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This document ts disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflects the views of the author,who is responsible for the
accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation. This

report does not constitute a standard, specification, or regulation.
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Background

Effective highway safety improvewment programs require the ldentification
of the specific roadway, tratfic control, and environmental deficlencles of a
hazardous location and the implementation of approprliate countermeasures to
al leviate the acclident problems. A wide range of countermeasures have been
applied to address scfety deficlencles, but In many cases the expected
effectiveness of the countermeasures was based largely on judgment. Trafflc
and safety engineers have been Implementing acclident countermeasurcs for many
years using past experience without fol low up evaluations. Thus,
statistical ly sound Information about the accldent reduction capabilities of
varlous countermeasures Is stiil |imited. While efforts have been made to

alleviate this deficlency, there are several complicating factors which must
be addressed. These Include:

o) A countermeasure may affect be.th safety and operations making |t
difflcult Yo Interpret any changes In accldents at a slte.

o The use of multiple countermsasures at a site increases the
difficultly of Isolating the effect of a single countermeasure.

These Issues are important, because In order to select approprlate and cost-
eoffective countermeasures for a site, it Is essential to accurately estimate
the resul ting safety benetits. This requires the avaiijabllity of acclident
reduction factors not only for individual treatments, but also estimates of
the Incremental benefits for countermeasures which involve mul tiple
treatments. In the absence of quantitative data on such Incremental benefits,
satety enginsers have relled elther on subjective judgment or publ ished
eccidont reduction factors for indlvidual countermeasures.



Ohjectives
The objectives of this study were to deveiop a methodology for

determining the incremental effectiveness of accldent countermeasures appl led
Iin combination at particular locations, to outline a plan for implementing the
methodolngy, and to assess the expected feasibility of the methodology.

Scope of the Research

This study was primarily a "paper study”™ In which subjective judgment was
applled to the assessment of existing information. No new data were
col lected. The first step | isted accident countermeasures by type of
s,tuation or jocation and by accldent pattern. Both indlvidual
countermeasures and typical groups of countermeasures were ldentified. The
next step examined several potential! methodologles for determining the
incremental effectiveness of typical acclident countermeasure groups.
Experimental plans were outl ined for each of the most promising methodologles.
The plans Included the consideration of consistency with current practices,
measures of effectiveness (to Include surrogates), specific accldent types to
be affected and cost to Implement. Next, the feasibllity of the candidate
methodologles was assessed with regard to practicality, rellabllity,
validity, time, cost, and expected beneflt.

Final ly, conclusions were drawn and recommendations were made with
respect to the continuation of research to ful ly develop and test a
methodology for determining the Incremental effect!veness of groups of
accldent countermeasures.



I1. ACCIDENT COUNTERMEASIRES

The development of a methodology for the Investigation of the Incremental
of fectiveness of accldent countermeasures requires Initially that a
comprehensive |1st of countermeasures be complled. This list wiil provide the
basls for reviewing:

° Accldent countermeasures and thelr groupings in practice for
different types of highways.

o Past efforts to evaluate the accident reduction effects of
countermeasures and the assoclated critiques of these efforts.

o Past research aimed at analyzing Incremental effectiveness.

The fol lowing subsections describe varlous approaches to categorlizing
countermeasures which have been at+tempted. These | ists are Intended to
provide the background for determining common practices In the application cof
countermeasures (l.e., thelr groupings), and assessing the practicality of a
plan to conduct a formal study to establish the levels of Incremental
effoctiveness. Each of the fol lowing subsections addresses s weans tc
categorize countermeasures.

locational Influences on Accldents

The frequency and severlty of accldents on the highway system vary by
location. Thus, accident treatments are often categorized by the type of
location, Table 1 provides a summary of typical accldent countermeasures
vhich may be applied to types of locations,



Table 1. Countermeasures categorized by location type

¢  Highuay Sectlons (Roadway)
- Channel Izatton
- Dei Ineators
- 11 lumination
- Add Lanes
- Median Barrlers
- Median improvements
- Pavement Markings
- Ralsed Pavement Markers
- Pavement Widening
-  Shoulder Widening/Improvement
- Rumble Strips
- Roadway Real | gnment/Reconstruction
- Sight Distance Improvements
- Signing
-  Skid Treatment - Grooving/Over |ay
- Orainage Improvements
- Speed Zones
- Truck Escape Lanes
- Close Median Openings
- Add Climbing Lanes
- Ad¢ Passing Lanes

- Improve Superelevation
- Acceleration/Deceleration Lanes
- Imorove Surface

- Improve Access Management

‘o Highway Sectlions (Roadside)
- Breakaway Sign Supports
- Guardrall
- Obstacle Removal



Table 1. Countermeasures categorlized by location type (continued)

- Utllity Pole Modlfication

- Slope Flattening

- Sidewalks/Blcycle Faclliities

- Fencing

- Drainage Structure Improvements
- Breskaway Poles

Highway Sections (Bridges)

- Instal| Guardraili Transitlons
- Construct New Bridges

- Replace/Add bric<qe Rall

- Replace Bridges

- Widen/Improve Bridges

- Impact Attenuators

- Drainage improvements

- Deicing Treatments

- improve Surface

Highway Sections (Others)

- Minor Structural Improvements
- Overheight Vehicle Detection System

Rall-Highway Crossings
- Install RR Crossing Gates

- install RR Crossing Flashing Lights
- improve Crossing Surface

- Upgrade Crossing Surface

- Reconstruct Vertical Alignment



Table 1. Countermeasures categorized by location type (continued)

- Upgrede Crossing Marklngs
- Grade Separation
- {1lumination

o  At-Grads Intersections
- Instai| Beacons/Flashers
- Channel ization
- i1 lumination
- Add Lanes
- Median Barriers
- Pavement Widening
- Pavement Markings
- Roadway Real ignment
- Rumble Strips
- Sight Distance improvements
- Signing
- Skid Treatment - Overlay/Grooving
- Traftic Slignais
- Pedestrian Signals
- Tree Reanval
- Turning Lanes
- Grade Separation
- Pedestrian Overpasses
- Drainage Improvements
- Turn Prohibitions
- Reduce Speed Limits
- incresse Turning Radll
- Provide Advance Warning
- install Ped Barriers
- Eliminate Parking
- Estab! ish One-~Way Streets



Jable 1. Countermeasures categor!zed by location type (continued)

o Inisrchangas
- Channel Ization
- liiumination

- Add Lanes

- Medianr Barriers

- Pavement Widening

- Pavement Markings

- Roadway Real ignment

- Signing

- Skid Treatrent = Overliay/Grooving
- Drainage Improvements

- Reduce Speed Limits

- Increase Turning Radll



Other locational classiflications may aiso be pertinent to the
categorization of countermeasures. For example area type classifications may
be useful. Certaln countermeasures may be classifled as urban or rural.
Multi-phase tratfic signal operation may, for instance, be considered typical
of urban situations. Other categories might include road classification
(l.e., functional or administrative), or land use.

Addressing Acclidant Problems

It Is imperative to implement the most appropriate countermeasure to
remedy the particular safety deficlency at a site. The selection of an
Inapproprlate countermeasure may result In minimal or even adverse impacts
upon the safety problem. A number of documents have been publ ished In the
last two decades which outl ine procedures for the systematic selection of
countermeasures on the basis of a detailed analyslis of accident information.
One of the earliest of these was prepared by Midwest Research Institute for
the Missour! State Highway Commission with a |ater adaptation by Datta (2).
Tabular summaries of countermeasures were presented in these documents to
address tnhe probabie cause of acclidents. A similar set of tables has been
Inctuded In the FHWA Highway Safaty Englnescing Studies (HSES) Procedural
Gulda (3). Figures 1 and 2 provide a dot matrix summary of the tables
provided In this Gulde. In Figure 1 the dot In a particular cell indicates
the pussible causes of accldents assoclated with observed acclident patterns at
| inks and Intersections. Once the possible causes are !dentified, Figure 2
can be reviewed to determine the type of countermeasure approprlate for
remedying a specific accident cause.

These tables represent worthwhile attempts to guide highway safety
engineers in the selection of appropriate countermeasures based upon
addressing the specific accldent causes at a location. A notable deficlency
of these tables |les In the fact that single countermeasures are proposed In
each case. None of the tables provides a systematic scheme for packaging a
soeries of treatments Into an Improvement project which addresses the unique
features of the location,
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In August of 1982, the FHWA released a memorandum on the subject of
accldent reduction levels attalinable from varlous safety Improvements (4),
This memo provides new data on accident reduction potentials of highway
Improvements basﬁd upon:

o Data provided annually by States.

o Data provided by the States Ir speclal effectiveness evaluation
reports.

° Data provided by the States as part of the FHWA research project

titied, "implementation of Highway Safety Project Evaluation
Procedures.™

These accldent reduction levels were all based upon before and after studies
with adlustments made for exposure and control groups where possible. These
are belleved to be useful as a starting point for forecasting benefits to be
dertved from speciflic highway Improvements.

The countermeasures |isted In Table 2 represent those for which data were
complied. Other categories were also deflned, but no accident reduction data
were avalliable for these. It Is interesting to note that data were compl!ed
for combinations of some countermeasures. While these data are useful, they
are not belleved to represent rigorous measures of the Incremental effects of
various countermeasures. The FHWA tables also provide breakdowns of the
accldent reductlions possible for rural and urban situations and where
appropr late for highways of dlifferent |aneage.

Countermaasure JTypas

The review of previocus efforts and the nature of current practices
impl les the need to categorlze countermeasures by locatlion type. Flgure 3
depicts what might be considered the fundamenta!l categorization of highway
situations. |t Is bel leved that the nature of traffic controls, intensity cf

1"



Table 2. Slituetion and countermeasures for which accident
reduction factors were provided by FHWA Memo

intersactions

- Channel ization

- Turning Lanes

- New Traffic Signals

- Upgraded Traffic Signals

- Sight Distance Improvements

- Signs

- Pavement Markings
- Itlumination
Iraftic Control Devices

- All Combinations of signs

- Warning and Regulatory Signs

- Pavement Markings and Del ineations

- Sligns, Marking, and Dellneation at Narrow Brldges
- Rumble Strips

Structuras
- Bridge Widening
- 3ridge Replacement

Raoadway Improvesant

- Pavement Widening

- Lanes Added

- New Medlan Strip

- Shoulder Widening or Improvement
- Pavement and Shoulder Widening
- Skid Treatment - Grooving

- Hor izontal Real ignment

- Vertical Realignment

12



Table 2. Situation and countermeasures for which accldent
reduction factors were provided by FHWA Memo {continued)

- Horlzontal and Vertical Real ignment
- Passing Lanes

Roadside-~|mprovemants
- Guardral| - New and/or Improved
- Medlan Barrier

- Roadway Lighting

Raliroad-Highway Grade Crqossing improvements
- New Flashing Lights

- Upgraded Flashing Lights

- Automatic Gates and New Flashing Lights
- Grade Separeiion

- lilumination at Crossings

- Signs and Markings at Crossings

- Surface Improvement at Marked Crossing

13



Signalized
Intersection <:::
Non-Signalized

Tangent
Urban Section (Link) <:::
Curved

Railroad-Crossing
Special Situation<<::
Bridge

Highway
Situations

Signalized
Intersection <<::
Non-Signalized

Tanget
\ Rural Section (Link) -<:::
Curved
Railroad Crossing
Special Situation<
Bridges

Figure 3. Proposed classification of highway situations.
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land use, and volumes of traffic warrant a breakdown by urban and rural
situstions. A subvrban ciassification may be possible, but It was belleved
that locations In this transitional area could be effectively treated under
one of the basic classifications, depending on its features. Within each area
type the highway system can be broken down intc Intersection, section (link),
or special situations where tratfic streams cross or merge. Roadway sections
may be considered to be those segments between Intersections. While some
Intersecting movements may occur (l.e.,, at driveways) the major concern Is the
longltudinal movement of tratfic stresms. Last, there occur speclal
situations that, while occurring at intersections or on |inks, have features
which often lead to unique accldent problems. The treatments assocliated with
these situations differ between urban and rural locations. The treatments
will also very by the nature of the type of intersection, section, or special
situation. Hence, Intersections were categorized as signallzed and non-
signal lzed, sections as tangent or curved, and special situations as rallroad
crossings or bridges (overpass or underpass).

The causes of accidents at these situations often fol low regular
patterns. 1In selecting an appropriate accident countermeasure it is Important
to consider the nature of the satety deficlency. Therefore, & summary of
general countermessures appropriate for each accident pattern and highway
situation was prepared. The dot matrix shown in Figure 4 was synthesized from
the various summarlies previocusly presented. Table 3 provides a summary of the
speclfic treatments which may be Included under each of the general
countermeasure categorles. It is important to point out that this summary
addresses only highway~-oriented countermeasures. Countermeasures such as
education or enforcement were not Included.

Countarmsasurs Groups

Trafflc and safety personnel have [ong used countermeasures consisting of
multiple treatments at specific highway locations o al leviate safety
problems. The determination of the effectiveness of these muitiple
app| Ications has, however, not been rigorously undertaken. Some data Is
svaliable relative to the accldent reduction capabl!ities of Individual

15
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. Table 3. Detalled summaries of accident
countermeasure treatmwents

Remaova Sight Obstructions

- Trim Trees and Bushes
- Remove Unnecessary Signs/Obstacles
- Remove Other Natural/Man-made Obstacles

Rastrict Parking
- Reduce Parking Area
- Limit Parking Area

Prohibit Turning/Driveway Movements
- Post Prohibition Signs

- Channe! 1ze to Prevent Prohibited Movements

Jmprove Access Managemant

- Reduce the Number of Driveways
- Provide Proper Driveway Channelization

lnstal) Warning Signs/Signals
- Install Warning Signs

- install Warning Signs with Flashing Signals
- install Warning Signs with Actlivated Flashing Signals

Reduca Spaeds or Spesd Limlts
- Use Speclzl Pavement Markings

- instal) Speed Bumps
- Post Lowsr Speed Limits
- install Rumbte Strips

Channal iza/llpgrade Geomatrics

- Improve Turning Radl|
- Provide Special Lanes for Turning Movements

18



- Tohie 3. Detalled summarles of accldent
countermeasure treatments (continued)

- Provide Adequate Acceleration/Deceleration Lanes
- Flatten Vertical Al ignment

- Reduce Curvature In Horlzontal Allgnment

-  Correct or Add Superelevation '

- Add Climbing Lanes

Jnstall Signals

- Install Traffic Signals

- instal| Pedestrian Signals

- Insia!! Rallroad Crossing Signals
- Install Flashing Beacons

Upgrade Signals

- Add Signal Heads

- Instal| Larger Signal Lenses

- Install Traffic Actuated Equlpment
- Instal| Raliroad Crossing Gate
Improve Motorist Guldance

- Instsl| Additional Signing/Markings
- Provide Overhead Signing

- install Dellneators
- install Ralsed Pavement Markers
Jmprove Roadwy Surface

- Provide ‘kid Resistance Overiay

- Provide Pavement Grooving

- Instal| Deicing Equipment

- Stabliize Shoulders

- Improve Bridge/Ralliroad Crossing surtace
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- Table 3. Detalled summaries of acclident
countermeasure treatments (continued)

o  Pravide Adequate Drainage
- Install Larger Cuiverts
- Clean Drainage Courses
- Instell Additional Catch Basins

o  lmproved Roadside
- Fiatten Side Slopes
- Remove Trees/Obstacles
- instal| Breakaway Poles/Sign Supports
- Install Guardrall
- install Impact Attenuators
- Provide Adequate Clear Zone

o Provide Pedastrian Facilitias
- Install Sidewalks/Crosswalks
- Add Pedestrian Signals
- Provide Pedestrian Overpasses/Underpasses
- {instal! Pedestrian Barriers (l.e., fences)
- Provide Pedestrian Refuge Areas

o  HNiden Pavament or Shoulders
- ¥iden Lanes
- increase Shoulder Width
- Widen Bridges

o Add Turning Lanas qr Turn Phasas
- Add Left Turn Lanes
- Add Left Turn Phases
- Add Right Turn Lanes
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- Table 3. Detalied summarles of acclident
countermeasure treatments (continued)

- Add Right Turn Phases
- Permit Right Turn on Red

Improve Pavemant Markings
- Use Longer Lasting Marking Materials

- Add Edgel ines
- Use Ralsed Pavement Markers

Imprave Madians
- install Medlian Barrlers

- Widen Medlans
- Reduce Crossing Points

Japrove Signal Timing
- increase Number of Phases
- Alter Signal Splits

- Increase Amber Phase

- Add Al l-Red Clearance Phase

Erovide 1llumination

- Add Street Lighting

- Improve Street Lighting

=  Add Sign lllumination/Case Signs

Jmprove Pasaling Zonss

- Increase Del insations
=~  Lengthen Passing Zones
- Provide Passing Lanes

21



Table 3. Detalled summaries of accldent
countermeasure treatments (continued)

o Provida Roadway/Shouidar Malntenance
- Resurface Roadwa,
- Stabliize Shou!ders

22



treatments, or very common groups of trestments. Little, if any, quantitative
information on the incremental effects of muitiplo treatments have been
developed. The overal| accident reduction expectations for multiple
treatments have general |y been determined by using the additive model
formu |l ated by Jorgensen (5). This model treats each successive treatment over
and above the previous one as a function of the balance of accldents not
reduced In the previous step:

Q) - Py (100 - Py (wo - Py

P, = P, + r——eee [ P, + P
+ = Py 2 3
100 \100 \10

foo - Py C)o - P, (100 - Py

+ P, + +|0
‘ ¢« o o

NN

Where: P, = Total percent reduction In accidents.

Py = Largest percent reduction in accidents of any one of the
countermeasuras.

Po = Smal lest percent reduction in accidents of any one of the
countermeasures.
n = Number of countermeasures used In *reating a specific
situation.

While there seems to be a certalin degree of plausibil ity of this approach, It
tails to account for the Incremental effects of Individual countermeasures
when used In combination and the overal | interaction effect of two or more
treatiants working together. This mode! aiso requires that viable accident
reducrion data exist. It also falls to account for the possibility that
additional or subsequent countermeasures may not be as effective In reducing
the numbers of accldents, 1.6., the most tractable portion of the accldent
problem may have been eliminated by earller countermeasures.
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Varloug approaches can be empl|oyed to establ Ish groups of safety
countermsasures. These Inciude:
o Actual Practice - Revliew projects and determine the acclident
patterns and the frequency of countermeasures use appilication.

o Acclident Problem Combinations - Analyze countermeasure needs on the
basis of commonly occurring combinations of accldent patterns.

o Past Research Relatlve to Acctdent Reduction Capabilities -
Establ Ish groups on the basis of what Is known about the
interactions of countermeasures from previous research efforts,

o Highway Situation - Establ ish groupings to refiect the available
options by highway situation.

o Highway Design Practice - Review State standards to determine
countermeasure recommendations and the criteria for thelr use.

The use of any of these approaches Is compl iceted by the differences in
trafflic, roadway, acclident, and environmental conditions across the country.
The lack of convenlent sources of dets relative to highway safety
expendlitures, rates of accident occurrence, and so on further |imit the
applicabliity of any ons of the above approachses.

A combination of these approaches was used to develop varlous groupings
of countermeasures. Appendix A contains |Istings of typical countermeasures
and groupings of countermeasures for each of the highway situations from
Figure 3 by the typical accldent patterns for these locations (from Figures 4
and 5). |t should also be noted that while the countermeasure groups are
shown in palrs, groups of three or more countermsasures may be derived by
" comblining palrs containing a common countermeasure. Of course, the englneer
reviewing a situation would focus upon the major accident patterns at @
location and usually select only some of these countermeasures as candidates.
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Countarmeasura Cast Categorization
A review of c-:ocplofod safety Improvement projects (Ref. 6) in 21 States

provided a summary of data that Included:
o Types of Safety Improvements
o Total Before Period Accldents
o Accldent Reduction Percentages
] Number of Projects by Type
o Total Expenditures by Type

] Average Project Costs

1+ Is critical to recognize that these deta were based upon reports submitted
to the FHWA by Individual States. Differences In definit.,ons of projects,
design standards, accounting practices, contracting procedures, regional
costs, and other factors may have Influenced the accuracy of these numbers and
thus blas any comparisons. Further, the data were |imited to a single year.

Based on these data, judgment was exercised to classify countermeasures
Iinto a low, medium, or high cost category. Appendix B contains a 1isting of
the countermeasures by highway situation and cost category. Generally, the
stratitication fol lowed the fol iowing cost ranges:

o Low Cost s 0-$5,000
o Medium Cost $ 5,000 - $50,000
o High Cost $50,000 +
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it Is belleved that the engineer would begin considering the low cost
countermeasures sad progressively considar more expensive countermeasures or
groups untll the project objectives could be met (e.g., reduce all fatal
accldents, reduce 30% of the Injury accidents).

Candldate Groups for Subhsaquant Researcih

The success of any effort to Identify the Incremental effectiveness of
highvay safety countermeasures is dependent upon the selection of spproprliate
candldate groups for further resesrch analysis. Table 4 provides » summary of
common |y used countermeasure groups summarized by highway situation. The
groupings are based upon rational combinations of countermeasures. Not all
combinations are represented, nor are mandatory groupings indicated. For
exampie, at a signalized Intersection if a pavement overlay Is put In place,
It Is nacasaacy to reptacs the pavement markings.
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- Table 4. Summary of commonly used
countermeasure groups

Urban Signailzad lntarsections

O 0 0 0O 0 06 0 0 0 0 0 O

AdJust signal timing -~ add warning signs

Adjust signal timing - Improve pavement markings
improve pavement markings - add warning signs
Adjust signal timing -~ Install lane use signing
Adjust signal timing - overlay pavement

Improve pavement markings - upgrade signals
Upgrade signals - install lane use signs
Upgrade signals - overlay pavement

Upgrade signais - add turning lanes

Over!lay pavement - add turning lanes

Overiay pavement - Install actuated signals

Add turning lanes - Install actuated signals

Uchan Non-Signalized intersections

© 0 0 0 0O 0 0 0 00 0 0 © 0 O

Instal |l warning signs - install stop/yleld signs
Install warning signs - reduce speed |Iimits

Instal| stop/yleld signs - Improve pavement markings
Prohibit turning movements - Improve pavement markings
Instal| warning signs - Install signals

Install signals - improve pavement marklngs

Instal| stop/yleld signs - widen pavement

Instali warning signs - over.ay pavement

install warning signs - provide Iilumination

Iinstal|l stop/yleld signs - add {urning lanes

Overlay pavement - Install signais

Provide illumination - overlay pavement

Install signals - add turning lanes

Overiay pavement - install actuated signal controllers
Channel ize - Instal! actuated signal controllers
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- Table 4. Summary of commonl|y used
countermeasure groups (continued)

lichan Tangant Roadway Sactlons

Reduce speeds - Improve pavement marklings

Restrict parking - install warning signs/signals
improve pavement markings - Install warning signs/signals
Improve pavement markings - Improve access management
Install warning signs/signais - Improve allgnment
Add passing/turning lanes - overlay pavement

Improve access management - add passing/turning |anes
Remove/protect roadside obstacles - widen lanes

Add passing/turning lanes = Improve alignment

improve sl ignment - Iinstall median barriers

0O 0 0 0 0 0 0 0 O ©O

Urban Curvad Roadway Sections

o Instal! warning signs/signals

improve pavement markings

o

Instal|l warning signs/signais - restrict parking

(]

Instal |l warning signs/signals ~ restrict turning movements to/from
driveways

Instal | warning signs/signals ~ overlay/groove pavement

Install warning signs/signals - widen pavement/shouiders

Install warning signs/signals - Install guardrall

Improve pavement markings - Install guardraill

Overlay/groove pevement - install guardrall
Provide illumination - widen pavement/shoulders
Instal|l guardrail - widen pavement/shoulders
Overlay pavement - Install medlian barrlers

0 0 0 0 0 0 0 0

Urban/Rural Rallroad - Highway Crossings

Instal| crossing signs - Install advance warning signs
Install crossing signs -~ reduce sight obstructions
Reduce sight obstructions - provide illumination

o 0 0 O

Instal| warning signs = Install crossing flashers
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© 0 0 0 ©

Table 4. Summary of commonly used
countermeasure groups (continued)
Instal! warning signs - install crossing gates w/flashers
improve crossing surface - install crossing flashers
Provide lilumination - install crossing gates w/flashers
improve crossing surface - Improve approach al ignment
Instali crossing gates - Improve spproach alignment

Ucban/Rural Bridgas

0O 0 0 0 0O 6 060 0 0 0 0 0 0 ©

Install warning signs - improve pavement markings
Improve pavement markings - Install delineators

install warning signs = Install dellneators

Reduce sight obstructions - provide Illumination
Install de!ineators - Install guardralis

Improve pavement markings - Install guardrails

Improve pavement markings - reconstruct/relocete bridge
Install delineators - realign bridge approaches

Remove sight obst.uctions - provide [llumination
Instail guardralls - improve shoulders

Insteil guardralls - widen roadway

Instal! guardralls - reconstruct/relocate brldge

Widen roadway = reconstruct/relocate brldge
Reconstruct/relocate bridge - realign bridge approaches

Bural Signalized intersecilons

© 0 0 6 0 0 0 O

AdJust signal timing - add warning signs

Adjust signal timing - Improve pavement markings
Improve pavement markings - add warning signs

Add warning signs - reduce sight obstructions

Upgrade signals = overlay pavement

Upgrade signals = widen pavement/shoulders

Upgrade signals (visibllity) -~ Install actuated signals
Upgrade signals - channelize intersection
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- Table 4. Summary of commonly used
countermeasure groups (continued)

RBural Non-Signailzed latersectlons

O 0 0 6 0 06 0O 6 6 0 O

install stop/yleld signs - Install warning signs
Install stop/yleld signs - improve pavement markings
Install warning signs - reduce sight obstructions
Install warning signs - Instali signals

Improve pavement markings - Install signals

Install stop/yleld signs - widen pavement/shoulders
Install warning signs - provide 1!lumination
Install stop/yleld signs - add turning lanes
improve pavement markings - add turning lanes
Overlay pavement - Install signals

instal!| signals - channelize

Rural Tangent Roadway Sactions

o 0 0 0 06 0 O

improve pavemsnt markings -~ reduce speeds

Improve pavement markings - add passing/turning lanes

Install warning signs/signals - add passing/turning lanes
Install warning signs/signais = remove/protect obstacles

Improve pavement/shoulder maintenance - remove/protect obstacles
Add passing/turning lanes - overlay pavement

Remove/protect obstacles = widen pavement

Bural Curved Roadway Sections

O 0 0 0 0 0 O

Instal| warning signs/signais = Improve pavement markings
Reduce speeds - improve pavement markings

Install wverning signs/signals ~ overlay/groove pavement
improve pavement markings - provide illumination

Instal|l varning signs/signals - widen pavement/shoulders
instal| wvarning signs/signals - Install guardraill
Overlay/groove pavement - Install guardrall
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Table 4. Summary of commonly used
countermeasure groups (cont.nued)
o Widen pavement/shoulders - Install guardrail
o  Widen pavement/shouiders - provide illumination
o Remove sight obstructions - provide Il jumination
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- 111, METHODOLOGY FOR DETERMINING THE INCREMENTAL
_ EFFECTIVENESS OF COUNTERMEASURES

The deve prnnf ot a general lzed methodology for determining the
Incremental effectiveness of countermeasures used In combination to al leviate
specific accldent problems centers on the selection of the most appropriate
experimental design. In the fol lowing sections the methodology Is dlscussed
In terms of the assumptions made, the basic approaches to the experimental
design that were considered, the measures of effectiveness selected, the
treatment of confounding factors, and the data requlirements.

Assumptions

I+ Is critical that the ramificetions of assumptions made In the
development of the general ized methodology be clearly understood. These
essumptions often provided the basis for decisions made In selecting the
experimental deslign and other components of the methodology. Key assumptions
Included the foi lowling:

o The change In accldent experlence at a site over time is a viable
measure of the effectiveness of a treatment or group of treatments
when other factors have been controlled.

o Acclident data represent the best Measure of Effectlveness (MOE) for
the assessment of treatment effectiveness. Surrogate measures,
while useful In some cases, do not (at this time) represent a viable
means to determine the incremental accident reduction potential for
highway safety countermeasures.

o Ultimately, a comprehensive set of Incremental effectiveness data
for sl ! types and groups of countermeasures will be required to
ful ly val idate the wethodology. I[nitialiy, however, the methodology
development Is based on experimental plans for two of the more
common groupings of countermessuras.,
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o  Before/After with Controls - This design Involves the comparison of
MOE's recorded In both a "before™ and “after™ time perlod at sites
vhere a Treatment has been Implemented (a treatwment may consist of
one countermeasure or a group of countermeasures). In additlon,
control sites having characteristics similar to the test sites are
selected to monitor (or control for) the Impact of confounding
factors on the MOE's. The control sites may be selected on a random
basis (randomized controls) or a non-random basis (comparison
groups). While the latter design makes It possibie to choose a
compar [soh group even after Implementation of the treatment, it is
cruclal that the characteristics of the control sites be almost
ldentical to those of the test sites; otherwise, the design becomes
very wesk.

o Comparative Paral lel ~ This design involves the comparison of MOE's
at test sites and control sites In the “after™ treatment period
only. The degree of Impact of an improvement is indlcated by the
difference between the levels of the MOE's at the test sites and the
average performance of the control sites in the same time perlod.
This design Is particularly suited to the situation where
insufficlent data exist for the "before®™ period.

Measuras of Effectivenass (MOE's)

MOE's must be defined for each experimental design to provide
quantifiable units of measurement by which the research question can be
answered. The research question In this study Is “do countermeasures employed
In groups have discernable Incremental effects on reducing accldents?" As
stated earlier, |t was assumed that accident dats represented the past MOE for
the assessment of safety countermeasure effectiveness. Traffic accidents may
be expressed in terms of frequency or rate. An excel lent discussion of using
either frequency or rate may be found In the Accident Research Mapnual (8),

- which concludes that exposure (from which accident rates are deveioped) should
be treated as an Independent variasble. Thus, accident frequency is generally
the preferred MOE as long as exposure |s accounted for.
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In addition to total accidents, other subsets representing crash severity
(l.0., fatal, injury, property damage only) or acclident type (i.e., head-on,
right angle, sideswipe, rear-end, pedestrlian, run-off-road) may provide
appropriate MOE's,

Lontounding Factors

Ons of the major obstacles to determining the Incremental effectiveness
of safety countermeasures appl fed in groups Is the question of how to account
for or control the Influences of confounding factors. Such factors may be
categorized as geometric factors (e.g., Intersection type, number of traffic
|anes, type of alignment), tratfic factors (e.g., volumes, vehicle mix,
peaking characteristics, type of traftfic control), roadway user factors (e.g.,
drivers, pedestrians; |and-use), and environmental factors (weather, |lghting,
road surface condition). Confounding factors must be dealt with In the
experimental design by (1) careful ly controlling the selection of sites to
ensure that a near-perfect matching of control sites to test sites Is
achleved, or (2) treating the Important factors as Independent variables In
the statistical analysis such that the Impact of the factors may elither be
calculated or blocked, or (3) some combination of both (1) and (2). The two
experimental designs !dentifled, Before/After with Controls and the
Conparative Paral lel, rely on cereful site selection to control for
confounding factors.

Data Raquirements

The other major obstacle to determining the incremental effect!|veness of
countermeasures is the availabllity of data both in terms of quantity and
type. The use of sccident datas as an MOE relles on the existence of complete
and consistent accidents records, a sufiiclent accident history at the sites
of Interest, and a8 sufficient number of sites with the requisite
characteristics.

Finding sites with the seme characteristics Is perhaps the greatest

stumbl ing block o the development of a successful methodology. None of the
exper Imental designs will solve this problem, and many experlienced highway
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data users will support the notion that no two sites are exactiy allke. The
key question Is, “can enough sites be found that are sufficlently simiiar such
that one or more of the experimental designs can be properly execited to
provide re! lable resul ts?® To answer this question one must first define the
highway situation and countermeasure grouping of interest. In other words, [+t
Is unl lkely that enough sites exist to determine the incremental effect!iveness
of all common groupings of countermeasures for all highway situations.

The number of sites required is dependent on the manner in which

" treatments (consisting of two or more countermeasures) are to be applied. Two
basic approaches may be taken. The flrst approach Is cal led phased (or
sequential) implementation In which each indlvidual countermeasure In the
group Is Instal led at a given site one after the other with datas belng

col lected for some period of time between Installations. While this approach
requires fewer sites and Involves a simpler experimental design, the obvlous
practical and political ramifications of "experimenting® with safety far out-
weligh the advanfagis of the method. Thus, the use of this approach was not
only minimized as suggested In the scopes of the contract, but was el iminated
from further conslderation.

The second cpproach Involves elther finding locations with the
approprlate groupings of countermeasures in place or Instal |ing the entire
grouping at the same time. For In-place countermeasure groups, there must
oxist sutfliclent "before® data. |f good "before" data are avallable and the
countermeasure group has been In place a sufficient length of time, "after®
data col lection may not be required. Obviously If the countermeasure group lIs
to be Instal led, "before®” data must elther exist or be col iected before
instal lation. This approach requires a significantly larger number of sites
than the phased Implementation approach as well as a much more control led site
salection process to snsure that confounding factors among sites are accounted
for. ]

The number of sites required Is also dependent on the acclident history of
the population of sites to be sampled. The selectlion of test and control
sites must account for differences in levels of accident experience to avold a

36



bias In the data.

Final ly, the accldent data available at each site must have some minimum
degree of homogeneity In terms of common|y defined data elements, uniform
reporting procedures, and simi!ar reporting thresholds In order to serve as an
MOE across sites.

Based on the Information reviewed In this study, It appears that a

sufficient number of sites should exist to meet the requirements of the
methodology for certain highway slituations and grouplings of countermeasures.
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AV, BEXPERIMENTAL PLAMS FOR TWO COUNTERMEASURE GROUPS

In order to il lustrate the general ized methodology and to provide a basis
for determining Its feasibility, two specific countermeasure groups were
identifled for two different highway situations and two experimental plans
were developed. The two groups were selected from the groups of
countermeasures commoniy used together that were identifled in Task B of the
study. The selection was based on the combined Judgment of the key staff
using the principal criterion that a sufficlent number of sites with the
requisite characteristics shoild exist to permit the use of the methodology.
The assumption was made that the acclident data record requirements could also
be met at the sample of sites.

Each experimental plan includes the countermeasure groups of interest;
exper Imental design; MOE's; site requirements; data requirements; sample size;
analysis plan; and ’estluafes of time and cost.

Urban Signalizad Intersactions

This particular highway sltuation was selected because It is a very
common sltuation. It has been estimated that there are approximately 250,000
signalized Intersections In the United States. Since not all signalized
intersections are compurable, the population from which a sample of sites s
being drawn would be narrowed to the most common type, i.e., four
appr:wximately 90 degree approaches with traffic operating two-ways on all
approaches.

Countermeasurs Groupings: Two safety countermeasures were chusen, each

representing a different relative cost level. The addition of turn |anes
represented high cost and the Instal lation of warning signs, low cost. It is
recognized that turn lanes could also be considered an operational
improvement. In the judgment of the staff, these two countermessures may be
found both individually and In combination at numerous sites.
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Experimantal Dasign: As menticned previcusly, two designs w:re deemed
sultable for use with the methodology. The Before/After with controls was
deemed to be the s?rongosf design for the urban signailzed Intersection
situation. Four treatments were se!ected for comparison to determine
Incremental effects as fol lowss

) Treatment | - added turn |anes (CM#1)
o Treatment 2 - added warning signs (CM#2)

] Treatment 3 - added turn lanes and warning signs (CMf1 and #2)

o Treatment 4 (Control) - no new countermeasures

Three important confounding factors were selected for Inclusion In the

exper !mental design: pesk vs. off-peak perlcds (representing traffic demand
variations), day vs. night (representing the environmental conditlion of

i ighting), and four trafflic volume levels (chosen to contro! for exposure).
The selection of specific volume levels would be made after an examination of

the characteristics of the population of sites from which the sample Is to be
drawn,

Measuras of Effectivensss: Total accidents were selected as the primary MOE.
Two subsets, right-angie and rear-end, were also sslected to provide for a
more in-depth examination of Incremental effects.

Site Raquirements: Al! sites sampled must be right-angle, four-leg, two-way,
two-way urban intersections. Intersections with each of the treatwents must
be found for each of the voliume levels. Preferably, Intersections that meet
these requirements should be selected from the same Jurlisdiction or region to
control for the sffects of local design standards and operating practices,

" driver characteristics, weather, accident reporting threshoids and other
reglional differences. In order to make the proper site selection, records
containing Information on the above characteristics must be avallable.

39



Data Requirsmants: The source of data for this study will be police reported
accident records. Such records must be Identifiable with the particular sites
sampled and musty-as a minimum, contain the date of the accidents, time cr
day, 1lighting condition (day or night), and type of acclident (e.c., angle or
rear-end).

Sample Size: It was not possible to determine a precise sample size¢ for this
particular experiment due to the lack of avallable data on which to base
estimates of population variance fur the parameters of interest. However, a
procedure for estimating sample size was developed and several sample sizes
were calculated for different sets of assumed values.

The simpiest method for calculating sampie size when the population
variance Is elther unknown or difficult to calculate Is to assume that the
number of accldents at the sites to be studled can be considered ¥o have a
Polsson distribution. |f an estimate can then be made of the mesn accident
frequency In the control group or "before® perlod (for before/after with
controls) or the comparison group (for comparative parallel), an approximate
sample size can be estimated due to the fact that the mean of a Polsson
varlable Is equal to the varlance.

Calculate the sample size, N, as follows:

° Determine or estimate the mean accldent frequency A for sites In
the control group or "before™ perlod.

o Specify the percentage change In mean accident frequency thought to
be Important (C, where C Is expressed as a proportion from 0 to 1.0).
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. 202y + 2p)2
© Calculate N =

c2)
Where:
N = the number of accidents required per data cell.

Za = the critical value of Z which leaves In the upper
tall of the standard normal distribution.

Zg = the critical value of Z which |eaves in the upper
tall of the standard normal distribution.

Table 5 contains semple sizes for various values of @, 8, C, and
calculated using the formula above. For example, If the o-level Is assumed to
be .10 and the desired power of the test (1-8) is .90 and the percent change
in accidents felt to be Important Is 20 percent and the meen accldent
frequency at the "before”™ or control sites Is 10, the required sample size for
each data cel |l would be 33 accldents.

The number of data cel s required by the experimental design would
include the matrix of four treatments, two traffic demand levels (peak and
off-peak), two |ighting cond!tlions (day and night), and four volume levels, or
a fotal of 4 x 2 x 2 x 4 = 64 data cel |s.

The number of sites is a function of treatments and volume levels since
both the traffic demand factors and |ighting conditions are present at all
sites. Therefore, 16 sites (4 x 4) would be required to produce the 64 data
celis. As montioned eariler, it Is Important to account for confounding
tfactors caused by regional differences; therefors, it Is recommended that a
sample of 16 sites be drawn from at least five reglons. Thus, a total of 80
sites (3 x 16) would be required for this experiment. In other words, the
experimental design would be replicated five times to control for reglonal
differences.
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Table 5. Number of accidents required per data
cel | for varlous assumed values (urban
signailzed Intersections)

a= ,10 =8 = ,90 a= ,20 1=8= .80
Mean Meon
Accldent Sampie Accldent Sample

£ Change (C) Fraquancy (*) Size (N) £ Changa (C) Fraquancy () Size (N)

10 10 132 10 10 57
20 66 20 29
30 44 30 19
40 33 40 15
20 10 33 20 10 15
20 17 20 ?
30 n 30 5
40 9 40 4
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The total sample sizes can be calculated by multipiying the number of
data cel ils Yimes the number of repl ications times the number of acclidents
required per cel l.- For example, five replications of 64 data celis times 33
accidents per cel !l (from the previous example) produces a required sample size
of 10,560 eccldents for the “before™ perlod. For data collectad at 80 sites,
the average number of acclidents per site would be 132. |f the mean accldent
frequency s 40 accidents per year, It would require three to four years of
"before® data and a similar perliod for “after® data to meet the samplie slize
requirements, Other total samples may be calculated as above using the data
coll sample requirements from Table 5.

Analysis Plan: The analysis for this experiment fol lows the statistical tests
recommended In the Acclidant Research Manual (8). The analysis question Is
"Are the accldent frequencies for one group (before) significantly different
from that of another (after)?® The 2 test for Polsson frequencies would be
used to analyze the four treatments to compare the "before® to the “after"
acclidents. If significant differences were found to exist, t-tests would be
used to determine which groups were significantly different. The Incremental
effects of each countermeasure applied Individual ly and the two
countermeasures appl led together would be calculated by comparing each
treatment to the no treatment group.

Iima and Cost Estimatas: Assuming a design with 64 data cells and five

repl ications requiring 80 sites and using the sample size data from Table 5,
the range of time and cost estimates is considerable. Therefore, estimates
have been prepared for two representative values of data cel| sample size,
I.e., 33 and 15 accidents per data cell. The assumptions for these two values
are shown in Table 5 and as can be seen represent a total of four ditferent
condltions.

The time estimates for col lecting "before® data for each cell| sample size

is presented In Table 6. For ths Before/After with Controls design, this time
should be doubled to allow for a suitable “after” daia collection perlod.
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- Table 6. Time estimates for "Before®
data collection

Data Cell - Sampie of Time to Collect
Sample Size* TBatora” ‘ccident®* 2 ot At
33 10,560 3.3
15 4,800 1.5
L ]

Taken from Table 5.
** Data cell sample slze x 64 data cells x 5 rep!ications.
%%%Based on a mean of 40 accldents per year per site.
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Total estimated study time duration and costs are presented by task in
Table 7 for esch of the two sltuations just described. Al| assumptions are
noted in the table. As shown in the table, the time duration for a study of
this nature rahges from four to 7 1/2 years and costs from $95,000 to $145,000
to conduct.

The above time and cost estimates are based on a |arge number of
assumptions. Many of these assumptions could be reasonably changed to bring
about a concomitant change in the time and/or cost estimates. Therefors, the
estimates presented above are, In the Judgment of the principal statf, thought
to be representative of the application of the general |zed methodoiogy for
determining the Incremental effectlvensss of three safety countermessure
treatments Iin the urben signalized intersection situation.

Rural Curvad Highway Sections

This highway situation was selected because It 1s a common situation, and
over one In four fatalitles (30.1 percent) occurred on & curve In 1982 (12).
0f the 11,715 fatal curve accldents, 33 percent occurred on undlvided
roadways. In order to ldentify comparable sites, the population of curved
sectlons to be sampled was narrowed to these curves on undivided rural roads
with no more than two lanes In each directlion.

Countermeasure Groupings: Three safety countermeasures were chosen for this
study, each representing a different cost level. Cross section improvements

such as widening, adding superelevation, overlaying or grooving represented
high cost, Installing guardrail, medlium cost, and Iimproving pavement markings,
low cost. (n the judgment of the staff, these three countermeasures way be
found In combination at numerous sites.

Exparimantal Design: For this study the comparative parailel design was

chosen 10 il lustrate the general ized methodology. Flve treatments were
selected for comparison t0 determine Incremental effects as follows:
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Table 7. Time and cost estimates to conduct the urban
signalized iIntersections study

Sttuation A Situation B
Time Costs Time Costs
Jask {Months) 82 (Months) S5
- Plan Study 2 5,000 2 5,000
- Select Sites 2 20,000 2 20,000
= Collect & Code Data 80 98,500 40 49,200
- Analyze & Report Results _6 ~21.000 -4 21.000
TOTALS 90 (7.5 yrs.) 144,500 48 (4 yrs.) 95,200
NOTES:
1. Situation A is for a data cell sampie size of 33 (see Table 6).
2. Sltuation B Is for a data cell sample size of 15 (see Table 6).
3. Both situations assume 64 data cells, five replications, and 80
sites.
4. Assume travel wili cost $10,000 In Task B for both situations.
5. Assume that pollce accldent reports wil |l cost $2,500
(Sttuation A) and $1,200 (Situation B) in Task C.
6. Assume miscel | aneous costs of $1,000 In Task D for both
situations.
7. Assume |abor and overhead Is $5,000/staff-month for Tasks A, B,
and D and $3,000/staff-month for Task C.
8. The cost estimate for each task consists of |abor and overhead

plus any of the costs Indicated In Notes 4, 5 and 6.

46



o Treatment 1 - Cross section Improvements and added guardrall
(CM £1 and CM #2)

o Treatment 2 = Added guardrali and Improved pavement markings
(CM #2 and CM #3).

0 Treatment 3 - Cross section Improvements and Improved pavement
markings (CM #1 and CM #3).

o Treatment 4 = CM #1, CM #2, and CM #3.
o Treatment 5 (Control) - No new countermeasures or comparison.

Note thar the treatments consist of countermeasure groups to 1ilusirate how
Incremental effects of two or more groupings of countermeasures may be
determined. Agaln three Important confounding factors were selected for
Inclusion in the experimental design: three vehicle mixes (0-5 percent, 6 to
15 percent, and over 15 percent trucks), two pavement conditions (wet and
dry), and three volume levels (again to control for exposure)., The selectlon
of speclific volume levels would be made after an examination of the
characteristics of the population of sites from which the sample is to be
drawn, with the exception that roadways below 4,000 ADT would not be Included
due to the low acclident frequency on these roads.

Maasures ot Fffectivaness: Total accidents were again selected as the primary
MOE. Although several subsets of total curve accldents could have been
selected as supplementary MOE's, none were chosen due to the |ow accldent
freque..cy general |y found at any glven site. Should a sufficient number of
accldents be col lected, Injury severity could be considered as a supplementary
MOE,

Sita Requirements: All sites sampied must be rural, undlvided, curved section
with no more than two |anes In each dlrection. Sites with each of the five
treatments must be found for each of the vehicle mixes and volume levels.
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Preferably, sites should be selected from the same jurisdiction or region to
control for the effects of local design standards and operating practices,
driver characforls-ﬂcs. weather, acclident reporting thresholds, and other
regional differences. In order to meke the proper site selection, records
containing Information on the above characteristics must be avallable.

Data Requirements: The source of data for this study will be police reported
accldent records. Such records must be ldentiflable with the particular sites

samp led and must contaln, as a minimum, the date of the acclident, condition of
the pavement, and possibly the level of injury.

Sample Siza: The same procedure used In the first experimental plen was

fol lowed to estimate representative sample sizes for the rural highway curve

experimental plan. Again 't was assumed that the number of accidents at the

sites to be studied would have a Polisson distribution. Since the Comparative
Paral el design does not require "beforem data per se, estirates of the mean

accldent frequency would be made from the comparison group of sites.

Table 8 contains sample sizes for various values of o, B, C, and 2
calculated using the formuia from the first experimental plan. Comparing
Table 8 to Table 5, It Is obvious that when sites experience a low mean
accident frequency, many more sites are needed to detect significant
differences.

The number of data cells required by the experimental design include five
treatments, thres vehicle mixes, two pavement conditions, and thres volume
levels for a total of 5 x 3 x 2 x 3 = 90 data cells,

The number of sites Is a function of treatments, vehicle mixes, and
volume levels; therefore, 45 sites (5 x 3 x 3) wou'd be required to produce
the 90 data celis. Since design stendards for rural roads are genersl iy more
unliform from region to reglon than for urban Intersections, only thres regions
are recommmnded for Inclusion in the study. Thus, a total of 135 sites
(3 x 45) would be required for this experiment.
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_Table 8. Number of accidents required per data cell
for various assumed values (rural curved
highway section)

as 0'0 1-3- .90 a = .20 1-8. 080
Mean Mean
Accldent Sample Accldent Sample

% Change (C) Frequency (M) Size (N) £ Changs (C) Fraquency (M) Size (N)

10

1 1,31 10 1 565
3 437 3 189
5 262 5 113
20 1 328 20 1 142
3 110 3 47
S 66 5 29
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The total sample size Is calculated by mul +iplying the number of data
cel ls times the number of replications times the number of accidents required
per celil., It Is obvious from Table 8 that In order to avold large (and thus
Impractical) semple sizes, the o~level and % change felt Important must be as
targe as possible, and the power of the test (1-8 ) must be as small as
possibie. In the judgment of the principal statf, the following values are
reasonable: o= .20, 1-g = 80, and C = 20, I|f then the mean accident
frequency was three accidents per year, the required sample size for the study
wouid be 90 data cells times three replications times 47 accidents per cel!
for a total of 12,690 acclidents.

The average number of accidents for the 135 sites wouid be 94 accidents
per site. I(f the mean accident frequency per site is three accidents per
year, It would require 31 years of data to meet the sample slze requirements.
Since this ls an unreasonable time period to consider, adjustments must be
wmade to arrive at a reasonable sample slze. This can be done by Increasing
the number of sl?o#. For exampie, If the number of sites is Increased to
1,350, the data co! lection period for the above situation would be reduced
from 31 years to Just over three years.

Analysls Plan: The same analysis plan for the urban signalized Intersection
study appiles to the rural highway curved section study.

Iime and Cost Estipatas: As In the first study, estimstes have been prepered
for two representative values of deta cel! semple size, [.8,, One and five
accidents per data cell., The basis for these two values Is shown In Table 8,
Also the number of sites has been substantially increased In order to achleve
a ressonabie data collection perlod.

Estimates for the number of sites and time to col lect the required semple

data are shown In Table 5. For the Comparative Paraliel design only one data
collection period (s required.
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. Table 9. Site and time estimetes for comparative
parallel data collection

Data Cel |  Total Sample Number of Time to Collect
Samgle Size! af Accldants? —Sites 3 — Data (yrs.)*

142 38,340 6,750 5.7
29 7,830 540 2.9

{Taken from Table 8.
Zpate cell sample size x 90 data cells x 3 replications.

3Based on 4 x number of sites required by the design.
4Basod on a mean of 1 and 5 accldents per year per site, respectively,
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Total estimated study time duration and costs are presented by tasks in
Table 10 for each of the fwo situations just described. All assumptions are
noted In the tabI;: As shown In the table, the study times range from four to
elght years and cost from $124,000 to $460,000 to conduct.

Agaln these estimates represent the best Judgment of the principal staff
and are thought to be representative of the appllication of the general ized
methodology for determining the Incremental effectivensss of four safety
countermeasures groupings Iin the rural curved highway sectlion situation.
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Table 10. Time and cost estimates to conduct the
rural curved highway section study

Situation A Sltuation B

Time Costs Time Costs

Jask {Months) —(8)  (Months) S5
A - Plan Study 6 15,000 2 10,000
B -~ Select Sites 8 210,000 4 50,000
C = Collect & Code Data 72 172,800 36 43,000
D - Analyze & Report Results 10 62,000 £ 21,000
TOTALS 96 (8 yrs.) 459,800 48 (4 yrs.) 124,000

NOTES:
1. Sltuation A is for a data cell sample slze of 142 (see Table 9).
2. Sltuation B Is for a data cell sample size of 29 (see Talbe 9).

3. Assume travel in Task B will cost $40,000 (Situation A) and $20,000
(Sltuation B).

4. Assume pollce accldent report in Task Cwll! cost $4,800
(Sltuation A) and $1,000 (Sttuation B).

5. Assume miscel |aneous costs In Task D $2,000 (Situation A) and $1,000
(Situation B).

6. Assume labor end overhead 1s $5,000/staff month for Tasks A, B, and
D and $3,000/staff month for Task C.

7. The cost estimate for each task consists of |abor and overhead plus
any of the costs Indicated In Notes 3, 4, and 5.
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- V. ASSESSMENT OF FEASIBILITY

As the final _sfop In the developwment of a general ized methodology to
determine the Incremental effectiveness of safety countermeasures, an
assessment of the feasibi| ity of the method was performed by examining the
characteristics, advantages, and disadvantages of the method with respect to
the followling criterie:

o is the method practical?
o Will the method produce rellable and valid results?

) Can the method be implemented within a reasonable time and
acceptable cost?

o Will the expected benefit justify the costs?

Each question Is briefly discussed below.

Practicality
This Is perhaps the most critical test of the method. In order to

develop the incremental effects, local jurisdictions must be willing to allow
sites with simllar characteristics to operate at different levels of
countermeasure treatments for extended periods of time. While there are large
number of sites presentiy operating in a manner, many agencles may be
reluctant to continue such an operation once they know (and sooner or |ater
the publlc could know) that potential ly unsafe sites exist that have no
treatment, or at best, only & partial treatment of the known safety
countermeasure avallable. |t does not matter how wel | Intended the
oxpdrlnnfs are or- how much long term benefit might result. Publlic agencles
are gererally unwilling to knowingly al low any situation to exist for which

" they could be held Ilable.
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With the exception of the concern described above, the methodology was
found to be very practical In terms of ease of Implementation,
understandabiiity, and simplicity,

Ralinbillty and Yaiidity
Both the rellabll ity and valldity of the two experimental designs are

thoroughly discussed In the Accldant Rasearch Manual (8) and will not be
repsated here. The key to meeting these criteria lles In the abillty of the
researcher to sslect and properly match appropriate sites. While care may be
taken In designing the experiment to control for the most important
confounding factors, site selection remains the most critical step In
successful |y applying the methodology. Properly Implemented, the method will
produce reliable and valld results.

Iisa and Cost

As 1l lustrated In the two experimental plans, the time to conduct these
studies ranges from four to elight years. Whilie other countermeasure groupings
and/or certain modiflications to the experimental design may require {ess time,
the time estimates given, while optimistic perheps, are considered to be
representative, and do not deviate substantially from the +ime required to
conduct other types of safety research invol ving the col lection and analysls
of eccident data.

The question of reasonableness with respect to time is not the Issue of
concern for any gliven study. It Is a major concern In terms of the number of
studies that would be required Y0 produce the incremental effects of even a
snal | number of the most common countermessure groupings. From Table 4 over
250 ditferent combinations of common countermeasure groups may be derlved.
While a number of these groupings may be reduced by el Iminating those highway
situations with relatively low accident frequencies and/or rates (e.g.,
bridges and ral lroad grade crossings), there would still remain a |arge number
of groupings for which the determination of Incremental effectiveness would be
desired.
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The feasiblllty with respact to cost Is similar to that presented above
for time. Elnglo studies to determine Incremental eoffects for certain groups
of countermeasur¥s could be performed at a reasonsble cost, using today's
standard for the cost of acclident research. However, the cosi of determining
the incremental effects of numerous groupings of countermeasures would Le
astronomical. For example, assuming an average cost of 3$200,000 per study,
determining the Incremental effects on oniy 70 of the most common groupings
would cost more than the $14 mil | lon spent on al | safety research projects
(FCP Category 1) by Federa! Highway Administration In 1983,

Expected Denefit

The Intent of developling Incremental effectiveness factors for groupings
of safety countermeasures s to provide a more effective and efficlent means
of addressing highway safety needs related to the roadway and its environment.
Concelvably, many dollars and |lives could be saved by putting the "right”
groups of countermeasures In the "right” place. Rellable estimates of these
benefits could not be made within the scope of thls study due to the non-
avallablility of appropriate data.
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Vi. CONCLUSIONS AND RECOMMENDATIONS

The fol lowtng conclusions are based on the results of analysis, the

assessmont of feasiblility, and the t~st Informed Judgment of the principal

staft:

1.

2.

4.

The general ized methodo!ogy as developed and described In the
previous sections |s a practical research methodology. However, the
concern expressed over the abl| ity to gain the cooperation of local
agenclies In implementing the methodology on a scale sufficlent to
assure success poses a serlous | Imitation to the overal |l
practicallty of the methodology.

The methodology wiil produce relilable and valid results when
properly Implemented.

The time and cost to conduct single studies of Incremental

ef fectiveness appear reasonable. At present, the overall time and
costs to develop the Incremental effects for a useful set of
countermeasure groupings appear to be too long and too high,
respectively.

The expected benefit could not be determined within the scope of
this study due to the unavaiiabllity of approprliate data.

Based on these concluslions, It is recommended that the methodol ogy
developed herein not be implemented unti| further advances are made In

accldent data col lection, more rel iable acclident reduction factors for single

countermeasures are developed, and more effective and efficient means are
found to Implement the general l1zed methodology developed In this study. The
question remaining then Is, "How can the prerequisites for successful

impiementation of the methodology best be met In a timely and cost effective
fashion?™ At present, the single largest obstacle to implementation Is the
ablility to obtaln (at |ow cost) large amounts of accident data that can be
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eas!ly |inked to roadway and traffic characteristics data. Current efforts to
bulld computerized accident data f1les which can be Integrated with traffic
volumes and roadway Inventories should be accelerated. It Is estimated that
the avallabllity of such data bases could reduce the costs to col lect and code
data for determining !ncremental effectiveness by 30 to 40 percent. These
improved files would have the secondary benefit of Increasing the efficlency
of site selection by e! Iminating much of the requirement for on-site
Inspection prior to site selection.

Thus, the recommended approach to the eventual determination of the
Incremental effectiveness of accldent countermeasures Is to establ Ish or
improve the data flles required to support the general ized methodology.
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APPENDIX A

Conmenly used countermsasures snd groupings by traffic
) situation and accident pattern.

Situatlon:s Signalized Intersections
Accldant Pattern: Rear End Collislons

Counterusasuras:

Prohibit turns (U)*

Install warning signs (l.e., "Signal Ahead" at intersections with
restricted view) (U & R)

Increase signal lens size (U & R)

Increase clearance interval (U & R)

Provide skid treatment (U & R)

Provide adequate drainage (U & R)

Add turning lane (U)

Countermaasura Groups:

Adjust s]jgnal timing and add warning signs
Adjust signal timing and install {ane use signing
AdjJust signal timing and provide skid treatment
Add turning lanes and add warning signs

Add turning lanes and upgrade signals

Provide skid treatment and upgrade signals
Provide skid treatment and add turning lanes

o0

00000

0000000

#NOTE: (U) is urban,
(R) s rural.
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Situation: Signalized Intersections

Accident Pattern: Left Turn Collisions

Countermeasures:

00 OO0 o 0O

Prohibit turns (U)

Add left turn lane (U & R)

Add protective left turn signal phase (U)
Increase clearance interval (U & R)
Upgrade signals (U & R)

Install lane use signs (U & R)

Countermeasure Groups:

000 O

[=]

Add turning lanes and add protected left turn si?nal phasing
Add turning lanes and increase clearance interva

Upgrade signal and add protective left turn phase

Add left turn lane, add protective left turn signal phase, and
upgrade signals

Add left turn lane, increase clearance interval, and upgrade
signals

Add left turn lane and install lane use sign
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Situation: Signalized Intersections

Accident Pattern: Pedestrian Accidents

Countermeasures:

Remove sight obstructions {(U)
Restrict parking (U)

Prohibit turning movements (U)
Install pedestrian signals (U)
Provide grade separation EU%
Improve pavement marking (U
Improve signal timing (U)
Provide illumination (U)

0O C0CO0O0O0C 00 O

Countermeasure Groups:

0 Restrict parking and prohibit turning movements
o Provide pedestrian facilities and install pedestrian signals
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Situation: Signalized Intersections

Accident Pattern: Right Angle Collisions

Countermeasures:

Remove sight obstructions (U & R)
Restrict parking (U)

Increase signal visibility (U & R)
Increase clearance interval (U & R)
Provide all-red phase (U & R)

00000

Countermeasure Groups:

Adjust signal timing and add warning signs

Adjust signal timing and provide skid treatment
Upgrade signals and overlay pavement

Provide skid treatment and install actuated signals

(-3 =2 = I =]

64



Situation: Signalized Intersections

Accident Pattern: Sideswipe Collisions

Countermeasures:

Restrict parking

Install lane use signs

Widen pavement or shoulders

Add turning lanes or turn phases
Improve pavement markings

0O 0QOO

Countermeasure Groups:

Improve pavement markings and add warning signs
Improve pavement markings and upgrade signals
Upgrade signals and install lane use signs

Add turning lanes and install actuated signals

000 O
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Situation: Unsignalized Intersections

Accidsat Pattern: Left Turn Collisions

Countermeasures:

Prohibit turns (U)

Install stop/yield signs (U & R)
Install signas! (U & R)

Widen pavement shoulders (U & R)
Improve pavement markings (U)

0 00O0O0

Countermeasure Groups:

o Install signals and improve pavement markings
Install stop/yield signs and widen pavement
install signals and widen pavement

[~}
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Situation: Unsignalized Intersections

Accident Pattern: Rear End Collisions

Countermeasures:

Provide skid treatment (U & R)
Provide adequate drainage (U & R)
Install signal (U & R)

Add stop or yield signs (U & R)

© 00 O

Countermeasure Groups:

0o Provide skid treatment and provide adequate drainage
o Provide skid treatment and install signal
0 Provide skid treatment and add stop or yield signs
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Situation: Unsignalized Intersections

Accident Pattern: Pedestrian Accidents

Countermeasures:

o Install warning signs
0 Provide pedestrian crosswalks
0 Provide illumination

Countermeasure 6roups:

o Install warning signs and provide pedestrian crosswalks

o Install warning signs and provide illumination

o Install warning signs, provide pedestrian crosswalks, and provide
illumination
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Situatfon: Unsignalized Intersections

Accident Pattern: Right Angle Collisions

Countermeasures:

Remove sight obstructions (U & R)
Restrict parking (U)

Tnstall stop/yield signs (U & R)
Install warning signs (U & R)
Install signals (U & R)

00000

Countermeasure Groups:

0 Remove sight obstructions and restrict parking

0 Remove sight obstructions, restrict parking and install stop/yield
signs

o Remove sight obstructions, restrict parking and install signals

o Install stop/yield signs and install warning signs

o Install stop/yield signs and install signals
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Situation: Tangent Roadway Sections

Accident Pattern: Run-off-the-Road

Countermeasures:

Provide skid treatment (U & R)
Improve alignment (vertical) (U & R)
Widen shoulders (U & R)

Add turning/passing lanes (U & R)
Improve pavement markings (U & R)

Improve passing zones (R)

Provide roadway/shoulder maintenance (U & R)

Q0 O0OO0OO0OQ O

Countermeasure Groups:

Provide skid treatment and widen shoulders

Provide skid treatment and add turning/passing lanes

Add turning/passing lanes and improve pavement markings

Improve pavement markings and improve passing zones

Improve pavement markings and provide roadway/shoulder maintenance
Provide skid treatment and improve alignment

qrovide skid treatment, widen shoulders and add turning/passing
anes

Q000 OO0 O
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Situation: Tangent Roadway Sections

Accident Pattern: Head-on Collision

Countermeasures:

Improve pavement markings (U & R)
Improve vertical alignment (U & R)
Install median barriers (U)
Improve passing zones (R)

00O

Countermeasure Groups:

0 Improve pavement markings and improve passing zones
o Improve pavement markings and improve vertical alignment
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Situation: Tangent Roadway Sections

Accident Pattern: Pedestrian-Bicycle Accidents

Countermeasures:
0 Channelize pedestrian/bicycle traffic (U)
o Install illumination (U)
o Install warning signs (U & R)
o Improve pavement markings {i.e., crosswalks) (U & R)
o Install actuated pedestrian signals (U)

Countermeasure Groups:

(]
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Channelize pedestrian/bicycle traffic and install illumination
Channelize pedestrian/bicycle traffic and install warning signs
Channelize pedestrian/bicycle traffic, ‘nstall illumination and
install warning signs

Install warning signs and improve pavement markings (i.e.
crosswalks)

Channelize pedestrian/bicycle traffic, install warning signs and
improve pavement markings (i.e., crosswalks)

Channelize pedestrian/bicycle traffic and install actuated
pedestrian signals

Install warning signs, improve pavement markings, (i.e.,
crosswalks) and install actuated pedestrian signals

72



S{ituatfon: Tangent Roadway Sections

Accident Pattern: Parked Vehicle Collisons

Countermeasures:

0 Restrict parking (U)
0 Widen pavement ?U & R)
0 Reduce speeds (U & R)

Countermeasure Groups:

0 Restrict parking and reduce speeds
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Situation: Tangent Roadway Sections

Accident Pattern: Fixed Object Collisions

Countermeasures:

o Install protection devices ( i.e., guardrail) (U & R)

o Widen shoulders (U & R)
o Improve shoulder maintenance (U & R)

Countermeasure Groups:

o Install protection devices (i.e., guardrails) and widen shoulders

o Widen shoulders and improve shoulder maintenance
o Install protection devices (i.e., guardrails) and improve shoulder

maintenance
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Situation: Tangent Roadway Sections

Accident Pattern: Sideswipe Collisions

Countermeasures:

Restrict parking (U & R)

Reduce speeds (U & R)

Install lane use signs (U)

Improve pavement markings (U & R)
Improve alignment (U & R)

Widen pavement (U & R)

Add turning/passing lanes { U & R)
Install median barrier (U & R)

00000000

Countermeasure Groups:

Restrict parking and reduce speeds

Install lane use signs and improve pavement markings
Install lane use signs and improve alignment

Restrict parking, reduce speeds and install lane use signs
Install lane use signs and widen pavement

Install lane use signs and add turning/passing lanes

0 00 OO0 O
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Situation: Tangent Roadway Sections

Accident Pattern: Oriveway-Related Accidents

Countermeasures:

00O QO OC O

Remove sight obstructions (U & R)

Prohibit driveway movements (U)

Improve access management (i.e., channelize driveways) (U)
Provide skid treatment (U & R)

Add turning/passing lanes (U & R)

Provide illumination (U)

Install warning signs (U & R)

Countermeasure Groups:

Qoo
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Remove sight obstructions and prohibit driveway movements

Remove sight obstructions and install warning signs

Remove sight obstructions and provide illumination

Remove sight obstructions, provide illumination and install warning
signs

Improve access management (i.e., channelize driveways) and add
turning/passing lanes

Add turning/passing lanes and install warning signs
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Situation: Curved Roadway Sections

Accident Pattern: Run-off-the-Road

Countermeasures:
o0 Provide skid treatment (U & R;
o Improve alignment (horizontal) (U & R)
0o Widen pavement/shoulders (U & R)
0 Add turning/passing lanes (U & R)
o Improve pavement markings (i.e., centerlines & edgelines) (U & R)
o Provide roadway/shoulder maintenance (U & R)
o Install warning signs/signals (i.e., chevrons, arrow boards) (U&R)
o Improve driver guidance ?i.e., delineators) (U & R)

Countermeasure Groups:

Provide skid treatment and widen pavement/shoulders

Provide skid treatment and add turning/passing lanes

Add turning/passing lanes and improve pavement markings (i.e.,
centerlines & edgelines)

Improve pavement markings (i.e., centerlines & edgelines) and
provide roadway/shoulder maintenance

Provide skid treatment and improve alignment (horizontal)

Provide skid treatment and widen pavement/shoulders

Install warning signs/signals (i.e., chevrons, arrow boards) and
improve driver guidance (i.e., delineatcrs)

Improve pavement markings (i.e., centerlines & edgelines) and
install warning signs/signals (i.e., chevrons, arrow boards)
Improve pavement markings (i.e., centerlines & edgelines), install"
warning signs/signals (i.e., chevrons, arrow boards), and improve
driver guidance ?1.e., delineators)
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Situation: Curved Roadway Sections

Accident Pattern: Head-on-Collision

Countermeasures:

Improve pavement markings

Improve horizontal/vertical alignment
Install median barriers

Improve passing zones

Install warning signs

0 Q0 O

Countermeasure Groups:

o Improve pavement markings and improve passing zones

o Improve pavement markings and improve horizontal/vertical
alignment

0o Improve pavement markings and install warning signs

o Improve pavement markings, improve passing zones and install
warning signs



Situation: Curved Roadway Sections
Accident Pattern: Pedestrian-Bicycle Accidents

Countermeasures:

Channelize pedestrian/bicycle traffic (U)

Install illumination (U)

Install warning signs (U & R)

Improve pavement marking (i.e., crosswalks) (U & R)
Instal! actuated pedestrian signals (U)

00O 00O

Countermeasure Groups:

o Channelize pedestrian/bicycle traffic and install illumination

Channelize pedestrian/bicycle traffic and install warning signs

Channelize pedestrian/bicycle traffic, install illumination and

install warning signs

o Install warning signs and improve pavement marking (i.e.,
crosswalks)

o Channelize pedestrian/bicycle traffic, install warninn signs and
improve pavement marking (i.e., crosswalks)

o Channelize pedestrian/bicycle traffic and install actuated
pedestrian signals

o Install warning signs, improve pavement marking (i.e., crosswalks)
and install actuated pedestrian signals

(= o]
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Situation: Curved Roadway Sections

Accident Pattern: Parked Vahicle Collisions

Countermeasures:

o Restrict parking (U)
o Widen pavement/shoulders ( U & R)
o Reduce speeds (U & R)

Countermeasure Groups:

o Restrict parking and reduce speeds



Situation: Curved Roadway Sections

Accident Pattern: Fixed Object Collisions

Countermeasures:

0

QOO

gﬂs:aag protection devices (i.e., guardrail, crash cushions)
Widen pavement/shoulders ( U & R)
Improve shoulder maintenance { U & R)
Remove or relocate objects { U & R)
Install warning signs

Countermeasure Groups:

0o

Install protection devices (i.e., quardrails, crash cushions) and
widen pavement/shoulders

Widen pavement/shoulders and improve shoulder maintenance

Install protection devices (i.e., guardrails, crash cushions) and
improve shoulder maintenance

Widen pavement/shoulders and remove or relocate objects

Install protection devices (i.e., guardrails, crash cushions) and
install warning signs

Improve shoulder maintenance and install warning signs
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Situation: Curved Roadway Sections

Accident Pattern: Sideswipe Collisions

Countermeasures:

Restrict parking (U & R)

Reduce speeds (U & R)

Install lane use signs (U)
Improve pavement markings (U & R)
Improve alignment (U & R)

Widen bridge (U & R)

Add turning/passing lanes (U & R)
Install median barrier (U & R)

Coo0oo0o0 OO0

Countermeasure Groups:

Restrict parking and reduce speeds

Install lane use signs and improve pavement markings
Install lane use signs and improve alignment

Restrict parking, reduce speeds and install lane use signs
Install lane use signs and widen pavement

Install lane use signs and add turning lanes

O 00000
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Sttuation: Curved Roadway Sections

Accident Pattern: Driveway-Related Accidents

Countermeasures:

Remove sight obstructions ( U & R)

Prohibit driveway movements (U)

Improve access management (i.e., channelize/close driveways) (U)
Provide skid treatment (U & R)

Add turning/passing lanes (U & R)

Provide illumination (U)

Install warning signs (U & R)

Install median barriers (U)

Q0000 O0OO

Countermeasure Groups:

Remove sight obstructions and prohibit driveway movements

Remove sight obstructions and install warning signs

Remove sight obstructions and provide illumination

Remove sight obstructions and provide illumination and install
warning signs

Improve access management (i.e., channelize/close driveways) and
add turning/passing lanes

Add turning/passing lanes and install warning signs

o Improve access management (i.e., channelize/close driveways)} and
install median barriers

o 00 O
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Situation: Highway Sections

Accident Pattern: Bridge-Related

Countermeasures:

Remove sight obstructions (U & R)

Install advance warning signs/signals ( U & R)
Improve driver guidance (i.e., delineators) (U & R)
Install guardrails (U & R)

Provide illumination ( U & R)

Widen bridge (U & R)

Improve pavement markings (U & R)

Install crash cushions (U)

C 0000 00O

Countermeasure Groups:

0 Remove sight obstructions and install warning signs

0 Remove sight obstructions, install warning signs and improve driver
guidance ?i.e., delineators)

o Install warning signs and improve driver guidance (i.e.,
delineators)

6 Install warning signs and improve driver guidance (i.e.,
delineators)

o Install warning signs, improve driver guidance (i.e., delineators)
and install guardrail

o Install warning signs, improve driver guidance (i.=., delineators)
and improve pavement markings

0 Remove sight obstructions and provide illumination

o Install guardrails and crash cushions
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Situation: Highway Sections

Accident Pattern: Train-Involved Accidents

Countermeasures:

Remove sight ubstructions (U & R)

Install advance warning signs/signals ( U & R)
Provide illumination (U)

Install crossing gates (U)

Install crossing flashers (U & R)

0 o000 O

Countermeasure Groups:

0 Install advance warning signs/signals and install crossing
flashers

0 Install advance warning signs/signals, install crosing gates and
install crossing flashers

0 Remove sight obstructions and provide illumination

o Install crossing gates and install crossing flashers
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APPENDIX B

Typical countermeasures by situation and cost category.

Situation

Countermansures

o Signalized Intersection Lom_Cost

(Urban)

000000000

Adjust signal timing/add all red phase
Prohibilt turning movements

Add Warning signs/signals

Restrict parking

Improve pavement markings

Reduce sight cbstructions

Install pedestrian barriers

Improve turning radil

install lane use signing/markings

Mrilum Cost

00000000

Upgrade pavement marklings
Improve dralnage

Upgrade signals

Overlay pavement

Provide Illumination
Widen pavement

Install medlian barriers
Close driveways

High Cost

0000

Add turning |anes

Channel i ze

Grade separation

Install actuated signal system
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S{tuation Countermeasures

o Non-Signalized Intersections Low Cost
Urbaa?

Prohibit turning movements

Install yield/stop signs

Install warning signs

Reduce speed 1limits

Improve pavement markings

Provide pedestrian crosswalks

Reduce sight distance obstructions

Restrict parking

00000 0QO0

Medium Cost

Install signals

Widen pavement

Provide illumination

Overlay pavement

Remave signt distance obstructions

OO0 OO0

High Cost

o Channelize
o0 Add turning lanes
o Install actuated signal controllers
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Situation ™ Countermeasures

o Tangent Roadway Section Low Cost

(Urban)
Provide adequate drainage
Improve pavement markings
Reduce speeds
Restrict parking
Install warning signs/signals
Prohibit turns to/from driveways
Provide pedestrian crossings

o000 0O0O0

Medium Cost

Add passing/turning lanes
Overlay pavement

Widen lanes

Relocate parking

Remove/protect roadside obstacles
Improve access mangement
Channelize traffic

Provide sidewalks

0000000 O

High Cost

o Improve alignment (vertical)
o Install median barrier



Situation- Countermeasures

o Curved Roadway Section Low Cost

(Urban)
Install warning signs/signals
Prohibit adequate drainage
Improve pavement markings (edgelines)
Improve roadway/shoulder maintenance
Reduce speed limits
Restrict parking
Reduce the number of driveways (access
management)
Restrict turns

00 00000

o

Medium Cost

Overlay/groove pavement
Remove sight obstructions
Channelize driveway traffic
Install guardrail

Provide illumination

Widen pavement/shoulders

0Oo0o00COO

High Cost

0 Improve aligmment
o Install median barriers
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Situation Countermeasures

o Raliroad Crossing Low Cost
(Urban/Rural)
0 Reduce sight obstructions
o Install warning signs/signals
o Install crossing signs

Medium Cost

0 Provide illumination
o Install crossing flashers
o Improve crossing surface

High Cost

o Install crossing gates
o Improve approach alignment
o Grade separate crossing



Situatiou_ Countermeasures

o Brilqe Section Low Cost
wrhan/Rural)
Reduce sight obstructions
Install warning signs/signals
Improve pavement markings (1.e., edge lines)
Insta'l delineators
Reduce speeds

0O00o0o0

Medium Cost

Remove sight obstructions
Provide illumination
Install guardrails
Improve shoulders

Improve bridge railings
Widen roadway

Co0oo0oo00©0

High Cost

0 Reconstruct/relocate bridge
0 Realign bridge apprsaches
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SituatioI- Countermeasures

o0 Signalized Intersections Low Cost
(Rural)
Adjust signal timing/add all red phase
Add Warning signs/signals
Improve pavement markings
Reduce sight obstructions
Improve turning radii
Install lane use signing/markings
Improve drainage

0000000

Medium Cost

Remove sight obstructions
Widen pavement/shoulders
Upgrade signals

Overlay pavement

Provide illumination

Install median barriers

Add turning lanes

Channelize driveway traffic
Install actuated signal system

000000000

High Cost

0 Channelize intersection
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Situation Countermeasures

0 Non-Signalized Intersection Low Cost
(Rural)
Instal! stop/yield signs
Install warning signs
Reduce speet limits
Improve pavement markings
Reduce sight distance obstructions

00000

Medium Cost

Remove sight distance obstructions
Widen pavement

Provide illumination

Overlay pavement

Install signals

Improve shoulders

O00O0DOO0O0

High Cost

o Channelize
0 Add turning lanes
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Situation

o Tangent Roadway Sections
(Rural)

Countermeasures

Low Cost

o Provide adequate drainage

o Improve pavement markings

0 Reduce speeds

o Install warning signs/signals

o Prohibit turns to/from driveways

o Provide pedestrian crossings

o Improve roadway/shoulder maintenance

Medium Cost

0 Add passing/turning lanes

0 Overlay pavement

o Widen pavement/add turning lanes

0 Remove/protect roadside obstacles
0 Remove sight obstructions

High Cost

o Improve alignment (vertical)
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Situation

0 Curved Roadway Sections
(Rural)

Countermeasures

Low Cost

o Install warning sigrs/signals

o Provide adequate drainage

o Improve pavement markings (edgelines)
o Improve roadway/shoulder maintenance
0 Reduce speeds

o Reduce sight obstructions

Medium Cost

o Overlay/groove pavement
o Remove sight obstructions
o Install guardrail

o Provide illumination

o Widen pavement/shoulders

High Cost

o Improve alignment (vertical)
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY RESEARCH,
DEVELOPMENT, AND TECHNOLOGY

The Offices of Research, Development, and
Technology (RD&T) of the Federal Highway
Administration (FHWA) are responsible for a broad
research, developmeu and tachnolo.y transfer pro-
gram. This program is accomplished using numerous
methods of funding and management. The efforts
include wark done in-house by RD&T staff, con-
tracts using administrative funds, and a Federal-aid
program conducted by or through State highway or
transportation agencies, which include the Highway
Planning and Research (HP&R) program, the Na-
tional Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board, and the onc-half of one percent training pro-
gram conducted by the National Highway Institute.
The FCP is a carefully selected group of projects,
separated into broad categories, formulated to use
research, development, and technology transfer
resources to obtain solutions to urgent national
highway problems.

The diagonal double stripe on the cover of this report
represents a highway. It is color-coded to identify
the FCP category to which the report’s subject per-
tains. A red stripe indicates category 1, dark blue
for category 2, light blue for category 3, brown for
category 4, gray for category S, and green for
category 9.

FCP Category Descriptions

1. Highway Design and Operation for Sefety
Safety RD&T addresses problems associated
with the responsibilities of the FHWA under the
Highway Safety Act. It includes investigation of
appropriate design standards, roadside hard-
ware, traffic control devices, and collection or
analysis of physical and scientific data for the
formulation of improved safety reguiations to
better protect all motorists, bicycles, and
pedestrians.

Traffic Coutrol sad Musagement

Traffic RD&T is concerned with increasing the
operational efficlency of existing highways by
advancing technology and balancing the
demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, coordinated signal tim-
ing, motorist information, and rerouting of
traffic.

Highway Operations

This category addresses preserving the Nation’s
highways, natural resources, and community
attributes. It includes activities in physical
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maintenance, traffic services for maintenance
zZoning, management of human resources and
equipment, and identification of highway
elements that affect the quality of the human en-
vironment. The goals of projects within this
category are to maximize operational efficiency
and safety to the traveling public while conserv-
ing resources and reducing adverse highway and
traffic impacts through protections and enhance-
ment of enviroumental features.

Pavement
Management
Pavement RD&T is concerned with pavement
design and rehabilititation methods and pro-
cedures, construction technology, recycled
highway materials, improved pavement binders,
and improved pavement management. The goals
will emphasize improvements to highway
performance over the network’s life cycle, thus
extending maintenance-free operation and max-
imizing benefits. Specific areas of effort will in-
clude material characterizations, pavement
damage predictions, methods to minimize local
pavement defects, quality control specifications,
fong-term pavement monitoring, and life cycle
cost analyses.

Design, Construction, and

Structural Desiga sad Hydranlics

Structural RD&T is concerned with furthering the
latest technological advances in structural and
hyd-aulic designs, fabrication processes, and con-
struction techniques to provide safe, efficient
highway structures at reasorable costs. This
category deals with bridge superstructures, earth
stiuctures, foundations, culverts, river
mechanics, and hydraulics. In addition, it in-
cludes material aspects of structures (metal and
concrete) along with their protection from cor-
rosive or degrading environments.

. RD&T Management and Coordination

Activities in this category include fundamental
work for new concepts and system character-
ization before the investigation reaches a point
where it is incorporated within other categories
of the FCP. Concepts on the feasibility of new
technology for highway safety are included in this
category. RD&T reports not within other FCP
projects wi'l be published as Category 9 projects.
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