Integrated
Resource Management Flan, it is a pilot effort. The sampler disc has created
much enthusiasm Service-wide and outside the Forest Service in both public
and private sectors. Everyone should take the opportunity to see this
CD-ROM if possible. Reactions to the dise will be, in effect, another evalua-
tion of the CD~-ROM concept for Engineering use. Washington Office Engi-
neering has, in the fiscal year 1991 approved Integrated Resource Manage-
ment Plan, the planned development of a CD-ROM disc with real data. User
reaction will influence the contenis of the next disc. More effort will ensure
the accuracy of the data. The approval process for release of information
should apply to CD-ROM.

Steven Oxman, President of OXKO Corporation and contractor {for the Engl-
neering CD-ROM pilot dise, has written the article in this issue, titled “The
Making of a CD-ROM.” It provides detalls and lessons learned, on making a
CD-ROM. The most impertant lesson is to get the data readied for CD-ROM
if that is the selected storage form. If one begins by organizing the data with
CD-ROM in mind, there will he fewer problems, ASCII {files are the easiest to
use. AutoCAD drawings, color graphies, pictures, and 35 mm slides will con-
verl-—some with difliculty. Microfiche conversion is technically possible, but
it still needs to be proven that it can be done.

It is not fair to judge CD-ROM until it has been seen and used. Retallers,
such as CompuAdd, are promoting the technoelogy for home use, and prices
are falling. The recent IBM advertisements are pushing multimedia using
CD-ROM. A July 1990 report by the Office of Technology Assessment, titled
“Helping America Compele—The Role of Federal Scientilic & Technical Infor-
mation,” relers to the use of CD-ROM throughoult, For example, it states,
“The U.5. Geological Survey expects that many of these digitized maps will
be . .. in CD-ROM format at a [raction of the cost of the equivalent magnetic
tapes or printed paper documents.” This suggests that GIS workstations will
use CD-ROM. The report suggests that Forest Service monitoring data could
be on CD-ROM. A compendium published by the U.S. Geological Survey
lists U.S. Government CD-ROM litles already published. The list grows every
day. Many Forest Service oflices have CD-ROM drives or are planning 1o buy
them. Some offices plan to publish their own dala on CD-ROM.

How soon optical storage comes to each offlice depends on the employees. As
shown here, there are claims [or CD-ROM. Uses apply to any fleld; in the
Forest Service, Engineering, Personnel, Watershed, and Research all have
discovered some of those uses. For the most part, anyene sheould be able to
get approval authority for opticals, il the need is demonstrated. We, as pro-
fessionals in our field, need to look arcund and see what is there; if it makes
sense, try it. If il works, carry it out more broadly. The future is here, and it
is up to everyone to prove it,
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The Making of a CD-ROM

Washington Office
Note

Introduction

Steven W, Oxmuan
President
OXKO Corporation

In 1987, the OXKO Corporation of Annapolis, Maryland, developed a progf-of-
concept expert system for Washington Qffice Engineering. The March-April
1988 issue of Engineering Field Notes documenied this effort in an article by
Steven Oxman, “A Ski Area Monitoring Expert System Prototype.” Although
this expert system is not in current use, its development led to an expert sys-
tem tutorial sponsored by Washington Qffice Engineering in November 1987,
At that session, Margaret Bro and Jack Lowe, both from Region 2, developed
the beginning of what is now the CTIP Signs Advisory System. Fong Ou,
Washingion Office Engineering, is leading that development. In June 1990,
OXKO was awarded a proof-af-concept contract to produce an Engineering
sampler CD~-ROM. One of the documents conwverted to CD-ROM on that disc is
the Manual of Uniform Traffic Control Devices (MUTCD). This offers the oppor-
tunity to bring the MUTCD and the Signs Advisory together because this is
one reference the system uses. More engineering data are expected to be corn-
verted lo CD~-ROM that the Signs Advisory can use. The article below should
help those interested understand how to convert today’s data into tomorrow’s
medium that computers can use. The previous article in this issue, “Is Optical
Siorage in Qur Fulure?,” highlights some of the items on the disc produced by
OXKO.

—Dale Petersen

CD-ROM or., olherwise known as compact disc read only memory, is a physi-
cal disc that can permanenily store up 1o 660 million characters ol com-
puter-based data, whether it be text or graphics. The disc is similar to a
record. When il is mounted into a CD~ROM reader, it spins and the reader’s
read head is semi-permanent—it will move in a preprogrammed manner
from the outside to the inside of the disc to find information in which the
computer is interested. The CD-ROM disc also is similar to a record in that
once lhe information is placed on it, it cannot be accidentally or intention-
ally deleied or changed.

Many people ask; “Why do we want to have rcad only memories, and what
value would they be?” The answer is: they produce a permanent record of im-
portant information. In the case of CD-ROM, one can produce a small me-
dium that is 514 inches in diameter and approximalely ¥ inch in thickness
and has the equivalent of 660 million characters of information on it.
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What Makes up a
CD-ROM?

Many feel it is important to be able to write over information and that they
will always want to do it. One example of a device that can be written over is
a home stereo cassette player. However, when individuals go (o the store
and spend money for cassettes that have music, how often do they write
over the music on the cassettes? They find the songs 1o be so irportant that
although the medium allows them to write over them, the individuals do not
want le. In many cases, they will label the cassette to ensure that no one
will accidentally write over thal music.

Instead of cassetles, many people are now buying compact discs (often re-
ferred to as laser discs) for their music. The CD-ROM s very much the same
kind of device. It is a good medium when one needs to professionally develop
a collection of data, information, and knowledge and have it prolessionally
assembled and delivered in a concise, compact, but extensive package.

CD-ROM discs consist of glass or plastic material with pits burned into
them in such a manner (changes and lengths between pits and nonpits—
that is, lands) as (o represent ones and zeros. This lechnique is used in lieu
of the magnetic fields and iron particles to represent the cnes and zeros in
magnetic tape and disk units.

CD-ROM is another medium for storing digital information. As far as an end-
user is concerned, the CD-ROM unit and disc together make up another
data source that is not much dilferent than a floppy disk, a hard disk drive,
or a magnetic tape unit. The technology, as it exists today, is random, as
with hard and floppy disks, but the time it takes to seek Information is usu-
ally slower than both the hard and floppy disks.

The amount of information a CD-ROM disc can store Is similar to high-
capacity tape units, However, CD-ROM discs can be searched randomly
rather than sequentially, as with a tape unit,

The time to transler sequential information and data {rom a CD-ROM, once
the beginning of that malerial has been located, is usually not too leng.
Many ol the CD-ROM drives available on the market loday have aceeptable
data transfer rates. The biggest pitfall in the unils today is the seck-access
litme required.

The average floppy disk contains approximately 1 megabyte of information,
or 1 million characters of information; the CD~ROM unit can store 660
times this capacity. Therelore, even though CD-ROM is slower than its
Noppy cousin, the fact that such a large amount of information is available
without changing diskeites makes CD-ROM an ellicient and reasonably fast
dala storage and retrieval medium.

For information that is either being updated often or needs to be acquired
rapidly, CD-ROM might not be the correct medium. However, when an exten-
sive amount of inlormaticen needs to be available for retrieval in a reasonable
time and needs {o be as compact as possible, the CD-ROM drive and disc
medium will ofien be the right choice.
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CD-ROM
Development

Acquisition of
Requisite Information

Cenversion of Source
Text Material to
Personal Computer
ASCIl Format

Scanning of Graphics

Graphics Cleanup

A CD-ROM disc project will include the {ollowing tasks that are done seri-
ally, with each step being a task or milestone in the CD-ROM development.
To be able to manage the CD-ROM development properly, it is necessary to
put together a chart of tasks with the estimated and completed dates lor the
project. Although there are a few lasks that can be done in parallel, doing
most of the work in a serial manner is beneficial from the standpoint of qual-
ity assurance, However, if time hecomes a constraint in developing a CD-
ROM, certain tasks can he put in parallel with each other to complete a
project on time,

The first step in developing a CD-ROM is to acquire the requisite informa-
tion to be put on a disc, All the source information provided should be
checked and inspected, with documentation generated that tells exactly
what has been received and the result of the physical audit of the incoming
information. This informaticn should be used to ensure that the client
agrees with the CD-ROM developer in what has been received; there then
will be a document that will serve as an auditable trail later il any queslions
arise as to the information recetved, If any additional inflormation is provided
1o the developer aller the initial delivery, it also will be documented in a sim-
ilar manner.

Much of the material the developer is to receive will be coming in a text for-
mat from some source. The sources might include computer input, paper
text input, and fiche input. It will be up to the developer to convert the
malerial to a personal computer (PC) ASCII format that can be used by a
CD-ROM engine. It should be assumed that the text data conversion work
will experience some problems and difficulty and that, by planning {or this
up front, the project plan will be developed in a realistic fashion. The conver-
sion of the textual information into PC ASCII [ormat should be with tools
that are specially designed for this kind of work. The ouilcome of this task
will be PC-readable ASCII standard textual information that can be used by
a PC-based CD-ROM engine.

The next task is to scan graphics source material that is provided to the de-
veloper. Each graphic is scanned using PC-based scanning equipment that
allows for good quality at a cost-effective price. The material will be input
into a graphical data base that will later be used by the CD-ROM engine;
these graphics can then be presented to the end-user. When using standard
1IBM PC VGA monitors, the aclual dot resolution shown on the screen will be
75 dots to the inch, {ypically converied from 300 dots te the inch on scan-
ners, What will occur is a decrease in resolution, or the material will have to
be resized to fit on a computer monitor at the same resolution. Quite [re-
quently when using the 75-dots-to-the-inch presentation screen, panning
and zooming or a simulation of these capabilities will provide [or both Lthe
ahility to show the full material on the screen in a lesser format and smaller
amourts of the material at a time on the screen in a greater resclution.
Often, it will be necessary to show the client multiple capabilitics.

When scanning graphics material, the end result often needs some manual

cleanup using graphic cleanup software. Approximately 50 percent ol the
graphics that are scanned need some cleanup. One should allow for cleanup
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Quality Assurance of
the Text & Graphics

Text & Graphics
Modifications

Installation of Text &
Graphics Material Into
the CD-ROM Engine

Quality Assurance of
the CD-ROM Engine
Integration

Required Fixes

Development of
Ancillary Files

on a time-and-expense basis to ensure that the graphics material has a rea-
sonable presentation quality.

In developing a CD-ROM and the lexi and graphics malterial on personal
computers with hard disks, the movement of {ex{ [rom one machine to an-
other and the scanning of graphics material through optical scanning de-
vices require a large amount of quality assurance ellort. This ensures that
all the work is accomplished properly and that any problems will be identi-
fied for fixing, Such an efflort should ensure a high-quality product. Anyone
who does not consider this qualily assurance work probably has not had
encugh experience and has not encountered these prohlems in performing
such work,

After the quality assurance step is completed, there will most likely be text
and graphics cleanup work that is required, as well as some fixing of materi-
als. At this point all the cleanup and fixing of textual and graphics material
should be done to ensure a high-quality product, Again, this is an area that
some might not consider important, but it is.

This task includes the installation of the ASCII-based textual material and
the scanned graphics material into the CD-ROM engine that is being used.
This includes the development of the indices, connections to different engine
capabilities, and the relationship of text {o graphics material via table of con-
tenls, indexing, cross-referencing, and hot key funclions.

Once the text and graphics material is integraled with the CD-ROM engine,
the next step is to run qualily assurance lesting on the development PC
workstation in such a way that exactly what will be shown in the CD-ROM
environment is simulated once the CD-ROM is cut. The only difference in
running this simulaiion versus running the CD~-ROM is that the system will
tend to run faster; the hard disk has a fasler seek time than the CDROM's.
However, from the standpoini of serial searching a presentation, those limes
will not be affected, because the $pin time on the CD-ROM is similar to that
of the hard disk. In addition, the quality of presentation, the format, the use
of function keys, and Lhe olher user-system interface functions will be able
Lo be tesied exactly the way they will be on the CD-ROM. This slep is impor-
tant to ensure that the CD-ROM productlion is dene on time with as [ew er-
TOTS as possible,

Alter performing the quality assurance step, (here most likely will be some
ilemns that need to be changed, such as {he lack of a table of contents ilem,
the incorrect indexing of an item, the incorrect cormection ol a textual refer-
ence o a graphics presentation, or the missing of a necessary index or refer-
ence. Anything lound (o be missing or in error will be fixed in this step.

Certain ancillary files are necessary on the CD-ROM 1o ensure that it is as
user friendly and informative as possible. These [iles include, but are not lim-
ited to, a credils file and a “notes (o you” [ile. The credits lile provides all re(-
erences to credits necessary from {he standpoint of conlracts, copyrights,
and parties that have assisied wilh the work. The notes to you file presenis
notes to the ultimate user that will make the use of the CD~-ROM easier,
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Development
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Anclllary Menus

CD-ROM Disc Graphic

Quality Assurance of
the Ancillary Files

Required Fixes

particularly when the paper user manual or the paper inserted in the jewel
box is missing. This is helpful to users who have their CD-ROM's perma-
nently stored in the CD-ROM reader and have lost or misfiled the jewel box
with the jewel box insert or the user manual.

No matter how automatic and easy it is to install a CD-ROM application
onto a PC, certain non-PC-trained people still have a diflicult time. Because
of this, installation files developed on the CD-ROM can be initiated automali-
cally to perform the necessary configuration work to make the application
run as smoothly and as easily as possible {or the end-user, Providing this ca-
pability is important.

There are three documents often considered [or CD-ROM projects: a user
manual, a procedure manual, and the jewel box insert. The user manual as-
sists users with getting the CD-ROM online and in use. If the jewel box in-
sert and the instructions on the CD-ROM itself are informative enough as
they should be, then a user manual is superflusus. If the client would like to
know how this CD-ROM was developed, then a procedure manual on how to
develop the CD-ROM and redevelop other versions of the CD-ROM would be
important. However, if the client does not have the indigenous capabilities to
do this work, a procedure manual also is superflucus, Information on how
to load and run the CD-ROM on the CD-ROM itself and as a jewel box insert
is important documentation for these kinds of projects.

Experience in working with large text management systems and CD~-ROM
sysiems has shown that to facllitate the navigation of the material, ancillary
menus that look and funection like a hierarchy of tables of contents support
the top-level searching of materials and graphics. These ancillary menus will
assist users in getting to needed material fasier and easier. OXKO not only
provides techniques olten requested by clients, but also ancillary menus to
make the CD-ROM information acquisition by end users as easy as possible,

The CD-ROM disc should have a label that includes a reference to what the
disc is, the disc title, contractual requirements as o who made the disc and
for whom it was made, copyright inlormation, and standards information
proving that the CD-ROM conforms with the 1SO-9660 standard. Also, basic
information as 1o how 1o load and get the CD-ROM software running is pro-
vided on the label. This graphic is developed using computer graphics devel-
opment 1ools, shot into a graphics quality format as needed to be placed on
the CD-ROM disc. This graphic is provided to CD-ROM production.,

The nexl slep is qualily assurance work on the ancillary {iles, including the
credits and notes to you files, the installation procedure and {ile, the docu-
mentation, the ancillary menus, and the CD-ROM disc graphic. Each {tem is
checked manually and checked on the PC to be sure that each is correct and
operales properly.

Anything found during the qualily assurance slep above that is in erTor is

then [ixed, and new tesling and checkout are performed. In this way, all the
problems prior to producing a disc are caught.
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Quality Assurance of
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Alpha Fixing

Beta Disc

Quality Assurance of
the Beta Disc

Production of the
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Conclusions

The next step is to master the alpha version of the CD-ROM. The material
will go out for mastering and will include all requisite information that in-
cludes the downloaded material on digital magnetic media. The alpha disc
will be a polycarbon disc that is used for test purposes; it will not include
the CD-ROM graphic on the disc surface.

Quality assurance testing of the alpha disc s then performed, with a search
for any and all possible problems. Any problems that are found are docu-
mented.

Any and all problems that are found during the quality assurance step are
fixed at this time. The development cutcome of this work Is a beta disc.

The bela disc is then subcontracted out for development. This beta disc is
also a polycarbon form for more testing.

The quality assurance of the beta disc ensures that any and all problems
that might still be on the disc are found and addressed. Although this seems
like too many quality assurance steps, remember that there is always room
for finding problems prior to going to production discs. Even though many
people consider this unimportant, from the standpoint of actually producing
CD-ROM’s, this is a useful and usually necessary step.

The last step is to ship oul the jewel box insert, the CD-ROM disc graphie,
and the final magnetic media of the materials for production of the CD-ROM
dises. These discs will then be produced in the quantity requested by the cli-
ent and inserted into the jewel boxes with the proper insert added and pack-
aged, as decided by the developer and the client.

This article discusses the steps that one must perform to develop a CD-ROM
disc. These steps are the actual steps taken by OXKO in developing a
CD-ROM. It should be noted that this is the technique used for all CD-ROM
production. If, in the [uture, perlodic updates of the CD-ROM are required,
very similar steps would be Laken to perform each update. When material is
already in its proper format and has been checked, testing in that area is
minimal. Testing when additions, modiflications, or deletions have been
made should be more rigorous.

Through careful, painstaking work and multiple quality assurance sieps, a
high-quality CD-ROM disc can be produced.
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