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EXECUTIVE SUMMARY |

County engineefs in_ Iowa face the dual problems of rapidly
escalating éosts  and a decreasing rate’ of growth éf revF
enues. Various priority systems are in use, ranking
projects for inclusion in road .improvement programs, but
theyf generally have weaKknesses when used to compare one
project with another in a different loCétion.
| The sufficiéncy rating system has proven to be a useful
tool-iﬁ develbping a priority list of projeéts for primary
road systems, bup~there are none currentlylin use fér secon-
dafy foad systems. Some elements of an existing system used
for primary rqads’ éould be modified for use with secondary
foads,'but'would require extensive changéé.
~The«researéh reported here; sponsdred by the Iowa Depart-
ment of Transportation, was undertaken to deveiop a suffi-
ciéncy rating ;ystem thch éould be usea for secondary roads
in Iowa and to pfqduce .the necessary forms and instpuctions
to aid counﬁy engineering personnél in their effbrts_to com-
plete’the'ratings for roadsﬂwithiﬂ their county. ~If a usa-

ble system were_availablé that would yield reaéonable're—

'_sults,. county” engineers would have an additional tool
‘available to assist them in arrivinq at a defensible road

-improvement program.




A domplete literature seérch was done, in §rder to better
undéfstaﬁd the form and fuhction of the sufficiency rating
systems that have been uséd.'v, Infbrﬁatioh gathered in this
search was used to develop.a questionnaire, which wés mailed
to all county enéineers in the staté, plus selected éngi-
neers from the»Iowa Depérthent of Transporﬁétion.

The questiohnairev'included a comprehensivé list of com-
monly used ‘rating cfiteria; ofganized by 'ratihg categoFy.
:Respondénts were’asked_téfrank the criteria in order of im-
tportance (as they percéiﬁed_th;m) v.and also to- wéight the
-criﬁeria.» RequhseSFWere analyzed to determine whicﬂubf‘the-
criteria were' jﬁdged to be most important and:'tgléuggest
relative weights for each. |

The result is a rating,systemzdescfibed.in Chapters V and
\A of‘this.feport. It' ﬁtilizés‘fourteen (14) _ratiné cri-
‘teria,’Organized into thq thfee'eategorieS'of:

1. Condition and Maintenance-Experience,

é. Séfety; and | | |

3. Service..
‘ Relative wéights were determined froﬁ: thelgequnses and ap-
plied to each of the ¢riteria.‘ |

.:Chapter VI describést the systemlin further detail, in-
cluding Nén explanétion " of the propqséd:scaling factors.
‘Daté.collectioﬁ and evaluatibn forms were also dévéléped.. A
"copy of each is.includéd in Appendix C, along'with a guide

~ to their completion.




A brief trial run was completed, using the proposed sys-
tem and the forms. The sample of secondary road seéments
included in the trial run was not largé enough'to fully test
thé proposed system, but-did serve to suggest séme changes
to the system and to the evaluation procedures. The pro-
posed system described in this report has incorporated these
Changes. A more complete trial run ‘will be completed on a
significgntly larger group of road segmeﬁts at a later date,
but not as a part of this contract. Results of this trial
run and thé attendant recomménded changes will be made
available to the Highway Division of the Iowa.DOT and the

- Iowa Highway Research Board as soon as they are available.
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Chapter I

INTRODUCTION

Managers of fowa's secondary road hetwork are f;cing the
dual problems of rapidly escaléting costs and a decreasing
rate of growth 'of revenues. Yarious priority systems are
used to rank projects for incluéion in road improvement pro-
grams, but they generélly havexWeaknesses when used to com-
pare a particular project with another in a different loca-
tion, especially since all worthy projects cannot always be
funded.

A useful tool for develobing a priority list of projects
is a numerical system for rating roads and structures. The
Iowa Department of Transportation (DOT) uses.such a system,
called sufficiency ratings. All primary roads in Iowa have
been analyzed using‘the sufficiency rating system developed
by the Iowa DOT and are updated annually. The results are
published each year (as provided by law) and used in con-
junction with the development of the revised five year con-
struction program.

The sufficiency rating system allows highway administra-
tors to measure a particular road segment and its structures
in relation to with all other road segments and associated

structures in the state against a selected level of ser-
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vice.! The qualitative measures described by a given level-
of-service relate mostly to the +traffic volumes and operat-
ing speeds on a given road segmént. The selected level-of-
service will vary, according to the relative importance of
the given road segment to the entire primary road network.
The sufficiency rating represents an evaluation of how well
a given road segment meets the necessary requisites for the
selected level-of-service.

A sufficiency rating system would be a useful tool for
managers of secondary road systems as well, in that it would
provide a method for comparing projeéts throughout a juris-
diction. Since it is impossible to fund all needed.
projects, sufficiency ratings would provide a numerical sys-
tem usable for ranking projects .in a priority order. Like
the sufficiency rating system used for primary roads, it
could be used to evaluate the elements of safety, service
provided, and condition.

There are additional advantages to the development of
such a system:

1. Fewer and less severe accidents should occur on roads
that are constructed and maintained in accordance
with current design standards and traffic needs.

2. Benefits should be maximized from the expenditure of

available funds.

! The level of service selected is a qualitative measure as

defined by the 1965 Highway Capacity Manual.
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3. Priority deoiéions,could be more easily defended.
These potential " advantages could be somewhat difficult to

snbstantiate, andv WOuld suggest some additional research

' topics. At this time, they must.be'térmed’as "philosophi-

cal" benefits that strongly snpport the use of a sufficiency

‘rating system.

Some elements of an existing sufficiency ‘rating system,

. such as thaf used by the Iowa DOT could be modified to be

used for secondary roads," bﬁtvthree serious differences be-
tween primary;foads and secondary  roads preclﬁde direct use
without extensive modification. One is the significant dif—
ference in the- traffic'dsing the roads (primary and secon-
défy), both in terms ofvtréffic volume and in the character
and'composifion of the.traffic., The second is in tho use of
level-of—servioe« as an 'appropfiate' measure for secondary
roads. Level-of-service nofmnily appiies to hiéh capacity,

paved roads with signifioant amounts of traffic. Secondary

‘road traffic. volumes are generally low andg, guite often,

speeds are'restriCted' by geometric design and/or road sur-

,faoé conditions, instead of traffic volume. Therefore, 'it

~would seem to be better to use some-other-qualitative meas-

ureUforvcomparisons. The third is in the rating system it-

self. The Iowa,DOT'system considers gravel and low type bi-

tuminous surfaces to be inadequate as a surface for primary
" ‘roads and, as such,  provides either a very low rating or a

‘zero rating for several criteria rated. Yet,. gravel and- low
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type bituminous roads are a significant part of the secon-
dary road systems in Iowa.

There has been some work done in developing sufficiency
rating systems for secondary roads. Some details of the re-
sults of that work is discussed in the Review of Literature.
It is likely that some of the concepts used in the develop-
ment of these systems could apply to an evaluation of Iowa's
secondary roads. Certainly, the goals of the rating systems
should be similar to the goals of any numerical evaluatign

system used for secondary roads.




Chapter I1I

REVIEW OF LITERATURE

2.1 ROAD RATINGS - PART OF THE PLANNING PROCESS

Road rating makes little sense unless it is placed in the
proper' perspective and sequence amoﬁg al. the component
parts that lead to an approved annual program or so-called
"capital budget". It then becomes of wvalue as it helps
translate highway needs into a constructive program.
Howevér, prior to rating, it would be desirable to have

already created a long-range program with a tentative sched-

ule for completion of its various elements. This suggests
that;

1. certain highways have been "justified',

2. they have been classified into systems, and

3. reasonable standards have been established in accor-
dance-with the economy. |
It would also be helpful if decisions had already been made
regarding needs, fiscal capability, and resource allocation.
The first concern of the planning process is to establish
goals, considering needs and fiscal caﬁabilities, .followed
by determination of the means used to reach those goals and
the placement (order of achievement) to achieve the highest

good. Once the long-range plan has been completed and fis-
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cal arrangements made to asscre plahned rate of'achievement,
initial planping for translation of the plan. into reality
can begin by rahking the sections of highways for improve-~
ment. The objective of the initial planning - carry'out the
master plan in intent and time (Campbell, pp. 75-76).
However, road segments With the most critical_deficien-
.cies do notlpromise the oreatest returnvon investment for
the improveﬁeht It also becomes apparent that failing to
adhere to the results of the critical def1c1ency ratings can
cause a deviation from- stated Objectives. The saving aspect‘
is that there; isvusuallyia backlog of critically deficient
projects, making it possible ito» select the emergency
projects and thea- aadlthe most“economically 'efficient from

" ‘the rest.

2.2  PURPOSE OF RATING
'_Ratiag systems are used for a variety of purposes Manage-
kment may use ratings for part or all of the following ends
(Campbell, p.- 79): |
. To'alertnto'iﬁpendipg:deficiency:

2. To provide warrant for action.

3. To'signal shifts in need. |

4. To complement road life'studies.

5. To show system—wide statﬁs.‘

6. To.provide comparative4performance records.

7. To proVide.data for apportionments.



8. To assist comptroller and fiscai pianner.

9. To assist in periodic review of needs;“

10. To pfovide'data for public information.

11. To enlighten pressure groﬁps.
The first two criteria provide for the isolation of specific
deficiencies, suggesting the appropriate remedy.

The list also shows how ratings point toward the ultimate
' formation‘of short term programs (of up to -five years), but
quite often it ié fof programming for the annual budget.

The critical part of programming is the:ranking-of needs.
This is a requisite so that programming can proceed in a
systematic, straightforward manner. It is also important;

l. to assure continuity of purpose and plan,

2. to reduce the need for crash and crisis programming,
and
3. fo hold the line against pressures when revenues are
scarce.
For these reasons, a rating system is needed which is con-
sistent, and which is reprodugible -- a 'rating that would

measure the adequacy of a given section of highway in terms
of a norm or established standard. |

For such a ratiné to be reproducible, either by the same
or different evaluators, it should be a: numerical rating
with a convenient Scale.‘  The éomponent parts to be scored
should be (as far as possible) evaluated by a common set of

standards.




2.3 . PHILOSOPHY OF RATING
If the ratings are reproducible, it is possible to compare
the needs of one rated segment of the highway network

against another, in that the composite rating for each re-

~veals its relative deficiency as compared to the established -

"ideal". Final decisions on programming can then beimade,
based on the combihéfion of;
1. fiscal capability, and
2. conditions existing Within sections',df the highway
network that are';ohsidered"intolerable.
Note that these elemeﬁts are not always tofally cbmpatible,
It is likely that révenues will_not match revenue needs --

that is, in a given annual pfogram, some needs will not be

-filled.

What is needed is a measure of immediacy of needs so that
ranking of projects can be made. Need and urgency are rela-

tive, and require some qualifying measure to show this. Ad-

jectives can be used, such as vital, great,ffair, or casual

-- with respect to needs, or immediate, c¢ritical, serious,

. or moderate -- With respect to urgency.: Unfortunately, in-

terpfetation_of'theseladjectives can be diffi¢ult, - S0 a nu-
merical scale is needed to indicate urgency of need.

PsYChologically, a number or forﬁula givesfthe impression

of adcuracy; It should be realized, however, that there is

no particular virtue in numbers or formulae as such. In-

" properly used, they can be even more misleading'than adjec-
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tives. Although presentation is mathematical, much engi-
neering knowledge 1is still descriptive. Information ex-
pressed by numbers or formulae 1is merely an indication of
the level of scientific organization of experience. There-
fore, numericall dafa still have no absoiute significance.
They are useful only insofar as they are suitable to delimit
certain classes of phenomena.

Adequacy ratings measured on a reasonably wide scale
(usually zero to 100 percent) provide a graduated numerical
scoring. The resultant score provides the means for compar-
ison of critically deficient sections,? indicating degree of
urgency. VA rating of.IOO indicates that the given road seg-
ment completely meets desirable standards. By the saﬁe to-
ken, a road segment given a rating of 60 is in greater need
of improvement than one with a rating of 75.

Relative urgency can be indicated in - needs studies by
setting up a dividing line between "tolerable" and "intoler-
able", the "intolerable" sections forming a current backlog
of needs. With the passage of time, some of the "tolerable"
sectioﬁs would eventually become "intolerable" and form the
basis for future programming.

~ However, should the backlbg of needed projects exceed the
current fiscél capability, they may have to be spread

‘“through several years. Therefore, individual projects need

2 The score can also be used to define the cut-off or demar-
cation between what is considered critical and non-criti-
cal.
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fo be rated for priority on a year-to-year basis. This
requires a still finer scale of values be drawn within the
intolerable range and Within the tolerable range -- as the
more critical needs are filled.

Such a system has béén developed. A numerical rating
system, called a "sufficiency rating system" was developed
by the Arizona Highway Department in 1946. It attracted im-
mediate - attention, especially from other states as they
faced fhe post>World War II‘ broblem of deciding thch high-
way needs should be filled first (Willey, p. 3). Currently,
‘neafiy every sfate uses some forﬁ of -adequacy (or sufficien-
cy ) ratings as'a systematic procedure for periodic evalua-
fion of highways for improvement programming (Zegeer and

Rizenbergs, p. 15).

2.4 RATING CRITERIA

" The sufficiency rating method assigns a point rating to each
section of road, based on its actual condition and its.abil—
ity (or inabilify) to carfyvthei traffic load in a safe and
"effi;ieﬁt manner. ‘ The "safe and efficient manner" is based
on a uniform, current set of standards. The resulting tabu-
lated ratings are used to develop a project priority list,
without regard to geographical loEafion or political influ-
"enée. | |

-Most of the -Systems developed to date have been done by

. state highway organizations. They have followed the same
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pattern and used the categories of Condition.(sométimes re-

ferred to as structural adequacy), Safety, and Service.

'Items rated within each category are also similar from state

to state. Table 1 represents a list of rating criteria com-

monly used in sufficiency rating systems.

TABLE 1

"Commonly Used Rating Criteria

CATEGORY ITEMS RATED#*

Condition Foundation*
‘ Wearing surface (or pavement)#
Shoulder*
Drainage®*

Remaining life%*
: , Maintenance economy*
Safety ' Pavement width*
‘ ' Shoulder width*
Stopping sight distancet*
Passing sight distance*
Hazards
Alignment consistency
Traffic control
Accident rate. _
Service Alignment (or curvature)*
‘ o Grade*
Pavement (or surface) width*
Passing opportunity*
Improvement continuity#*
Ride quality (or rideability)#*
Surface type '
Shoulder width
Alignment safe ‘speed
Surface volume to capacity

* Items generally used in sufficiency rating systems.
Note: the list is a composite of criteria used by state
highway organizations in Alaska, Arizona. Illinois, Iowa,
Indiana, Maine, Missouri, Nebraska, New Mexico, Oklahoma,

Virginia, and Wisconsin.



»-

12
However, bklahoma utilizes ﬁhe general categories of Design
and Condition, with criteria used for compérison similar to
that of the categories of Safety and Service (Design) and
Structural Adequacy (Condition). |

Several criteria appear two times - under the cétegories
of Safety and Service. Examples include paéSing obportunity
(or safe passing sight distance); paﬁement width, shoulder
width,'and alignment. These criteria also appear under both
categories in .several rating systems as .- well, effectively
increasing fheir impact on the final compoéosite ratiné.

The rating System used 'by the Iowa DOT is typical of
thoée used. It uses the three major common categories used,
plué most of the rating criferia that are encountered. The
list of criteria that are rated is shown on Table 2, togeth-
er-with’the maximum points allocated té each.

There is one rating criterionvthat is unigue, and that is
"safety study". The criterion of "safety stud?". uses the
result of a study of the frequency of occurrence of various
types of road hazards along a given road segment. Included
are such hazaras as narrow structures, bad approach align-
ment to a structﬁre, blihd intersections, and railroad
;rossings without automatic signals.

l'An examination of this table also shows that surface
width is rated twice. 'In addition, . vertical alignment and
horizontal alignment appear to overlap with stopping and

passing sight resﬁrictions,. but they relate more to operat-
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TABLE 2

The Iowa-Sufficiency‘Ratipg System

RATING CATEGORY - ITEM RATED MAX. POINTS
" 'Structural:25 Wearing surface
: ‘Base and subbase
Drainage
, Maintenance economy
Safety:40 Surface width ' 1
Shoulder type, width
Stopping sight restrictions
: Safety study
Service:35 Horizontal alignment
Passing sight distance
Vertical alignment
Surface width
- Surface driving conditions

NOOPMOO®DWIMWI

Total 100
. Source: Iowa Primafy Road Sufficiency Log - January, 1982
Prepared by Office of Advance Planning, Division of

Planning and Research, Iowa Department of Transportation,
Ames, Iowa. ‘ :

ing speed. The rationale used to explain the second appear-
'ance of surface width is that a narrow surface is a safety
hazard, but it tends to reduce capacity as well, a function

of service.

2.5 RATING. SCALE

The sufficiency:rating given a road segment is a cémposite
rating, in'that it represents the sum of the scores given
all ériteria rated. Most rating organizations use a maximum
composite ratiﬁg of 100; with‘each criterion that'is to be
rated assigned'a hmaximum value, depending on the relative

importance given that rating criterion.
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There are a few exceptions. The State of Illinois uses a
1000 point scale (1000 point maximum vaiue), with maximum
scores for the eleven rated elements ranging from 25 to 150
points. A similar 1006 point. scale 1is used by Del Nortei
County, California (Nelson, p. 98). An uﬁusual feature of
this rating system is the inclusion of a rating element‘re—
lating to type of traffic of up to 100 points. The'furfher
breakd0wn.of this element demonstrates two unique features
of the system. First, this element recognizes the existence
of school buses, recreation'vehicies, and forest pfoduct
traffic in the traffic stream, and second, provides for max-
imum ratings of 20, 30, and'SOﬁpoints, allowing for a rating
scale more sensitive 'to individual variations -- without re-
sortingvto fractionai points.

The Iowa system,‘summarized in Table 2, demonstrates how
fhe fating maximum scofeslrefleCt current thinking .on the
relative importance of the rating criteria. While_most.of
the maximum scores‘range from 5. to 8 points, surface width
(included twice) can receive up to 25 pointe, while drainage
-is only 3. |

An examination of rating scales used in other states
showsethe same variability in'point values. While there are
-sfrong similarities in point‘values chosen for 'identical
arating criteria)» there afe, significant variations as well.
For example, both Missouri'and*Wisconsin use ESfimated Life

-as a rating criterion, with identical maximum values of 10
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points. The two states also uséd a criterion relating to
passing sight distance (Wisconsin used the descriptor non-
passing zone), but Missouri allocated a maximum of 8 points,
while Wisconsin used non-passing in two different catego-
ries, with a maximum possible total of 18 points.

Variations in rating formulae between states can be ex-
plained in two ways. First, there are differences in condi-
tions existing in a given state, compared to others (Swan-
son, p. 11). | The second relates to valid differences in
opinions -- in the perception of relative importance. It is
often described as empiric; or based on practical experience

(Moskowitz, p. 29).

2.6 CONDITION RATING

Relative weilights assigned to the wvarious rating criteria
cannot be determined entirely by deductive reasoning.
Therefore, gaps in matheMatically rational treatment of the
problem have been bridged by empirical methods based on
judgement and trial and error (Moskowitz, p. 29). Determi-
nation of the elements of sufficiency to be evaluated and
the assignment of relative importance or weight to each ele-
ment is the first step in development of a sufficiency rat-
ing system. The second step is to develop a method of com-
puting or assigning a value to each criterion for the

segment of road being rated.
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The first system developed, the Arizona system, used the
number 100 for whole sufficiency® -- for sake of conven-
ience. The maximum value for each rating element is then
assigned to a given rated road segment if it completely
meets the standard set for that element. Should it not meet
the standard, it would receive a lower score. Therefore, a
graduated scale is needed.

The key to a graduated scale 1is the development of a
étandard for each rated element. The standard may vary with
type of use, but still be conéidered "ideal" for that use.
An example is shoulder width. An unpaved shoulder that is
six feet (1.8m) wide may be the desirable width when Average
Daily Traffic (ADT) is less than 400 vehicles per day (vpd).
Therefore, a road segment with ADT less than 400 and a
shoulder six feet (1.8m) wide should receive the maximum
score for that rated element.

If the shoulder is less than the standard, then it prob—
erly would receive a lesser score. -The immediate question
would be "how much of the méximum score should fhe road seg-
ment receive?d, but the larger gquestion relates to all rated
criteria. The answer is really in two parts.

The first part relates to the concept of "tolerability",
and was included in the first sufficiency rating system. It

works under the premise that (Fritts, p. 36):

3 Most sufficiency rating systems developed since have also
used 100.
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1. Not all road segments will meet the desirable stan-
dards for each rating element.

2. .In some situations, the cost of the improvement of
the rating element to meet design standards may not
be justified (economically) compared to other needs.

This suggests that an element not meeting design standards
might still meet a "tolerable" standard -- that it is less
desirable, Dbut still is safe, -- or providés good service.
It also suggests that there is a "tolerable" standard value,
that is at. the lowest point on the scale permissible under
today's highway transportation requirements. It is not de-
termined by funds available, but rather is a point used to
isolate and identify those road segments which are so far
below design standards that their need for improvement is
unquesﬁioned.

The second part of the answer 1s concerned with scale
calibration. Obviously,_the beginning point is the maximum
value for the rated element. Decreasing values are then set
for road segments failing to meet the standard. Rate of de-
crease of points from the maxiﬁum could be either linear or
exponential, depending on the rating element. Decisions on
rate of decrease ére normally made by developers of the rat-
ing system bésed‘on rating element characteristics and group
consensus, based(on exXperience.

Another variation in scale calibration can occur as the

rating element drops below what is considered to be the
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"tolerable" limit. One. approach is to evaluate the rated

element until it reaches the tolerable limit, then assign it

0 points as it drops below that limit. Going back to the
earlier example, a six foot (1.8 m). wide shoulder might re- .
ceive the maximum of six points, a five foot (1.5 m) shoul-’

der receive five points, and a four foot (1.2 m) shoulder-

four points. If the four foot 11.2 m) shoulder is consid-
ered the narrowest tolerable width, narrower shoulders would
receive no points. On the other hand, points could merely

decrease as the width narrows, with the intolerable element

being regarded as a "warrant for-action".

The concept of "warrant for action" is based on the stan-
dard set for éAgiven'element. Standards are based on the
"hoped for" raté'éf meeting needs under the appraised fiscal
capability 6f the_involyed governmental agency (Campbell, p.
86) 4and thus éfe economic based -- but not necessarily on
the economics of the traffic using the facility. The exis-
tence of a critical deficiency 'is a warrant for action,
Without specifyiné the action. A "remarks" cblumn.records

and quantifies the deficiency, naming the category and cause

of the deficiency. The appropriate action is chosen by the

engiheer.
A "warrant for action" is not a priority 1listing, but
shows the need for action. If ﬁoney based, posSibility of

eventual action is assured. If not, critical deficiencies

- may proceed to a state of being only tagged "emergency". If
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standards are truly based on appraised .fiscal capability,
fundslshbuld be available to match - the warrants ovef a rea-
sonable length of time.

Many rating _systemslesfablish a numeriéal ‘dividing line
at some arbitrary point; such as 60, or 65; or 70, as the
demarcation between adequéte secfions'and those considered
té be critically déficienf. The final _sufficiency.rating
automaticélly place$ a rated road segment in the adequéte or
criticaily defi&ien£ cafegory. 'Héwever, a closer exémina—
tion of the priority list of projects assigned on the basis
.of éufficieﬁcy ratings may reveal that some road éegments
with réfings below the diViding line céuld be considered ad-
eguate becéuse of the absence of cfitically deficient rating
: elemenfs, while:road seémgﬁts with a sufficiency rating
higher than that _dividing line may merit a higher priority
because of one décidedly cfitically deficient element.

Recognizing this problem; the St;te of New Mexiéo adopted
a plan® wheréby a roéd'segment Would be c¢classified as criti-
'cally deficient when a critical deficiency existed in aﬁy of
its major charactgristics. .In effect; 'the critical defi~
ciency béc&mes é “warrantvfor-“actioﬂ", placing the réted
road seément higher on'thé briority list.

The key to aSsignment bf scores for the -ratedlelements
”, goes back:to the heedvfor'reproducibility;  For some rating

elements, such as tHOSewrelating to geometric design, this

4 ‘The plan was outlined in its 1959 sufficiéncy.report.
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ié cémparatively eas?. - The shoulder width rating noted
earlier is an example. All that is needed is some uniformi-
ty in gaﬁhering and redording of data. Other rating ele-
ments requiring some judgment are more difficult to repro-
duce. This is made easier by establishment of guidelines
for thé‘ different ratings and easy-to-follow word descrip-
tions. An example is the condition rating given a pavement
section.i Severity of failure can bg‘ related to a score by
use df a word description closely matching the observed con-

dition and applying the designated point value.

2.7 DESIGN STANDARDS - A SET OF SCALES FOR MEASUREMENT

Rating scales are based on‘two sets of standards. One is

the.value matched to the maximum value for a rated element.

For the shoulder example, it is the six foot (1.8 m) width.

In rating a given road segment, 'eVen a wider shoulder would
not be'scored any higher. Thé‘standard against which the
rated elements are compared may‘be the design standards used
forvéoﬁstruction'ér reconstruction.

These design standards may be those for high-speed roads,

‘using the yellow book® or some other standard -- perhaps a

state standard. The standards may vary according to the

road's functional classification ahd/or ADT.

5 Highway Design and Operational Practices Related to High-

way Safety produced by the Special Traffic Safety Commit-
tee of the Amerlcan Assoc1at10n of State Highway Officials
(AASHO) .



‘The Ibwa DOTIprévides such a set of standards. ‘.A total
of 24 aifferent design stahdérds ,ére used,. Qith the varia-
tions being based on combinations of functional class, ADT,
and type of terrain. Some of the changés are minbr‘—— the
only variatioh in design guides for the first six standards
(freeway and expressway/arterial) are maximum degree of cur-A
vature (3 to 4), maximum grade (3% to 4%), shoulder type
(paved té stabilized)‘ and access>control'(from'fuli to par-
tial). A copy istincluded in Appendix E.

i siﬁilar set of design staﬁdards have been adopted bf
Del Norte County in Califorﬁia for its secéﬁdéry roads. Its
.rﬁariations are based on.ADT and terrain, with surface type
specified for each standard -- béseé on ADT. Dissimilarity
in tefrain accounts for most of the differeﬁces between the
Iowa design standardé andvthe Del Norte County.standaras.

The U.S. Forest Servicexapprbached the problem of desién
standards from a different perspective. The Service recog-
nizéd'thé fact that most fbadé‘ in the United States- are
built using the same paveméntk désign_ practices uéed for
pavements carryihé muéh larger Volumés‘of traffic +than the
low-volume Fo;est Service.roadé. Further, it was noted that
_econdmic'studies ,afe not'applied iﬁ theisetting of désign
standards; '

It was for this reason that the Foreét;Service contracted
: for.a study ﬁo»deveiop a paVement‘ménagement,system for its

low-volume roads; and to include recommendations for the de-
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velopment of appropriate design standards. The rationale

used to justify the study include the following factors

(Hudson, etal, p. 232):

1.

Low volume lroads generally carry fewer vehicles per
day than major highways, plus have lower loading fre;
guencies.

Most of these roads are constructed with on-site or
locally available material.

Funds and envifonmental %actors permit only restrict~
ed earthwork on many low-voiume roads, affecting hor-
izontal and Verticai alignment plus the ability to
remove and replace poor subgrade material.

Surfaces of low-volume roads tend to be thinner than
that of higher class roads (in the case ofbhard-sur—
face roads) or consist of.nothing more than a gravel
or natural soil surface.

Because of the nature of the surface material, per-
formance of low-volume roads is influenced to a
greater extent by moisture and temperature than high-
er class roads.

Distress problems differ, related to surface materi-
als. For example, surface abrasion leading to dust
problems and loss of surface material are more acute
on gravel surfaces than on asphaltic concrete surfac-

es.
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7. Minimum acceptabie level of‘serviceébility is lower

on most low-volume roads than that of higher élass
roaas. This ié because the purpose of the foad is to
provide an economical means of travel from point to
point, pot so . much to provide a  smooth riding sur-
face. |

This rationale appi%és”to loW—vdlume secondary roads as
wéll; and has lead to nﬁmérous calls for development of de-
sign sfahdards more appropriate for secondary roéds (Baér—
wold, p. 41;.Carlson, p; 2 b; 23),4or perhéps reversion to
older standards (Harrington, p. 48).

The other set éf‘ standards used in the development of
rating scales is a set of "toleréble" standards. Setfing
tolerable standards is an empirical process, based on an
"evaluation of past designlpracticé and the resultiﬁg invest-
ment.  They are set by informed engineering judgment, using
as é goal the definitign of existing investﬁentvﬁhat can be
continued in use without creatiﬁg;

1. congestién detrimental to public welfare,

2. low operating speeds-which_ could lead to unneceésary

economic time losses, |

31 unreasonable accident fates,

4. unreasonable maihtenance costé, and/or

5. highef than nécessary operating costé due to circui-

tous routes, excessive grades, or poor surfaces.
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It is unfortunate that there is a lack of information
which could be used as guidanée in developing tolerable
standards, particularly for secondary roads. There have
been studies which can assist in this endeavor( at 'least for
some elements. One such study has shown a strong negative
correlation between sufficiency ratings and éccident rates
(Jorgensen, pp. 114-117). This study showed a significant
increase in accident rates Between the best highways (rat-
ings over 80) to the poorest highways (ratings under 50).
The relationship of increase ofw accidents was linear as the
sufficiency ratings of rural highways dropped to 50 for two
of the three states studied.®
This study (and other studies conducted since) began to
pinpoint specific design elements that affect highway safe-
ty, in terms of relationships between design elements and
accident rates. Elements such as pavement lane width,
shoulder width, and horizontal alignment have been shown to
have a siénificant effect on highway safety and design
guidelines have been suggested, based on study results (Bis-
sell, etal, pp.1l-15).
However, most of the studies have used data from accident
records on rural primary highways and have.limited applica-

bility on roads carrying less than 1000 vpd.

6 The third state involved in the study lacked data for some
comparisons.




25

It would appear that the setting of tolerable standards,

at this time, will remain mostly an empirical proéess, with
the potential for some assistance from applicable studies.
One likely set of empirical standards would be the "minimum

standards" of a set of design standards.

2.8  DATA NEEDS

A large share of the data neeéed for a sufficiency fating
can be gleaned from an up-to-date set of records of the de-
sign plans used to build the rated road segment. This can
be verified by an examination of any set of criteria used in
a sufficiency rating system.

An example is the list of the rating criteria used by the
Iowa DOT 1in preparing sufficiency ratings for the state's
primary roads (see Table 2). Of the categories of Safety
and Service, only the results of the safety study and data
on surface driving conditions cannot be obtained from design.
plans. However, all of the rating criteria under the Struc-
tural category must be evaluated from historical knowledge
of the road segment and/or an analysis of the current condi-
tion of the various elements of this category based on a
field inspection.

Examination of other rating systems will reveal similar
data needs (Baerwold, pp. 51,52; Table 1 of this report;
Moskowitz. pp. 30,31; Donnell and Tuttle, pp. 65-69; Zegeer

and Rizenbergs, pp. 15-19; and Nelson, pp. 98,99). It is
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therefore apparent that any sufficiency rating system used
will require a combination of data which should be perma-
nently on file and situational daté gathered expressly for

the evaluation.

2.9 TYPICAL SYSTEMS IN USE

Most of the 1literature on sufficiency rating systems daﬁes
back to the years following Afizona's development'of its
system. In those years, many states developed similar rat-
ing systems of their own for use in evaluating their network
of primary highways. The emphasis was on the evaluation of
primary highway systems, although there were some efforts to
apply the concept to secondary roads.

Literature in recent years has been strongly oriented to-

ward the development of a successor to sufficiency ratings

for primary highways. To this end, several procedures have
been developed, though none have been widely adopted. They
all are computerized procedures, designed to take advantage

of the computer's speed and flexibility.

They include two procedures developed by the Federal
Highway Administration (FHWA); the Priority Planning Proce-
dure (PRIPRO) and the Highway Investment Analysis Package
(HIAP). To date, PRIPRO has not béen used in any state, but
HIAP has been used in Wisconsin and is being considered for
~use by New Mexico and Idaho (Humphrey, p. 9). The Priority

Planning System (PPS) was developed by the Ontario Ministry
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of Transportation and Communicqtion and is being used by
that province to manage a large highway investment portfo-
lio. It is also being used by the Maryland DOT, but énly
for large capital projects. The Highway Economic Evaluation
Model (HEEM) was developed by the Texas State Department of
Highways and Public Transportation as a priority planning
tool and has been used extensively by that state.

Though none of these models have achieved wide accep-
tance, another model, a formalized pavement management sys-
tem (PMS) is gaining proponents. In a way, it is not new.
Every highway agency has established a management system.
The main difference is that PMS provides feedback concerning
the consequences of decisions made on priorities and techni-
cal details. Feedback enables decisions to be made with
.knowledge of the consequences of given trade~offs.

Some sort of PMé has been established in nine states and
two Canadian provinces, though not the complete ahd compre-
hensive PMS form described in NCHRP Report 215 as the
"ideal" PMS. The users of PMS consider it a good analytical
tool for one category of improvements +that can be wused in
establishing overall priorities, though not the ultimate so-
lutioﬂ to priority planning needs.

Some literature 1is available that describes sufficiency
rating systems in place, including a few systems used for
evaluating secondary roads. The literature pertaining to
the evaluation of secondary roads is briefly summarized be-

low.
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2.9.1 Del Norte County, California

In 1966, Del Norte County was faced with a severe problem in
the form of inadequate funds for road improvements. Its an-
nual road improvement budget of about $200 000 was less than
half the amount needed to solvé road deficiencies over the
next ten years. There was an obvious need fdr a way to es-
tablish priorities for the use of available funds.

A list of seven criteria was developed for the improve-

ment program (Neison, p- 98).
1. The program would have t6 be comprehensive. All per-
| tinent road features would have to be known, and the
most important road uses established.

2. It would have to be understandable to the average
taxpa?er and the Board of Supervisors as well as to
the professional engineer.

3. 1t would have to be economical.

4, The program would have to identify road improvements
by priorities, including cost considerations.

5. Separate prioritiés, would be required for _the major
system of roads and the minor system.

6. Field and office work wouid have to be performed pri-
marily‘ by maintenance personnel and/or endineering
technicians, rather than by engineers.

7. The program would have to lend itself to being regu-
larly updated as improvements were made and as traf-

fic features changed.
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The resulting road improvement program was based on pri-
orities set with the aid of a road sufficiency rating sys-
tem. A duai rating system was developed, based on function-
al class. One was applicable to collector and arteriél
roads (slightly 1less than 20% of the total county highway
mileage) and the other to lécal roads and streets.

The rating system developed was similar to the Arizona’
system, with service receiving 35% of ﬁhe rating points,
safety 35%, and structural adequacy 30%. The Del Norte
Qounty_rating system used a 1000 poinf scale instead of the
100 point scale commonly used and rating elements more ap-
propriaﬁe for use in evaluating' secondary roads. The com-
plete rating system is- shown on Téble 3, listing the rating
eléments and points allocated.

Unique features of the rating system includes recognition
of the relative importance of traffic type to the road net-
work.(school bus, forest products, and recreation traffic),
éccident,rate, remaining life, and maintenance economy.

Consideration of the traffic type element is in recognition

of the unique economic base of the county, and its depen-
dende on the lumber industry and tourism. The rating ele-
ments of accident rate, remaining life, and maintenance

economy are used because of their perceived importance to
the evaluation system and the availability of excellent re-

cords for all three elements.

7 Arizona's system used 35, 30, . and 35 for the respective
categories. :
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TABLE 3

Sufficiency Rating Sytem - Del Norte County, California

MAXIMUM POINTS
Collectors
and Arterials Locals
SERVICE: 350
ADT 150 150
School Bus (20)
Forest Products (50)

Recreation (30) 100 100
Passing Opportunity 40 -
Surface Condition 30 50
Type of Surface 30 50
SAFETY: 350
Accident Rate 100 --
Traveled Pavement Width 100 150
Shoulder Width 50 100
Horizontal Alignment 50 50
Vertical Alignment 50 50
STRUCTURAL ADEQUACY: 300 '
Drainage 100 100
Remaining Life 100 100
Maintenance Economy 100 100
Total 1000 1000

The county adopted a set of design standards for its
roads prior to the first rating, in order to determine the
existence and extent of deficiencies in the road network. A

copy is included in Appendix E.

2.9.2 Kings County, California

Kings County began development of a procedure for establish-
ing relative adequacy and priority scheduling upon receipt
of the results of a 1953 study of the county's road system.
This study concluded that the deficiencies in its road sys-

tem would cost an estimated $6 million to correct. This
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greatly exceeded the county's fiscal capability, causing the
administration to seek a way to develop priority schedules
for road improvement programming that would maximize ben-
efits for all concerned (Carlson, 1955, p. 21).

Administrators felt it was needed to (Carlson, 1953, p.

131);
1. aid the administration in budgeting, based on econom-
ic priority,
2. compare each section of road evaluated to its design

standards,

3. minimize the element of personal judgment in deter-

mining the relative adequacy of a road,

4. keep the Board of Supervisors apprised of the current

status of the road improvement program,

5. determine the rate of progress of the road improve-

ment program,

6. aid in explaining the road improvement program to the

public, and

7. make it possible to mafch fiscal capability to defi-

nite road standards.

Actual priority determination was made using the suffi-
ciency ratings and an economic analysis. Highest priority
for road improvement would be the road segment theoretically
considered to be the least adequate with the highest econom-
ic justification. ~ Even so, the established ratings were
considered to serve only as guides in the development of

road improvement programs.
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Design standards were developed for the roads, based on
the ADT carried by the road. The standards were very simi-
lar to those adopted by the County Engineers Association of
California. The minimum standard was for roads carrying
less than 50 vpd, while the highest standard was for roads
carrying 1000 to 4000 vpd. A copy of the standards is in-
cluded in Appendix E.
The rating elements chésen were similar to those used by
other rating systems, with some variations due to local con-
ditions (most of the roads are straight and on flat terrain)

and the fact that over 75% of the road mileage carried less

~ than 400 vpd. A total of four rating categories were cho-

sen, with maximum points rangigg from 15 to 40 for the cat-
egories. A complete list of categories and rating elements
is shown in Table 4, together with their maximum points
Ratings were determined by uniform and rational methods
(Carlson, 1955, p. 23).

The rating category' of Physical Design Adequacy is very

similar to Condition in other rating systems, while the cat-

~egory of Service provides an adjustment to the rating based

on the relative importance of the rated road segment to the
community. Relative importance is based mostly on the type
of traffic using the road and’ its function in coﬁnecting

communities or highways as opposed to local service.
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TABLE 4

Sufficiency Rating System - Kings County, California

CATEGORY ITEM RATED MAX. POINTS
Geometric Design Right-of-way width 5
Adequacy Roadbed width , 10
Surface width 10
Gradient 5
Alignment 5
Stopping sight distance 5
Physical Design Surface 10
Adequacy Foundation : 10
Drainage 5
Safety Accident factor 5
: Alignment consistency 5
Maximum safe speed 5
Service Route Classification 10
Community service 10
Total 100

2.9.3 Allen County, Indiana

County highway departménts in Indiana faced financial prob-
lems similar to that of Kings .County and Del Norte County in
California. The problem of budgeting available funds was
addressed in the.development of procedures for the classifi-
cation and evaluation of rurél highway sections by the

Joint Highway Research Project of Purdue University in 1954.

- The procedures were tested in a pilot study conducted in Al-

len County, Indiana (county seat - Fort Wayne). Allen Coun-
ty had the greatest county road mileage in the state, a to-
tal of over 1500 miles (over 2400 km).

A road rating system was developed, along with a service
rating system, and used to compute a priority rating, based

on a formula developed as part of the project. The priority
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: rafing concept was;baSed on the premise that, given a con-
stant road ratiné, the prioriry rating should increase as
the_servire rating increases. This wouid mean that; should
two roads.beieyaluated équally in terms of adéquacy ratings,
the one with, ﬁﬁe highest sérvice_rafing "should receire'the
highest priority for improvement. |
;The'service ratiﬁg'was based én the "need" for service
and was computed using the factors of volume and character
of traffic, abﬁtting land use, and the use Qf the rated road
for communityvservices,l such as.rural ﬁail Service,~ schooi
-and/ér scheduled bus routes, = and other commuhity services.
The réad réting system was a sufficiency‘rating system using
thé evaluation‘categories of structural adequacy, geometric
~design, and safety.‘ ' h : , .
The priority'sysrem'deVeloped was deemed.to have the fol-
lowing desirablé properties (Baerwald, pp. 38,39):‘
1. Roads which provide a minimum sérvice should have a
‘prioritylranking.which approéches a minimum, régard—
' less of condition. | | |
2. Roads wifh a highlroadf(sufficiency) rating should
have a priority ranking?also approaching a minimum,
regardlesé of éeryice provided. -
3. For a COhstant éérvide rating, rate éf éhange of pri-
ority'ratingvéhoﬁld de;re;sev‘as the road (éufficién—

cy) rating decreases.
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4., For a constant road rating, rate of change of the

priority rating should increase as the service rating
increases.
Therefore, the priority system built in the concept of high-
er standards for more intensive road use.

The road rating system begins with desermination of the
primary use of a given highway, to be utilized in its clas-
sification as a county primary, county secondary, or local
service highway. Classification was cafefully done, .so as
to minimize the mileage in the county primary and secondary
system. Because of limited funds, mileage of routes requir-
ing higher design standards was to be limited.

The classifications, similar to current functional class-
es of truhk, trunk collectqr,'and area service, were prima-
rily based on ADT. Highways with ADT in.excess of 400 vpd
were considered for the county.primary classification, while
those with ADT of 100 to 400 vpd were generally considered
to be county secondary. Those with ADT of less than 100
were usually classified as local service.

County highway classifications were assigned, using the
criteria developed. Initial classification resulted in
about 12% of the county highway mileage being classified as
primary, 11% secondary, and the remainder as local service.
Although over 75%. of the highway mileage was classified as.
local serviqe, no location in the county was over 2.5 miles
(4 km) from a state highway or a county primary or secondary

highway.
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Recommended design standards were developed for each
classification, with minimum and desired standards suggested
for each component of the set of standards. A copy of these
standards is provided in Appendix E. They were set with the
expressed goal of establishing a practical standard, bal-
anced with economy of operation.
The rating system was based on the evaluation of three
categories of rating elements -- structural adequacy, geome-
tric design, and safety. The complete list of rating ele-

ments is shown on Table 5, but not including maximum points.

TABLE 5

Sufficiency Ratings for Secondary Roads -Indiana

RATING CATEGORY ITEM RATED
Structural adequacy Pavement type
‘ Pavement condition
Roadside drainage
Structures
Railroad grade crossings
Geometric Design Right-of-way
Pavement width
Shoulder width
Gradient
Alignment
Safety Surface riding condition
Shoulder condition
Safe driving speed
Stopping sight distance
Passing sight distance
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2.9.4 Kentucky Secondary Roads

In 1976, Kentucky updatéd its sufficiehcy rating system
(last revised in 1963) fo incorporate the latest engineering
principles, design standards, and the use of the computer
(Zegeer and Rizenbergs, p. 16). New descriptoré were in-
cluded to make evaluation of rural and urban highways more
meéningful.

The current rating system contains modifiers to make it
possible to evaluate all rural highways, both primary and
secondary, and to make meaningful compafisons of ﬁhe adegua-
cy ratings iﬁ both systems. This was accomplished through
the use of different design standards for the two systems,
baséd on a combination of design speed and traffic volume.
For example, a shoulder two feet (0.6 m) in width would re-
ceive the maximum of seven points if it was on a highway
carrying less than 100 vpd, whiie a 12 foot (3.7 m) shouider
is required to receive the seven points if the highway car-
ried an average of 1500‘tp 7000 vpd.

Adequacy rating elements were taken from the list of com-
monly used elements from a nationwide survey published in
1973. _ The rating elements used in the Kentucky system were
chosen based on the results of a subjective evaluation of
elements from that list. The adequacy rating elements re-
commended are listed in Table 6, forvuse with rural highways

only. o
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TABLE 6

Sufficiency Rating System for Secondary Roads - Kentucky

RATING CATEGORY ITEM RATED MAX. POINTS
Condition Foundation 10
Pavement surface 10
Drainage 8
Maintenance economy 7
Safety Stopping sight distance 8
Alignment 8
Skid resistance 7
: Accident experience 12
Service Shoulder width, condition 7
Passing opportunity 8
" Rideability 5
Surface width 10
Total 100

Note: This table is applicable only to rural highways.

The rating system features guides_with word descriptions
developed for use by field personnel to aid in evaluation.
Graphs are provided for the evaluation of some elements,
generally based on traffic (ADT) using the rated highway
segment. A copy of the guide is included in Appendix E.

The system also features the use of the computer to de-
termine and provide the results as printed output. . The only
input into the computer program is the raw data for each
highway section. The output for each rating is in a neat,

easy-to-read, summary format.
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2.9.5 A Sufficiency Rating System for Iowa Secondary Roads

A dispute between a group of residents and the local County
Board of Supervisors over priorities in the road improvement
program provided the impetus for development of a sufficien-
cy rating system for secondary roads in Iowa in 1960. Al-
though the rating system was never widely accepted, the ra-
Ationale used in its development is of interest, as well as
the final suggested form. |
The choice of rating elements and characteristics for in-
clusion was principally based on (Morris, pp. 48,49):

1. Their simplicity.

2. Their facility for ease of measurement and direct
comparison with correspondent values in the standards
of assumed "compléte adéquacy" for each element of
the involved highway.

3. Their close association with thelobvious reasons for
reconstructing or otherwise improving a highway.

4. The importance of their influence on the quality of
traffic service provided by the highway.

5. Their degree of tangibility and accessibility to the

| public and to highway officials for their observation
and examination. |

6. Their ease of comprehension and evaluation by non-
technical staff personnel and highway officials re-

sponsible for administration of secondary roads.
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7. Their close assoclation with the central theme of the

definitions of sufficiency rating as they appear in
the glossary of HRB Special Report 62.

Sufficiency rating systems used by other states for sec-
ondary roads wereséxamined for potential use in Iowa. How-
ever, none were found to be suitable because of;

1. number and complexity of factors,

2. emphasis on factors which are relatively insignifi-

cant on roads with small traffic loads, and

3. lack of emphasis on factors most directly and closely

related to serviceability of a road to traffic.

The process of developing an appropriate list of rating
elements included a careful "examination of sufficiency rat-
inglsystems already in use. The rating elements chosen and
their relative 'weights emphasi;ed the structural category,
as can be seen bylan examination of Table 7, showing the
rating elements and maximuﬁ points which could be allocated.
The "range" of maximum points which the roadway pavement énd
the roadway Dbase could receive depended on the materials
used. Portland cement concrete pavement could receive as
many as 24 points, while asphaltic concrete pavement could
A only receive a maximum of 16 points. A rolled stone base

could receive a maximum of 10 points, but a bituminous
treated base could receive as many as 17 points.

No point totals are shown on the table, since the maximum
poinﬁs could vary. Maximum ratings under this system could

range from 115 to 130 points.
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TABLE 7

Sufficiency Rating System for Secondary,Roads - Iowa

RATING CATEGORY ITEM RATED = MAX. POINTS

Structural . Roadbed width ' 13
Characteristics - "Pavement width ' . 12
* Shoulder width ’ 8
" Ditch depth 8

Pavement type, thickness 16 or 24

Base type, thickness 10 or 17

Subbase depth
Snow storage capacity
Gradient factor
Alignment factor
. Structural ‘Roadbed. condition
Condition . Pavement condition

' Shoulders - condition

Ditches - condition

General Number of homes
~Services Mail route . '
' School bus. route

WNUTOUUUTN WU O

The .design sténdards. used for the system 'were the
"Farm—to-Market-Road Design Standards, January 1, 1960" as
adopted by thé Iowa State Highway Commission. .A'copy can be
found in Appendix E.. Thé Adésign standards were based on
”ADT, with three ranges includea.. These were O t§ 100, 100

té 400, and 400 to 1000_vpd. Each traffic load category had
_two sets of'standardé,' a:minimum_standard and a récommended
étandard. | |

A single standard was éhosen  far the rating system,:‘thé
rebommended standard for 400 to .1000 vpd. - .The'rationale
used for this chqicelwas |

-- on the assumption that these étandards wauld
provide superexcellent service for traffic volumes
~under 100 vpd, excellent service for between 100

and 400 vpd, ' and .good service for between 400 and
1000 vpd. -
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.. The basic sufficienéy rating of the rated highway segment

was adjusted by application of a traffic volume adjustment.

The equation suggésted Wa5vdevéipped by the Arizona Highway

Department and used to provide a higher priority to those

roads carrying higher traffic volumes.

2.9.6 -Washtenaw County, Michigan

'The Michigan legislature passed a highway act in 1951 which

required county road commissions to report mileage and con-

ditions of all highways and structures annually. Reporting

thsimileage was fairly routine, although the initial report:

was. a time-consuming and tedious job. However, - the condi-

tion report was'.more of a problem, since there was little

that could be done to substantiate the data in the report

_without a more complete and’qumal'adequacy survey.

Thefefore,‘ an adequacy rating study was initiated to en-

able the county to meet state reporting requirements. Study

objectiVes were for an adequacy rating system to:

1.

Aid in assigning priorities for reconstructibn, by
comparing each highwayvsegment‘to a set of prescribed

standards.

Minimize (or eliminate)sﬁhe element of personal judg-

‘ment in the assignment of ratings.

Evalﬁate a road's abiliﬁy to carry traffic quickly,

safely,»and economicéllyg




43

4, Minimize political pressure on the development of

planning and construction programs.

5. Keep officials advised of the current status of their

. highway program.

6. Measure progress in eliminating road deficiencies.

7. Compare one road with another.

A set of design standards was developed, using U. S. Bu-
reau of Public Roads (BPR) aﬁd Michigan State Highway De-
partment standards, modifiedfto fit county traffic needs.
Final adopted standards were éstablished for four different
road designs, based on ADT. étandards were for Group 1 - O
to 100, Group 2 - 101 to SOO,“i Group 3 - 501 to 1000, and
Group 4 - 1000 to 4000 (Minier, p. 42).

-The sufficiency fating system that was adopted used the
100 point scale and the three féting categories éf condition
(par 35), safety (par 30), ' and service (par 35). Table 8
shows tﬂe full list of .rating‘elements used, together with
the maximum number of points allocated.

Graphs and tables were set up to help determine the point
value of such elements as remaining life and passing oppor-
tunity. The sum of all ratings applied to a given road seg-
ment was referred to as its "basic rating".

Two adjustments were' made to the basic rating to deter-
mine its adequacy number. The first adjustment was made for
traffic volume and the second applied to roads with granular

surfaces. The final adjusted rating for a section of road,
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TABLE 8

Sufficiency Rating System - Washtenaw County, Michigan

RATING CATEGORY ~ ITEM RATED 'MAX. POINTS

Condition ' Pavement condition 10
Subbase and drainage . 12

. Remaining. life(pavement) 13 .

Safety C o Shoulder width : ‘8
' Pavement lane width 7
Stopping sight .distance = 10

S _ Consistency (alignment) 5
Service Alignment. ' 12
Passing opportunity 8

Rideability 10

Pavement width - 5

Total - 100

called its adéqua¢y number, was the éum of its basic rating,
the traffic adjustment, and thé granularvsurface adjuStment,A'

The traffic adjustment was made f;om tréffia data gath;
ered for each road and a set of ‘curves constructed according
to a.methodvdevised by'thé BBR.' Roads Carrying'traffic in
excess of - 250 wvpd redéived:‘negétive fraffic édjuStment
scofés, whilelroadé'éarryingilighter traffic loads received
positive scores. |

Granulaf'surface adjustments were_méde oh all roads with
a granﬁlar surféce carrying more than loo'ﬁpd. Deductions
were madé kbn a'straighﬁfline basis) - of ﬁp;to 10 points as

"ADT rangedvfrom 100 ‘to 200.
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2.10 CONCLUSION
Sufficiency rating systems have been considered useful tools
for priority ranking in the development of road‘improvement‘
programs. Even though they have been used mostly for evalu-
ation of primary roads{ there.have been many instances of
satisfactory use for secondary roads.

" There has been some movement to repléce sufficiency rat-
ings witﬁ a more sophisticated numerical analysis procedure
to aid in decision-making, but this is not because of any
gross problems with the rating system. Rather, it is in
recognition of its limitations plus the availability of a
variety of data relating to such things as maintenance
costs, life expectancy, and data relating to the impact of
types of tréffic on roads. One factor causing this movement
is the easy availability of thq computer and its wvalue in
rapidly accessing road data and its fast response, enabling
decision-makers to explore several possible courses of ac-
tion before settling on one.

The fact that no‘successor'has been widely accepted and -
that sufficiency rating is still used by most states says
much about the system. It is still useful as a decision-
-makiﬁg tool and has the potential for wider use by county
administrators. Counties have many of the same problems
that state highway administrators face and sufficiency rat-

ings can serve the same purposes (Campbell, p. 79).
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A sufficiency rating system can provide the appropriate
rating criteria, weighted scores, and graduated numerical
scoring necessary to compare the relative adequacy of one
road segment against another. Criteria can be chosen to fit
local variations and perceived levele of'importance.

It is also faifly easy to aajust rating values for type
and extent of use, recognizing that it is more important to
improve‘a road carrying 500 vpd than one carrying 50 vped,
other factors being eqﬁal. This has beeh achieved by the
use of different design standards for different roads and/or
‘modifiers applied to the compﬁted rating before establish-
ment of priorities.

Developers of a new sufficieney rating system do face a
series of problems.

1. Choice of the list of rating elements is subjective.
However, it can be attained by some sort of consensus
among the affected decision-makers. It 1is subjec-
tive, but user experience can narrow the_list of pos-
sible criteria to a usable one which will yield ac-
ceptable results.

2. Choice of relative weights (importance. factors) of
each criterion is also subjective, but the same con-
sensus can still be achieved. Individual users of
the system can vary the weights to attain internal

goals.
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3. Choosing appropriate design criteria to meet may
cause problems, particularly as decisions are made on
how to correct for variations in use. On the othér
hand, this problem has been successfully faced by de-
velopers of other rating systems, and +the results

will provide guidance for new systems. |
The greatest problem to be faced is how to devise a sSys-
tem that is usable, yet not too complicated. It is likely
that potential users of a new sufficiency rating system will
face some of the same probléms that the earliest users
faced, and that is the lack of data, or data not being in
usable form. It does appear that this problem can be
solved. The remainder of this document will describe the
process used to deveiop the new system, describe the re-

sults, and show how it can be used.



Chapter III

THE PROBLEM

While there has been work done on numerical evaluation sys-
tems for secondary roads, none are directly applicable to
Iowa's network of secondary rqﬁds. There are enough differ-
ences Between Iowa's network and the road systems evaluated
using those results ﬁo preclude direct application. On the
other hand, there are undoubtedly some elements that are
pertinent to Iowa's situation, and these should be isolated
and included (in applicable form) in any proposed system for
“Iowa counties.

There are several questions that need to be addressed by
this stud?.‘\They are based on the assumption that a numeri-
cal evaluation system that wil;.accurately describe the ade-
quacy of roads in a county network is necessary or at least
desirable. They are summarized briefly below.

1. Are the roads classified (divided into groups) ac-
cording to importance or purpose logically, so that a
rational basis can be established for priority of im-
provement and standards to be achieved?

2. What relationship should exist between design stan-
dards and an adequacy evaluation sysfem? Can selec-
tion of the set éf design staﬁdards help produce a

better sufficiency rating system?
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3. What evaluation eleﬁehts‘are appropriate to'rate sec-
ondary roads? o | B _
4. Whpt weight should be applied to each of the evalua-
tionkélements? Doés failure to meet the tolerable
standard -suitably fepresent the road's:ability to
serve its desifed function? |
‘51 What road system data are available? What additional
data will be required for the proposed levaluation
system? | | |
This fésearch project repfeSents an attempt to answer
these qﬁestions. The pages t@at follow will describe the
procedures followed,to find'thg answers and thelaﬁSWersT

i
¥
!



Chapter IV

RESEARCH PRCCEDURE

The goal of this study is to develop a wusable sufficiency
rating system for secondary roads. There are several as-
sumptions that have been made at the outset. These are:

l. County engineers currently use at least a limited set
of decision <criteria to make decisioné regarding

" project pfiorities.

2. Some degree of consgnsué exists among the county en-
gineers in terms of which are the most important cri-
teria and that there'is some agreement on their rela-
tive importance.

Accordingly, a questionnairé bas developed which could be
used as a survey tool. The results of the survey were used
to develop a final list of weighted rating elements which
were used as part of the proposed sufficiency raﬁing system.
State and local jurisdictions from other states were also
surveyed to determine the status of the wuse of sufficiency
rating systems for secondary roads outside of Iowa and to

gather some applicable data.
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4.1 SURVEY DESIGN

The data wused in this study were the responses from ques-

tionnaires sent out to county engineers from all 99 counties

.in Iowa plus a total of nine sent to engineers in the Plan-

ning Division and Local Systems offices of the Iowa Depart-
ment of Transportation. All county engineeré were contacted
by telephone before® the questionnaire was mailed and pro-
vided a brief explanation of the purpose of the question-

naire.

4.2 QUESTIONNAIRE

The purpose of the questionnaire was to determine whether
any degree of consensus exists among the counﬁy engineers in
the form of preference for a set of rating criteria and the
relative importance of each. If such a consensus exists, it
could be used as a basis for choosing the rating criteria
and their relative weights for ﬁse in a proposed suf%iciency
rating system for county roads.

The rating criteria list i;cluded in the questionnaire
represented - a. composite 1list of criteria wused by twelve
states currently using sufficiency rating systems. Théy

were arranged by the categories of condition, safety,® and

service. Two 1lists of the criteria were provided in the

8 Except for those on the Iowa Highway Research Board, who
were aware of the project.

3 These were the categories first used in the Arizona rating
" gsystem and also used in most rating systems developed
since that time. '
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questionnaire,‘one for roeds with the functional classifica-
tion of either trunk or trunk collector, and one forgroeds
classified as ares s-erlv.'i'ce.10 It was anticipated that county‘
engineers would show.different preferences of orating cri-
teria for the different functional classes.

Oneladditional element'was included in the questionnaire.
Most systems developed to date have érouped the rating cri-
terla into the categorles of Condltlon Safety,vand Service.
Each respondent was asked to _place the categories in rank
order first‘and then_fo designate how they perceived their
relative importance byiinclusion of a weighting factor;11,

“This portion' of the questionnaire was included in case

&

_there was no consensus on the ranking and weighting of the

’rating criteria. A measure of agreement in the ranking and/

or welghtlng of the ratlng categorles might prove to be use-

ful in 1dent1fy1ng the most approprlate criteria to use. A

'complete copy of "the questionnaire is,included in Appendix

- A. A brief description‘of each of the rating elements was

enclosed with thevquestionnaire to aid the respondents in

completing it. A copy of the description follows the ques-

11

10 Most of the paved secondary roads in Iowa are classified

as trunk or. trunk collector, while very little of the
mileage of area service roads are paved (Iowa DOT).

Respondents were asked to rank the categories as 1, 2, or
3, designating the most important as #1, followed by the
other two in rank order. Relative importance was to be
indicated by assigning the relative weight of ten (10) to
the most important category, and smaller relative weights
for the other two categorles, ranging from nine (9) to as
-low as one (1) : ' '
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tionnaire in Appendix A.

4.3 SURVEY - OTHER STATES

It was anticipated that éufficiency rating systems might al-
ready be in use.fof evaluating ;e§ondary'roads. A - review of
literatur¢ identified such.systemé' in Caiifornia,» Indiana,
Michigan, ahd Kentucky. - Théée states were added to a‘lisf
of other states using sufficiency rating systems and all
were contacted for infofmatiqn regardihé an?' rating system
for secondary roads in_uéé; The local jurisdictions were.

also contacted for information on their systems.

4.4 THE QUESTIONNAIRE - OTHER STATES

A brief questionnaire was“deveioped in order td assure com-
pleteness of information " and administered by means of a
telephone interview. The”first contact made was with a
state highway official, genérally the local systemé engineer
or stafe—aid'éngineér. A copy of the queétionnaifé that was'
used has been enclosed in Appendix B. |

The ihitial question posed to the respondent was to de-
termine whefher a numerical év;lﬁation system;(sufficiency‘
rating or other_éimilar system).‘was in use in tha€ state to

prioritize secondary road prdjects for planning and/or budg-’

‘eting.” If the answer was affirmative, thenbadditional:ques—

tions were asked to determine:

1. who used the system (state or local jurisdiction),
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3.
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who gathered the data for the system and how, and

%

what thé data sources were.

If a local jurisdiction used the rating system, the appro-

priate local official was contacted to ascertain;

‘1.
2.
3.

’ S 4.

how it is used,
whether the state had access to the results,
whether the state used the results in any way, and

if so, how.

A request was also made for copies of written procedures,

forms used and/or any'written reports covering any details

and/or conclusions drawn from the analysis. .Information of

’this type could <prove7to be useful in the development of a

new rating system.

There were three additional questions included in- the

state survey.. They are listed below, along with brief ex-

planations of their purpose.

1.

Who has jurisdiction over secondary roads in that
state? If the state has jurisdiction, .- the appropri—
ate administratér was contacted for further informa-
tion. |

Is there ény attempt to'Eormally evaluaté-the surféce
condition of ﬁon—paved roads? .If'éo;'an atteﬁpt was
made tb get details. There is a sérious shortége'of
informatioh regarding this important part of suffi-

ciency'rétingJSystems.
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3. What design standards are used for secondary road de-

sign? If a local standard is used, a copy was re-
quested. One guestion that needs to be addressed in
this study is "what is.sufficient?" and does this
standard apply equally to all classes of use.

The goal of this survey was +to gather any information
that could. prove to be useful in developing a sufficiency
rating system for secondary rodads in Iowa. , Experience that
has been gained by other juriédictions in the application of
their system(s) could make tﬁe new system easier to develop

and easier to use.

4.5 DEVELOPMENT OF MODEL

Results of the county engineeﬁs survey were used to develop
a model which could be used éo compute sufficiency ratings
for a given county road network. Details of the model were
reviewed by an advisory committee composed of four county
engineers and an engineer from the Locél Systems Department
of the Iowa DOT. Suggestions made by the committee were in-
corporated into the model's final form.

'In addition, a packaée of written materials has been pre-
pared in anticipation of use of the model by county engi-
neers. Included in in the package is:

l. a complete description of the model and instructions

on its use,
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2. suggestions'oh hqw tﬁe neéessary data for wuse with
fthe'médel might be gathered, and

3. appropriate sample forms which could'be used with the
model. |

A sample of the pacKkage has been enclosed in Appendix C.

4.6 TRIAL RUN OF SYSTEM

A limited number of road Segmepts were evaluated to proviae
an abbreviated trial run of the model and sample forms. .The
ro;ds that Qere‘evaiuated were located in a ;entral Iowa
county, ‘and 'rénged from a heavily fraveled trunk road to

lightly traveled area service roads. The sample was chosen

with the expectation that the range of sufficiency ratings

would also encompass scores from excellent to ratings sug-

gesting critical needs.

Howéver; ~the trial run provided only a limited tést of
the model, .and only served to point the need for a more ex-
tensive test. This. 'more extensive test' is planned, al-
though not as part.of this contract. ,Thelresults and recom-
méndations-arising from the mofe exﬁensive test wili be made
a?ailable as soon as they‘are complete.

The‘brief trial run did reveal some potential problems

with‘the_rating system. Minor changes were made in the mod-

el and evaluation forms to solve the problems encountered.

A complete'description of the sample evaluations and their
effect on the model and the forms appears in. Chapter VI of

this report.



Chapter V

DATA ANALYSIS

5.1 QUESTIONNAIRE RESPONSE - COUNTY ENGINEERS SURVEY
A total of 108 queétionnaires were mailed to county engi-
neers and engineers from the Iowa DOT. Of these 108, 71
were completed and returned, .providing a return rate of 67
percent. The 71 feceived inéluded-66 from county engineers
(return rate=67 percent) and five (5) from Iowa DOT engi-
neers (56 percent return). A map of the State of Iowa,
showing the political boundariés of the 99 counties, is
shown on the next page. Responses were recelived from engi-
neers in those counties that are shaded.

The map also shows how the responses were distributed ge-
ographically. Most of the counties with larger urban areas
returned completed Questionnaires. In addition, most rural

sections of the state are well represented.

5.2 ADVISORY COMMITTEE REVIEW

The combleted questionnaires were' examined to determine the
existence ofrany consensus among the respondents in the form
of preference for a given set of rating criteria. A rough
draft of the 1initial findings and recommendations was pre-

sented to the advisory committee for review. The committee
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conéisted oficounty engineeré from four (4) cbunties and an
.engiheer from the Offide of:Locél Systems of the Iowa DOT.

fhe'function of thié committee was to review the material
bresented énd to provide comments. "Suggestions emerging
from this review were incorporited into,theffinal form of
the model, ‘and outlined later ' in this report. ?his final
fo;m will be tested on actual road segments to determine
theirr'éuffiﬁiencyf. | |

vAvdraft of the .proposed system to bé used in 'scaling'
‘the:rating elements was also presentedA to the' committee.
Committee members Wére asked to review it and provide writ-

ten comments to aid in. the revisien of the final document.

5.3  IDENTIFICATION OF PREFERRED RATING ELEMENTS

The initial step 'in processiné'the raw data was to place it
in a computer file, using a data processing format..

Frequency diStributiéns were then computed for each rat-
ing criteriqn(from Tables 2 and 3 of the questionnaires by
category, rank, anA'Weightedhfank. The list pfpvided in Ta;
ble 9 is identical to Table 2 of ‘the questionnaire'forvtrunk,
and trunk collector roads}12

Mean and median' Scoréé‘were also ¢6mputed for each cri-
terion plus the-standard deviation ffom the mean. Alth&ﬁgh
@ﬁhe'mean, median, and standard:deviation,were of valﬁe, fre-

guency distributions were the most useful in isolating those

12 Table.3 in - the questionnaire for area service roads was
nearly identical to Table 2.
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TABLE 9

Rating Element Weights-Trunk & Trunk Collector Roads

RANK~BY OVERALL WEIGHTED
CONDITION CATEGORY RANK RANK
Foundation
Wearing surface
Shoulder
Drainage

Remaining life
Maintenance economy

SAFETY
Pavement width (surface)
Shoulder width :
Right-of-way width
Stopping sight distance
Passing sight distance
Hazards (safety)
Alignment consistency
Traffic control
Accident rate

SERVICE
Alignment (horizontal)
Alignment (vertical)
Pavement width (surface)
Improvement continuity
Ride quality
Surface type
Shoulder width
Snow problems

LR FEREE R EE T
P TEERH D P
T PR TR

rating elements deemed most important by the respondents.
As expected, the weighted rank of the rating elements iden-
tified the 'preferred' rating elements most clearly. Dis-
tribution of the responses are shown in summary form via the

bar graphs in Figures 1 through 23 in Appendix!3D.

13 The bar graphs correspond to the frequency distribution
of the ranking by respondents for each of the 23 rating
‘elements listed. )
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The frequency distributions_were carefully examined to
identify a set of rafing elements which consistently ranked
. high in comparison to all those suggested. Although provi-
sién was made on the questionhaire to write in additional
rating elements, only one respondént did so.  Therefore,
only those elémenfs listed on the questionnaire were.consid—
ered.
An examination 6f the frequeney distributions produced
some fair;y conclusive findings, in terms of selection of a
se£ of 'preferred' rating elements. The reSults are de-

scribed below.

5.4v SELECTION QE PREFERRED.RAIING ELEMENTS
A total of fourteen (14) ratinq elements wefe consistently
ranked high by questionnaire re;pondents. They were régard—
ed as important in evaluating trunk and trunk collector
roads as well as aréa servicevroads, although there was some
variation in ranking fbr the different road classifications.

Six of the most preferred rating elements received coﬁe
sistently high ‘'weighted rankings from respondents for all
secondary roads. They were:

1. maintenance economy,

2. foundation;

3.  wearin§ surfade, o

4., drainage,

5. hazards, and
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6. stopping sight distance.

Though not equal, they consistently ranked high in compari-
son to all other rating elemengg.

Two additional rating elements were also ranked high for
all secbndary roads, though at a lower level. They were:

1. traffic controi, and

2. pavement width.

However, pavement width was double-listed on the question-
naire, being included <under.bbth Safety and Service. An
evaiuation of the responses showed (when both listings were
considered) pavement width (roadbed width) should be consid-
ered one of the most important bf the rating elements.

A third cluster of rating elements on the 'preferred'
list were ranked differently for érea service roads than for
trunk and trﬁnk collector. These include: |

1. paséing sight distance,

2. accident rate,

3. ride quality,

4 horizontal alignment,

5. vertical alignment, and

6 snow problems.

The first five were considered to be slightly more important
in evaluating trunk and trunk collector roads than for area
service roads. On the other hand, snow problems were con-
sidered fairly important for area service roads, but some-

what less so for trunk and trunk collector roads. One addi-
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tional rating element, surface type, was ranked high by
respondents for area service roads, but not for trunk and
trunk collector roads.

This suggests that there shoﬁld be some variance between
the sufficiency rating system proposed for trunk and trunk
collector roads and the system for area service roads.
These variations were considered when developing the sug-
gested scales for the rating elements, discussed in the next
section.

However, before proceeding, it would be appropriate to
make a determination of the logical rating category for each
element. This will simplify the weighting procedure.

The first four rating elements - maintenaﬁce economy,
foundation, wearing surface, and drainage - all relate quite
well to the category of Condition. They all are strongly
associated with the 'Conditionjﬁpf the roadbed. Logically,
all four should be included with that rating category.

Most of the rest of the 'p;eferred' rating elements rep-
resent some characteristic of éafety, and it would be con-
sistent with the premise advan;ed earlier to include them in
that category. The list of rating elements of that type are
listed below, together with a brief explanation of the ra-
tionale for inclusion. |

1. Accident rate is an obvicus choice for inclusion un-

der Safety.
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Hazards is also an obvioué choice to be included un-
der Safety. ByAdefinition, a hazard represents an
accident risk. |
Stopping sight distance represents a potential ' for
accident, in that, at normal operating speed, a driv—
er cannot see far enough to make an emergency stop.
Restricted passing sight distance could present two
different problems - one related to Service, in its
constraint to traffic capacity, and the other to
Safety, 1in that a driver could take an unnecessary
risk in attempting to pass a slower vehicle. O0f the
two conditions, the thréat to safety represents the
greatest potential problem (since traffic is usually
light on secondary roads), so it has been included
under Safety. |
Traffic control as a rating element 'is simply the ex-
istence of any problem traffic control sites - as po-
tential safety problems.
Pavement width or roadbed width has an effect on both
Safety and Service. Being too narrow can make driv-
ing somewhat hazardous, Kbut it also affects driving
comfort and traffic capécity. A decision to place
this rating element in' either category ié arbitrary,
but including it under Service seems more appropri-

ate.
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11.
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Ride quality relates mostly to Service, so it-has

‘been placed in that category.

Horizontal alignment is another rating element that

can‘affect both a road segment's relative safety (by
redﬁcing visibility and/or forcing a reductibn in
speed to safely negotiate a curve) and Service (af-
fecting driver comfort and road capacity). As it was

with pavement width, placement is somewhat arbitrary,

- but the decision in this instance was to include it

in the category of Safety.

Inclusion of vertical alignment in a rating category
presents a dilemma. Pozf vertical alignment can re-
sult in portions of a road segment with safe stopping
sight distance and/or safe passing sight: distance
problems, but these aée elemgnts already included in
the proposed rating sYstem.v Even though vertical
alignment can.affect Service (ldwered capacity, high~
er 6perating costs, and lessened driver comfort),
these factors are less important for secondary roads.
With the concurfence of the advisory committee, this
rating element was not ipcluded in the proposed mod-
el.

Snow problems are associated mostly with Service, in
that they can restrict aécess to a road.

Surface type, 1like ride quality, relates mostly to

Service.
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The advisory committee suggested the inclusion of one addi-
tional rating element, shoulder width. Even though it was
not ranked particularly high by gquestionnaire respondents,
the c¢ommittee felt stronhgly that it should be included,
probably under Safety.

If the rating elements are placed in rating categories as
previously suggested, there would be four (4) under Condi-
tion, either six (6) or seven *(7) under safety, and three
(3) or four(4) under Service. Table 10 below shows the sug-

gested breakdown by rating category.

TABLE 10

Proposed Rating Elements - Secondary Roads

RATING CATEGORY . ITEM RATED
Condition and :Foundation
Maintenance iWearing Surface
Experience Drainage

Maintenance Economy

Safety Accident Rate
Hazards
Stopping Sight Distance
Passing Sight Distance
Traffic Control
Horizontal Alignment
Shoulder Width (paved roads)

Service : Pavement (roadbed) Width
Ride Quality
Snow Problems .
Surface Type (unpaved roads)
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5.5 PROPOSED RELATIVE WEIGHTS-RATING CATEGCRIES

As noted in the Reﬁiew of Literature, most rating organiza-
tions use a maximum composite rating of 100, with each cri-
terion rated assigned a maximum value. Each of the three
rating categories were assigned a share of the 100 points,
5
with the rating elements allocated a fraction of that share.
It is proposed that the new rating system also be based
on a maximum value of 100, again because it is familiar to
most highway engineers. What remains is how to determine
the relative share that should be assigned to each category.
The completed questionnaires contain sufficient informa-
tion to approach this problem from three directions. They
are described briefiy below as:
1. an analysis of the respondents suggested category
rank. Respondents were' asked to rank the three rat-
ing categories in order of perceived importance. Ta-

bles 5 and 6 on the gquestionnaire were used for that

purpose.
2. an analysis of the respondents suggested category
weights. After the respondents ranked the rating

categories, they were asked to weight each category,
relative to the other two.
3. a weighted average, using the 'preferred' rating ele-
ments and their relative weights. Some of the rating
¢

elements were considered to be more important to the

rating system than others. An evaluation of these
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differences in 'relative' weights of the rating ele-
ments, as combined with ot£ers in the most logical
rating category, could serve as a guide to the appro-
priate weights of the three rating categories.

An evaluation of the three approaches yields a reasonable
range of values. The following range of values for share of
the 100 points were suggested:

1. Condition - 30 to 38 points

2. Safety - 32 to 47 points

3. Service - 20 to 32 points
The first approach suggests a breakdown of 38-37-25 (for
trunk and trunk collector roads) and 37-32-31 (for area ser-
vice roads). An evaluation using the second approach re-
sults in a proposed breakdown of 35-35-30 (trunk and trunk
collector) and 36-32-32 (area service). The third approach
utilized the 'preferred' rating elements, - with the rating
element of horizontal alignment éhifted from Service to
Safety. This results in a ;uggested scale of 30—47f23
(trunk and trunk collector) and 30-44-26 (area service).

The method used in approach #2 best reflects the opinion
of the respondents to the questionnaire, in that they were
able to 'weight' the rating categories asvwéll as rank them.
Moving horizontal alignment from Service to'Safety, the ad-
dition of shoulder width to Safety, and the deletion of Ver;.

tical alignment from Service would change the proportions of

Safety and Service.from 35-30 to 45-20 (trunk and trunk col-
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5
lector), which comes <close to that suggested by the third
approach. Therefore, the proposed scale would be:

1. Condition - 35 points,

2. Safety - 45 points, and

3. Service - 20 points.
for trunk and trunk collector roads.

Evaluation of area service roads could be accomplished
using this breakdown - using either the same point wvalues
for the individual rating elements or slightly different
values, reflecting the survey Tesults more accurately. An
alternative would be to change‘the rating category weights
and make minor changes in the rating écales of the individu-
al elements. The ‘last alternative is recommended for the
proposedbrating system. There are enough variations in road
usage and design standards to.justify the existence of two
different rating scéles.

Data alluded to earlier suggested an increase in the
point allocation for Service (for area service roads vs.
trunk and trunk collector) anq:a lesser category weight for
Safety. The differentiai suggested was in the range of two
(2) to six (6) points. In addition, the rating element of
snow problems was considered to be somewhat more important
for area service roads than for trunk and trunk collector.

Therefore, the proposed model for area service roads pro-
vidés for an increase of five (5) points for the category of

Service, with a matching decrease for Safety.
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5.6 PROPOSED RELATIVE WEIGHTS-RATING ELEMENTS

The final step in the formation, of the proposed models is to
aecertain the appropriate maximum point value for each in-
cluded rating element. The list of 'preferred' rating ele-
ments and their relative weights, referred to earlier, were
used to resolve this last problem. All that remaihs is to
make such adjustments as necessary to the individual weights
to match the eategory weights in the pfoposed models.

For e%ample, the p;oposed weight to be applied to the
category of Condition 1is 35 points (of a possible 100).
Four rating elements were included in that category - foun-
dation, wearing surféce, drain;;e, and maintenance economy.
Respondents ranked foundation, wearing surface, ' and mainte-
nance economy about equal, with drainage ranked slightly
lower. Dividing the 35 points that were allocated to that
rating category amoné the four rating elements resulted in
the following breakdewn:

1. foundation - 9 points,

2. wearing surface - 9 points,'

3. drainage - 8 points, and

4. maintenance economy -9 points.

A similar procedure was utilized fo; the rest of the mod-
els, resulting in final proposed models as described in Ta-
ble 11 for trunk and trunk collector roads, and in Table 12
for area seryice roads. Scale factors and proposed proee—.
aures for use with the models will be discussed in the next

part of this report.




Sufficiency Rating System Model, Trunk & Trunk Collector

RATING CATEGORY
Condition and
Maintenance
Experience

35 points

Safety
45 points

Service
20 points

Sufficiency Rating System Model, Area Service Roads

RATING CATEGORY
Condition and
Maintenance
Experience

35 points

SafetY' 
40 points

- Service
25 points

TABLE 11

&
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ITEM RATED MAX. POINTS

Foundation

Wearing Surface
Drainage ‘
Maintenance Economy

Accident Rate

Hazards .
Stopping Sight Distance
Passing Sight Distance
Traffic Control
Horizontal Alignment
Shoulder Width

Pavement (roadbed) Width

Ride Quality
Snow Problems

TABLE 12

nNnoOonwon W0 0oWww
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~ ITEM RATED : MAX. POINTS

Foundation
Wearing Surface
Drainage

Maintenance Economy

Accident Rate

Hazards

Stopping Sight Distance
Passing Sight Distance
Traffic Control :
Horizoptal Alignment

Roadbed Width
Ride Quality
Snow Problems
Surface Type
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" The model for use in evaluating area service roads is
nearly the same as for trunk and trunk colleétor roads. Ad-
justments made to the model for area service roads are as
listed below.

1. Delefe shoulder width as a rafing element under Safe-
ty. Few area service rdads are paved in Iowa coun-
ties. The points .allocated to shoulder width will be
transferred to‘éervice.

2. Change 'Pavement Width' to 'Roadbed Width'. This
"better describes that rating element for area service
roads and negates the need for consideration of
shoulder width.

3. Add the rating element 'Surféce Type' to the category
of Service. Respondents ranked it at about the same
level as ride quality fog area service roads.

The proposed model for th; evaluation  of area service

roads is as shown by Table 12, with minor adjustments of
maximum point wvalues from that bf the model for trunk ahd

trunk collector roads.

5.7 RESULTS OF STATE SURVEY

A total of ten (10) states were contacted. A telephone sur-
vey was conducted, using the questionnaire discussed earli—
er. ‘A sample of the questionnaire has been included in Ap-
pendix B.

The states contacted were selected on the basis of:
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revelation of tﬁe preVious use of some sort of suffi-
ciency rating system for secondary roads in that
state (as the result of fhe literature review), or

state jurisdiction over some or all of the secondary

roads within that state.

Not all of the representatives of the state highway organi-

zations contacted were able to = respond to the quéstionnaife

and little useful information was received. The information

of value that was gathered is summarized briefiy below.

1.

' &
Two states, Missouri and Kentucky, reported using a

sufficiency rating system for secondary roads. Only

‘a small portion of the secondary roads are actually

evaluated by the states, generally the Federal Aid
Secondary (F.A,S.) under‘state jurisdiction. No lo-
cal jurisdictions ére reported as using a sufficiency
rating system for their secondary roads. Written ma-
terial was requested and received from these states
and provéd to be useful in developing the new model.

Five of the states reported no use of a sufficiency
rating system (or Similar sysfem)' for 'secondary
roads, including Indiana. Appafently Allen County in
Indiana has dropped the system used earlier in that
county and no other counﬁy in the state has aﬁopted
it. Virginia, which.has jurisdiction over all secon-

dary roads in the state (éxcept for two urban coun-

‘ties) does not use a sufficiency rating 5ystém as




78
such.. .They do uSé.a,'toleréble - intolerable' rating
"system which relates ADT wifh- surface width/surfaée
typei |

3. Two‘othef statés'were céntacted. Repeated efforts to
ﬁreaéh a person that might ﬁave knowledge of possible
~systems in use failedi

4.. Most of the states reportéd 'the_use of AASHTO design

standards forn secondafy':oads in their state or a
cbﬁbination of AASHTO standards' and some local stan-
dards. o |

Some-of the informétion received from Kéntucky was useful

in developing the model and forms included in this report.
Most of the information gathered from the state survey was
not'of value for this project, except to éuggest that there

\ -
is little wuse of sufficiency rating systems for secondary

roads in the United States. Some interest was expressed in
. y) ’

the'proposed system for Iowa.




Chapter VI

AN EMPIRICAL MODEL

The original model developed by the Arizona Highway Depart-
ment-ﬁas 'empirical', or experience based. Subsequent mod-
els developed and used by other state highway organizations
utilized the Arizona format, with iocal variations influ-
enced by a combination of locai conditions and personal ex-
- perience.

The model proposed for secondaryAroads is also empirical—
ly bésed - based on the Arizona format and the experience of

local engineering practitioners.

6.1 RATING ELEMENTS SELECTED

Fourteen rating elements have been Selected'for use with the
proposed sufficiency rating system. They have been organ-
ized into three categories agd assigned relative weights.
Table 11 and Table 12 show the proposed list of rating ele-

mehts, complete with their suggested weights.

- 75 -
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6.2 FORM OF MODEL
The basic model for the sufficiency .rating system is a sim-
ple mathematical model, which can be expressed in the fol-

lowing form:
SR = Sum of Scores of (CRE + SaRE + SeRE)

where SR = the %ufficiency Rating for a given road segment,
CRE = all Condition Rating Elements, SaRE = all Safety Rat-
ing Elements, and SeRE = all Service Rating Elements.

The maximum possible scores for the selected réting ele~-
ments have been determined -- from the analysis of the data
received. What remains is to»éolve the problem of how to
assign scores when the rated road segment fails to meet the
expected standard for a giveﬁ rating element. To do this
requires the answer to two gquestions.

1. What is a defensible set of standards which could be

applied to the rating elements selected?

2. Ié there a scaling calibrafion which can be used with
each rating element and that would yield meaningful
scores when the rated road segment fails to meet the
desired standard?

The answers to these two guestions are critical to the prob-
lem of the assignment of scores. The next two sections will
address the issues raised by the guestions and suggest ap-

propriate answers.
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6.3 STANDARDS FOR RATING ELEMENTS

The issue of determination of appropriate standards to apply
to the rating elements is intermixed with economic and so-
cial issues -- what level of financial commitment is the
public willing to make to build and maintain the state's
transportation infrastructure and what is the dollar value
of personal comfort, pain and suffering (dué to traffic in-
jury), and human life (when a person is killed in a a traf-
fic accident)?

Though these issues will probably never be . really set-
tled, engineering practitioners have adopted standards that
are reasonably consistent with prevailing public opinion.
Evidence of public opinion is provided in the form of the
level of funding which législative bodies have allocated and
in the force of public opinion in the form of individual and
group pressures.

The résult is a set of design standards which has been
adopted by a highway agency (iﬂéthis case, the Iowa DOT) for
use with all the different classes of roads throughout its
jurisdiction.'* The design standards represent prevailing
professional opinion on appropriate standards or norms for

building a given road to serve expected traffic needs.

14 Comparable sets of design standards have been adopted by
other state highway organizations, similar in many re-
spects, but also reflecting local conditions.
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For thé most part, the design standards call for higher
standards of construction for roads carrying heavier volumes
of traffic (and coéting more) and concomitant lower stan-
dards for roads carrying les= traffic.!® The lowered stan-
dards include the provision for reduced design speeds, with
Vthe expectation that vehicles using the road would not be
moving at as high a rate of speed as on a road carrying a
heavier volume of traffic and built to higher standards.

All this infers that the low;red standards are acceptable
to the public and that there 1is little reason to exceed
those standards, except when it can be done at little extra
cost. By the same token, an evaluation for 'sufficiency'
-- a comparison to established‘ 'ideals,' should be based on
the current design standard for that road classification.

Therefore, the proposed suf?iciency rating model for sec-
ondary roads incorporates applicable design standards from
the design guide developed by Iowa DOT staff for the
1982~-2001 Quadrennial Needs Study. | The guide was develobed
in consultation with the State Functional Classification Re-
view Board; members of the County Engineers Association, and

the League of Iowa Municipalities.!®

1% One of the distinguishing characteristics of the hier-
archy of road classifications is the volume of traffic
using the facility.

16 This Guide was chosen 1in spite of the fact that many

county utilize the FARM TO MARKET DESIGN GUIDES. It was
chosen because of its breakdown of Area Service Roads
into three categories, based on ADT. This provides for

lower standards for lightly traveled Area Service Roads.




79

iFailure of a rated road segment to meet a given standard
would cause a lowered score for that rating element. Estab-
lished 'ideals' for rating elements not covered by a design
standard are based on current practices as evidenced by a
combination of 'standards' utilized with other sufficiency

rating systems currently in use and local practices.

6.4' - SCALING FACTORS

An assessment of the maximum point wvalue for a given rating
element is made when the road segment meets or exceeds the
current standard. However, a given rated road segment will
meet the current standard for each of the rating elements to
a varying degree, making it necessary to develop some sort
of scale to describe how close it comes to meeting that
standard. Maximum point values for each of the rating ele-
ments are listed in Tables 11 and 12, so_what is needed is a
set of graduated scales for each.

Existing systems utilize, for the most part, a sequence
of point values which are approximately linear in character.
In most instances, there is a score (often at about the mid-
dle of the scale) which represents an 'average' value, below
which is considered 'intolerable'. The concept of toler-
ability, discussed earlier in this report, is based on the
supposition that, for each ratiﬁg element, there is a 'tol-
erable' standard which is less desirable than the 'ideal',

but still considered to be safe, or at least provides good
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service. It is at the lowest point on the scale permissible
under current highway transportation requirements. Below
that level, the rated road segment is considered to be 'in-
tolerable' with regard to that rating elément.

The calibration system used by the Iowa DOT has estab-
lished tolerable levels for eaéh rating element in the sys-
temvused to evaluate priméry roéds. In each instance, it is
50% of the maximum point value, rounded down to the next
digit when the maximum point value is not an even nuﬁber.

This calibration method  is used for the proposed model,
graduated linearly with decreésing values below the maximum
score. Accompanying statements have utilized descriptors of
excellent, good, fair (at 'tolerable' scales) and poor, to-
gether with status descriptionsﬁfor each score. A summary
of the proposed scoring method has been included in the next
section.

However, there are soﬁe rating elements in the proposéd
model that do not lend themselves as well to the 'linear’
scale concept discussed earlier. They include elements
grouped under the category of .Safety. They are like én 'ac-
cumulation of potential safety risks, or hazards' occurring
along the rated road segment. Their existence represents a
bossible safety hazard, or 'deficiency', and tend to be site
specific, instead of occurriny regularly along the road.

The rating elements are the type which could be 'counted'

{two narrow bridges are more hazardous than one).
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.This suggests that part of the score for a 'rated road
segment under the category of'Safety could be based on the
results of an evaluation of its relative safety,. such as is
done by the Iowa DOT as part of the sufficiency evaluation
for primary roads -—‘the 'Safetx Study'. Deductiqns from a
maximum value would be ﬁade for the existence of 'conditions
that exist on the road seément that constitute a possible
_ threat to safe operation of the motor vehicle on that road‘i
‘Under this system, deficiency pdints would be assessed
. for the existence of a list of 'threats to safe driving',
using a predetermined poinf deductiqn for each deficiency.
Road segments of varying length would be made comparablé by
the inclusion of an adjustment factor for length.
The next section details the proposed scaling system for
the complete model. AAbrief description of each of the rat—'

ing elements has been included for clarification.

6.5 RATING SCALE CALIBRATION

A set of scales has been developed for the proposed rating
-system. This set of scales is described below, arranged in
a format similar to the model as shown in Table 11.
CONDITION AND MAINTENANCE EXPERIENCE
1. Foundation - evaluated by considering adequacy of
drainage ditches, breakup ofﬁsurface, non-uniform settle-
_ment and lateral support, and conéition of foreslopes.

Maximum score = 9.
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Excellent,8-9. NO’evidence of base,failuré, fores-
lopes in excellent condition. - '

Good 6-7.  Occasional evidence of minor base failure,
fully correctable by spot repairs. No need for exten-
sive reworking. ‘ ’
Fair 5.  Frequent base'failure,_requiring'heavy main-
tenance. - Causes reduction in traffic speeds below de-
sign speed. Should be considered for reconstruction.
'Tolerable.’ '
Poor 1-4. Severe base failure throughout rated sec-
"tion, extreme 'wash-board' condition. Traffic speeds
substantially reduced. Reconstruction necessary.
2. Wearing Surface - evaluated by considering physiéal
defects. ‘For P.C. concrete paved roads, the defects in-
clude joint-faults, transvérse and longitudinal cracks,
" non-uniform slab displacement, ,-spélling and disiﬁtegra—
" tion of concrete. ' Asphaltic concrete pavement defects
include transverse and = longitudinal cracks, irregular
profile‘énd'crOSs—section,' alligator cracks, raveling,

bleeding, and rutting. Granular surfaces defects include

formation of potholes; locations with regular formation

of ruts, and transverse 'washboarding'. Maximum score =
. 4 N
9.
Excellent 8-9. Very satisfactory condition. Pavement
or granular surface smooth. . Granular surface requires

only routine blading. No surface failure.

Good 6-7. Occasional spots_of surface failure, cor-
.rectable satisfactorily through normal maintenance.
Resurfacing not absolutely necessary.

Fair 5. Freguent spots of surface failure, correcta?
ble only by heavy maintenance. ‘Rough surface reduces
traffic speeds somewhat below design speed. 'Tolera-
ble.' :

Poor 1-4. Severe surface failure over all of rated
segment. *Resurfacing_or‘reconstruction necessary due

B
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to surface condition. Traffic speeds substantially
reduced from design speed.

3. Drainage - evaluation based on occurrence of ponding,

" ditch erosion, culvert silting, scouring of culvert out-

lets, condition of pipes, and their hydraulic capacity.
For unpaved roads, this should include existence of por-
tions of the road with inadegquate cross-drainage due to
lack of adequate crown (as evidenced by weakened founda-
tion due to rain) or too steep cross-slopes, causing ex-
cessive erosion. Maximum score = 8.

Excellent 7-8. Drainage satisfactory. No silting,
scouring, significant erosion or ponding. Culverts of
adequate design, good condition.

Good 5-6. Occasional ponding due to heavy rains, but
quickly drains afterward. Some silting or scouring of
culverts occurring which requires light maintenance.
Occasional flat (or too steep) crown which needs re-
grading.

Fair 4. Ponding substantial during heavy rains, some-
times during light rains.® Some problems for traffic
due to ponding or rough or softened surface or founda-
tion. Maintenance of road and/or drainage facilities
becoming excessive. Expensive correction or improve-
ments indicated. 'Tolerable.'

Poor 1-3. Excessive ponding, inadequate drainage, not
correctable through maintenance. "Intolerable."

4, Maintenance Economy - based on historical knowledge
of the maintenance requirements of +the road segment.
Maximum score=9.

Excellent 8-9. No expenditures, other than strictly
routine. Patching of pavement rarely required. Addi-
tion of granular material needed occasionally due to
traffic, but not in extraordinary amounts. Blading of
non-surfaced road done rédgularly, but not a particular
problem.
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Good 6-7. Some expenditures, but not excessive. Some
patching required annually. Resurfacing of pavement
would help, but not absolutely necessary. Addition of
granular material over most of section desirable, but
also not absolutely necessary. Spot re-grading of
non-surfaced road required. Extra dragging required
- periodically. L - '

Fair 5. Considerable expenditures of money and ma-
terial. Considerable patching and crack filling. Ad-
dition of supplemental granular material required an-
nually or continuously. Road should be candidate for
resurfacing and/or reconstruction. Considered to be
'tolerable'. Many spots of non-surfaced roads need
special attention during blading.

Poor 1-4. Excessive expenditures to keep road in ser-
viceable condition. Great amount of patching or. addi-
tion of supplemental granular material needed regular-
ly. Numerous spots on non-surfaced roads need
considerable re-grading. Efforts to repair often in-
adequate. Should be rebuilt. '
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SAFETY

Most of the rating of a road segment for the category of
Safety 1is proposed to be based on a safety evaluation.
Points would be deducted from a maximum of 35 on a basis of

N

the existence of potentially unsafe elements. Before sub-

tracting the total points from 35, divide by the number of
miles in the rated section. Round up to the next even
point.

1. Accident Rate. Though considered important in suffi-
ciency ratings, lack of frequency of occurrence on light-
ly travelled secondary roads limits its wviability as a
measure of a road's safety. However, the occurrence of
an accidént on a given road segment raises the issue of
safety, even though the proximate cause of the accident
cannot be correlated with any definable safety hazard.
Therefore, for each recorded property damage accident on
that rated road segment within the past 5 years, deduct
one point. For each personal injury accident, deduct

three points, and for each fatal accident, deduct five.

2. Hazards. This element relates to hazards not already
described. They are listed below.

- Structure (bridge or culvert) which restricts
roadbed width (less than 20 foot in width).

- structure with bad approach alignment.

- R.R. crossing at grade without automatic signals.

- Other fixed étructure extending onto roadbed (for
unpaved roads) or to within ten (10) feet of edge of-
pavement (for paved roads).
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- abrupt or severe grade changes.

Deduct two points for each occurrence.

3. Stopping Sight Distance. A stopping sight distance
standard exists for each design standard -- Dbased upon
design speed. Locations on the rated road segment with

inadequate sight distance to see a potential hazard and
stop -- at the design speed, is hazardous. Therefore,
for each occurrence, point(s) should be deducted. Deduct .
one point for each occurrence. Also, longer sections of
roadway.with restricted passing visibility are more haz-
ardous than the shorter ones, suggesting a greater point .
deduction. Deduct one point for each stopping sight dis-
tance beyond the initial distance, or fraction thereof.

For example, on a paved road with a design speed of 50

mph, safe stopping sight distance = 350 feet. If this
cannot be achieved for a distance of 350 feet, count as
one occurrence. If this unsafe condition occurs for be-
tween 350 and 700 feet (continuously),  count as two (2)
occurrences. For betweén 700 and 1150 feet, . count as
three (3).

4. Traffic Controls. Traffic controls meeting regula-

tions in the' 'Manual on Uniform Traffic Control Devices
(MUTCD)' installed in accordance with applicable war-
rants, or adequate vision at uncontrolled intersections.
Deductions from the full rating could be based on the
loss of two points for each occurrence of:

- inadequate pavement markings
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- less_thén adequate warning sign distanceg

- inadeéuate vision at uﬂcoﬁtrolled_intersections

. consiétency of‘sign plaéement.
5. Horizontal Alignment. ”Horiéontal alignment can pose’
two,ha;ards. '‘One is safe (or unsafe) stopping sight dis;
tance (covered under SSD) . and the other with a comforta-
ble driving speed below the design speed for that partic-
ular road. Assuming that'dyivers expect to slow somewhat
on a curve, reduction of speed up to 5 mph (on pa&ed
roads) and 10 mph (on unpaved-roads) mightvbe expected,
but méré could<be considered as unexpected.‘ Therefore,
deduct:one point for each additional 5 mph reduction re-
quired to negotiéte the cufve. For example, consider a
horizontal curve on a road designed>forila maximuﬁ speed
of 50 mph. ‘SlOWing to 45 mph would not be considered un-
safe,  -but slowing to 40 mph would cause of deducfion 6f'

Qﬁe (1) point, - to 35 mph, a two (2) point deduction.

6. Passing Sight Distance. '.The minimum sight distance
requiredﬁto pass another vehicle safely and comfortably.
Restrictions to passing are causedvby.roadway geometrics
and opposing traffic. Evahuatioh.is based on restric-
tions caused by roadway gebmet:ics; The rating is baséd
on the total restricted distance kin miles) compared to
the total length of. the section. Maximum score = 5
points, when over 90 percent of the rated road segment is

considered to have safe passing sight distance,' based on
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the‘design speed.  Lower ratings ‘apply when less. of the
rated road segment has Safe.paésing sight distance. As-
signedipéint scores aiso vary according to 'design st;n—
dardl See page 4 of the Guide for,Preparationiof Work-

sheets for complete details.:

7. Shoulder Width. Shoulder width is measured from the
edge of the pavement to the point where the shoulder line
intersects ‘the foreslope. . Applicable to paved roads .

only.  Maximum score = 5.

Excellent 5.  Shoulder width meets or exceeds design
standard. '
Good 4. - Shoulder width is less than design standard.

Range of 6-8 feet (for 8 foot standard), 4-5 feet (for
6 foot standard), 2-3 feet (for 3 foot standard).

Fair 3. Less than design standard. Range of 4-6 feet
(for 8 foot standard), 3-4 feet (for 6 foot standard),
.or 1-2 feet (for 3 foot standard). Tolerable.
Poor 0. -Less than 4 feet (8 foot standard), or 3 feet
(6 foot standard) or less than 1 foot (3 foot stan-
dard). Not tolerable.. o ' '
SERVICE
1. Pavement Width (Roadbed Width) - used to reflect in-
adequate traveled way widths as determined by a compari-
~son with the appropriate design standard. Though also
related to safety, it has been included only under the
catégory of Service. Maximum score = 9.
- ’ & - . .
Excellent 9.  Width of pavement or traveled way meets
or exceeds the width specified in the appropriate de-
sign standard. '
‘Good 6-7. Width of pavement or width of traveled way

is not more than two feet (.6 m) 1less than the design
standard. ' o
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Fair 5. A 'tolerable' width. Width of pavement or
traveled way is two feet (.6 m) to four feet (1.2 m)

. less than the design standard.

Poor 1-4. Not tolerable. Needs to be wider.  Width
falls short of design standard by at least four feet
(1.2 m).

Ride Quality - an evaluation of  surface quality ~--

waviness, irregular surface, corrugations, and/channel-

ing. Maximum score = 6.

3.

Excellent 6. Smooth riding at design speed or above.

Good 4-5. Minor roughness of surface causes little
discomfort in riding. Occasional irregularities, corxr-
rugations, ©6r channeling causes the driver to slow
down (below design speed) for - short distances.

Fair 3. Roughness of surface causes some noticeable
discomfort in riding. Occasional pavement cracking
and failures require extensive patching. 'Wash-board'

on granular surfaced road requires frequent grading.
Tolerable. ' : :

Poor 0-2. Heavy cracking, deep failures, obvious in-
stability. Very unsatisfactory riding surface.

Snow Problems - an evaluation based on the ability of

foadside ditches andAaccessible portions of the right-of-

way (R-O-W) to accommodate the quantity of snow that may

have to be removed from the }oadway and shoulders. Maxi-

mum score = 5.

Excelient 5. No 51gn1f1cant drifting problems.
Roadbed above the surroundlng area, ditches . deep and
wide for storage

Good 4. Occasional locations where drifting is a
problem. Ditches still wide and deep enough to accom-
modate most of the snow.

Fair 3. Tolerable. Frequent locations where drifting
is a problem, but not extremely long drifting areas or
places where very deep drifts occur. Some problems on

ditch width or depth. Roadbed elevation occasionally.
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inadequate. D1tch may need some extensive maintenance
to clear silt or vegetation.

Poor 0-2. Drifting and/or snow removal a recurring . -

problem of significance. R-0-W width inadequate to
allow for ditches to be wide or deep enough, or exten-

sive grading needed to raise the roadbed and/or im-

prove ditches.

6.6 TESTING THE MODEL

The nekt steo in the'development of the ratlng system was
the preparation of a.set of rating forms and a set of in-
structions to to aid in their use. The scallng_factors dis-
cussed earlier’wefe“used as a basis for the forms, - adjusted
for,yariations in design,sﬁandards.

‘A combination of _functional class and ADT was used as a
basis for selection .of the appropriate‘desion standard for
theﬂroad‘ to be evaloatedd Directions for_ this selection
have been provided in the GUIDE FOR PREPARATION OF
_»WORKSHEETS. .A sample;oopy of each of the worksheefs and the

Guide are provided in Appendix C.

A trial run of the’use of the rating forms was. made by.

'.completion of an actual ratiné of several secondary road
segments in a‘ Central Iowa county (totalllng slightly more
than 25 miles), using the forms and the Gulde An evaluation
Was made of their ease of _use and appllcablllty,to’the rat-
‘ing-and hinor revisions made. The samples in Appendix C‘re—

flect any changes made as a result of the test.

To a limited degree, the trial provided an opportunity to

test the model as well. - The rated road segments were chosen
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to be reasonably representative of the rangé Qf road surface
ﬁypes, fungtioﬁal clasées, and the variations in ADT that is
encountered in secondary road  systems. The test was to de-
termine whether the model, wusing the propoSed calibration
system, provided a meaninéful differentiation in rating
scores for the rated road segme;ts.

The trail run proved to be adequate to evaluate.the forms
and the Guide, - and several revisions were made reflecting
the éxperience from the trial run. Two significant revi-
sions were made to the system as a result of the trial run.
One was to add the criterion 'Surface . Type' to trunk and
trunk qoliector road evaluatins - whenever the road was un-
paved, and the second was to keep the scale for 'Snow Prob-
lems' identical for both systems. The end result is a set
of evaluation forms which coulda be idéntiéal for all secon-
dary roads. Table 13 sthn below represents the final pro-
posed model, modified only fbr road sﬁrface (paved or un-
paved).

The trial run also revealed some potential problems that
could_occur in the use of the system. These problems are
discusséd bfiefly below, together with the suggested solu-
tions. |

1. It would be difficult to cqmplete the Field Worksheet

with only one person. It would seem that a two mem-
ber team is needed - with one member being someone

who is very familiar with the maintenance history of

the rated road segments.




92

TABLE 13

Sufficiency Rating System Model, Secondary Roads

RATING CATEGORY ITEM RATED ' MAX. POINTS
Condition and Foundation 9
Maintenance Wearing Surface 9
Experience Drainage 8
- 35 points Maintenance Economy 9
Safety ~Accident Rate 6
_ 40 points Hazards ' 9
| R Stopping Sight Distance 8
Passing Sight Distance 5
Traffic Control 6
Horizontal Alignment 6
Service Pavement (roadbed) Width
25 points Ride Quality

Snow Problems
Surface Type or
Shoulder Width

nnovonnw

~—~

2. Accident data could prove to be a problem, depending
on the completeness of local records. However, fair-
ly complete records are available from the Iowa DOT,
in form of +the Accident Locator Analysis 'System
(ALAS) .

3. Stopping sight distance may be a difficult criterion
to evaluate on roadé without adequate records. How-
ever, an experience evaluétor can pinpoint potential
trouble locations from a field analysis fairly quick-
ly. Once this is done, records from previous evalua-
tions can be reused until the road is regraded.

4. Passing sight distance pgses a similar problem. . The

solution is the same as for stopping sight distance.
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5. To a lessér extent, horizontal alignment causes a

similar problem. However, this will not occur often,
and can be solved by fieid observations as well..
The éxtent of these problems will vary, depending on the
completeness of local records. ‘They may prove to be trou-
blesome the first time the road system is evaluated,> but
subsequent iterations can reuse most of the data.

The trial run was not extensive enough to determine
whether the model provides meaningful differentiation in
rating scores. A much larger and varied sample is needed.
Relative scores did seem to show a degree of contrast, but
the trial run used too small a sample to be significant. A
major portion of a whole county - or. perhaps several coun-
ties - should be a good test of the model. Since the model
is empirical, it could then be compared to the priority list

of projects reached by normal procedures.

I



Chapter VII

SUMMARY AND CONCLUSIONS

The objective of this study was to produce a sufficiency
rating system which could be used to evaluate the adequacy
of secondary roads in Iowa. The system to be developed
should be reasonably easy to use, vyet vyield results which
are compétible with current'processes used in priority pro-
gramming. %

Models currently being used for primary roads are empiri?
cal in nature, 1in that they are numerical ratings which re-
late well to 'experience based' adequacy ratings. It fol-
lows that the e§perience of local engineering practitioners
should fiéure heavily in determining the form of the pro-
posed model. To that end, a guestionnaire .was developed
which could be used to survey local engineering préctition—
ers - mostly county engineers. A statistical analysis of
the responses provided the basis for the formation of the
‘model proposed in this report.

The model that is proposed uses the same format used by
the Arizona Highway Department for the first sufficiency
ratiné system, developed in 1946. Thié format was adopted
because it is well known, widely'accepted, and comparatively
easy to usef. It also is considered to vield reasonable re-

sults, that are reproducible.
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Rating criteria selection (and their relative weights)
was based on the responses tb-the questionnaire.' Scaling
factors were based on the relafive weights suggested by the

responseé and the model wused by the. Iowa DOT for primary

roads. Maximum scores were established, using a set 6f de—
. t . ’ )

sign standards adopted for the model. Failure to meet the

'standard' represented a 'deficiency', the amount of defi~

" ciency dependent on how close the rated road ségment came to
meeting the standard. The concept of 'tolerability' figured
heavily in forming the scales used with the criteria. The
concept of folefébility, discussed in detail in the report;
is predicated on the supposition that thefe exists'(for each

rating criterion) a 'tolerable' standard which is less de-

sirable than the 'ideal', but still considered safe (or at
least acceptable). A comparatiye level was selected for the
'tolerable' value (based on currently used models) and

scales were graduated. : |
The worksheets and Guide in Appendix C were developed to
aid users of the system in applying the model to roads in

their jurisdiction. Revisions to the forms were made, using

the experience gained in a trial run of the model. Some of .

the revisions made as a result the trial run produced a more
uniform model for all furictional classes of roads to be
evéluated. Variations in the resultant ratings are based on
whether the ratéd road'segmenthis paved orvunpaved and on
the variability . in design sﬁapdards, based on functional

glass and ADT.
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' The trial' run failed to test the model adequately - to

determine ‘its Validity. The sample of roads in the trial

,run'Was too small, considering the wide range of roads thatA

need to be rated (usihg functional class and ADT). Thé re;'
search contract does not provide for‘a triai run of adequate
size to fully test the mddei. 'Yet,'further research to test
and refine the model woﬁld be degsirable. |
The comparative results produced by the trial run do sug-
gest that the model is usable and Shoﬁld prove to be compat—‘

ible with other proceSSes used to form priority 1lists for

.project programming.
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ROAD SUFFICIENCY RATING CRITERIA QUESTIONNAIRE

Your opinions are solicited regarding the choice of suitable rating ele-
ments for use with a proposed sufficiency rating system for secondary
roads. There are a set of common rating elements usually used as part
of sufficiency rating systems in the United States. It would seem that
not all of the elements used for primary roads are useful for use in
evaluating secondary roads. This survey is being conducted to select
the appropriate rating elements as part of the development of a suffi-

- ciency rating system for secondary roads for a contract with the Iowa

Highway Research Board. ' .

Secondary roads have been divided. into two groups -- trunk - trunk
collector roads and area service roads. . Two identical lists of rating
elements have been prepared, one for each functional class group. The

rating elements have been segregated into three categories. The catego-
ries are CONDITION, SAFETY, and SERVICE. :

The categories have from six (6) to nine (9) rating elements used for
the actual rating by various state and/or local highway agencies using
sufficiency rating systems for priority planning. A few rating elements
appear in more than one category. . Sohe of the overlap is intentional,
using the rationale that the rating .element is an important factor in
both categories, while in some instances, it is a matter of disagreement
as to where the rating element belongs.

CATEGORY RANK
For the rating elements in each category,  please indicate your percep-

tion of the appropriate rank for each element -- within each category.
Do this for each category separately, with one (1) being the most impor-
tant. An example is shown in Table 1 shown below. A short description

of the rating elements is enclosed with this mailing.

TABLE 1
Example -Ranked Rating Elements

2

, RANK-BY DVERALL WEIGHTED
CONDITION . , CATEGORY RANK . RANK
Foundation Z S” Fo
Wearing surface 4 72 by
Shoulder ._ﬁl_ _ZéL 80 .
Drainage 5 12 57
Remaining life L3 e 74
, Maintenancg economy .T_L_ 2 22




OVERALL RANK _
Next, determine your perception of the appropriate rank for all 23 ele-
ments, ignoring category. Rank one (1) to 23.

WEIGHTED RANK v .
Using this ranking as an a1d weight the 23 elements, ' using 100 for the
most important rating element and lesser weights for less important ele-
ments. Duplicate weights may be used. Table 2 lists all the rating el-
ements for trunk and trunk collector roads. A blank is included for in-
sertion of additional rating elements.

TABLE 2

Rating Element Weights-Trunk & Trunk Collector Roads

!

. RANK-BY ' OVERALL WEIGHTED .
CONDITION CATEGORY RANK . RANK
Foundation
Wearlng surface
Shoulder
Drainage A

Remaining life
Maintenance economy -

SAFETY !
Pavement width (surface)
Shoulder width
Right-of-way width
Stopping sight distance
Passing sight distance
Hazards (safety)
Alignment consistency
Traffic control
Accident rate

SERVICE
Alignment (horizontal)
Alignment (vertical)’
Pavement width (surface)
Improvement cont1nu1ty
Ride quality
Surface type
Shoulder width
Snow problems

I
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AREA SERVICE ROADS :

Please repeat the process for area service roads. Since most are built
to different design standards and most carry lighter traffic volumes, it
is quite possible that you may rank and weight differently. Again, for
this part, begin by ranking the 23 elements, followed by the weighting.
As before, weight the most important as 100, with lesser ranked elements
receiving a weighted rank below 100. Table 3 has been provided for this
purpose.

TABLE 3

Rating Element Weights - Area Service Roads

CONDITION RANK-BY OVERALL WEIGHTED
CATEGORY RANK RANK
Foundation '
Wearing surface
Shoulder
Drainage

Remaining life
Maintenance economy

SAFETY
Pavement width (surface)
Shoulder width
Right-of-way width
Stopping sight distance
Passing sight distance
Hazards (safety)
Alignment consistency
Traffic control
Accident rate

SERVICE
Alignment (horizontal)
Alignment (vertical)
Pavement width (surface)
Passing opportunity
Improvemént continuity
Ride ‘quality
Surface type
Shoulder width
Snow problems

EPEEEEEE TR TEEET T
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CATEGORY RANKINGS

The last question pertains to the relative importance of the three rat-
ing categories. Please rank the three categories and indicate your per-
ception of their comparative importance, using the following procedure:

1. Rank the three categories, using one (1) to indicate the most im-
portant.

2. Assign the score of ten (10) to the most important category.
3. 1Indicate your perception of the relative importance of the other
two categories by scores ranging from nine (9) down to as low as

one (1), and indicate the values in the blanks provided.

Table 4 below shows an example ranking and weighting.

TABLE 4

Example Category Weighting

CATEGORY RANK WEIGHTED RANK
Condition / /O
Safety 2 P
Service 3 ey

The example shown has assumed a fictional ranking of CONDITION (most
important) to SERVICE (least important). Since CONDITION was considered
to be most important, its weighted rank was ten (10). In the fictional
response, SAFETY was considered to be 0.8X as important as CONDITION
(for trunk and trunk collector secondary roads) and SERVICE deemed to be
0.5X as important as SAFETY.

TRUNK AND TRUNK COLLECTOR ROADS

Please indicate your perception of the relative importance of the three
categories in evaluating trunk and trunk collector roads for sufficiency
ratings. Table 5 below lists the categories. .

TABLE 5
Category Weight - Trunk and Trunk Collector Roads
CATEGORY RANK WEIGHTED RANK
Condition

Safety
Service




AREA SERVICE ROADS _ »
Please repeat the process for area service roads. Table 6 1lists the
categories.

TABLE 6

Category Weights - Area Service Roads

CATEGORY : RANK WEIGHTED RANK

Condition

Safety

Service

Thank you for your time and effort. Your opinions will be analyzed,

along with those expressed by peers. The goal will be to obtain a list
of rating elements considered to be the most meaningful and useful for
evaluating secondary roads for priority planning plus the most appropri-
ate weights for each. If you have any questions, please. call Clete Mer-
cier at Iowa State University, telephone. 515-294-8387.




DESCRIPTION OF RATING ELEMENTS

A brief description has been prepared of the rating elements
listed in the accompanying questionnaire to assist you in
its completion. They are listed below, in the same order as.
they appear on the questiodnnaire. '

CONDITION

Foundation: An appraisal based on degree of plasticity and
the number of foundation failures observed per unit length
"of road. . ~ '
Wearing surface: An -evaluation of the various types (and
frequency of occurrence) of physical defects observed per
unit length of road. )

Shoulder: An evaluation of the physical defects - deviation
from the ideal - of the surface of the shoulders.

Drainage: An analysis of the occurrence of ponding, ditch
erosion, silting, and scouring plus adequacy and condition
of the culverts. ’

Remaining life: A rating based on the _expected remaining
life of the wearing surface. :
Maintenance economy: - An appraisal - of maintenance require-

ments, based on historical knowledge.

SAFETY »
~Pavement width (surface): "An evaluation using a comparison
of existing pavement width with a design standard.

Shoulder width: Same as pavement width, except using the
design standard for shoulders. '

Right-of-way width: An appraisal of the adequacy of the

right-of-way width to accommodate the desirable roadway
cross sections.

Stopping sight distance: An analysis of road alignment
which enumerates the occurrences of less than des1rable
stopping sight distance, based on design speed.

Passing sight distance: An analysis of the frequency of oc-
"currence of passing vision belng restrlcted by alignment,
based on design speed.

Hazards (safety): A rating based on a safety study tally of
less than desirable horizontal clearances from road51de ob~
stacles plus sharp horizontal curves.

Allgnment ‘consistency: Numerical rating as a function of
the number of inconsistencies in horizontal alignment per
. unit length of road, recognizing area terrain characteris-
“tics.




2 .

Traffic control: An analysis of traffic controls - how

closely they meet MUTCD regulations, in terms of color, sym-
bols, and proper sign distances. Also, do they convey suf-

ficient information to the driver? Are they clearly visible
and well maintained?

Accident rate: An assessment of the road segment's relative
safety, based on the the number of fatal, personal injury,
and property damage accidents, using .accident records.

SERVICE _
Alignment (horizental): Frequency of occurrence of horizon-
tal curves which -cannot be safely negotiated at design
speed. : : ‘

Alignment (vertical): An analysis of deficiencies in verti-
cal alignment, such as gradient exceeding design standards,
or at railroads or drainage structures. ‘

Pavement width (surface): A service rating based on the re-
lationship between width and average daily traffic volume.
Improvement continuity: A rating which stresses -the conti-
nuity (or discontinuity) of the rated segment compared to
total route of which it is a part. o
Ride quality: A rating element which is an evaluation of
surface quality -- waviness, irregular surface evaluation,
corrugations, and/or channeling.

Surface type: Is the surface type adequate for the type and
volume of traffic using the road segment?

Shoulder width: For the average daily traffic on the evalu-
ated road segment, does the width and condition of the
.shoulder meet design standards for adequate capacity and
refuge for emergency stops?

Snow problems: An evaluation based on the ability of road-
side ditches and accessible portions of the right-of-way to
accommodate the quantity of snow that may have to be removed
from the roadway and shoulders..
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State Questionnaire , "~ State

Name, title, telephone # of contact person

1. Does your state have a numerical evaluation system, a sufficiency rating
or similar, used to prioritize secondary road projects for planning and/or
budgetting purposes? Y N
2. If yes, by state or counties (circle one).
3. 1If state gathers data:

a) Is there a written copy of the procedure? Y N

b) Is it possible to get a copy? Y N (if yes, arrange for it)

c) How are the results used?

d) Does it vary from that used on primafy roads? Y N
e) If yes, how? (Try to gather details,)

f) What do you use for data sources?

4, If local»juriSdictionAuses rating system, who.do I contact to get informa-
tion? : '

a) Does state see the results? Y N
b) If so, how is it used by the state?

c) Does state do any disbursement of funds to local jurisdiction? Y N
d) If so, describe briefly. ’

e) Are the ratings used to prioritize any financial or other aid from state
to local? Y N : :

f) If so, how? =
5. Are you aware of any attempt to evaluate surface:  condition of non-paved
roads? (If so, try to get details.) . :

6. Who has responsibility for secondary roads in your state?

7. Do you know how the rating items and their weights were determined? ‘If'
so, how? ’
8. . What'design standards -are used for road design in yourvstate? (If not a

national standard, try to get a copy.)
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GUIDE FOR PREPARATION OF WORKSHEETS
Sufficiency Rating System for Secondary Roads

of instructions for completion of a set of worksheets.
sufficient data for the as-

This is a set
Completion of the worksheets will provide

signment of a sufficiency rating to a de51gnated segment of the county:

road system.

OFFICE WORKSHEET

Complete Part I from the field worksheet or office records. Combine
road segments as appropriate to provide for logical continuity.
the I.D. numbers for each road segment from the Secondary Road Engi-

neer's Listing.
Complete Part II from the Secondary Road County Engineer's Listing.

The Iowa DOYT Alternate Design Guide (copy provided below) will be used
as the basis for completion of Part III. Begin by determining the ap-
propriate design class. Use ADT and- the functional classification as
a guide. Considering.the type of terrain, determine the design stan-
dard and record the standard number. Then complete the ratings, using:
the information from Parts I and II .and the guidelines  provided in
this document. :

DESIGN GUIDES
RURAL PRIMARY AND SECONDARY HIGHWAYS
1982-2001 NEEDS STUDY

List .

Arterial Connector/Trunk/Trunk Collector Area Service

Highway Group : 3 , 4 5 _ 3 7 8
ADT (Design Year) Over 1,500 400-1,500 Under 400 Over 100 26-100 0-25
Design Standard # 7l el stwlnlzlisw|is|elirlslw]20]alalala
Terrain! cl2 sl o2l 2 ls 2l l2]lali]l2]s3
Design Speed 55 ) 55|50 |55)55]50)55]|55)50]55]/]50)50}50]us}s0]s0]as]ao
Max. Degree Curve 7{7tsef7 7ozt 72l 9olololzlwls]n2|mn
" Max. Grade (%) elel7]elel7|6lec|7l6lelale]lsalwjelalio
Stopping Sight 425 | 425 | 350 | 425 | 425 | 350 |25 | 425 | 350 | 425 | 350 | 350 | 350 | 325| 275 | 3504 325 | 275
Lane Width? li{elef{elez{ulolualaloloinlnlolalaln
ShoulderWigth (Rt [ 8 | 8 | 8 |6 |6 l6 16l e6le6l3laslslalalstalole

X3 0] 0] 0 000 [0]0]0[0[0]0]0] 0] 0j 0] 0][0
Median Width® 0ololojotloflolo}lolojojolojo]o|lololol]eo
. Surface Typed Pl v b bl b2l @222 13]3l3)a].ala
Pavement Sec.b o bbb v la sl fals]slololololo]o
Shoulder Type’ 222|333 |3|3]3|3|3{3]3|3]3]a]a]sas
Access Control8 2223 lal3slalsfslslslsl|a]lalals]ls]s

| - Terrain, |=Flat, 2= Rollmg, 3=Hilly.

2 - Actual number of lanes is computed based on the 1965 Highway Capacity Manuol methods.

3 - Left shoulder applies only to divided highways. Left shoulder equals right shoulder width on two-lane hlghwuys.
4 - Median applied only when number of lanes required equals or exceeds four and divided highway justified.
5 - t=Asphalt or porﬂmd cement concrete, 2=Surfoce treatment, 3=Gravel, 4=Earth.
6 - 0=No pavement, I=Asphaltic or portland cement concrete, 2= Cold mix or rood mix, 3=Seal coat, 4=Dust treatment.
7 - 1=Paved, 2=Stabilized, 3=Earth, 4=No shoulder.
8 - |=Full control, 2= Purhal comrol, 3= No control or local zoning.




Pavement (roadbed) Width Rating
For paved roads, use 2X the lane' width for the design standard. If
unpaved, use 2X (sum of lane - width standard + shoulder width stan- .

dard). Use the:roadway width (for non-paved roads) for roadbed width. ©
Use the table provided below to rate the road segment. :

TABLE 1

Pavement (roadbed) Width Ratings

Design Width (ft) Actual Rating Score
Paved . ' '
24 - =>24 9 -
24 23-24 7
24 22-23 6
24 ' 20-22 5
24 18-20 4
24 N .<18 1-3
22 =>22 9
22 21-22 7
22 20-21 6
22 o 18-20 5
22 <18 1-4
Unpaved
: 34 =>34 9
34 33-34 7
34 . 32-33 6
34 : 30-32 5
34 28-30 4
34 26-28" 3
34 <26 o}
30" =>30 9
30 29-30 7
30 ' 28-29 6
30 26-28 5
30 24-26 4
30 <24 0]
28 =>28 9
28 27-28 7.
28 26-27 6
28 24-26 5
28 <24 1-4
22 =>22 9
22 : S 21-22 7
22 20-21 6
22 18-20 5
1-4

22 - <18




Shoulder Width Rating

Use Table 2 to select the ratings for the Shoulder Width criterion.

Record only if the road is paved.

TABLE 2

Shoulder Width Ratings

- Design Width (ft) Actual Rating Score
< | 8 - =>8 5
8 6-8 4
, 8 4-6 3
. 8 <4 0
6 =>6 5
6 4-5 4
6 3 3
6 <3 0]
3 =>3 5
3 2 4
3 1 3
3 0 0

Surface Type Rating
‘Relate design standard to surface type (asinoted in Iowa DOT records)..

To relate surface type code to design standard, refer to Table 3 pro-
-vided below. .

TABLE 3

Surface Type Codes

CODE . DESCRIPTION
| 7001, 7011 - P. C. Concrete
6202, 6901, 6902, 6903 Asphaltic Concrete
. . - 3210, 4221, 5223 : Surface Treatment
- » 2010, 2015 ' ' Gravel (granular)

0010, 1014 C Earth

Rate the road segment. (non-paved roads) as shown below.

DeSign Standard Actual Rating Score
Paved ‘ Paved . 5
Stabilized - Gravel or better 5

Stabilized Earth . ‘ 3




Passing Sight Distance Rating

Relate passing sight distance (at design speed) to alignment. Compute

"% of rated segment available by:
-determining total length/segment with restricted pass1ng, and
-computing the percent available, via the equation shown below.

% Available = 100[Segment length-restricted length(sum)]/Length

Determine rating score by selecting from Table 4 below, using the ap- -
propriate design standard and computed % Segment Available. (See re- -

‘,print of design standards, page 1l.)

TABLE 4

Safe Passing Sight Distance Score

Design Std.

7 8,10,13,16 9,11,12,14,15,17 18,20,21,23,24
91-100 5 5 5 5
81-90 4 5 5 5
71-80 4 4 4 5
61-70 3 4 4 4
51-60 3 3 3 4
41-50 2 3 3 3
31-40 1 2 2 3
21-30 0 1 1 2
- 0-20 0 0 0 0

. Horizontal Alignment (from Safety Evaluation)

Make no point deduction for any curve whose safe operating speed =>
Design Speed - 5 mph. Therefore, analysis 1is to be done only for
curves with safe operating speed at 10 mph or less than design speed.

Example: Road segment with Design Speed = 50 mph. Compute point de-~
ductions for curves with maximum. safe operating speed <= 40 mph.

The table below assumes that the appropriate superelevation exists on
each curve (not to exceed 0.08 foot per foot). For curves without ap-
"propriate superelevation, determine the maximum safe operating speed
'by driving through the curve. ' - -

MaxXimum Degree of Curve Des1gn Speed
11.5 : 40
16.0 35
23.0 30
33.0 25
50.0 . 20

‘Complete the Office Worksheet by recording ratings from the_Safety
‘Evaluation Worksheet and the Field Worksheet. '




FIELD WORKSHEET

Complete Part I. Road identification numbers are to be taken from the
Secondary Road County Engineer's Listing. Group according to width
data.

Complete the ratings for Part II. Use the Field Data Collection Guide
from the next page of these instructions. Make a copy and attach to
your clipboard.

Make notes on Hazards and Traffic Contfol Problems for the Safety
Evaluation. .

. SAFETY EVALUATION WORKSHEET

This worksheet should be completed, using office records and notes
from the Field Worksheet.

Part I is identical to Part I of the Field Worksheet.




TABLE 5

FIELD DATA COLLECTION GUIDE

NOTE: Use in judging the average condition throughout the road segment.

Rating
Criteria

General Descriptions

Excellent

Good

Fair

Poor

Foundation

No base failure.
Foreslopes in
excellent
condition.

Occasional base
failure, fully
correctable by
spot repairs.
No need for
extensive
rework.

Freguent base
failure, requiring
heavy maintenance.

~ Causes reduction in
speeds below design

speed. Candidate

for reconstruction.

Tolerable.

Severe base
failure over
all. Extreme
'wash-board!
condition.
Speeds reduced
significantly.
Needs rebuild.

Wearing
Surface

Satisfactory.
Smooth surface.
Routine grading
for granular
surface. No
surface failure.

Occasional spots

of surface
failure,
correctable by
normal maint.
Resurfacing not
absolutely
necessary.

Frequent spots of
surface failure,
correctable by
heavy maintenance.
Rough surfaces
cause reduction in
speed. Tolerable.

Severe surface
failure over
all/segment.
Resurfacing or
reconstruction
necessary.
Substantial
speed reduct.

Drainage

Satisfactory.
No silting,
scouring,
significant
erosion or
ponding.
Culverts are
adequate, in
good condition.

Heavy rains

cause occasional

ponding - some
silting or
scouring of
culverts,
requiring
maintenance.
Some problems
with slope of
crown.

Substantial ponding

during light rain.
Traffic problems
due to ponding,
rough or softened
surface or fnd.
Excessive costs of

maintenance of road

and/or drainage.
Costly corrections
or improvements
needed.

Tolerable.

Excessive
ponding, poor
drainage.
Problems not
correctable
through
maintenance.

Mainten
ance .
Economy

No expendituress
except routine.
Pavement patch
rarely needed.
Occasional

need for add'n
of gravel, but
not lge. amounts.
Earth road
regularly needs
blading, but no
real problem.

Some expenses,
not excessive.’
Some annual

patching needed.

Resurf/pvmt.
desirable, not
‘necessary. More

gravel desired,
not really
necessary. Spot
re-grading or
extra dragging
required.

Large expenditures
of money, material.

Much patching and
crack filling.
More gravel needed
continuously, or
annually. Road
candidate for
resurface/rebuild.
Special attention
needed on many
locations.,
Tolerable.

Lge. eXpenses
needed to keep
serviceable.
Great amt. of
patching, more
gravel needed
regularly.
Many spots
need much
regrading.
Needs
rebuilding.




Ride Smooth riding Minor roughness Noticeable Heavy
Quality at design speed of surface discomfort in cracking,
or above. causes little riding due to deep failures,
discomfort in surface roughness. obvious
riding. Occasional pvmt. instability.
Occasional cracking & failures Unsatisfactory
irregularities, require extensive riding
corrugations, patching. 'Wash- surface.
or channelling board' on gravel
causes driver to surface road
slow to below requires frequent
- design speed for grading. Tolerable.
short distances.
Snow No significant Occasional Frequent locations Drifting
. Problems drifting locations where drifting and/or snow
problems. where drifting a problem, but removal a
Roadbed above is a problem. no extremely recurring
surrounding Ditches still long drifting problem of
area, ditches wide and deep areas or places significance.
deep and wide enough to where very deep R-0-W width
for storage. accommodate drifts occur. inadequate to
most of the Some problems allow for
Snow. on ditch width or  ditches to be

depth. Roadbed
elevation
occasionally
inadequate.
Ditch may need
some extensive
maintenance to
clear silt or
vegetation.
Tolerable.

wide or deep
enough, or
extensive
grading needed
to raise the
roadbed and/or
improve
ditches.




FIELD WORKSHEET - Sufficiency Rating System

County Length miles Odometer-begin end

Local I.D. Std.

Road I.D. Nos.

Functional Class (circle) Trunk Trunk Collector Area Service

Record average condition over the rated road segment for each of the:
following rating criteria by circling the proper point score.

CRITERION RATING SCORES R o -
: Excellent Good Fair Poor :
Foundation ; é
.9 8 7 6 5 4 3 2 1 v
Wearing i _
Surface 9 8 7 6 5 4 3 2 1
Drainage '
i 8 7 6 5 4 3 2 1
Maintenance :
Economy ) 8 7 6 5 4 3 2 1
1

Subtotal - Condition and Maintenance Experience

Other field rated (or verified) scores.

Ride Quality

Snow Problems '
5 4 3 2 1

Total (Worksheet)

Notes on other field observations

Hazards Odometer Reading
Narrow drainage structure
R. R. X-ing @ grade w/0 signals
Poor Structure Approach (specify)
Other Fixed Structure Encroachment

Traffic Control Problems
Poor pavement markings (readability)
Warning sign distance ‘
Vision @uncontrolled intersection
Consistency/sign placement
Other

Other Notes:




SAFETY EVALUATION WORKSHEET - Sufficiency Rating System

County Length miles Odometer - begin end

Local I.D. Std.

Road I.D. Nos.

Functional Class (circle) Trunk Trunk Collector Area Service

Accidents (use data from past five years):

Property damage (Y,N). If yes, how many? X 1 point =
Personal injury (¥Y,N). If yes, how many? X 3 points=
Fatality (Y,N). If yes, how many? X 5 points=

Total Accident Points

Hazards (see field worksheet and County Engineer's Llstlng)
Structure (bridge or culv) restricts rdy. width (<20') X 2=
Poor structure approach alignment
R. R. X-ing @ grade without automatic signals
Other fixed structure extending onto roadbed
(10' from edge/pavement or onto roadbed)
Abrupt or severe grade changes
Combination of above. conditions
Other conditions (describe)

|

PR N><N
it

Total Hazard Points

Stopping Sight Distance Design Std.= SSSD= @ Design Speed
Single occurrences X 1 point/occurrence =
Multiple occurrences two X 2 points/occurrence =

three X 3 points/occurrence =
four X 4 points/occurrence =
Total SSD Points

Traffic Controls (see field worksheet) - record occurrences/segment
Poor pavement markings (readability) X2 =
Warning sign distance X 2 =
Vision ® uncontrolled intersection (non~crop) X 2 =
Consistency of sign placement ‘ X 2 =
Other X2 =

Total Traffic Control Points

Horizontal Alignment [Road design speed = mph ]

Compute point deductions based on the number of curves on the rated
road segment with design speeds @ least 10 mph less than the road

design speed. '
____curves @ 10 mph less than design speed X 1
____curves @ 15 mph less than design speed X 2
_ curves @ 20 mph less ‘than design speed X 3 .
Total Horizontal Alignment points

SAFETY EVALUATION TOTAL (total scores as noted below)
[Accident + Hazards + SSD + Traffic Controls + Horizontal Alignment]
Length (miles)

[ + + B + 1/L = » points




OFFICE WORKSHEET - Sufficiency Rating System

Cbunty Length miles Odometer-begin . end

Local I.D. . ' std.

Road 1I.D. Nos.

Functional Class (circle) Trunk Trunk Collector Area Service.

' BASIC DATA - Iowa DOT Records
Surface Type Width/surface ' Width/rdy ' ADT Yr

Number/R.R. X-ings Number/Structures

OFFICE RATING

Record the Design Standard (use functional class, ADT)
Compare rated road segment to design standards and score.

Pavement (roadbed) width: Design Std. ' Actual ' Rating_;_
- Shoulder width (paved): Design Std. ' Actual ' Rating.
Surface type (non-paved): Design Std. ~ Actual___ Rating
Passing sight distance: Design Std. = "Actual_____ Rating

WORKSHEET TOTAL (include only three ratings)

COMPOSITE RATING
The composite rating of the road segment is equal to the sum
of individual ratings from three (3) sheets. These are the:
Field Worksheet,
Safety Evaluation Worksheet, and
Office Worksheet (this sheet).

List the scores from each sheet below and record the composite
. score in the space provided. -

Field Worksheet + Safety Evaluation + Office Worksheet
COMPOSITE SCORE

Notes .on rating (include any remarks on critical needs):




Appendix D

FREQUENCIES




FREQUENCY DISTRIBUTION

FOUMDATION

i
|

", gt

Ay
[

g L
|

e ey —-—t e el p—4 o §

—_
| S
|
| ~
| R
} s
5-'-
o s
L2 =
e
F o
E = o« —
3
—
IR -

FHEL
|
|

5 - -

= ~

o N ;
e

- ka4
|
J
.

0 Ayt e T T T T T T T T T
WwT 20 i3 18 1718 15814 1312 11 10 G 8 7 os 5 4 3 Z 1

WEIGHTED RAME




i,
N
——
- _.._.”_
I ", -,
RN S T
*
S
.. ’,,
s, "
RORIN SR g
. Y
. o | Y
s, ", 3 e
e i T
AR B
"
"
T L
3 ", ", J ", froeee
e
- o
y— L
T B
L T TN e
K ™ Kne Rt
O -
v... " , ..... h ", ) 0 ’ O
e . ) —
", , , ", D ORI ", " T}
, ) ., s (! ), ., t T, t oy oo
L Wy ] T et
.. ", . ", ) .... .., ) ", s ..... ", ", ) ", ", Y ) s L. .. _”._..H_
™, Y, s, 0 ...... , ", ), t s, ", ", L ) W Y, ., -
T T s A R W v B o
J ] 1 s, \, s ", ", 0 s ™, ", s, 0 ., Y B R N
) J s, ) ) ., ", D) oW, ) “, s, ., , ", ", Cund
1, 1, W, s, 1, ., ™
T T )
T T T T
», a, ", ", 0 ", 4, ", ", *, V.
R T T e e A S 1
", J " J ", s, J J ..... 0 ) ) A, ", (% ", (] 0 2 i
1 L ) . L3 . * 1, ‘1 9, 1 . L) 1 i) L L 9, ™
Y, ", s, (N s, s, ", ", 1, v, s, s, s, 0, s, ", ‘s ., ]
) 0 ", Y 0 *u, s o, y s . Y ...... ) *, ", .... " ., [ _.|..l_
Wty 3 ™ W e e, I}
_w'
] i | | I ] i I | ]

AR




FREGVIETTY

L+l

3

(%

C T -._.-" | B L -
sHOULDER
o
.-'... .
-‘-.‘
-'-.-
-"-
A 1 ’ ;
: p -
P =
o b ~ - -
- .-'.. = ’ -
& o -
A . ~ # ! e
-~ - = P T . -~ - 5 =
g ~ .-"-' & a ; <~ ’ o
~ o - b -~ s - -
K a .-"-. R -~ E -~ -~
. B P A1 = -~ -
= ~ - -~ - o = =
~ o - o e = 3 - o ~ E
o - -.‘ - rd _.'"-. & -~ - g o -
A T TP . A -~ 3 T
- " =~ i ..l'..- i ’
.'i"-. . '_-' . .-"'
.-"-. o -"‘-: 4 1 i _. .-’... " - -
o '-.. "-'.‘-' v '... nd .-' . .-. <
- - - -~ -~ 5 = - .-.‘,-' R =
i 1 i i | | T
i e 4 — - 4= 4= p -
WwWT 20 192 18 17 149 15 4 =




E

=
-

DRAINA

11

ADREMD I

[l

i

WE




LIFE

-

., .,
. T o
), )
", ..... .
s,
.. -. 3
. ",
. e, o o
3, )
5 LN
-, ., "\
v, t, o
", 1, L
. ..... k ", 2
.. ) s -
1, ) K
.-. .-. .
.- " - -.. rmeen
. ! . Y
s, .,
.-. -. .,
o . . ,
.. . . o |
1, 4,
0N 0) ) ) )
.-- --.. ..-.. b ., A v,
. I, ", Y ) s
., S o "y 0y
s ", 5, 2, T, ., N, .,
", " " 0 ..... ..... %
", ", Y, ", h ", ", ", ’
.. ",
oy foem
3 ", ", s, ", . ", o ", “,, L, oo,
3 ", ", . s ", ", ", J 3 ", ‘., 'R e
3 s 0 ", ", ", ", ) , ™, - ", “1, ",
.—- ’, ..,
., 3 ., o |
. L "
" K S
5 ) s ", ", ", ", ) s, ", “,, .._.. . .....
. ", ", ", ..... s ", s s ", ..... ..... R et
' s d " e, t s ", 0 “, - , “,
", ™, ., n, ., .
", ...-. ...-. - ..... —
7.... "y, “, Y, "
", 't s ) A, N, ", s, .. ', 0 ", ", ", ",
s ", . N, R A T ) 3 3 s -, ", o o
™ "y . , ", " W o, , ", " “, ", o, (
", N, 0 ", ., ", ", . .
™, “r, 0 ", ", ..... L A
", , s, ", - ", -, ", .
.. . ", . ., ., . * ., *, Y .
. ", 0 ", ", ", ", . J g ", ", ), . ", " K L
., s ", ) 3 ", I, 0 ), d , . ", , . . 1
" J D s s, ) “y "y ), s, () M ' "y K y
., ", ., ..
o I, . ..... —
o, o, ",
. - - oo . e .. e
D7) KA - i Y =t I £ ™ ]

AREMDHES

..
il

Pl




FREQUENCY DISTRIBUTION

MAIMTEMAMCE ECOMNOMY

oy

Pyt
Pl
Lo
—
3=
[

 FREQLIENS
i

a
- T
ind &
. .'-'
- g - & < i
o - & ) &~
- & :
Py
d y L -
-'-1— -3 .-'-: r - d
% 1§ o -
...F‘ r - s
. -~ y 3 " & o
. - i e
P g ~ 3 .__. ~ A F 7 o S . -
~ = < _..-*. o g ',.-'. '._.-"
d ) ] e i . - o ¥ g: = %' )_.'; 2 e T P o r - = Va
— - P ~ - p y iR ARy . ! ,i e Py
e I S S I R S B LA B SR B R S T T T
= = = 9 = i T4 o Mo = 7 = =, : z i
¥T 20 19 18 1 s 1514 1312 11 10 5 = ! g 5 4 3 Z 1




1 .......... . - g

| ) "
-
., _.......... Y

- k., - % ..4
o
¥ ) L - 10}
_ - KLl
-—
. D — ) ) ", \ 0

(v — [
LI

_.lll ., .. ..... R . ...... y .. ", o _— H..r.....
{7 >
= i _n._ 5

PAVEMERMT WIDTH
T
11
=

g ) o~
— _ ), %, .. ", ', s, 1, I, 1, ) ", 0, e, , ., 1, L.d
( 0 ". 0 . . .. _
", . W e A
i .. ., ", Y, ", ", LY Py
- Y t Y ) ", Y " 0 ) T -
Y —
1) U o 2 gy bl
P s, s, 1, s ", W, ) ", 'R ot M ..mu...
B 2 ", , ", =, “r, ", X - .
0 . O ", ) ) 0 0 0 0 .
ra TR
. s, 0 , ', , ", s, s, s, ,
— — _ , 3 ) ) , ) g ) 3 —
J— 3 . T, . . 3 . , . A ", ", w7
| ._ %, 3 ", DR W W} ] ", A N ", ' 0 . J o, ", ) s, e
"y , ", 0 ", s ", ., ", ", ", ", 1 ", ", ", ", " ", ", g ", ", -
Y o 0
{4 | B
S !
— ) Lo
L] ; : —1 r
", ", ", s, ", 0 o, D) s, ==
™ o ", W , ", K ", , " ", , ™

3 . - .
. . . %0 b Li
e e e e el ey )
\w (- .f- L) 't T
0 " —
o -.... ", s, ", ", ..... ", ", -, *ll_
™, A T T T ) 3 e -
. . s I}

AZMNAMDEEA




ioDTH

o

HLDER

o

3 ™, ",
N
T
v, LS
. ) -
S
, ",
- i
O
e s, -,
T S
A, s,
g . ) _ ) 0 .
b, . L v, LR I
L s, 1, -.. .-.r- 1, .f -; ous!
) ) ) ) ) ) )
» s ", ", ", ", 0 ., ", ", ", ", 0 s ", et
L . N, ) N, 0 ) s, . ", AR S v itiee
". ) ) ", , ) ", ", 0 -, s ", ", ( ", - el
ol
", 0 1, , D 0 . ", 0 I, 1, I, ~||_ =4
. ) s ", ., ", s, “, ' t ", 0 1, f e
. " " " K ) " " 2 i) 1 Y, ¥
s, ", ", ", , ", 0 X, 0 T, s M, s , s g foe _ n .._
0, U L} ., 1, ", 0, 1, ., 1, 1, ", 1, 3, s, i et —l

-

D " . J ‘. s ) 3 0 0 D 3 D " T IR} _n_l_
0 s ", 0 ", ", 0 s ", 3 t 0 ..... ", ", A ‘ xmm..
0 0 W, ", ", ", ) 1, ", d , 1, R ", ), b St -
), h . . 0 ) 0 i, ) 0 ", . d 0 ' ..
", 0 ", , J , ", ", », 0 ., ", , ", ",
", s, 0 3 ", J ", s 0 , () ", ) ) | T
L e e M M b uwl
.... 2 , ., s ..... , i *
T T T T T
) T . ) ) DA DO £
", 0 , , ", ", ", ..... —
", s, , s, s 0 1, ", *, 1, T
) ) 3 " . 3 5 -,
. ) r
. ) 0 ) ) )
) ", , ] v, s bl
) ) ", ", ", ) ™, o, , ) ) ) s, i Wl
", ), s N, s, ", s, s, "1, ", s s, ", ", . g .“_(
", ", 0 ", ™, ", ", ", s ", "1, ", ", ", s e
0 g 0 R D) e
R
", s 0 " ", N, s s -
) s ) . ORI ) T
3 -
0 ", : ", -, _Il_
) , J N .

ASEMDEHA




g s e

AL

.F'__'x-

sHT —4

-

Rlf

N A g 3
"y ", 0 ", s ", . s
T T U Y el
J 1 J ..- I 4 ._
s ", ", ", ", s, s, ", ", "
I, ] J O ) ) ) ) Y,
) ) ) W o () i i ) 8 W i ) 08 %
. 3 o . . 6, ) ) W ) ] k
1 1J J l- 1 ] .'- .- s, 1, s, I- L3 1, "
1, ',
Y b
N
", ", 0 ", ", ", ", Y, ", ", ., ,
K t J s N, s, J J Y, ", ", RN W T
", ", 0 o, "1, s i 0 ', s h, —.._
" 0y
N T
..- 1}
s, s, ", ", s . ..,
T T T T S
. . 3 , e, )
3 e .... .... s .. _... ]
] ) ST 3 ) L.
1 1 . ..- 13 L 1 4
N, », s 0 ., 0 ", ", Y ) s s 0 d . e
T T T T T T W T S
1 " e ] \ ) o ] " ) 1 ) ] o ey
il
., ..... ..... ..... ...... ..... ..... ..... ...... ., ..... ..... ..... ...... ..... fooans .
‘_...-I ..... ..... ..... ._.... ..... ...... ...... ._.... ..... ...... ...... ..,... ..... ..... ", . —..\_H..
", ..... ...‘. ..... ..... ..... ..... ...... ..... ..... ..... . ..... ..... ..... ..... .-... ..... ..... ...... ..... g —.!..u
R T T e e e T Y T e L L Y T W W W |
", o, ) ) . ) ) v . ) ) " ) ) ) ) ; - _||.
T T A N A T A A N i - U
3 L] L} " 1, i) s, ", 1] “s, "y 1 Tt
R I
1, 1, 1, i, 1, . ., N, T, 3 e - e
R T T T ™ o
i, 0 i.. ", . ..x._.
) " ..... s (O
N N T N —
" 1 ' D %, ® (]
.... s ", ] ", ", ., 3 aall
" ", . , 0 0 s Rt
A
) J ..... ", ", s, , b o
NN -
', 1, 4, [ A el
. ", , ", " el
T, 1, ), s, o, B, o N
o ey | D
0 , " , ", ', oy e
DY ]
i3
o

(] [~ (o T A £ — -

RV RIEE




LVETCT

lw,

B

FREQUENCY DISTRIBUTION
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FREQUENCY DISTRIBUTION

MARPROVEMENT CONTIMUTY
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FREQUENCY DISTRIBUTION

RIDE QUALITY
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DESIGN STANDARDS
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Del Norte County Rural Highway Design Standards .

Average Daily Traffic under 25 2510 100 100 to 400

Surface Type graveled, graded gravel or - . bit. surface
and drained crushed stone - treatment
Terrain ’ : flat roll. mtn. flat roll. mtn. flat roll. mtn.
besign Speed ................. 35 30 25 45 35 25 - 5b 45 35
Curvature, Max. Deg. ............ 18 " 25 36 11 18 36 ‘ 7 11~ 18
Gradient, Max. % .............. 6 12 15 5 7 12 5 7 9
Stopping Sight Dist: ........... . 240 200 165 - 315 240 165 415 315 240
Surface Width . ... ............. 20 20 ‘(a) 20 ‘20 20 22 22 22
Shoulder Width ................ ; 2 2 (a) 4 3 2 5 4 3.
R/IWWidth ................... : 50 50 50 50 50 50 60 60 60
Average Daily Traffic 400to0 1,000 1,000 to 2,000 2,000 and up
Surface Type mix bit., mixed bit., plant-mix bit.,
114-in: minimum 2-in. minimum 3-in. minimum
Terrain ) ' flat  roll. mtn. flat roll.  mtn. flat roll. mtn.
Design Speed ................. 60 50 40 60 50 40 60 60 50
Curvature, Max. Deg. ............ 6 9 14 : 6 9 14 6 6 9
Gradient, Max. % .............. 5 6 7 5 6 7 4 5 6
Stopping Sight Dist. ............ 475 350 275 . 475 350 275 475 475 350
Surface Width . ................ 24 24 24 ) . 24 24 24 24 24 - 24
Shoulder Width ................ -6 6 4 8 8 6 8 8 6
R/W Width ... .. .. e e 60 60 60 60 80 100 80 80 100

(a) Graded width of 14 ft. and turnouts.
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Design Standards for Five Traffic Groups

Design Feature

Right of Way Width
Roadbed Width (feet)
Surface Width (feet)

Radii (feet)

Grade (percent)

Stopping Sight
Distance (feet)

Design Speed (mph)

Width (feet)

Design Loading

Terrain

50

Average Daily Tratfic

50 to
100

100 to
400

DESIGN STANDARDS FOR ROADS

Flat
Rolling
Mountdainous

Flat
Rolling
Mountainous

Flat
Rolling
Mountainous

Flat
Roiling
Mountainous

Flat
Rolling
Mountainous

40

24
24
24

16

400
250
100

7
12
15

275

250

125

40
30
20

18

H-10

50

28
26
24

20

400
250
100

6
8
12

350
275
200

45
35
25

24

H-12'2

60

30
28
26

22

650
450
250

6
8
10

375
300
225

50
40
30

DESIGN STANDARDS FOR BRIDGES

26

H-15

400 to
1000

80

34
30
28

24

800
525
325

400
325
250

55
45
35

26

H-20

1000 to
4000

40
38 -
34

24

1000
750
525

550
425
300

65
55
45

28

H-20

Average Daily
Traffic

1000 - 4000 ....

Pavement Section Standards

Section

.40-ft. compacted subgrade; 6-in. by 31-ft. Class C

CTB_ or equivalent rock base; 2V5-in. by 24-ft. PMS;
2%-in, by 3-ft. PMS tapered shoulders.

.« +34-ft. compacted subgrade; 4-in, Class C CTB base;
2-in. by 24-ft. RMS; 2-ft. BST shoulders.

.+ +30-ft. compacted subgrade; stabilized base where re-
quired; 2-in. by 20-ft. BST.

.+ » 28-ft. compacted subgrade; 2-in. by 20 ft. BST.

...24-ft. compacted subgrade; 2-in. by 16-ft. BST.

County Engineer's Association of California
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DESIGN POLfCIES FOR RURAL COUNTY ROADS IN INDIANA THE JOINT HIGHWAY
RESEARCH PROJECT PURDUE UNIVERSITY—1954

Road classification

Local service

County secondary

County primary

Hourly traffic volume

(vehic./30th highest hr.) 1-15 16-62 63-139
Average daily traffic volume . _ »
(veh./day) 1-99 100-399 400-999
Minimum Desirable Minimum Desirable Minimum l Desirable
Designi speed (miles/hour)
evel............ 35 50 40 60 50 65
Rolling.......... 30 45 35 50 45 55
Hilly. ... oo 25 35 .30 40 40 45
Pavement type Min. 5” | Min. 8” | Min. 8” t Min. 12”7 | Pavement Pavement
crushed crushed crushed er. st. or on stabi- on stabi-
stone or stone or stone or gr. (stabi- | - lized base lized base
gravel gravel gravel lized .
where
over 200
VPD)
Minium width (feet)
Rt.ofway................couh. 40 60 50 80 60 100
Shoulder......................... 4 5 5 6 6 8
Surface.......................... 16 18 18 20 22 24
Min. sight distance (ft.)
Stopping
Level. ..ol 240 350 275 475 350 540
Rolling.........cooovvvvin.... 200 315 240 350 315 415
Hilly. . ... i 165 240 200 275 275 315
Passing
Level. ... ..., 700 1400 900 2100 1400 2500
Rolling......coovvviiiinaia... 500 1150 700 1400 1150 1750
Hillly......cooviiiiiiiiin.t. 300 700 500 900 900 1150
Degrf: and radius of sharpest curve
Tevel.....ooiiiiiiiiiiiiiinen. 18° (318) 9° (637) 14° (409) 6° (955) 9° (637) 5° (1146)
Rolling............ciiiina... 25° (229) 11° (521) 18° (318) 9° (637) 11° (521) 7° (819)
Hilly. ... i 36° (159) 18° (318) 25° (229) 14° (409) 14° (409) 11° (521)
Maximum gradient (percent)
evel ... . ... iiiiiiee.. 10 7 8 6 7 6
Rolling.......cooviiviinninnnn... 10 8 10 7 8 7
Hilly. oo oeii e iea e 12 10 10 8 8 8
Struct.
Width (feet).........vieninnnnns 18 22 20 24 24 28
Loading.....ccvevviiiiinennannn.. 10T 15T 10T 15T 15T 20T
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. IOWA STATE HIGHWAY COMMISSION
FARM-TO-MARKET ROAD DESIGN STANDARDS,' JANUARY 1, 1960

Annual Average Daily Traffic

‘ —
Design Control Under 100 100 - 400 400 - 1,000

Min. { Recom. | Min. Recom, Min. Recom.
Stand. Stand. Stand. Stand. | Stand. Stand.

Design speed (mph):

Flat topography : 40 50 50 55 50 | 60

Rolling topography 30 40 40 45 " 40 50

Mountainous topography - 20 30 30 35 30 40
Sharpest curve (deg): -

Flat topography 14 9 9 T 9 6

Rolling topography 2% 14 14 11 14 9

Mountainous topography 25 25 . 25 18 25 14
Maximum gradient (%): .

Flat topography 8 | 5 7 5 T 5

Rolling topography 12 7 8 7 8 6

Mountainous topography ) 15 10 10 9 10 (
Non-passing sight distance (ft): )

Flat topography® 350 350 350 415 350 4175

Rolling topography® o} 275 275 275 315 275 350

Mountainous topography® 200 200 200 240 200 275
Dimensions of road (ft):

Width of roadbed ' 22 28 24 34 30 36

Width of roadway surfacing 20 20 - — —_ —_

Width of pavement, A. C. conc.f‘ 22 22 22 24 22 24

* Width of pavement, P. C. conc. 20 20 20 o 22 22 24
Roadway top, shoulder-to- shoulder® 22 28 22° 30 28% 32

Thickness of pavement (in.)

P. C. conc. pavement 6 6 6 6 6 8
Flexible base pavement’ 8 8 8 8 8 8
Depth of ditch (ft) : ' 3 3 3 3 3 3
Width of ditch bottom (ft): 6 6 6 6 6 6
Slope of foreslopes:
In cuts: ,
Not steeper than 2:1 2:1 2:1 2:1 2:1 2:1
Not flatter than 3:1 3: 3:1 3:1 3:1 3:1
In fills, over 5 ft (not steeper than):
Traffic less than 100 vpd 1.5:1 1.5:1 1.5:1 1.5:1 1,.5:1 1.5:1
Traffic more than 100 vpd 2:1 2:1 2:1 2:1 2:1 2:1
Slope of backslopes .
In cuts 1.5:1 1.5:1 1.5:1 1.5:1 1.5:1 1.5:1
Width of right-of-way (ft) 66 80 66 | 80-120 66 | 80-120
1Bridge design data omitted. - ' .

2When pavements are anticipated to be constructed on roads hav:.ng less than 100 vpd, use the

standards for traffic 100-LOO except that the roadbed width shall be not less than 28 ft. -

3Tn no case shall the passing sight distance be less than 250 ft. )
4Bridge width minimum of 24 ft or 4 ft more than approach pavement mdth.
RFWhen pavement is constructed in stages, widths will be increased so that when pavement is

completed the finished shoulder-to-shoulder width will comply to these standards.
#For traffic volumes exceeding 750 vpd, minimum L-ft shoulders will be required each side of

the finished pavement; shoulders shall be let at the same time as the paving project.
?General note,---Grading or base projects let prior to Jan. 1, 1960, and meeting the require- .
ments of the ISHC, Feb, 1, 1954, Farm-to-Market Standards, will be considered for a higher :
type surfacing improvement without full compliance with these standards.,
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BASIC GEOMETRIC DESIGN CRITERIA

THESE- BAS/C GEOMETRIC DESIGN CRITERIA

T KENTUCKY DEPARTMENT OF HIGHWAYS

ANY DEVIATION FROM

ARE BASED ON 7HE LEVEL OF SERV/CE' CO/VCEP?'
THE DES/RED LEVEL OF SERV/ICE RECOMMENDED BY THE DEPARIMENT WiLl BE USED WITH THE
APPROPRIATE ATTACHED JABLES /N SELECT/ION OF DES/GN CRITER/A
THESE CRITER/IA MUST 88 APPROVED By THE CENTRAL OFF/CE-.

MAXIMUM DI/STANCE

HIGHWAY cLAss | G { S | < [ 4 | f2_ l /
TRAFFIC (y | CURRENT ADT |CURRENTA.DT | CURRENT A.D.T. | CURRENT A.D.T. | DH.V. 200-9/0 | DA V. G50 -UP
- YOLUME 0 -/00 /00 - 250 | UNDER 400 (@) | <400 -743 (A0 /500-700Q1) (A.DT- 5000-UBl,
DESIGN DESIGN SPEED WILL BE 30 40 40 40
SPEED. CONTROLLED By THE HOR- %9 29 gg 50
P H. o
(MPH) JZONTAL § VERTICAL ALIGNVIENTS Zo 70 S o
gg p 29, 2 22 /N/r/}«{“lz’TAﬁAgEnAf/rrH
PAVEMENT  s50MmPH 16’ 18’ ' ‘;’3' ‘2"§ 24 4-LANES ULTIMATE OR
-WIDTH - GO MPH 22 22 . 24 @ OR MORE LANE-S J
70 MPH = 24 24 INITIAL DEPENDING ON DKV
MINIMUM : ; p - : ,
SHOULDER WIDTH ' 2 3 4 G /2 SPECIAL DESIGN
O MPH 28" - —
Roasoes 5:: 20 . 3 z
. ¢ 3 /
WIDTH |, GoMra | 24 28 34 o SPECIAL DESIGN
70 MPH - JG A 48
y : . : , . y . { 8@ gLl 40 MPH 8@ £/ L0 MPH,
,D/TCHW/DﬂlﬁsSéOPE o e 37 3 e3:/ GQ“ / s @&/ 188G SO-7OMPH | /8@ G:7 50-70 MpPH.
EARTH CUT  UNDER 4 1:1 1:) 4:/ 4:7 4:/ 4:7
SLOPE RATIO OVER 4 1:1 1:7 S 2:0 2:/ 2:7 2:1
FILL SLOPE U~NDER /0’ 1 o1 z /7 < 7 + 5/ G:72 £ 4£-7 G/ £ F/
. AT70 70° 70 20' %2 ) 2 /7 2 : 7 Z:/ 2:7 oe L/ 2/ o€ HL:/
@R ovee zo' v R 2 :/ 2 -/ 27 27 2/
RIGHT OF. WAY 7he neces:ary width needed for construckon ond Propar mainfenance of entire rosowsay sectiorr.
MAX I AMUAS 30 MPH : 25.0 - =
cuzvnn_t/_f&) '_;8 MI;Z 56 36" -\ /gg lg g /83; /éa:_-
(/N DEGREES, M . .
(8560 on Super - GOMPH 55 5.5 55 5.5
) e_/era/bta_z;)or)w e of TOMPH —_ _ 4.0 £.0 L O
M PH. T MRH_ . MPH MPH.
MA.XIMUM . TERRAIN 30 40 50 Go 40 S0 GO 70 | 40 SO0 60 7o 10 SO GO 70
GRADE (@) LEYVEL 14 /12 47: .; 4 z g ; :: :Z s £ 3 3 s 4 3 3
ROLLING 5 B . G 5 £ 4 5 P &£
| (IN PERCENT)  proynmam 2 8 7 6 8 7 G -1 s 7 ¢ - 2 7 6 -
| MINIMUM 30 mPH ' - 200! et , s
40 MPH 275 275 275, 275
glrg;,;/ NG D 49 MPH 27 350 350’ 350’
GO AMPH 475" 475 475 475
DI.STANCE' ‘ 70 MPH = GOO’ . 60O’ GO0’
- 30 MPH 100’ . T = IF 2-LANES INIT/AL
%ggé%%ﬁl. Vv ¢5oo' /500" /500 THEN SAME AS CLASS
SIGHT SO Miow 1800 /2?38' éggg, _ 2. IF 4-LANES WITIAL
GO Av . .
DISTANCE 79MPH 2/:30 ‘ o 2500 2500° THEN /VOI‘/VECEJ&QRV
. 25 M/LES - - 20 AMILES | /OM/LE/F 2'4A/V£‘

. L0 MILES




FARM TO MARKET DESIGN GUIDES
ACCEPTABLE VALUES FOR NEW OR RECONSTRUCTED RURAL SECOGNDARY RCADS

THESE FARM TO MARKET DESIGN GUIDES ARE PRESENTED FOR THE DESIGN OF ROADS ON THE TRUNK AND TRUNK COLLECTOR SYSTEMS, COUNTIES MAY ALSO USE THESE FOR
ROADS ON THE AREA SERVICE SYSTEM FACH DESIGN ELEMENT OF EACH PROJECT SHOULD BE MEASURED AGAINST THE HIGHEST STANDARD PRACTICABLE AND
ECONOMICALLY JUSTIFIED. VALUES BELOW THOSE SHOWN ON THIS TABLE WILL BE CONSIDERED ON A PROJECT BY PROJECT BASIS, PROVIDED THAT EACH EXCEPTION IS
JUSTIFIED TO THE DISTRICT ENGINEER. IN NO CASE SHALL THE DESIGN CRITERIA BE LESS THAN THOSE SET OUT IN THE “GEOMETRIC DESIGN GUIDES FOR LOCAL ROADS AND
STREETS, PART 1-RURAL, AASHTO"”, CURRENT EDITION.

DESIGN ELEMENTS FUNCTIONAL CLASSIFICATION
VALUES SHOWN ARE SUGGESTED
GUIDES ONLY., EACH PROJECT IM-
PROVEMENT MUST BE ANALYZED
ON ITS OWN MERITS AND
FEATURES. TRUNK OR TRUNK COLLECTOR (OR AREA SERVICE)
: PAVED ROADWAY NON-PAVED ROADWAY

ADT-Design Year (In 20 yrs) (1) 2000 to 1000 1000 to 400 400 to 100 400 to 100 Less than 100

-Current Yr. (After Completion) Over 750 750 to 250 250 1o 50 250 to 50 Less than 50
Terrain 2) FLAT | ROLLING [HILLY | FLAT ; ROLLING | HILLY | FLAT | ROLLING [ HILLY { FLAT | ROLLING [HILLY | FLAT | ROLLING |HILLY
Design Speed MPH 60 55 50 55 50 45 50 45 40 50 45 -40 45 40 35
Stopping Sight Distance ft 475 425 350 425 350 325 350 325 275 350 . 325 275 325 275 238
Maximum Curvature (3) Degrees 5 6 7 6 7 9 7 9 12 7 9 12 Q 12 17
Maximum Gradient (4) % ’ 5 6 7 6 6 8 6 7 9 6 . 7 9 6 8 10
Pavement Width ft 24 24 24 22 22 22 22 22 22 NA NA NA NA NA | NA
Surfacing Width-Granular ft NA NA NA NA NA NA NA NA NA 20 20 20. 20 20 20
Shoulder Width 1 8 8 8 6 6 6 4 4 4 4 4 4 3 3 3
Roadway Top Width ) ft 40 40 A0 34 34 34 30 30 30 28 28 28 26 26 26
Bridge Width-New (5) ft 40 40 40 30 30 30 30 30 30 24 24 24 24 24 24
Design Loading HS-20 HS-20 | HS-20 | *H-20 - °H-20 | *H-20 H-20 H.20{ H-20 H-15 H-15 H-15 H-15 H-15 H-15
Foreslope 4:1 4:1 q:1 31 31 3:1 31 31 3:1 21 2:1 2:1 2:1 2:1 2:1
Norma! Minimum Diich 5x10 5x10 | 5x10 3x6 3x6 3x6 3x6 3x6 3Ix6 3x6 3x6 3x6 3x6 3x6 3x6
Specia! Ditch at Construction 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 - 2x4 2x4 2x4 2x4 2x4
Bridge Width-Existing fi 24 24 24 24 24 24 24 24 24 [ - 20 20 20 1. 20 20 20
Acceptable Loading H.15 H-15 H-15 | H-15 H-15 H-15 H-15 H-15{ H-15 | H-15 H-15 H-15 | H-15 H-15 H.15
Clearance to Obstructions i

From edge of Surfacing ft 30 30 30 16 16 16 14 14 14 10 10 10 10 10 10

IN CASE OF CONFLICT BETWEEN DESIGN YEAR ADT AND CURRENT YEAR ADT, USE THE HIGHER VALUES
GENERAL NOTES:

. Over 2,000 ADT (Design Year), Use Arterial Connector Values

. Use "Hilly Terrain” designation only upon concurrence by the District Engineer

. Horizontal Curves shall have a minimum length ot 500 feet

Maximum Gradient may be steepened by 1% for short distances

. i over 100 1t long, may be pavement width plus 6 feet .

*Over 400 ADT (Current Year), Use HS-20 Loading ) i LATEST REVISION DATE: February 1979

<




