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Chapter I

RESEARCH PROCEDURE

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

1. County engineers currently use at least a limited set
of decision c¢riteria to make decisions regarding
project priorities.

2. Some degree of consensus 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 guestionnaire was 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 rating system.
State and lecal jurisdictions from other states were also
surveyed to determine the status of the use of sufficiency
rating systems for secondary roads outside of Iowa and to

gather some applicable data.



1.1 SURVEY DESIGN

Data used in this study were responses from questionnaires
sent out to county engineers from all 99 counties in Iowa
plus a total of nine sent to engineers in the Planning Divi-
sion and Local Systems offices of +the Iowa Department of
Transpoftation. All county engineers were contacted by
telephone before! the queétionnaire was mailed and provided

a brief explanation of the purpcse of the gquestionnaire.

1.2 QUESTIONNAIRE

The purp&se of the questionnaire was to determine whether
any degree of consensus exists among the county 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 thelr relative weights for use in a proposed sufficiency
rating system for county roads.

The rating criteria list included in the gquestionnaire
represented a composite list of criteria used by twelve
states currently - using sufficiency rating systems. They
were arranged by the categories of conditign, safety,? and
service. Two lists of the c¢riteria were provided in the

questionnaire, one for roads with the functional classifica-

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

2 These were the categories first used in the Arizona rating
system and alsc used in most rating systems developed
since that time.
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tion of either trunk or trunk collector, and cne for roads
classified as area service.® It was anticipated that county
engineers would sﬁow different preferences of .rating Crim-
teria for the different functional classes.

Cne additional element was included in the questionnaire.
Most systems developed to date have grouped the rating cri-
teria inte the categories of Condition, Safety, and Service.
Each respondent was asked to place the categories in rank
order first and then to designate how +they perceived their
relative importance by inclusion of a weighting factor.?

This portion 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 weighting of the
rating categories might prove useful in identifying the most
appropriate criteria to use. A copy of the questionnaire is
included in Appendix A. A brief description of each of the
rating elements was enclosed with the questionnaire to aid
the respondents in completing it. A copy of the description

follows the questionnaire in Appendix A.

® 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 categories, ranging from nine (9) to as
low as one (1).



1.3 SURVEY - OTHER STATES

It was anticipated that surficiency rating systems miéht al-
ready be in use for evaluating secondary roads. A review of
literature identified such systems in California, Indiana,
Michigan, and Kentucky. These states were added to a list
of othef states using sufficiency rating systems and all
were contacted for information regarding any rating system
for secondary roads in use. The local jurisdictions were

alao contacted for information on their systems.

1.4 THE QUESTIONNAIRE - OTHER STATES

A brief questionnaire was developed in order to assure com-~
pleteness of information and administered by means of a
telephone interview. The first contact made was with a
state highway official, generally the local systems engineer
or state-aid engineer. A copy of the questionnaire that was
used has been enclosed in Appendix B.

The initial guestion posed to the respondent was to de-
termine whether a numerical evaluation system (sufficiency
rating or other similar system) was in use in that state to
pricritize secondary road projects for planhing and/or budg-
eting. If the answer was affirmative, then additicnal gques-
tlions were asked to determine:

1. who used the system (state or local jurisdiction),

2. who gathered the data for the system and how, and

3. what the data socurces were.
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If a local jurisdiction used the rating system, the appro-
priate icocal official was contacted to ascertain;

1. how it is uéed,

2. whether the state had access to the results,

3. whether the state used the results in any way, and

4. if so, how.

A reguest 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 prove to be useful in the development of a
new rating system.

There were three additional questions included in the
state survevy. They are listed below, along with brief ex-
planations of their purpose.

1. Who has jurisdiction over secondary vroads in that

state? If the state has jurisdiction, the appropri-
‘ate administrator wés contacted for further informa-
tion.

2. Is there any attempt to formally evaluate the surface
condition of non-paved roads? If so, an attempt was
made to get details. There is a serious shortage of
information regarding this important part of suffi-
ciency rating systems.

3. What design standards are used for secondary road de-
sign? If a local standard is used, a copy was re-

gquested. One question that needs to be addressed in
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this study is "what 1s sufficient?" and does this
standard apply egually 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 svstem for secondary roads in Iowa. Experience that
has beeh gained by other jurisdictions in the application of

their system(s) could make the new system easier to develop

and easier to use.

1.5 DEVELOPMENT OF MCDEL

Resultsvof the county engineers survey were used to develop
a model which could be used to 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 Local Systems Department
of the Iowa DOT. Suggestions made by the committee were in-
corporated into the model's final form.

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

1. a complete description of the model and instructions

on its use,

2. suggestions on ﬁow the necessary data for use with

the model might be gathered, and

3. appropriate sample forms which could be used with the

model.

A sample of the package hés been enclosed in Appendix C.



1.6 TRIAL RUN OF SYSTEM

A limited number of rocad segments were evaluated to provide
an abbreviated triél run of the model and sample.forms. ‘The
roads evaluated were located in a central Iowa county and
ranged from a heavily traveled trunk rcad te licghtly used
area service roads. The sample was chosen with the expecta-
tion that the sufficiency ratings for these roads would en-
compass scores ranging from excellent to scores suggesting
critical needs.

Minor changes were made in the model and evaluation forns
based on the trial run. The revised model and forms were
then utilized in a more extensive test of the model in an-

other Iowa county. This 'more extensive test' is described

in the next section.

1.7  PILOT TEST

A second county in lowa was chosen for a more extensive test
of the model and rating forms prepared for use with the mod-
el. A sample of about 20 percent of the county's secondary
roads were rated and the results used to derive the final

form of the model and rating forms recommended in this

project report.



Chapter II

DATA ANALYSIS

2.1 QUESTIONNAIRE RESPONSE - COUNTY ENGINEERS SURVEY

A total of 108 questionnaires were malled to county engi-
neers and engineerg from the Iowa DOT. Of these 108, 71
were completed and returned, providing a return rate of 67
percent . The 71 received included 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 lowa,
showing the political boundaries of the 99 counties, is
shown on the next page. Responses were received 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 questicnnaires. In addition, most rural

sections of the state are well represented.

2.2 ADVISORY COMMITTEE REVIEW

The completed questicnnaires were examined to determine the
existence of any consensus among the respondents in the form
of preference for a given set of rating criteria. A rough
draft of the initial findings and recommendations was pre-

sented to the advisory committee for review. The committee
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consisted of courty engineers from four (4} counties and an
engineer from the Office of Local Systems of the Iowa DOT.

The function cfﬂthis committee was to review the material
presented and to provide comments. Suggestions emerging
from this review were incorporated into the final form of
the model, and outlined later in this report. This final
form will be tested on actual road segments fTo determine
their 'sufficiency'.

A draft of the proposed system to be used in 'scaling'
the rating elements was alsc presented to the committee.
Committee members were asked to review it and provide writ-

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

2.3 IDENTIFICATION OF PREFERRED RATING ELEMENTS

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

Frequency distributions were then computed for each rat-
ing criterion from Tables 2 and 3 of the guestionnaires by
category, rank, and weighted rank. The list provided in Ta-
hle 1 is identical to Table 2 of the questionnaire for trunk
and trunk collector roads.®

Mean and median scores were also computed for each cri-
terion plus the standar& deviation from the mean. Although
the mean, median, and standard deviation were of value, fre-

quency distributions were the most useful in isolating those

5 Table 3 in the questionnaire for area service roads was
nearly identical to Table 2. :
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TABLE 1

Rating Element Weights-Trunk & Trunk Ceollector Roads

RANK-BY OVERALL WEIGHTED
CONDITTON CATEGORY RANK RANK
Foundation
Wearing surface
Shoulder
Drainacge

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

IR
P TR PR

TS FEERERTEE THET T

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®D.

¢ The bar graphs correspond to the frequency distribution of
the ranking by respondents for each of the 23 rating ele-
ments listed. :
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The freguency distributions were carefully examined to
idéntify a set of rating elements which consistently ranked
high in comparison to all those suggested. Although provi-
gion was made on the gquestionnaire to write in additional
rating elements, only one resgpondent did so. Therefore,
only thése elements listed on the guestionnaire were consid-
ered.

An examination of the frequency distributions produced
some fairly conclusive findings, in terms of selection of a
set of 'preferred' rating elements. The results are de-

scribed below.

2.4 SELECTION OF PREFERRED RATING ELEMENTS

A total of fourteen (14) rating elements were consistently
ranked high by questionnaire respondents. They were regard-
ed as important in evaluating trunk and trunk collector
roads as well as area service roadsg, although there was some
variation in ranking for the different road classifications.

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

1. maintenance economy,

2. foundation,

3. wearing surfa;e,

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 réting elements. )

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

1. traffic control, and

2. pavement width.

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

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

1. passing sight distance,

2. accident rate,

3. ride guality,

4 horizontal alignment,

5. vwvertical alignment, and

6 snow problems.

The first five were considered to be slightly more important
in evaluating trunk and trunk c¢eollector 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 rangked high by

respondents for area service roads, but not for trunk and

trunk collector roads.

Thig suggests that there should be some variance between
the sufficiency rating system propased for trunk and trunk
colliector reoads and the system £for area gervice roads.
These variations were considered when developing the sug-
gested scales for the rating elements, discussed in the next
section.

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

Most of the rest of the 'preferred' rating elements rep-
resent some characteristic of safety, and it would be con-
sistent with the premise advanced 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 obvious choice for inclusion un-

der Séfety.
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Hazards is alsc an obvious c¢hoice to be included un-
der Safety. 8y definition, a hazard represents an
accident risk.
Stopping sight distance represents a potential for
accident, in that, at normal operating speed,.a driv-
ér cannot see far enough to make an emergency stop.
Restricted passing‘ sight distance could present two
differept problems ~ one related to Service, in its
constraint to traffic capacity, and the other to
Safety, in that a driver could take an unnecessary
rgsk ip attempting to pass a slower vehicle, Cf the
two conditions, the threat o safety represents the
greatest potential problem (since traffic is usually
light on secondary vroads), 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, but it also affects driving
comfort and traffic capacity. A decision to place
this rating element in either category is arbitrary,

but including it under Service seems more appropri-

ate.
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11.

16
Ride cuality relates mostly to Service, so¢ 1t has
been placed in that category.
Horizontal alignment is another rating element that
can affect both a road segment's relative safety (by
reducing wvisibility and/or forcing a reduction in
épeed tc 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.
Ihciusion of vertical alignment iﬁ a rating category
presents a dilemma. Poor ﬁertical alignment can re-
sult in portions of a road segment with safe stopping

gight distance and/or safe passing sight distance

B Y N Trstdr drlem o oS m ] s de s T e o der o e T e el A S A
P4 LIUD , ¥ o P LI OT ARG SATIHNTLILS Al L Said Addite L ALLTLE Ll
the proposed rating system. Even though vertical

alignment can affect Service (lowered capacity, high-
er operating costs, and lessened driver comfort),
these factors are less important for secondary roads.
With the concurrence of the advisory committee, this
rating eliement was not included in the proposed mod-
el.

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

Surface type, like ride quality, relates mostly to

Service.
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The advisory commitiee suggested the inclusion of one addi-
tional rating element, shoulder width. Even though it was
net ranked particularly high by Jquestionnaire respoﬁdents,
the committee felt strongly that it should be included.
Therefore, it has been included, under the category of Ser-
vice.
-If the rating elaments'are placed in rating categories as
previously suggested, there would be four (4) under Condi-
tion, six (6) under Safety, and four (4) under Service. Ta-

ble 2 below showé the suggested breakdown by rating catego-

ry.
TABLE 2
Proposed Rating Elements - Secondary Roads
RATING CATEGORY ITEM RATED
Condition and Foundation
Maintenance Wearing Surface
Experience Drainage
Maintenance Economy
Safety Accident Rate

Hazards

Stopping Sight Distance
Passing Sight Distance
Traffic Control
Horizontal Alignment

Service Pavement (roadbed)} Width
Ride Quality
Snow Problems
Surface Type (unpaved roads)
Shoulder Width (paved roads)
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2.5 PROPOSED RELATIVE WEIGHTS-RATING CATEGORLES

As noted in the Review of Literature, most rating organiza-
tions use a makimum 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,
with thé 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 engineeré. What remains 1s how to determine
the relative share that should ke assigned to each category.

The eompleted questionnaires contain sufficient informa-

tion to approach this problem from three directions. They
are described briefly 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 S and 6 on the guestionnaire 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.thé

rating system than others. An evaluation of these
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differences in 'relative' weights of the rating ele-
ments, as combined with others in the most logical
rating cateéory, could serve as a guide tb 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 shifted from Service to
Safety. This results in a suggested gscale of 30-47-23
{(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 guestionnaire, in that they were
able to 'weight' the rating categories as well as rank themn.
Moving horizontal alignment from Service to Safety and the
deletion of vertical alignment from Service would change the
préportions of Safety and Service from 35-30 to 40-25, which
comes close to that suggested by the third apﬁroach. There-

fore, the proposed scale would be:
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- 3. Condition - 35 points,

2. Safety - 40 points, and

3. Seyvice - 25 points.

Analysis of the completed guestionnaires did suggest a
slightly different point breakdown for the model between
trunk aﬁd trunk collector roads and for area service roads.
This resulted in a sliqhtly higher total for the category of
Service than for Safety. This variance was reflected in the
model and forms for the first trial run, but its effect was
negligible on the resulting ratings. Therefore, the same

peint breakdown is propeosed for all secondary roads fo be

rated.

2.6 PROPOSED RELATIVE WEIGHTS~RATING ELEMENTS

The final step in the formation of the proposed models is to
ascertain the appropriate maximum point value for eéch 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 remains is to
make such adjustments as necessary to the individual weights
to match the category weights in the proposed models.

For example, the proposed 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 surface, drainage, and maintenance econony,

Respondents ranked foundatidn, wearing surface, and mainte-



21
nance ecoconomy about egual, with drainage ranked slightly
lower. Dividing the 35 points that were allocated to that
rating category am;ng the four rating elements Aresultea in
the following breakdown:

1. foundation -~ 9 points,

2. wearing surface ~ 9 points,

3. drainage - 8 points, and

4. maintenance economy -~ 9 points.

A similar procedure was utilized for the rest of the mod-
el. Respondents did weight snow problems slightly heavier
for area service roads than for trunk and trunk collector
roads, with a corresponding decrease of the rating element
'ride quality'. This minor adjustment in relative weights
was utilized in using the model for the first +trial run.
However, its effect was negligible on the resulting ratings.
Therefore, except for variations relating teo surface type,
the same basic model is proposed for all rated secondary
roads.

It should be noted, however, _that gome minor wvariations
in its use are applicable, depending on the road's surface.
These variations are described below. |

1. If the road is paved, Pavement (roadbed) Width refers

te pavement width. However, if the road is unpaved,
theh this rating element refers to the width of the
traveled way. This width is the distance between the

top of the foreslope on one side of the roadway to
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Final Proposed Sufficiency Rating System Model

RATING CATEGORY
Condition and
Maintenance
Experience

35 points

Safety
40 peints

Service
25 points

the top of the foreslope on the other side.
ficiency ratings,
the design

classification

ITEM RATED MAX.

Foundation
Wearing Surface

. Drainage

Maintenance Economy

Accident Rate

Hazards

Stopping Sight Distance
Passing Sight Distance
Traffic Control
Horizontal Ali¢gnment

Pavement (roadbed) Width
Ride Quality

Snow Problems

Surface Type (unpaved)
Shoulder Width (paved)

POINTS

[Heeetolts;

N O WO

Lt oy D

—_—

For suf-

this distance will be compared to

standard for that particular

expressed as the sum of

~widths and shoulder widths.

2. If the road is unpaved,

functional

all lane

shoulder width becomes part

of the roadbed width. Therefore, it will not be rat-

ed separately,

but becomes part

of the traveled way

and 1s rated és part of the Pavement (roadbed) Width.

3. If the road is unpaved,

its surface type will be rat-

ed. A paved road would receive the maximum rating

(in terms of surface type), no matter

standard applies.

what design

Therefore, inclusion of this rat-
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ing element would not result in any loss of points
and this element need not be included. Any road sur-
face of a iesser gquality existing on thé ratedmtoad
segment will result in the inclusion of the 'surface
type' rating element, so it could be éompared to the

design standard.

Complete results are described in Table 3, Scale factors

and proposed procedures for use with the model will be dis-~

cussed

2.7

in the next part of this report.

RESULTS OF STATE SURVEY

A total of ten (10) states were contacted. A telephone sur-

vey was conducted, using the guestionnaire discussed earli-

sample of the guesticonnaire has been included in Ap-

states contacted were selected on the basis of:
revelation of the previous use of some sort of suffi-
ciency rating system for secondary roads in that
state {as the result of the 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 guestionnaire

and little useful information was received. The information

of value that was dgathered is summarized briefly below.
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Two states, Missouri and Kentucky, reported using a
sufficiency rating system for secondary roads. Only
a small portien of the secondary roads are actually
evaluated by the states, generally the Federal Aid
Secondafv (F.A.S.) under state jurisdiction. No lo-
éal.jurisdictions are.reported as using a sufficiency
rating system for their secondary roads. Written ma-~
terial was requested and received from these states
and proved to be useful in develcoping the new model.
Five of the states reported no use of‘a sufficiency
féting system {(or similar system) for secondary
roads, including Indiana. Apparently Allen County in
Indiana has dropped the system used earliér in that
county and no other county in the state has adopted
it. Virginia, which has jurisdiction over all secon-
dary roads in the state (except for +two urban coun-
ties) does not use a sufficiency rating system as
such. They do use a 'tolerable - intolerable' rating
system which relates ADT with surface width/surface
type.
Two other states were contacted. Repeated efforts to
reach a person that might have knowledge of possible
systems in use failed.
Most of the states reported the use of AASHTO design
standafds for sectondary roads in their state or a
combination of AASHTO standards and some local stan-

dards.
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Some of the information received from Kentucky was useful

in developing the model and forms included in fhis report.
Mos£ of the infqr&ation gathe:ed from the staté surveyuwas
not of value for this project, except to suggest that there
is'littie use of sufficiency rating gystems for secondary

roads in the United States. Some interest was expressed in

the proposed system for Iowa.



Chaptey 111

AN EMPIRICAL MODEL

The oriéinﬁl model developed by the Arizona Highway Depart-'
ment was 'empirical', or éxperience based. Subsequent mod-
els developed and used by other state highway organizations
utilized the Arizona format, with local variations influ-
enced by a combination of local conditions and personal ex-
periencé.

The modél proposed for secondary roads is alsoc empirical-
ly based - based on the Afizona format and the experience of

local engineering practitioners.

3.1 RATING ELEMENTS SELECTED

Fourteen rating elements have been selected for use with the
proposed sufficiency rating system. They have been orgahm
ized into three categories and assigned relative weights.
Table 3 shows the proposed list of rating elements, complete

with their suggested weights.

- 26 -
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3.2 FORM QF 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 Sufficiency 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 rating ele-
ments have been determined ~- from the anhalysis of the data
received. What remains 1is to solve the problem of how to
assign scores when the rated road segment fails to meet the
expected standard for a given rating element. To do this
requires the answer to two (uestions.

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

applied to the rating elements selected?

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

The answers to these two guestions are critical to the prob-
lgm 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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3.3 STANDARDS FOR RATING ELEMENTS

Lhe issue of determination of appropriate standards to apply
to the rating elements 1s 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
transpoftation infrastructure‘ and what is the dollar value
of personal éomfort, paih and suffering {(due 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, eﬁgineering 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 legislative bodies have allocated and
in the force of public opinion in the form of individual and:
group pressures.

The result is a set of design standards which has been
adopted by a highway agency (in this 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.

7 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 the most part, the design standards call for higher
standards of construction for roads carrving heavier volumes
of traffic {(and costing more) and concomitant iower stan-
dards for roads carrving less traffic.?® The lowered stan-
dards include the provision for reduced design speeds, with
the expéctation 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 lowered standards are acceptable
to the public and that there is little reason to exceed
those sténdards, 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 sufficiency rating model for sec-
ondary roads incorporates applicable design standards from
the design guide developed by lowa DOT staff for the
1882-2001 Quadrennial Needs Study. The guide was developed
in consultation with the State Functional Classification Re-

view Board, members of the County Engineers Association,?

® One of the distinguishing characteristics of the hierarchy

of road classifications is the volume of traffic using the
facility.

® This Guide was chosen in spite of the fact that many coun-
ty utilize the FARM TO MARKET DESIGN GUIDES. It was cho-
sen 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. It

also represents what is expected to be the design stan-
dards of the future.
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and the League of Iowa Municipalities.

Failure of a rated road segment to meet a given standard
would cause a lowa%ed score for that rating elemént. Eéﬁabw
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.

3.4 SCALING FACTORS

An assessment of the maximum point wvalue for a given rating
element is made when the rcad 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 varving 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 Table 3, so what is needed is a set of
graduated scales for each.

Existing systems utilize, for the most part, a seguence
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' wvalue, below
which is considered 'intolerable'. The concept of toler-
ability, discussed in Volume 1 of this report,_ is based on
the supposition that, for each rating element, there is a

"tolerable' standard which is less desirable than the 'i~
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deal', but still considered to be safe, or at least provides
good service. It is at the lowest point on the scale per-
missible underlcurrent highway transportation reguirements.
Below that level, the rated road segment is considered to be
'intolerable' with regard te that rating element.

The &alibration system used by the Iowa DOT has estab-
lished tolerable levels for each rating element in the sys-
tem used to evaluate primary roads. In each instance, it is
50% of the maximum point wvalue, rounded down to tThe next
digit when the maximum polint value 1s not an even hnumber.

This Ealibration method 1is used for the proposed model,
graduated linearly with decreasing wvalues below the maximum
score. Accompanying statements have utilized descriptors of
excellent, good, fair (at 'tolerable' scales) and poor, to-
gether with status descriptions for each score. A summary
of the proposed scoring method has been included in the next
section,

However, there are some rating elements in the proposed
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 an 'ac~-
cunulation of potential safety risks, or hazards' occurring
along the rated road segment. Their existence represents a
possible safety hazard, or 'deficiency', and tend to be site
specific, instead of occurring regularly along the road.
The rating elements are the type which could be 'counted'

{two narrow bridges are more hazardous than one).



32

This suggests that part of the score for a rated road
segment upder the category of Safety could be based on the
results of an evaléation of its relative safety.A Deductions
from a maximum value would be made for the existence of
'conditions that exist on the road segment that constitﬁte a
possible threat to safe operation o©f the motor vehicle on
that road'.

Under this system, deficiency peints would be assessed
for thé existence of a list of 'threats to safe driving',
usiné a predetermined point deduction for each deficiency.
Road segments of varving length would be made comparablé by
adjusting for length. There would be ne negative scores,
but a given road segment could receive a zero (G) score.

The next section details the proposed scaling system for
the complete model. A brief description of each of the rat-

ing elements has been included for clarification.

3.5 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 3
CONDITION AND MAINTENANCE EXPERIENCE
1. ‘Foundation - evaluated by considering adegquacy of
drainage ditches, breakup of surface, non-uniform settle-
ment and lateral support, and condition of foreslopes.

Maximum score = 9,
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Excellent 8-9. No evidence of base failure, fores-
lopes in excellent condition.

Good 6-7. Occasional evidence of minor base tailure,

fully correctable by spot repairs. No need for exten-
sive reworking.

Fair 5. Frequent base failure, reguiring heavy main-
tenance. Causes reduction in traffic speeds below de-

sign speed. Should be considered for reconstruction.
'Tolerable.’

Poor 1-4. gevere base failure throughout rated sec-

tion, extreme 'wash-board' condition. Traffic speeds

substantially reduced. Reconstruction necessary.
2. Wearing Surface - evaluated by considering physical
defects. For P.C. <concrete paved rcads, the defects in-
cludé joint-faults, transverse and longitudinal cracks,
non-uniform slab displacement, spalling and disintegra-
tion of concrete, Asphaltic concrete pavement defects
include transverse and longitudinal cracks, irregular
profile and cross-~section, alligator c¢racks, raveling,
bleeding, and rutting. Granular surfaces defects include
formation of potholes, locations with regular formation
of ruts, and transverse 'washboarding'. Maximum score =

9.

Excellent B8-9. Very satisfactory condition. Pavement
or grahular surface smooth. OGranular surface requires
only routine blading. No surface failure.

" Good 6~7. Occasional spots of surface failure, cor-
rectable sgatisfactorily through normal maintenance.
Resurfacing not absolutely necessary.

Fair 5. Frequent 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 fallure over all of rated
segment. Resurfacing or reconstruction necessary due
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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 inadequate c¢ross-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. Ne silting,
scouring, significant erosion or ponding. Culverts of
adegquate design, good condition.

Good 5-6. Occasional ponding due to heavy rains, but
quickly drains afterward. Some silting or scouring of
culverts occurring which regquires light maintenance.
Occasgional flat (or too steep) crownn 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 excesgsive. 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 khnowledge

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 extracordinary amounts. Blading of

non-surfaced road done regularly, but not a particular
problem.
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Good 6-7. Some expenditures, but noet 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
pericdically.

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.

SAFETY

Scores for these iating elements are to be derived somewhat
differently. For the most part, the rating score is ocb=-
tained by subtracting 'deficiency' points from the maximum
score, Since the rated road segments will vary in length,
it is likely that rating scores will not be a whole number.
Should that be the case, round the score down to the next
whole number.

1. Accident Rate. This rating element relates to the oc-

currence of accidents along the rated road segment. Us-

ing available records, compute deficiency points as fol-

lows:

- For each property damage accident over the past five
(53) years, one (1) deficiency point,

- For each persconal injury accident over the past five
(5) vyears, four (4) deficiency points, and

- For each recorded fatal accident over the past five
yvears, twelve (12) deficiency points.
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The deficiency points multipliers used are taken from the
severity indices used by the Iowa DOT as part of its Ac-
cident Locator Analysis System (ALAS). Rating score is
based on the average number of deficiency points per mile
of roadway. Maximum score = 6. PDetermine the rating

score by using the following formula:

Rating = 6 - (n/L)

where n = the total of all deficiency points assessed,
and L. = the length ¢f the rated road segment in miles.
Round down to the nearest whole number. Rating should

"not be less than zero (0Q}).

2. Harzards. This element relates to hazards nct incliud-

aed elsewhere. They are listed below.

- Structure (bkridge or culvert) which restricts
roadbed width (20 feet or less in width).

- Structure with bad approach alignment. {Horizontal
and/or vertical alignment which restricts visibility
and/or requires significant changes in speed or multi-
ple maneuvers.)

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

- Other fixed structure extending onte roadbed (for
unpaved reads) or to within ten (10) feet of edge of
pavement (for paved roads).

~ Abrupt or severe grade changes. {Short vertical
curves combined with major algebraic differences in
grades.)

Scores are based on the average number of hazards per
mile of roadway. Maxinum score = 9, Determine the rat-

ing by using the following formula:

Rating = 9 - 2(N/L)
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where N = the nunber of hazards encountered, and L = the

length of the rated rcad segment in miles. Round down to

the next whele number. Rating should not be less than
zero (0).
3. Stopping Sight Distance. This is evaluated by first

determining the number of stopping sight restrictions
along the rated road segment. The minimum safe stopping

sight distance used is determined by the road's design

speed (see the appropriate design standard). Maximum
score = 8. Determine the rating by using the following
formula:

Rating = 8 - (N/L)

where N = the number of occurrences of stopping sight re-
strictions on the rated road segment and I, = the length
of the road segment in miles. Round down to the next
whole number. Rating should not be less than zero (0).
4. Traffic Controls. Traffic controls installed in ac-
cordance with applicable warrants and guidelines set by
the 'Manual on Uniform Traffic Controcl Devices (MUTCD)'
receive the full rating. Failure to comply with applica-
ple warrants and/or guidelines would result in a lower
rating score. Alsc included are instances of inadeqguate
vision at uncontrclled intersections. Relevant cases are
listed below.
- Inadeguate pavement markings.

- Less than adeguate warning sign distance.
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- Fajlure to piace warning sign.
- Inadegquate vision at uncontrolled intersections.
- Consistency of sign placement.
Scores are based on the number of occurrences per mile of
roadway. Maximum score = 6. Determine the rating by us-

ing the following formula:
Rating = 6 - 2(N/L)

where N = the number ¢f occurrences on the rated road
segment and L = the length of the road segment in miles.
Round down to the next whole number. Rating should not
be less than zerc (0}).
5. Horizontal Alignment. This evaluation is based on
the occurrence of horizontal curves on the rated road
segment. Iif none exists or iIf the existing curve(s)
meet(s) design standards, tThe full rating score applies.
Less than full rating scores should be allocated when ei-
ther of the following circumstances are encountered.
- Trunk and trunk collector roads: each curve encoun-
tered which requires drivers to slow to less than de-
sign speed will be assessed deficiency points. More
severe speed reduction would result in additional de-
ficiency points. Guidelines are:
S mph < speed reduction < 10 mph=one (1) point
10 mph < speed reduction < 15 mph=twoc (2) points
15 mph < speed reduction < 20 nph=three (3) points
- Area service roads: each curve encountered which re-
guires drivers to slow to less than 30 mph will be as-~
sessed deficiency points. More severe reduction would

result in additional deficiency points. Guidelines
are:



39
5 mph < speed reduction < 10 mph=one (1) point
10 mph < speed reduction < 15 mph=two (2) points
15 mph < épeed reduction < 20 mph:three-(3) poiﬁts
Scores are based on the average number of deficiency
points per mile of rated roadwayﬂ Maximum score = bB.

Determine the rating by using the following formula:
Rating = 6 - (n/L)

where n= the total of all deficiency points assessed, and
L = the length of the road segment in miles. Round down

to the next whole number. Rating should not be less than

zero (0}).

6. Passing Sight Distance. Restrictions to passing are
caused by roadway gecmetrics and opposing traffic. The
rating is based on both =~ by evaluating the geometrics

(to determine the extent of restricted passing) and con-
sidering the density of opposing traffic. This is accom-
ﬁlished by determining the percent of the total length of
the rated road segment over which safe passing sight dis-
tance is available and relating it to the applicable de-
sign standard.!! Maximum score = 5. See page 4 of the

Guide for Preparation of Worksheets for complete details.

19

The design standard combines functional classification,
average daily traffic, and terrain in specifying minimum
standards for roadway geometrics.
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SERVICE

1. Pavement Width (Roadbed Width)} - used tc 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 inciluded only under the
category 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) less than tle design
standard.

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).

2. Ride Quality - an evaluation of surface quality --

waviness, irregular surface, corrugations, and/channel-

ing. Maximum score = 6.
Excellent 6. Smooth riding at design speed or above.

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

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

on granular surfaced road requires fregquent grading.
Tolerable.

Poor 0-2. Heavy cracking, deep failures, obvious in-
stability. Very unsatisfactory riding surface.
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Snow Problems - an evaluation based on the akility of

roadside ditches and accessible portions cof the right-~of-

way (R-0O-W) to accommodate the guantity of snow that may

have to be removed from the roadway and shoulders., Maxi-

mum score = 5,

4.

Excellent 5. No significant drifting problems.
Roadbed above the surrounding 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. Freqguent 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
inadequate. Ditch 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 inadeguate to
allow for ditches to be wide or deep enough, or exten-
sive grading needed to raise the roadbed and/or im-
prove ditches.

Surface Type. Used to relate surface type on the

road segment to the applicable design standard. Maximum

score = 5,

Excellent 5. Surface type meets or exceeds design
standard.

Fair 3. Surface type should be considered as 'tolera-
ble', but fails to meet design standard. Road has a
granular surface in place of the asphaltic or portland
cement concrete surface stipulated by the design stan-
dard. Also applies if the road surface is earth in-
stead of a granular surface - stipulated by the design
standard.

Poor 1. Surface type should be considered as 'intol-
erable’'. Surface is earth in lieu of the asphaltic or
portland cement concrete surface stipulated by the de-
sign standard.



42

5. EShouMler Width. Shoulder width is measured from the
edge of the pavement to the point where the shoulder line

intersects the foreslope. Applicable to paved rocads

only. Maximum score = 5.

Excellent 5. Shoulder width meets or exXceeds 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 & 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.

3.6 TESTING THE MODEL

The next step in the development of the rating system was
the preparation of a set of rating forms and a set of in-
structions to to aid in their use. The scaling factors dis-
cussed earlier were used as a basis for the forms, adjusted
for variations in design standards.

A combination of functional class and ADT was used as a
basis for selection of the appropriate design standard for
the road to be evaluated. Directions for this selection
have been provided in the GUIDE FOR PREPARATION OF
WORKSHEETS., A sample copy of each of the worksheets and the

Guide are provided in Appendix C.
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A trial run of the use of the rating forms was made by
completion of an actual rating of several secondary road
.segments in a central Iowa county (totalling slightly more
than 25 miles), using the forms .and the Guide. An evaluation
was made of their ease of use and applicability to the rat-
ing and minor revisions made.

A second, more extensive test of the model was made in a
second Iowa couﬁty. A random sample was selected of the
county's secondary roads, which included about 20 percent of
the 1100+ miles of its secondary system.

The sgmpie included subsets by functional class, that is,
separate samples randomly selected of trunk, trunk collec-~
tor, and area service roads. The trunk and trunk collector
roads chosen for rating were scattered throughout the coun-
ty., in order to avoid bias which might be terrain related.?!
Area service roads were selected by township. BApproximately
20 percent of each township's area service roads were in_the

sample, and included roads in each area service category.l?

1t Terrain in the county ranged from very flat to rolling to

somewhat hilly. The sample included roads over all three
types of terrain. :

12 There were three (3) categories used, based on ADT. Di-

visions employed are the same as used in the suggested

design guides, or >100, 26 to 100, and 0 to 25 vpd.
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3.7 TEST RESULTS

Sufficiency ratings were completed for the roads in the sam-

ple. Revised forms and procedures from the first run were
used for the ratings. Results have been tabulated and some
tentative conclusions have been drawn. It should be noted,

however, that these conclusions are based on somewhat limit-
ed experience in its use and some minor revisions are still
likely to be made.

Some of these tentative conclusions are summarized below.
Most of the problems noted can be easily solved, but some
will reguire some additional rating experience and the in-
volvement of more of the potential users of the proposed
system.

1. BAbout ten (10) percent of the roads in the sample
county are designated as having a service B classifi-
cation. Local interpretation of this classification
means that any road so designated is not likely to be
cleared of snow in the winter. It may receive infre-
gquent maintenance during the rest of the year in the
form of 'dragging' to provide a smoother iiding sur-
face. It is likely to be 'unsurfaced' and will prob-
ably never be improved, no matter how far the road
may be below design standards.

A 'sufficiency' rating of any of these roads would
have no value, as it would have no impact on the road

improvement program. Therefore, unless a county us-
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ing the proposed sufficiency rating system interprets
service B differently. these roads should not be rat-
ed.

Most of the reting can be done by someone familiar
with the county road network, but the evaluation of
ﬁaintenance aconemy should be done by someone famil-
iar with the maintenance histery of each road.
Should more than one person be assigned to do this
rating, it is important that the descripteors utilized
with the rating scale be reviewed to assure uniform
iﬁterpretation.

Completeness of local accident records may be a prob-
lem. Howefer, fairly comﬁlete records are available
from the Iowa DOT wvia its ALAS records. One impor-
tant advantage to using ALAS is the inclusion of a
'Severity Index' in its data printout, making the Ac-
cident Rate evaluatiocn easier.

Large scale use of the ALAS records for sufficiency
ratings may require some adjustment in how they are
keyed. The road identification numbers used in the
Secondary Road County Engineers Listing are not the
same as used by ALAS. Some time and effort are re-
guired to match the road segment with the data. Ul-
timately, it would be desirable to be able to request
all the needed data from DOT records (accident and
information from the County Engineer's Listing) and

- get it from a single source.
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5. Stopping sight distance may pe a difficult criterion

te evaluate on roads without adequate records. How-
ever, an experienced evaluator can pinpoint potential
trgubie locations from a field analysis fairly quick-
ly. Once this is done, records from previous evalua-
fions can be reused until the road is regraded.

6. Passing sight distance poses a similar problem. The

solution is the same as for stopping sight distance.

7. To a lesser extent, horizontal alignment c<causes a

similar problem. However, this will not occur often,
aﬁd can be solved by field observations as well.

A more significant problem remains in the scale calibra-
tion for five (5) rating criteria wunder the category of
Safety. These include:

1. Accident Rate,

Hazards,

Stopping Sight Distance,

B W N

Traffic Controls, and

5. Horizontal Alignment.
What is lacking is a determination of what is 'tolerable'
and what is considered to be 'intolerable' for these rating
criteria. How many 'Hazards' per mile of road can there be
before it should be considered intolerable? The calibration
system proposed is flexible and could be modified to meet a
variety of rating goals. What is needed is some level of
consensus on what is appropriate from potential users of the

proposed system.
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Use of the rating system did vield what appeared to be
reasonable results. For example, scores on the trunk roads
in the sample rangéd from 73 to 96. The 96 score was fbr a
nearly new, straight road, in excellent condition. The road
with the 73 score is much older, with narrow pavement and a
number ©f curves. By most measures, it would be consideréd
"tolerable' and the score indicates that. However, it is
the most heavily used road in the county's secondary system,
and the accident rate would seem to reflect this combination
of heavy use and road deficiencies.
Choice of design standard also affected the ratings. One

trunk road received a score of 80, but it was scored this

high only because its traffic count was under 200 vpd. Had
it been more heavily used (over 400 vpd), it would have re-
ceived a score of 71. It would seem that use of the design

standafd would help the county engineer to maximize the ef-
fect of tax funds spent, by meeting consumer needs better.
The trial runs do indicate that the proposed sufficiency
rating system is feasible. However, the first time a suffi-
ciency rating system is done for a given county, some extra
effort will be required to gather data, especially as relat-
ed to road geometrics. But, once done, much of the data
gathered will be easily reusable, requiring only an evalua-

tion of elements that change from year to year.
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SUMMARY AND CONCLUSIONS

The objéctive of this study was to produce a sufficiency
rating system which could be used to evaluate the adeguacy
of secondary reoads in Iowa. The system to be developed
should be reasonably easy to use, vet vield results which
are compatible with current processes used in priority pro-
gramming:

Models currently being used for primary roads are empiri-
cal in nature, in that they are numerical ratings which re-
late well to 'experience based' adeguacy ratings. it fol-
lows that the experience of local engineering practitioners
should figure 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 practition-
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 1is proposed uses the same format used by
the Arizona Highway Department for the first sufficiency
rating system, developed in 1946. This format was adopted
because it is well_knoﬁn, widely accepted, and comparatively
easy to use. It also is considered teo yield reasonable re-

sults, that are reproducible.

- 48 -



49

Rating criteria selection (and their relative weights)
was based on the responses to the questionnaire. Scaling
factors were based on the relative welghts suggested by the

responses and the model ~ used by the Iowa DOT for primary

roads. Maximum scores were established, using a set of de-
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 segment came to
meeting the standard. The concept of 'tolerability' figured
heavily in forming the scales used with the criteria. This
concept,‘discussed in detail in Volume 1 of this report, is
predicated on the supposition that there 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 comparative 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
ald users of the system in applying ﬁhe model to roads in
their jurisdiction. Revisions to the forms were made, using
the experience gained in the testing of the model. Some of
the revisions made as a result of the tests produced a more
uniform model for 'all functional c¢lasses of roads to be
evaluated. Variations in the resultant ratings are based on
whether the rated road segment is paved or unpaved and on

the variability in design standards, based on functional

class and ADT.
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Some additional effort is needed to more easilv. access
available data and more input is needed from potential and
actual users, to réfine the model. The comparative results
produced by the trial runs do suggest that the model is usa-
ble and should prove to be compatible with other processes
used to form priority lists for project programming. It

should provide -results that are reproducible and defensible.
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ROAD SUFFICIENCY RATING CRITERIA QUESTTIGNNAIRE

Your opinions are solicited regarding the choice of suitable rating ele-
ments for wuse 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 1s 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 Iewa
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 functiocnal c¢lass group. The

rating elements have been segregated into three categories. The c¢atego-
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 agenciles using
gufficiency rating systems for priority planning. A few rating elements
appear in more than one category. Some of the overlap is intentional,
using the rationale that the rating element is an important facter 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

RANK-BY OVERALL WEIGHTED
CONDITICN CATEGORY RANK RANK
Foundation Z 5 ?0
Wearing surface - is ey
Shoulder 2 /& ays)
Drainage 5 /2 57
Remaining life = e 7t
Maintenance economy / Z. 2.



OVERALL RANK

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

WEIGHTED RANK

Using this ranking as an aid, 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 L
Wearing surface
Shoulder I
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

SRRRRNRE RN

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

PP TEEEEEEEEE T

LT TEREEET TR T

RRRNNEEY




AREA SERVICE ROADS

Please repeat the process for area service roads.
to different design standards and most carry lighter traffic volumes, it

Since most are built

is quite possible that you may rank and weight differently.
this part, begin by ranking the 23 elements,

purpose.

TABLE 3

Table 3 has been provided for this

Rating Element Weights -~ Area Service Roads

CONDITION

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
Improvement continuity
Ride gquality
Surface type
Shoulder width
Snow problems

RANK-BY
CATEGORY

LT PEEEEREEEE TR

TP TERREEEEEE P

OVERALL

RANK

WEIGHTED
RANK

PP TP EEE T TR

Again, for
followed by the weighting.
As before, weight the most important as 100, with lesser ranked elements
receiving a weighted rank below 100,



-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. BAssign the score of ten (10) to the most important category.

3. Indicate 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 1%
Service < a5

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 lists 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 guestions, please call Clete Mer-
cier at Towa State University, telephone 515-294-8387.



DESCRIPTION OF RATING ELEMENTS

A brief description has been prepared of the rating elements
listed in the accompanyving gquestionnaire to assist vou in
its completion. They are listed below, in the same order as
they appear on the gquestionnaire.

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

fregquency 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 anhd 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 adegquacy of the

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

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

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

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

Alignment consistency: Numerical rating as a function of
the number of inconsistencies i1in horizontal alignment per
unit length of road, recognizing area terrain characteris-
tics.
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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 accildent records.

SERVICE |

Alignment (horizontal): Fregquency 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 rallroads 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.

Ride gquality: A rating element which is an evaluation of
surface gquality -~ 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 adeguate capacity and
refuge for emergency stops?

Snow problems: An evaluation based on the ability ¢f 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. 1f yes, by state or counties (circle one).

3. If 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)
¢) How are the results used?

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

£) What do you use for data sources?

4. If local jurisdiction uses rating system, who do I contact to get informa-
tion?

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

¢) 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? ¥ N

fy 1f so, how?

5. Are vou 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

50, how?

8. What design standards are used for rcad design in your state? (If not a
national standard, try to get a copy.)
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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 . <18 1~-3
22 - =>22 9
22 21-22 7
22 20-21 6
22 18-20 5
22 <18 1-4
Unpaved
34 =>34 9
34 33-34 7
34 32-33 2]
34 30-32 5
34 28-30 4
34 26-28 3
34 <26 O
30 =>30 g
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 2627 6
28 24~26 5
28 <24 1-4
22 =>22 9
22 21-22 7
22 20-21 6
22 18-20 5
22 <18 1-4



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 &
5 3 3
6 <3 ¢
3 =>3 5
3 2 4
3 1 3
3 0 0

Surface Type Rating
Relate design standard to surface type (as noted 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
£202, 6901, 6902, 6903 Asphaltic Concrete
3210, 4221, 5223 Surface Treatment
2010, 2018 Gravel {granular)
0010, 1014 Earth

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

Design Standard Actual Rating Score
Paved Granular 3
Paved Earth 1

Granular 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 passing, 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 1.)

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 . 3
21-30 0 1 1 2
0~20 G 0 0 0

SAFETY EVALUATION WORKSHEET

All ratings on this worksheet are done on the basis of formulae, as.
noted on the worksheet. Scores are the result of subtracting 'defi-
ciency' points from the maximum score for each rating element listed.
Details and formulae are provided on the worksheet for all rating ele-
ments to be evaluated.

FIELD WORKSHEET

Conplete Part I. Be sure that local identification (Leocal 1.D.) cor-

relates with the Secondary Road County Engineer's Listing. Group log-
ically. '

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, Traffic Control Problems, and Others for the
Safety Evaluation,

SAFETY EVALUATION WORKSHEET

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



TADLE 5

FIELD DATA COLLECTION GUILE

NCTE: 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.

Occaslonal base

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

Frequent 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
hecessary.
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
gcouring 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 expenditures
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.

Scme expenses,
not excessive.
Some annual

patching needed.

Resurf/pvmt.
desirable, not
necessary.

not really

necessary. Spot

re-grading or
extra dragging
required.

More
gravel desired,

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. eXpensss
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 discomfert 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 reguires freguent
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

P e LTS
DWIRT CALTLIO LYD

maintenance to
clear silt or
vegetation.
Tolerable.

wide or deep
enocugh, or
extensive
grading needed
to raise the
roadhed and/or
improve
ditches.




FIELD WORKSHEET - Sufficiency Rating System

County Length miles Odometer-begin end

Local 1.D.

Functional Class (circle) Trunk Trunk Collector Area Service

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

! CRITERIOCN RATING SCORES
' Excellent Good Fair Poor
Foundation
g 2 7 & 5 4 3 2 1
Wearing .
Surface 9 8 7 1) 5 4, 3 2 3
Drainage
8 7 6 5 4 3 2 1
Maintenance
Economy 9 8 7 & 5 4 3 2 1
Ride Quality
£} 5 & 3 2 1
Snow Problems
5 4 3 2 1

Total (Worksheet)

Notes on other field observations. [Design Speedz mph ]

Hazards Odometer Reading
Narrow drainage structure
R. R. X-ing @ grade w/0 signals
Poor Structure Appreach (specify)
Other Fixed Structure Encroachment
Traffic Control Problems
Poor pavement markings (readability)
Warning sign distance
Vision ® uncontrolled intersection
Consistency/sign placement
Other
Other Notes: [Example - note any curves which must be driven @ less
than design speed. Record probable maximum safe speed. ]




OFFICE WORKSHEET - Sufficiency Rating System

County Length miles Terrain type

Local I.D. Design Std.

Road 1.D. Nos.

Functional Class (circle) Trunk Trunk Collector Area Service

BASIC DATA - Iowa DOT Records

Surface Type Width/surface ' Width/xdy ' ADT Yr

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

OFFICE RATING

Record Design Standard (use functional class, ADT)  Des. Speed
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 R ating
Passing sight distance: Percent of road available _ 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 Hvaluation + Office Worksheet

COMPOSITE SCORE

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



SAFETY EVALUATION WORKSHEET -~ Sufficiency Rating System
County Length (L) _nmiles

Local I.D. Design Std.

Road I.D. Nos.

Functional Class (circle} Trunk Trunk Colliector Area Service

Accidents (use data from past five years):
Property damage {(¥Y,N). 1If ves, how many? _ X 1 polnt =
Personal injury (¥,N). If yes, how many? X 4 points=
Fatality (Y,N). 1If yes, how many? __ X 12 points=
Total Deficiency Points (n)
Rating Score = 6 - (n/L) = 6 - {( / } Accident Rate Score

Hazards (see field worksheet and County Engineer's Listing) Number
Structure (bridge or culv) restricts rdy. width (<20')
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
Combinaticn of above conditions
Other conditions (describe)

Total (N)

Rating Score = 9 - 2(N/L) = 9 - 2(___ / 1} Hazard Score
Stopping Sight Distance Design Std.=___ SS8D= @ Design Speed

Occurrences less than Design Standard (N)

Rating Score = 8 -~ (N/L) =8 - (___/ ) 88D Score
Traffic Controls (see field worksheet) - record occurrences/segment

Poor pavement markings {(readability)

Warning sign distance

Vigion @ uncontrolled intersection (non-crop)

Consistency of sign placement

Other

Total (N)

Rating Score = 6 - 2(N/L) =6 - 2{(___/ ) Traffic Control Score
Horizontal Alignment [Design Speed= mph] {30 mph for Area Service]

Compute point deductions based on the number of curves on the rated
road segment where speed reduction of @ least 5 mph less than the

road design speed is reguired for safe operation.
___curves @ 5 mph < speed reduction < 1C mph X 1
____curves @ 10 mph < speed reduction < 15 mph X 2
. curves @ 15 mph < speed reduction < 20 mph X 3 o

Total Deficiency Points (n)

Rating Score = 6 - (n/L) =6 ~ (___/ ) Horizontal Alignment Score_

I

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

[ + + + + I = __ points
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Average Daily Traffic
Surface Type

Terrain

Design Speed .....

Curvature, Max. Deg.

Gradient, Max, %, ..

Stopping Sight Dist.

Surface Width .. ...
Shoulder Width . . ..
R/W Width ... .. ..

Average Daily Traffic
Surface Type

Terrain

Design Speed .....

Curvature, Max. Deg. .. ..........

Gradient, Max, % ..

Stopping Sight Dist.

Surface Width ... ..
Shoulder Width . ...
R/W Width . ... ..

(a) Graded width of 14 ft. and turnouts,

Del Norte County Rural Highway Design Standards

under 25

graveled, graded
and drained

flat roll. min.

35 30 25
18 25 36

6 12 15

240 200 165
20 20 (a)
2 2 (@)
50 50 50

400 to 1,000
mix bit.,
114-in. minimum
flat roii. min,
60 50 40
6 9 14
5 6 7

478 350 275
24 24 24

<]
60 60 60

4

25to 100
gravel or
crushed stone
flat roil. mtn.
45 35 25
11 18 36
5 7 i2

315 240 165
20 20 20
4 3 2
50 50 50

1,000 to 2,000

mixed bit.,
2-in. minimum

flat roll. mén.

60 S¢ 40
6 9 14

5 6 7
475 350 275
24 24 24
8 8 6
&0 80 100

100 to 400

bit. surface
treatment

fiat roll. mtn.

55 45 35
7 11 18
5 7 9
415 315 240
22 22 22
5 4 3
60 60 60
2,600 and up
plant-mix bit.,

3-in. minimum

flat roll. min.
60 60 50
6 & 2]

4 5 6
475 475 350
24 24 24
2] 8 6
80 80 100



Design Standards for Five Traffic Groups

Design  Feature

Average Daily Traffic
Terrain 50te 100to 400t 10060t
50 oo 400 1000 4000

DESIGN STANDARDS FOR ROADS

Right of Way Width 40 50 60 80 80
Flaf 24 28 30 34 40

Roadbed Width {feet) Rolling 24 26 28 30 338
Mountainous 24 24 26 28 34

Surface Width (feet) 16 20 22 24 24
Flat 400 400 650 800 1000

Radii (feet} Rolling 250 250 450 525 750
Mountainous 100 100 250 325 525

Flat 7 & & 5 3

Grade {percent) Rolling 12 8 8 7 5
Mountainous 15 12 13] 9 &

Stooping Sich Flat 275 350 375 400 550
‘°g?’“9 '9“* " Relling 250 275 300 325 425
istance {fee Mountainous 125 200 225 250 300
Fiat 40 45 50 58 65

Design Speed (mph) Rolling 30 35 40 43 55
Mountainous 20 25 30 35 45

Width (feet)

Design Loading

DESIGN STANDARDS FOR BRIDGES
18 24 26 26 28

H-10 H-12%2 H-15 H.20 H.20

Average Daily
Traffic

1000 - 4000

400 - 1000
100 - 406 .

50 - 100 ..
Less thas 50

Pavement Section Standords

Section

++. .. 40-ft, compacted subgrade; 6-in. by 31-ft. Class C
CTB. or equivalent rock base; 2l2-in. by 24-ft. PMS;
2%-in, by 3-ft. PMS tapered shoulders.

...... 34-ft. compacted subgrade; 4-in. Class ¢ CTB base;
2-in. by 24-ft. RMS; 2-ft. BST shoulders.

v v aaa30-f4 compacted subgrade; stabilized base where re-
guired; 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



DESIGN POLICIES 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 63-159
Average ‘{ij;if’ ﬁ:ﬁc volume 1-99 100-399 400-999
Minimum Desirable Minimum Desirable Minimum % Desirabie
Designispeed (miles/hour)
Level.. ... .. ... ... ... .. ... 35 50 40 60 50 65
Rolling.......................... 30 45 35 50 15 55
iy 25 38 30 40 40 5
Pavementi type Min. 57 | Min. 8" | Min. 8% 1 Min. 12¥ | Pavement Pavement
crushed erushed 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
YPD)
Minium width (feet}
Rtiofway. .. .................... 460 60 50 80 60 100
Shoulder. ........................ 4 5 5 6 6§ 8
Surface. .. ... ... ... .. ... 16 18 12 20 22 24
Min. sight distance {ft.}
Stopping
Level .. ... .. . ... . e, 240 350 275 475 330 540
Rolling. ...oovueviinii .. 200 315 240 350 315 415
Hilly . oo o 165 240 200 275 275 315
Passing
Level ... ., 700 1400 900 2100 1460 2500
Rolling. ...oovivn i, 500 1150 700 1400 1150 1750
Hilly. ..o riciiveaee . 300 700 500 900 900 1150
Degagzéa and radius of sharpest curve
Level ... i, 18° {318} 9° (837) 14° (409 §° (955) 9° (637) 5° (1146)
Rolling....ooviiiai e 25° (229} 11° (521) 18° (318) 9° {637) 11° {521 7° (819)
Hilly. o e 36° (159) 18° (318) 25° (229} 14° (409) 14° (408 11° (521
Maximum gradient (percent}
evel. ... ... 10 7 8§ [ 7 8
Rolling. ... ..oiiiiiieiiinnn, 10 8 10 7 8 7
Hily. e viinienes 12 10 10 8 8 8
Struet,
Width (feet).....ooviininnnin.... 18 22 20 24 24 28
ToT:s 2147 N 10F 15T wT 57T BT 207




IOWA STATE HICHWAY COMMISSION

FARM.—'I‘OmMARKE'!‘ ROAD DESIGN STANDARDS,' JANUARY 1, 1960

Annual Average Dally Traffic
a
Design Control Under 100 160 - 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 50
Roiling topography 30 40 44 45 40 50
Mountainous topography 20 30 30 35 30 40
Sharpest curve (deg):
Flat topography 14 g g ki 9 8
Roliing topography 25 14 14 11 14 9
Mountainous topography 25 25 25 18 25 14
Maximum gradient (£):
Flat topography 8 5 T 5 7 5
Rolling topography 12 7 8 7 8 6
Mountainous topography 15 16 10 9 10 7
Non-passing sight distance ({t):
Fiat topography 350 350 350 415 350 - 475
Rolungtopography 275 275 275 315 275 350
Mountainous topography 200 200 200 240 200 275
Dimensions of reoad (ft):
Width of roadbed 22 28 24 34 30 36
Width of roadway surfacing 20 20 — o - —
Width of pavement, A. C. conc. 22 22 22 24 22 24
Width of pavement, P. C. conc.“ 20 20 20 22 22 24
Roadway top, shoulder-to-shoulder® 22 28 22 30 28° 32
Thickness of pavement {in.}
P. C. conc. pavement G 6 ] 6 é 8
Flexible base pavement’ 8 8 8 8 g 8
Depth of ditch (ft): 3 3 3 3 3 3
Width of ditch bottom (ft}): ] 6 6 6 6 6
Slope of foreslopes:
In cuts:
Not steeper than 211 21 21 2:1 2:1 2:1
Not flatter than 3:1 3: a1 31 3:1 31
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 a1 2:1 2:1 2:1 2:1
Siope of backslopes
fn 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

tBridge design data omitted.

2When pavements are anticipated to be cons‘omcted on roads having less than 100 vpd use the

standards for traffic 100-L0O except that the roadbed width shall be not less than 28 ft.

8In no case shall the passing sight distance be less than 250 ft.
+fHridge width minimaue of 2l £t or L £t more than approach pavement width.

SWhen pavement is construcied in stages, widtha will be increased so that when pavemen® is

completed the finished shoulderwto-shoulder width will comply to these standards.
éFor traffic volumes exceeding 750 vpd, minimam L-ft shoulders will be required each side of
the finished pavement; shoulders shall be let at the same time as the paving project.
7General note.-w.Grading or base projects let prier to Jan. 1, 1960, and meeting the require.
ments of the ISHG, Feb. 1, 1954, Farm-to-Market Standards, wlll be considered for a higher

type surfacing improvement without full compliance with these standards.



BASIC GEOMETRIC DESIGN CRITERIA

THESE B4S/C GEOMETRIC DES/IGN CRITERIA

T KENTUCKY DEPARTMENT OF HIGHWAYS

ALRE BASED ON 7HE LEVEL OF SERVICE CONCEFT.
THE DES/IRED LEVEL OF SERVICE RECOAMENDEL BV 7HE DELARTAIENT WILL BE USED WITH THE
APPROPRIATE ATTACHED JABLES IV SELECTION OF DES/IGN CRITER/A
THESE CR/ITERIA MUST 85 APPROVED BY 7HE CENTRAL OFF/ICE.

ANY DEVIATION FR0A

HIGHWAY CLASS ]] ] I 5 <& [ 7 i 2 ’ /
TRAFFIC 0] CURRENT ADT I CURRENT A.OT. || CURRENT A.D.7. CURRENT ADT OHYV 200 -8/0 DMV G5O -UF
YOLUME o -/00 100 - 250 UNDER 400 400 - 742 (A.DT 7500-70000G) (A.D 7.”5000*(//9)@

DESIGN DES/ICGN SPEED WILL BE- Jo 40 £0 40
SPEED CONTROLLED BY THE HOR- o 59 gg 50
, o
CMPH) JZONTAL § VERTICAL ALIGNAIENTS e 70 70 e
30 Aren Z0’ - 24 INIHA{‘::ZJTAﬁA;&Vﬁ'I;’H
O M : . -
PAVEMENT 50 aeert 16’ /8’ ﬁg §§ 4 £-LANES ULTIMATE OR
WID7TH GO MPH 22’ 22 24 @ OR AMORE [ ANE-S
70 MPH = 24 24 INITIAL DEPENDING ON DHV
SHOULOER PIDTH 2 I’ 4 G’ s2° SPEC/IAL DESIGN
Jo MPH 28’ - ry
géﬁ%(ﬁg §3 ﬁfff 20° ‘ g’g , 5 i’ : g ’ Y=l DE.
. /, YGA
WIDTH , GoMew . 24 28, N “ ECIAL DESIG
70 APy - Je 48’
- ; X X . . a@gi/ 40 MPH B ® L7 L0 MOH,
D/?Z‘HW/&WfSZGPE Jae 3/ J &zt C@L/ gedL 18 8 G SO-JOMPH | 18 G S0-70MPH
EARTH CUT  UNDER 4 7l 1:/ 4/ 47 4:/ Lt
SLOPE RATIO OVER &' 1:1 £ 2:/ 2:/ 2:/ 2:/
FILL SLOPE ovDeER 10! fho: s 2 i/ < 7 % - 7 G-7 £ #°7 ST F 77
AT/ 0t Ta 2o’ sz 7 2 =/ 2 o/ 2/ 27 o £/ 2/ o LS
@? oree 2o’ st ¢ 2z /7 2 -/ 2/ 2/ <7
RIGHT OF WAY The recessary width needed for consfruchion end propar mainfenonce of entire rosdway sector?.
ALAX I ASIAL 30 MPH ’ 25¢ - el -
CURVATURE 40 MPH \73.5 /3.5 /3.5 735
N DEGREES) SOMPH 56 3 8.5 85 8.5 as
(Based on Super- GO MPH 5.5 5.5 5.5 5.5
e/emféq%,)v e of TOMPH -— 4.0 £.0 £
AT B AL B MPH A PR,
MAXIMUM  TERRAIN 30 4o 50 ©o 40 SO 60 FO | 40 SO &0 O | 40 SO GO O
GRADE (&) LEVEL JZ3 /2 ¢ 5 &« 3 5 <4 3 3 s £ 3 3 5 £ 3 3
ROLLING 7 & S5 4 G 3 4 & o 5 £ 4 e 5 2 2
(IN PERCENT)  psopnraiv 2 8 7 6 8 7 @ - 8 7 e - 8 7 6 -
3O MPH 200° - - =
gf?{gf/’%%g 40 MPH 275 275 275 275
50 MPH 350 3507 F50° Jso
SIGHT GO MPH 275 475’ 475 475’
DISTANCE 70O MEH — rTelo M GO0’ GO’

O MPH /100’ = P IF 2-LANES [NITIAL
g/ggg%%m ‘zo MPH ﬁ5oo‘ /500" /1500 THEN SAME AS CLASS
fepyfe 50 peel /800" é?gg‘ é«?gg, 2. JF 4-LANES INITIAL

GO A o0 \
DISTANCE 0wkt 2/00 2100 Zoo. THEN NOT NECESSARY
MAXIMUM DISTANCE 25 MILES 2.0 MILES 50 MILES SO MILE IF 2-LANE




FARM TO MARKET DESIGN GUIDES
ACCEPTABLE VALUES FOR NEW OR RECONSTRUCTED RURAL SECONDARY ROADS

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 EACH DESIGN ELEMENY OF EACH PROJECT SHOULD BE MEASURED AGAINST THE HIGHEST STANDARD PRACTICABLE AND
ECONOMICALLY JUSTIFIED. VALUES BELOW THOSE SHOWN ON THIS TABLE WILL BE CONSIDEREG 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 QUT IN THE "GEOMETRIC DESIGN GUIDES FOR LOCAL ROADS AND

STREETS, PART 1-RURAL, AASHTQ", CURRENT EDITION.

DESIGN ELEMENTS FUNCTIONAL CLASSIFICATION

VALUES SHOWN ARE SUGGESTED
GUIDES ONLY. EACH PROJECT M-
PROVEMENT MUST BE ANALYZED
ON ITS COWN MERITS AND

FEATURES. TRUNK OR TRUNK CQLLECTOR (OR AREA SERVICE)
PAVED ROADWAY NON-PAVED RCADWAY

ADT-Design Year (ln 20 yrs) 4} 2000 10 1000 1000 to 400 400 to 100 400 to 100 Less than 10C

Current Yr. (After Completion) Over 750 750 to 250 250 o 56 250 10 50 - Less than 56
Terrain {2y FLAT | ROLLING [HILLY } FLAT ; ROLLING JHILLY [ FLAT [ ROLLING [ HILLY | FLAT |ROLLING JHILLY | FLAT | ROLLING |HILLY
Design Speed MPH 60 55 50 55 50 45 50 45 40 50 45 "40 45 40 35
Stopping Sight Distance f1 475 425 350 425 350 325 350 325 275 350 o3z 275 325 215 238
Maximum Curvature (3) Degrees 5 8 7 & 7 9 7 g 12 7 9 12 9 12 17
Maximum Gradient {4) % 5 & 7 & & B8 [ ¥ 2] ] 7 g 6 8 103
Pavement Width ft 24 24 24 22 22 22 22 22 22 NA NA NA NA NA I NA
Surfacing Width-Granuiar ft NA NA NA NA NA NA NA NA NA 20 20 20. 20 20 20
Snouider Width ft 8 8 8 8. [ 8 4 4 4 4 4 4 3 3 3
Roadway Top Width ft 40 49 40 34 34 34 30 30 30 28 28 28 26 26 26
Bridge Widih-New {5) f1 40 490 40 30 30 30 30 30 30 24 - 24 24 24 24 24
Design Loeading H8-20 HS-20 ; HS-20 | *H-20 . *H-207 *H-20 | H.20 H-20 | H-20 § H15 H-15 | H.15 | H.1S H15 1 H-15
Foreslope 41 4:1 4:1 31 31 31 3:1 31 31 1 2:1 21 2:1 21 2:9
Nermal Minimum Ditch 5x1D 5x10 | 5x10 IxE 3x6 3xB 3x6 Ix6 3x6 3x6 3Ix5 3x8 3x6 3x8 Ixb
Special Ditch at Construction 2x4 2x4 2x4 224 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 2x4 x4
Bridge Width-Existing ft 24 24 24 24 24 24 24 24 24 20 20 2010. 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 Obstruciions .

From edge of Surfaging it 30 ki 30 16 16 18 14 14 T 14 10 10 10 10 10 10

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

1. Qver 2,000 ADT {Design Year), Use Arterial Conneclor Values .

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

3. Horizontal Curves shall have a minimum length of 500 feet ’

4, Maximum Gradien) may be steepened by 1% for short distances

5. It over 100 ft long, may be pavemen! width plus 6 feel

w. *Over 400 ADT {Current Year}, Use HS5-20 Loading _ LATEST REVISION DATE: February 1979



GUIDE FOR PREPARATION OF WORKSHEETS
Sufficiency Rating System for Secondary Roads

This is a set of instructions for completion of a set of worksheets,
Completion of the worksheets will provide sufficient data for the as-
signment of a sufficiency rating to a designated 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. List
the 1I.D. numbers for each road segment from the Secondary Rocad Engi-
neer's Listing. ‘

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

The Iowa DOT Alternate Design Guide (copy provided below) will be used
as the basis feor 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 infeormation from Parts I and I1 and the guidelines provided in
this document.

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

Arterial Connector/Trunk/Trunk Collector Areo Service

Highway Group 3 4 5 3 1 8
ADT Design Year) | Over 1,500 400-1,500 Under 400 Over 100 26-100 0-25
Design Stondard § r{alofmoinlnwloiwls|wsjizlislis]2]2in]2a]as
Terrain! tl2lalaj2d st lalstel 232t aliy2]a
Deslgn Speed 501 50{4 [50]40 [s0 140 f30] 3 Jewiiof|sw]]ain|s]zs
Max. Degree Corve | 70 7 10 ] 2ol ol jol vwlwiwimfw]i]imn]we
Max, Grade (%) st elotle]l2dolrlwllrbwlelrlwlelriul
Stopping Sight 375|375 | 275 [ 275 | 275 [ 275 [ 275 | 200 | 200 1 275{ 200 | 200 | 275} 200 200 [ 200 150] 150
Lane Width? pjelngupndnlorululolalalofuinlvln
ShoulderWidth(Re.P 1 8 ! a l 8 1l gl el g l3latalolotatalalarloloels

L) 0T 0T 0T 0 T 6 0T 0 0T 0 0 01 0T 0 o T 0T 0100
Median Widih® clojolololololo|loloioelolololololo]a
Surface Types tdbao e vt l3alagsf3alafalapaslalalala
Pavement Sec.§ f{t et l e i dlajalaleislsajololololoda
Shoulder Type’ 2{ 23203t a)3lsfajajajlaiajaiajlajal ala
Access Control® 2122 3f3i3]3]3a[s]alasjafa|lajajafjais

{ - Terraln, §=Flat, 2:Rolling, 3+4ity, .
2 - Actual number of tones is ’camputed based on the 1965 Highway Capacity Monual methods,
3 - Left shoulder applies only to divided highways. Left shoulder equals right shoulder width on two-lane highways.
4 - Medlan applied only when number of lanes 5 ulrfed e?ual: or e:tcgegs fo:‘r ?‘mé g;gded highway justified.
- i= tHand 1 concrete, 2=%rface jreatment, J=(ravei, 4= .
g - é=§$&2&gtﬁrﬁl{]@1§mﬂ pc:rﬂmd Elemenf concrete, 2=C'old mix or road mix, 3=Seal coat, 4=Dust treatment,
7 - i=Paved, 2=51chiiized, JaEarth, H=No shouider.
8 - {=Full control, Z=Partial control, 3=No control or local zoning,



