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NOTICE 

This document ts disseminated under the sponsor5h1p 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 Deparw.nt of Transportation. This 
report does not constitute a standard, specification, or regulation. 

The United States Government does not endor5e products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 
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I • UfmoDUCr I CII 

8edcgcovo4 
Effective highway ,afety l ■prov .. nt progr•s require the Identification 

of the specific roadWay, traffic control, and envlronaental deficiencies of a 
hazardous location and the lmpl .. ntat•on of appropriate counter•asures to 
al levlate the accident probl•s. A wide range of countermeasures have been 
appl led to address sofety deficiencies, but In meny cases the expected 
effectiveness of the counterMasures was based largely on Judgment. Traffic 
and safety engln .. rs have been lmplenmntlng accident countermeasur~s for 111any 
years using past experience without fol low up evaluations. Thus, 
statlstlcal ly sound lnforutlon about the accident reduction capabl I ltles of 
various countermeasures Is stll I I lmlted. While efforts have been ude to 
al levlete this deficiency, there are several c0111pl lcatlng factors which must 
be addressed. These Include: 

o A counter•asure MY affect b~th safety and operations •king It 
dlfflcult to Interpret any changes In accl~ents at a site. 

o The use of muttlple countermdasures at a site Increases the 
dlfflcultly of Isolating the effect of a slngle counter•asure. 

These Issues are Important, because In order to select appropriate and cost­
effective countermeasures for a site, It Is essential to accurately estl•t• 
the resulting safety benefits. This requires the avallabll lty of accident 
reduction factors not only for Individual treatMnts, but also estlutes of 
the lncreMntal benefits for counterMasures which Involve multlple 
treatMnts. In the absence of quantitative data on such lncreNfttal benefits, 
sai'ety engl~..-1 have rel led either on subjective Judgaent or pub I lshed 
rccldent r-eductlon factors for lndlvldual counter•asures. 



ObJec:tlYt1 _ 
The objectlve1 of this study were to develop a Nthodology for 

deter■ lnlng the lncr .. ntal effectlvenass of accident counterNasures appl led 
In cOllblnatlon at particular locations, to out I lne I plan for l ■pleaentlng the 
Nthodology, and to assess the expected feeslbll lty of the •thodology. 

$c;Ql)9 At tbe B•s•ocsb 
This study was prlmarlly a •paper study• In which subjective Judgment was 

appl led to the assess•nt of existing lnfor1111tlon. No new data were 
collected. The first step I lsted accident countermeasures by type of 
situation or locetlon and by accident pattern. Both lndlvldual 
counter•asures and typlcal groups of countermeasures were Identified. The 
next step ex•lned several potentlal Mthodologles for determining the 
lncr .. ntal effectiveness of typleal accident countermeasure groups. 
Experl11ental plans were outl lned for each of the most pr011lslng Mthodologles. 
The plans Included the consideration of consistency with current practices, 
measures of effectiveness (to Include surrogates), specific accident types to 
be affected and cost to lmpl .. nt. Next, the feaslbll lty of the candidate 
Nthodologles was assessed with regard to practical tty, rel labl I lty, 
val ldlty, tl111e, cost, and expected benefit. 

FI na I I y, cone I us Ions were drawn and reecnnendat Ions were made w I th 
respect to the continuation of research to fully develop and test a 
Nthodology for determining the lncrNCtntel effectiveness of groups of 
ace I dent counter11eesures. 

2 



11. MJ:IDEIIT' OOUNJEJIIEASllES 

The develOr,Mnt of a •thodology for the Investigation of the lncr-ntal 
effectiveness of accident counterN8sures requires lnltlal ly that 1 

COMprehens Ive I I st of counterM8sures be COIIP I I ed. Th Is I I st w I I I prov I de the 
basis for reviewing: 

o Accident counterMasures and their groupings In practice for 
dlffer•nt types of highways. 

o Past efforts to evaluate the accident reduction effects of 
CC)Untermeasures and the associated critiques of these efforts. 

o Past research aimed at analyzlng lncrmnantal effectiveness. 

The fol I owing subsections describe various approaches to eat99«lzlng 
counterMasures which have bMn at+•pted. These I lsts are Intended to 
provide the background for determining connon practices In the appl !cation cf 
counterMasures (I.e., their groupings), and assessing the practicality of a 
p I en to conduct a for• I study to estab I I sh the I eve Is of I ncreaenta I 
effoctlveness. Each of the fol lowing subsections addresses a ••ans t~ 
categorize counterMasures. 

Lpcotfoool lotlYIDSII 00 Aq;ldfat, 
The frequency and severity of accidents on the highway syst• vary by 

locatlon. Thus, accident treatMnts are often categorized by the type of 
locatlon. Tablet provides a su-ry of typical accident counterMasures 
which My be applied to types of locations. 

3 



0 

0 

Table 1. Counter•asures cet•gorlzed by location type 

Hlgh■I¥ Sest1ADI (Belct■ox> 

Channel lzatton 
Dei tneators 
I I I um I net I on 

Add Lanes 
Median Barriers 
Median l11provN9nts 
Pav .. nt Markings 
Raised Pev .. nt Markers 
Pav8118nt Widening 
Shoulder Wldenlng/lmprov8Mnt 
Rumble Strips 
Roadway Reallgn•nt/Reconstructlon 
Sight Distance Improvements 
Signing 
Skid TreatNnt - Grooving/Overlay 
Drainage l ■prov .... nts 
Speed Zones 
Truck Escape Lanes 
Close Median Openings 
Add Cl llllblng Lanes 
Add Passing Lanes 
l11prove Superelevatlon 
Acceleretlcn/Deceleratlon Lanes 
111;,rove Surface 
laprove Access Mlnageaent 

Hlgbwl¥ SectfMI (BPldlhW> 
• Break••Y Sign Supports 

Guardral I 
Obstacle Raov1I 



0 

0 

0 

-Table 1. CounterMasures categorized by location type (continued) 

Utlllty Pole Modification 
Slope Flattening 
Sldewalks/Blcycle Faellltles 
Fencing 
Drainage Structure Improvements 
Breakaway Poles 

H!gbr1¥ $ectlAOs <Bcldg••> 
Install Guardrail Transitions 
Construct New Bridges 
Replace/Add brl~~e Rall 
Replace Bridges 
Widen/Improve Bridges 
Impact Attenuator$ 
Drainage lmprov ... nts 
Deicing Treat•nts 
Improve Surface 

HlgbMI¥ SlctlAOI (Atbtcs> 
Minor Structural lmprov ... nts 
Overhelght Vehicle Detection Syst• 

Bofl::t11gtnco¥ Cco11logs 
Install RR Crossing Gates 
Install RR Crossing Flashing Lights 
laprove Crossing Surface 
Upgrade Crossing Surface 
Reconstruct Vertical Allgnaent 
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_Table 1. CounterNesures categorized by location type (continued) 

·-
Upgrade Crossing Markings 
Grade Separation 
111 u■lnatlon 

M-Gcnd@ 1nt■nw;ttoo1 

Install Beacons/Flashers 
Channel lzatlon 
111 u■lnatlon 

Add Lanes 
Median Barriers 
P•v-nt Widening 
P•v-nt Markings 
Roadway ReallgnMnt 
Rullble Strips 
Sight Distance l ■prov .. nts 
Signing 
Skid Treatment - Overley/Grooving 
Traffic Signals 
Pedestrian Signals 
TrN Rear.,val 

Turning Lanes 
Grade Separation 
Pedestrian Overpasses 
Drainage laprov .. nts 
Turn Prohibitions 
Reduce Speed Ll ■lts 

lncrHH Tur~lng Radii 
Provide Advance Warning 
Install Ped Berrlers 
Ellalnate Perking 
Establish One-Wey StrMtS 

6 
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-Table 1. Countermeasures categorized by location type (continued) 

IDDCGblOQ■I 

Channel lz■tlon 
111 UIII I natl on 
Add Lanes 
Medlar Barriers 
Pav-nt Widening 
Paveaent Markings 
Roadway ReallgnMnt 
Signing 

Skid TreatNnt - Overlay/Grooving 
Drainage l111prove11ents 
Reduce Speed Limits 
Increase Turning Radii 

7 



other Locational classifications NY also be pertinent to the 
categorization of counter•asures. For example area type classifications may 
be useful. Certain countermeasures may be classified as urban or rural. 
Multi-phase traffic slgnal operation •Y• for Instance. be considered typical 
of urban situations. other categories ■lght Include road classification 
(I.e., functional or administrative), or land use. 

Addc•11•oe Ag;14■nt PcQh 1es 
It Is laperatlve to lmpl .. nt the most appropriate counter•esure to 

r ... dy the particular safety deficiency at a site. The selectlon of an 
Inappropriate counterMasure My result In mlnl1111I or even adverse l111Pacts 
upon the safety problem. A nulllber of docuMnts have been pub I lshed In the 
I est two decades wh I ch out I I ne procedures for the systNet I c se I ect I on of 
countermeasures on the basis of a detailed analysis of accident Information. 
Ons of the earl lest of these was prepared by Midwest Research Institute for 
the Missouri State Highway ea.itsslon with a later adaptation by Datta (2). 
Tabular su .. rles of counterM111sures were presented In these doeu11ents to 
address tne probable cause of accidents. A similar set of tables has been 
Included In the FHWA Highway Sot•ty EogloMCJng Studies tHSES> Prq;9ducol 
illJ.da (3). Figures 1 and 2 provide a dot 111trlx sull'IMry of the tables 
provided In this Gulde. In Figure 1 the dot In a particular eel I Indicates 
the possible causes of accidents associated with observed accident patterns at 
I Inks and Intersections. Once the possible causes are Identified, Figura 2 
can be reviewed to deter■lna the type of counterMasure appropriate for 
rN8dylng a specific accident cause. 

These tables represent worthwhile att•pts to guide highway safety 
engln...-1 In the selectlon of appropriate counterNasures based upon 
addrnslng the specific accident causes at a location. A notable deficiency 
of these tablet lies In the fact that single counterineesures ere proposed In 
each case. None of the tab I es prov I des a syst-■t I c schae for packag Ing a 

series of treatMnts Into an lmprov-nt project which addresses the unique 
featurn of the location. 

8 
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In August of 1982. the FHWA released a memorandum on the subJect of 
accident reduction levels attainable from various safety Improvements (4). 
This 111e.0 provides new data on accident reduction potentlals of highway 

tmprov .. nts based uponz 

o Data prov I ded annua 11 y by Statf,s. 

o Data provided by the States,~ special effectiveness evaluation 
reports. 

o Data provided by the States as part of the FHWA research proJect 
tltled, "lmplementatlon of Highway Safetv Project Evaluation 
Procedures." 

These accident reduction levels were al I based upon before and after studies 
with adjustments made for exposure and control groups where possible. These 
are believed to be useful as a starting point for forecasting benefits to be 
derived frOft'I specific highway Improvements. 

The countermeasures I lsted In Table 2 represent those for which data were 
compt led. Other categories were also defined, but no accident reduction ~ate 
were aval I able for these. It Is Interesting to note that data were compt led 
for combinations of s01118 countermeasures. White these data are useful, they 
are not bel laved to represent rigorous 111easures of the lncranental effects of 
various countermeasure1. The FHWA tables also provide breakdowns of the 
accident reductions possible for rural and urban situations and where 
appropriate for highways of different laneage. 

r&MlntetNIIUCI IYR■I 

The review of previous efforts and the nature of current practices 
lmpl fes the need to categorize countermeasures by locatlon type. Figure 3 
depicts what might be considered the fundllll8ntal categorization of highway 
situations. It Is bet laved that the nature of traffic controls, Intensity cf 
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Table 2. Situation end countenneasures for which accident 
reduction factors were provided by FHWA Mao 

lot1c1w;t1gn1 
Channel lzatlon 
Turning Lanes 
New Traffic Slgnels 
Upgraded Traffic Signals 
Sight Distance l•provements 
Signs 
Pav811ent Markings 
11 lumlnatlon 

Ic1U re Cootca• Ooxlc;ea 
All Coablnatlons of signs 
Warning and Regulatory Signs 
Pavement Markings end Del lneatlons 
Signs, Marking, and Delineation et Narrow Bridges 
Rumble Strips 

Stcuctuces 
Bridge Widening 
Bridge Replacaent 

P,v .... nt Widening 
Lanes Added 
N9w Median Strip 
Shou I der WI den Ing or llnprov .. nt 
Pav-.nt and Shoulder Widening 
Skid Treetaent - Gr,oovlng 
Hor I zonte I Rea 11 gnaent 
Vert I ca I RN 11 gnaent 
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0 

Table 2. Situation and counter•asures for which accident 
reduction factors were provided by FHWA Mello <continued) 

Horizontal and Vertical Realignment 
Passing Lanes 

BoldaJ41:Japroyp pgt1 

Guerdrall - New end/or Improved 
Medlen Berrier 

Roadway Lighting 

Bl11c91d-Hlgbway Gco4• C,:gulng laprpy-nts 
New Fleshing Lights 
Upgraded Fleshing Lights 
Autanetlc Gates end New Fleshlng Lights 
Grade Sepere11on 
lllu•lnatlon et Crossings 
Signs and Markings et Crossings 
Surface lmprov .... nt et Marked Crossing 

13 



Highway 
Situations 

<Signalized 

Non-Signalized 
Intersection 

<Tangent 
Urban ..... -section (Link) 

Curved 

<Railroad-Crossing 
Special Situation 

Bridge 

<Signalized 

Non-Signalized 
Intersection 

.<Tanget 
\ Rural 4----Section (Link) 

Curved 

<Railroad Crossing 
Special Situation 

Bridges 

Figure 3. Proposed classification of highway situations. 
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lend use, end voluNs of traffic warrant• breakdown by urban end rural 
s I tu1t Ions. A sub,1rban c I 1ss If I cit I on MY be poss I b I e, but It was be I I eved 

that locations In this transitional area could be effectively treated under 
one of the basic classifications, depending on Its features. Within each a,ee 
type the highway syst• can be broken down Into Intersection, section (I Ink), 
or special situations where traffic stre11111s cross or Mrge. Roedwey sections 
may be cons I dered to be thOH seginents between I ntersect Ions. Wh I I e SCllle 

Intersecting 1110v...,,ts My occur (I.e., at driveways) the maJor concern Is the 
longltudlnel 110v .. nt of traffic stre•s. Lest, there occur special 
situations that, whl le occurring et Intersections or on I Inks, have features 
which often lead to unique accident probl•s. The treatments associated with 
these situations differ betw .. n urban and rural locations. The treatments 
wl I I also vary by the nature of the type of Intersection, section, or speclal 
situation. Hence, Intersections were categorized as signal lzed and non­
signal lzed, sections as tangent or curved, and specl1I situations as railroad 
crossings,..,. bridges (overpass or underpass). 

The causes of eccl dents at these situations often fol la. regular 
patterns. In selecting an appropriate accident countermeasure It Is Important 
to consider the nature of the safety deficiency. Therefore, a su ... ry of 
general counter1111esures appropriate for each accident pattern and highway 
situation was prepared. The dot Ntrlx shown In Figure 4 was synthesized fran 
the various sunaerles previously presented. Table 3 provides a suaary of the 
specific treatNnts which may be Included under each of the general 
countermeasure categories. It Is l•portant to point out that this su.,.ry 
addresses only highway-oriented counter111asures. Counter111easures such as 
education or enforceaent were not Included. 

Traffic and safety personnel have long used countel"tl8asures consisting of 
11Ultlpl• treatMnts at specific highway locations to al levlate safety 
probl••• Th• deter■lnatlcn of the effectiveness of these •ultlple 
app I I cat Ions hes, however, not been r I gorous I y undertaken. Sane data Is 
avallable relative to the accident reduction capabll ltles of Individual 
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Table 3. Detalled sUN1arles of accident 
count.,,..asur• treatMnts 

o Bteoxe Slgbt Qb1tryc+tgn1 
Trim Trees end Bushes 

0 

0 

0 

0 

Relnove Unnecessary Signs/Obstacles 
Reaov• Other Naturel/Man--de Obstacles 

B11trlct Pocking 
Reduce Parking Area 
Limit Perking Area 

PcobJhlt Tucn1ng/Qc!xwoy Hex-at& 
Post Prohibition Signs 
Channellze to Prevent Prohibited Movements 

Reduce the NIJfflber of Driveways 
Provide Proper Driveway Chennellzatlon 

lo1ta11 Wecolng s1gn1ts1gn111 
Install Warning Signs 
Install Warning Signs with Fleshing Signals 
Install Warning Signs with Activated Flashlng Signals 

o Raduce SpMds gr SPM«S Ll■tts 
Use Speclel Pav .. nt Markings 
Install Speed BUllpS 

Post Lower SpNd Llalts 
Install RIJllbte Strips 

o Cboon1••1•iUpgc1a GwmttcJcs 
laprov• Turning Radii 

Provide Spec:11 Lanes tor Turning Mov8118nts 
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0 

0 

0 

0 

•~~le 3. Detailed su-rles of accident 
counter•asure treatMnts (continued) 

Provide Adequet• Acceleratlon/Deceleratlon Lanes 
Flatten Vertical AllgnMnt 
Reduce Curvature In Horizontal Allgn•nt 
Correct or Add Superelevatlon 
Add Climbing Lanes 

I ostoll Si gnat 1 

Install Traffic Signals 
Install Pedestrian Signals 
lnsta!! Railroad Crossing Slgnals 
Install Flashing Beecons 

Yi;igrfd• s1go1l1 
Add Signal Heads 

Install Larger Slgnal Lenses 
Install Traffic Actuated Equipment 
Install Railroad Crossing Gate 

IIRPCRY• Mqtgrl§t Gyldense 
lnsta!I Additional Signing/Markings 
Provide 0Yerhead Signing 
lnstal I Del lneators 
Install Raised Pav ... nt Markers 

I IPCRY• 8PechM¥ $yrfw:, 
Provide ~,kid Resistance Overlay 
Provide ?av .. nt Grooving 
Install Deicing Equlp.-nt 
Stabilize Shoulders 
Improve Bridge/Railroad Crossing surface 
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Tabl• 3. Detafled su111Urfes of accident 
counterMasure treetllents (contlnuetU 

o PrgyJde Adequot• Pc1•01g1 

0 

0 

0 

0 

Install Larger Culverts 
Clean Drainage Courses 
Install Addltfonel Catch Basfns 

Ffatten Side Slopes 
Re1110Ve Trees/Obstacles 
Install Breakaway Poles/Sign Supports 
Install Guardrail 
Install l1111>ect Attenuators 
Provide Adequate Clear Zone 

Prgyld• ptd•1+ci10 fact11t111 
Install Sldewalks/Crosswalks 
Add Pedestrian Signals 
Provide Pedestrian Overpasses/Underpasses 
Install Pedestrfan Barriers (I.e., fences) 
Provide Pedestrian Refuge Areas 

lillden Lanes 
Increase Shoulder Width 
Widen Bridges 

Add Tyrnlng L1011 AC Tyrn Pbflfl 
Add Left Turn Lanes 
Add Left Turn Phases 
Add Right Turn lanes 

20 
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0 

0 

Table 3. Detailed su-.rles of accident 
counter11easure treatllents (continued) 

Add Right Turn Phases 

Per■ lt Right Turn on Red 

IIIPCAYI Pexsssnt Markings 
Use Longer Lasting Marking Materials 
Add Edge I Ines 

Use Raised PavNent Markers 

••c0vt •aroos 
Install Median Barriers 
Widen Medians 
Reduce Crossing Points 

!VCPY• Signal Tl9lng 
Increase Number of Phases 
Alter Signal Splits 
Increase Alllber Phase 
Add All-Red Clearance Phase 

0 Pcgylde IIIY11io1tlC¥) 

0 

Add Street Lighting 
IMprove Street Lighting 
Add Sign lllu■lnatlon/Case Signs 

Increase Dellneatlons 
Lengthen Passing Zones 
Provide Passing lanes 

21 
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Table 3. Detailed suMarles of accident 
counterNasure treatments (continued> 

Pr;qyfdf BoodyoytSboufdar Hl•o+•oooc:e 
Resurface Ro■dwP,i 
Stabilize Shoulders 

22 



treatment~. or very cca:ion groups of treatments. Llttle, If any. quantitative 
tnforutlon on the lncreaental effects of multlplc treatments have been 
dev• I oped. the over a I I ace I dent reduct I on expectat Ions for mu I t Ip I e 

treatMnts have generally been determined by using the additive model 
formulated by Jorgensen (5). This model treats each successive treatment over 
and above the previous one as a function of the balance of accidents not 
reduced In the previous step: 

Where: Pt• Tctel percent reduction In accidents. 
P1 • Largest percent reduction In accidents of any one of the 

countermeasuras. 
Pn •Smallest percent reduction In accidents of any one of the 

counter111easures. 
n • Number of counterffl88sures used In freatlng a specific 

situation. 

Whl le there seems to be a certain degrN of plauslbll lty of this approach, It 
ial Is ·to account for the Incremental effects of Individual countermeasures 
when used In cOlllblnetlon end the overal I Interaction effect of two or more 
treatt,.,nts work Ing together. Th ts lll0de I a I so requ I res that v I ab I e ace I dent 
reduCTlon data exist. It also falls to account for the posslbll lty that 
addltlonal or subsequent counterMasures !My not be as effective In reducing 
the nulllbers of accidents, I.e., the 1110st tractable portion of the accident 
probl• uy have been eliminated by earlier caunterMasures. 

23 



Varlou~ approechn can be •ployed to establ lsh groups of safety 
count.,....sures. Th ... Includes 

o Actual Practice - Review projects end detenaln• the accident 
patterns end th• frequency of counterMasures use eppllcatlon. 

o Accident Probl• Ccleblnattons - Analyze countermeasure needs on the 
basis of coaonly occurring ccaiblnatlons of accident patterns. 

o Past Research Relative to Accident Reduction Cepabll itles -
Establ lsh groups on the basis of what Is known about the 
Interactions of countenieesures fr011 previous research efforts. 

o Highway Situation - Establ lsh groupings to reflect the available 
options by highway situation. 

o Highway Design Practice - Review State standards to deter■lne 
countermeasure rec01111endatlons and the criteria for their use. 

The use of any of these approaches Is comp I teated by the differences In 
traffic, roadway, accident, and envlronMntal conditions across the country. 
The leek of convenient sourc•s of data relative to highway safety 
expenditures, rates of accident occurrence, and so on further I lmlt the 
appllcablllty of any on• of the above approaches. 

A CCllllblnetlon of these approaches was used to develop various groupings 
of counteraeesures. Appendix A contains I lstlngs of typlcal count•r•asures 
and groupings of counterMasures for each of the highway situations fr011 
Figure 3 by the typical accident patterns for th ... locations (froa Figures 4 
and 5). It should also be noted that whll• the counterNasure groups are 
shown In pairs, groups of thrN or aor• counteraeuures •Y be derived by 
c011blnlng pairs containing a cc:aion counterNasure. Of course, the englnNr 
reviewing a situation would focus upon the Njor accident patterns at• 
location end usually select only SOiie of these countertneasur•• •• candidates. 
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r.a,,ot1Cne,uc1 f?ett Cettooc lz:ot I PO 
A review of c0111)1eted safety lmprov .. nt projects (Ref. 6) In 21 States 

provided a ~-ry of date that lnctudeds 

o Types of Safety l ■prov .. nts 

o Total Before Period Accidents 

o Accident Reduction Percentages 

o Number of Projects by Type 

o Total Expenditures by Type 

o Average Project Costs 

It Is crltlcal to recognize that these data were based upon reports subMltted 
to the FHWA by lndlvldual States. Differences In definitions of proJ.cts, 
design standards, accounting practices, contracting procedures, regional 
costs, and other factors MY have Influenced the accuracy of these numbers and 
thus bias any c011partsons. Further, the data were ll ■ lted to a slngl• year. 

Based on these data, Judgment was exercised to classify count.,...asures 
Into a tow, Ndlu■, or high cost category. Appendix B contains a I lstlng of 

the counterNasures by highway situation and cost category. Generally, the 
stratification fol la.ed th• fol I owing cost rangess 

0 L011 Cost s 0 - S ,,ooo 

0 MedlUII Cost S 5,000 - s,o,ooo 

0 High Cost $50,000 + 
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It I I be I I •~ed that the •ng In..,. wou I d beg In cons Ider Ing the I cw cost 
count•,.....ur .. Md progrHslvely consld~r 110re exs,.nslve counterNasures or 
groups untl I the project objectives cou Id be •t (e.g., reduce a I I feta I 
ac:cldents, reduce~ of the Injury acclM~t1>. 

c,p4i41t9 Gc9MPI tac StfbMCIYNt BIIMC~ 

Th4t succ••• of any effort to I dent lfy the I ncr .. nta I effect I veness of 
highway safaty counter-.1ure1 Is dependent upon the selectlon of appropriate 
candidate groups for further research analysts. Table 4 provides e suMary of 
coa011ly used count.,....sure groups suaarlzed by highway situation. The 
group I ngs ere based upon rat Iona I coal> I net Ions of counten11easures. Not a I I 
C011blnatlons are represented, nor are aandatory groupings Indicated. For 
exaaple, at a slgnal lzed Intersection If a paveaent overlay Is put In piece, 
It Is llflSIIIICY to replace the pavwnt aarklngs. 

26 



Table 4. su-ry of CCllaHlly used 
counterMasure group~ 

llcua Slgnal IJid lnt,cw;ttgns 
o Adjust signal tl■lng - add warning signs 
o Adjust signal timing - Improve pav .. nt urklngs 
o Improve pav-nt urklngs - add warning signs 
o Adjust signal tl■lng - Install Ian• use signing 
o Adjust signal tl ■ lng - overlay pav-.nt 
o ll!lprov• p•v-nt Nrklngs - upgrade signals 
o Upgrade slgnals - Install Ian• use signs 
o Upgrade slgnals - overlay pav ... nt 
o Upgrade slgnals - add turning lanes 
o Overlay paveMnt - add turning lanes 
o Overlay pav-nt - Install actuated signals 
o Add turning lanes - Install actuated signals 

Urban Noo-$lgn1llz•d lnt1t1,stlons 
o Install warning signs - Install stop/yleld signs 
o Install warning signs - reduce speed ll ■ lts 

o Install stop/yield signs - Improve pav ... nt markings 
o Prohibit turning aov .. nts - Improve pave■ent Nrklngs 
o Install warning signs - Install slgnals 
o Install signals - l ■prove paveMnt Mrklngs 
o Install stop/yield signs - widen pav-.nt 
o Install warning signs - over:11y pav-nt 
o Install warning signs - provide IIIU11lnatlon 
o Install stop/yleld signs - add i .. rnlng lanes 
o Overlay pav-.nt - Install signals 
o Provide lllu■ lnatlon - overlay pavNent 
o Install signals - add turning lanes 
o Ovwlay paveMnt - lnstal I actuated signal control lws 
o Channelize - Install actuated signal controllers 
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Table 4. Suaaary of coaonly uMd 
counter•asur• groups (continued) 

llrb•o I•o•t Baecbr•:w Sect1ADI 
o Reduce speeds - laprove pav .. nt ..-kings 
o Restrict parking - Install warning slgns/slgnals 
o hnprove pav-nt Mrklngs - Install warning signs/signals 
o laprove pev .. nt Mrklngs - l11prove access unag_.t 
o Install warning slgns/slgnals - l11prov■ allgnaent 
o Add passing/turning lanes - overlay pev .. nt 
o Improve access unagaent - add passing/turning lanes 
o RN10Ve/protect roadside obstacles - widen lanes 
o Add passing/turning lanes - laprove allgrwent 
o Improve allgnMnt - Install Ndlan barriers 

Ycboo Qucvu BAid••¥ s.c+1m1 
o Install warning signs/signals - Improve pavaent 11erklngs 
o Install warning signs/signals - restrict parking 
o Install warning slgns/slgnals - restrict turning aov .. nts to/frotA 

driveways 
o Install warning signs/signals - ovwlay/groove pav .. nt 
o Install warning signs/signals - widen pavaent/shoulders 
o Install warning slgns/slgnals - Install guardrall 
o l!lprove pav .. nt urklngs - Install guardrall 
o Overlay/groove pev-■nt - Install guardrail 
o Provide I I l1111lnatlon - widen pav .. nt/shoulders 
o lnstal I guardral I - widen pavaent/shoulders 
o Ovwlay pav-■"t - Install Mellen barriers 

Ycb•otBvc•I Bltlcood - Hlghw•¥ Cco11Jng1 
o Install crossing signs - Install advance warning signs 
o I nsta I I cross Ing s I gns - reduce • I ght obstruct Ions 
o Reduce sight obstructions - provide lllualnetlon 
o Install warning signs - Install crossing flashers 
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Table,. Suaary of coaanly used 
count.,....sur• groups (continued) 

o Install warning sign• - Install crossing gates •/flashers 
o l ■prove crossing surface - Install crossing flashers 
o Provide lllualnatlon - Install crossing gates •/flashers 
o laprove crossing surface - llll)rove approach allgnMnt 
o Install crossing gates - l11prove approach allgnMnt 

UrbOQ{Byral Bc 1ctau 
o Install warning signs - linprove pav .. nt Mrklngs 
o laprove pav ... nt urklngs - Install dellneators 
o Install warning signs - Install dellneators 
o Reduce sight obstructions - provide lllu11lnatlon 
o Install dellneators - Install guardrails 
o Improve pavN1ent Mrklngs - Install guardrails 
o Improve pav ... nt markings - reconstruct/relocate bridge 
o lnstal I del lr1eetors - real lgn bridge approaches 
o Raove sight obst.·uctlons - provide II lu11lnatlon 
o Install guardrails - Improve shoulders 
o Install guardrails - widen roadway 
o Install guardrails - reconstruct/relocate bridge 
o Widen roadway - reconstruct/relocate bridge 
o Reconstruct/relocate bridge - realign bridge approactes 

Buc•I Slga11iz•d Jotec11e;tl901 
o Adjust signet tl ■ lng - add warning signs 
o Adjust signal tlatng - Improve pav ... nt aarklngs 
o laprov• paveaent •rklngs - add warning signs 
o Add warning signs - reduce sight obstructions 
o Upgrade signals - overlay pav ... nt 
o Upgrade signals - widen ~av-nt/shoulders 
o Upgrade signals (visibility) - Install actuated signals 
o Upgrade signals - chann•llle Intersection 
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Table 4. S.-ry of cOMOnly used 
counter-■sure groups <continued> 

Rural Noa-$1gnlllztl4 lnf:IC:aestlgn1 
o Install stop/yleld stg~• - Install warning signs 
o Install stop/yleld signs - laprov• pav-nt -■rklngs 
o Install warning signs - reduce sight obstructions 
o Install warning signs - Install signals 
o laprove pav-nt •rklngs - Install signals 
o Install stop/yield signs - widen paveaent/shoulders 
o Install warning signs - provide lllu■lnatlon 
o ln~tall stop/yleld signs - add turning lanes 
o laprove p■v-nt Nrklngs - add turning lanes 
o Overlay paveaent - lnstal I signals 
o Install signals - channelize 

BYCII J)ngen+ BOldHV StctlAOS 
o Improve pav-■ent INll""klngs - reduce speeds 
o laprove pav..ent -■rklngs - add passing/turning lanes 
o Install warning signs/signals - add passing/turning lan•s 
o Install warning signs/signals - reaove/protect obstacles 
o laprove p■v-nt/shoulder aalntenance - reaove/protect obstacles 
o Add passing/turning lanes - overlay pavaent 
o Reaove/protect obstacles - widen pav..ent 

Rue•! Cucx•4 Boecbcov SestiADI 
o Install warning slgns/slgnals - laprove pav .. nt Mrklngs 
o Reduce speeds - Improve pav9111ent urklngs 
o Install wernlng slgns/slgnals - overlay/groove pav...,.t 
o laprove paveMftt ■arklngs - provide II lu■lnatlon 
o Install warning slgns/slgnals - widen pav-nt/shoulclers 
o Install warning signs/signals - Install guardrail 
o Overlay/groove paveMftt - lnstal I guardral I 
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Table 4. Suaary of cOINIIOnly used 
counte.-..asure groups Ccont;nued) 

o Widen pav-t/shoulders - Install guardrail 
o Widen paveNnt/shoutders - provide lllu■lnatlon 
o Reaov• sight obstructions - provide tllu■lnatlon 
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- 111. NE1HCIMl.08'f FGR DE I Ellh NUS TIE UOIENENrAL 

Efff.CI I YEIESS Of COUNTEIIIEASIII 

The dev• I opaent of a genera I I zed Mthodo I ogy for deter■ In Ing the 
lncreaental effectiveness of count.,. ... sures used In cOllblnatlon to al levlate 
specific accident probl•s centers on the selection of the 110st appropriate 
experlMntal design. In the fol I owing sections the Mthodology Is discussed 
In tenns of the assumptions ude, the basic approaches to the exper·lmental 
design that were considered, the measures of effectiveness selected, the 
treatMnt of confounding factors, and the data requlr .. nts. 

MI\IIIPtlAO& 
It Is crltlcal that the r•lflcatlons of assU11ptlons made In the 

elev• I 0p1119nt of the genera I I zed methodo I ogy be c I ear I y understood. These 
assuaptlons often provided the basis for decisions •d• In selecting the 
experl•ntal des lg".' and other components of the Mthodol ogy. Key assumptions 
Included the followlng: 

o The change In accident experience at a site over time Is a viable 
measure of the effectiveness of a treai'lnent or group of treat.nts 
when other factors have been controlled. 

o Accident data represent the best Measure of Effectiveness (MOE) for 
the assesSNnt of treat■ent effectiveness. Surrogate ••~ures, 
whl le useful In sane cases, do not (at this ti•> represent a viable 
•ans to determine the lncr .. ntal accident reduction potential for 
highway safety count.,. ... ures. 

o U I t l•h I y, a CCllll)rehens Ive set of I ncreNnte I ef feet I veness data 
for I I I types and groups of counter•asures w I I I be requ I red to 
fut ly val ldate the Nthodology. Initial ty, however, the •thodology 
deve I opMnt I s based on exper I Mnta I p I ans for two of the 1110re 
cc-,n groupings of count.,....sur•• 
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o ~fore/After with Controls - This design lnvol ves the e011parlson of 
NOE'• recorded In both a "before• and -.fter• tlN period at sites 
wher• • trNtaent has b•n I 11p I -n"i'ec.l (a treataent •Y cons I st of 
one -count.,...asure or a group c,f counterMasures). In addition, 
control sites having characteristics sl ■ llar to the test sites are 
selected to ■onltor <or control for) the Impact of confounding 
fa~tors on the MOE•s. The control slt•s MY be selected on a random 
basis (randclllzed controls) or a non-randoll basl$ (cOlllf)arlson 
groups). Whl I• the latter design makes It posslble to choose a 
coaparlson group even after lmplNentatlon of the treatment, It Is 
crucial that the characteristics of the control sites be almost 
Identical to those of the test sltesJ otherwise, the design becoNs 
very week. 

o Comparative Peral lel - This design Involves the canparlson of MOE's 
at test sites and control sites In the •after• treatment period 
only. The degree of Impact of an lmprov9111ent Is Indicated 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 period. 
This design Is particularly suited to the situation where 
Insufficient data exist for the •before• period. 

HlolYCII pf Efftstiveo111 (HQE'a) 
MOE's must be defined for each experlMntal design to provide 

quantlflable units of Masur .. nt by which the research question can be 

answered. The research question In this study Is •do countermeasures employed 
In groups have dlscernable lncr-ntal effects on reducing accidents?• As 
stated ear I I er, It was essUMd that ace I dent data represented the .au± MOE for 
the asses...,.t of safety counterNasure effectiveness. Traffic accidents NY 
be expressed In t..-- of frequency or rate. An exce I I ent d I scuss I on of us Ing 
either frequency or rate •Y be found In the Aq;ldfot Braenrcb HooMI CS>, 
which concludes that exposure (fr011 which accident rates are developed) should 
be trNted as an Independent variable. Thus, accident frequency Is generally 
thtt preferred MOE as long as exposure Is accounted for. 
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In add tt I on to tote I ace I dents, other subMts reprnent Ing crash sever I ty 
(I.e., fatal, Injury, property daMge only) or accident type <I.e., head-on, 
right angle, sldnwlpe, rear-end, pedestrian, run-off-road) uy provide 
appropriate MOE•s. 

(jgnfgundJng EDGtACI 
OM of tM •Jor obstec In to detenn In Ing th• I ncrementa I effect lveness 

of safety counter•esures eppl led In groups Is the question of ho. to account 
for or control the Inf I uences of confounding factors. Such factors 11111y be 

categorized es geOMtrlc factors (e.g., Intersection type, number of treff le 
lann, type of al lgnaent>, traffic factors (e.g., voluMS, vehicle ■ Ix, 

peaking characteristics, type of traffic control), roadway user factors <e.g., 
drivers, pedestrians, lend-use), and envlrOl'lllltntal factors (weather, I lghtlng, 
road surface condition). Confounding factors •ust be dealt with In the 
experl•ntal design by (1) carefully control I Ing the seleetlon of sites to 
ensure that a near-perfect •tchlng of control sites to test sites Is 
achieved, or (2) treating the l ■portant factors as Independent variables In 
the statistical analysis such that th• lllll)act of the factors may either be 
ca I cu I ated or b I ocked, or (3 > SON cOlllb I net I on of both < 1> end (2). The two 
experltnental designs Identified, Before/After with Controls and the 
Ccx:lperatlve Peral tel, rely on careful site selection to control tor 
confounding factors. 

Pot, BeQvic at, 
The other Mjor obstacle to deter■ lnlng th• lncr-ntal effectiveness of 

countenneasures Is the avallabll lty of date both In tern of quantity end 
type. Th9 use of accident date es en MOE rel les on the existence of ccaplet• 
end consistent acclCNnts records, • sufilclent accident history et the sites 
of Interest, and a sufficient nUllber of sites with th• requisite 
characteristics. 

Finding sites with the s .. characteristics Is perhaps the greatest 
stullb 11 ng b I ock to the dev• I opNnt of e succ:essfu I •thodo I ogy. None of the 
experlaentel designs wt I I solve this prob I•, end •ny experienced highway 



---

data uMrs wJI I support th• notion that no two •ltes •r• exactly al Ike. Th• 
key qu•tlon Is, "caft •ough sites be found that are sufficiently sl ■llar sueh 
that one or.,,.. of the experlNntal designs can b• properl,y execi;ted to 
provide rel lalfl• results!• To answer this question one aust first define the 
highway situation and counterNesur• groupl~g of Interest. In other words, It 
Is uni lkely that enough sites exist to deter■lne the lncr .. ntal effectiveness 
of all c01a011 groupings of counter•asures for all highway situations. 

The nUllber of sites required Is dependent on the •nner In which 
· trutMnts <consisting of two or 110r• counter■easur••> are to be appl led. Two 

bas I e approaches My be taken. Th• f fr st approach Is ca I I ed phased <or 
sequential) l ■pl .. ntatlon In which each Individual counter■easure In the 
group Is lnstal led at a given site one after the other with data being 
co I I ect•d for SOM per I od of t I me betwMn I nsta I I at Ions. Wh 11. th Is approach 
requires fewer sites and Involves a stapler experl11ental design, the obvious 
practical and pol ltlcal r•lflcatlons of "experl•ntlng• with safety far out­
weigh the advantages of the •thod. T~us, the use of this approach was not 
only ■lnl ■ lzed as suggested In the scope of the contract, but was el lmlnated 
fra11 further consideration. 

The second cpproech Involves ett~er finding locatlons with the 
approprrate groupings of counter■easures In place or lnstal I Ing the entire 
grouping at the SIN ti•. For In-place counte.--asure groups, there must 
exist sufficient "beifor.- data. if good "before• data are avail able and the 
counter•asure group has bNn In place a sufficient length of time, •after" 
data col lectlon may not be required. Obvlously If the counterNasuc-e group Is 
to be I nsta I I eel, "befor.- data ■ust e I ther ex I st or be co I I ected before 
lnstal latl-on. This approach requires a significantly larger nullber of sites 
than the phased '11P I eaentat I on approach .. we I I es a IIUCh 111or• contro I I •d s I te 
selection process to ensure that confounding factors a■ong sites are accounted 
for. 

The nullber of sites required Is also dependent on the accident history of 
the population of sltH to be saapled. The selection of test and control 
s I tes •st account for d I fferences In I •v• I s of ■eel dent exper I enc• to avo Id a 
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bias In the data. 

Finally, the accident data available at each site must have some minimum 
degree of hcaogenelty In terms of connonly defined data elements, uniform 

reporting prcicedur••• and slml !er reporting thresholds In order to serve as an 

MOE across sites. 

Based on the Information revlned In this study, It appears that a 
sufficient number of sites sho~ld exist to meet the requirements of the 

•thodology for certain highway situations and groupings of countermeasures. 
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In order to II lu1trat• the general lzed Nthodology and to provld• a basts 
for deter■lnlng Its feasibility, two specific counterMasure groups were 
Identified for two different highway situations and two experl ■-ntal plans 
were developed. Th• two groups were selected fr011 the groups of 
counterNasures ca.only used together th•t ••r• Identified In Task B of the 
study. The selection was based on the COllblned Judgaent of the key staff 
using the principal criterion that a sufficient nu■ber of sites with the 
requisite characteristics shgyld exist to per■ lt the use of the Nthodology. 
The essu■ptlon was ■ad• that the accident data record requlr ..... ts could also 
be Mt at the s•ple of sites. 

Each experlMntal plan Includes the counterNesure groups of lnterestJ 
experlNntal design, MOE1sJ site requlr ... ntsJ data requlranentsJ sample slzeJ 
analysts planJ and estimates of tlM end cost. 

Ychoo s1goc11z14 1o+oc11Gtl901 
This partlculer highway situation was selected because It Is every 

a.aon situation. It has been estt11eted that there are epproxlmately 250,000 
signal lzed Intersections In the United States. Since not al I signet lzed 
Intersections are CClllfi•reble, the population fr011 which a SeMPI• of sites Is 
be I ng drawn wou I d be narrowed to the 110st c01111110n type, I.e., four 
eppr•'IXl .. tely 90 degree approaches with traffic operating two-ways on al I 
approaches. 

f?oootocm01vc• Gcmp J og11 Two safety counteraeasur• were ctK,sen, each 
repr .. tlng a different relative cost level. The addition of turn lanes 
represented high cost and the lnstet latlon of warning signs, low cost. It Is 
recognized that turn lanes could also be considered an operatlonal 
l ■prov...,.t. In the Judg■ent of the staff, thn• two count•r■eesures ■ay be 

found both lndlvldually and In CCllblnatlon at RUMl'OUS sites. 

38 



ExperJNOt•& Qeelgna As Nntlcned previous I y, two designs w•,,re dNMd 
SU I tab I. for UM • I th the Nthodo I ogy. The Before/After w I th contro I s was 
d ... d to be the strongest d .. lgn for the urban slgnal lzed Intersection 
situation. Four treataents were se!ected for eo11parl1on to deter•fne 
I ncreaenta I effects as f o I I ows a 

o TreetNnt 1 - added turn lane~ CCMl1) 

o Treatlllent 2 - added warning signs CCMl2) 

o TreatMnt 3 - added turn lanes .IDd. warning signs (CMl1 and 12) 

o TreatMnt 4 (Control) - no new counter111easures 

Three linportant confounding factors were selected for Inclusion In the 
experrNntal design: peak vs. off-peak periods (representing traffic d-nd 
variations), day vs. night (representing the envlronNntal condition of 
1 lghtlng), and four traffic volume levels (chosen to control for exposure). 
The selectlon of specific volu• levels would be ude after en exalnatlon of 
the characteristics of the populatlon of sites fr0111 which the s•ple Is to be 
drawn. 

HNIYCII of Effec;tJYMlllt Total accidents were selected as the prl•ry MOE. 
Two subsets, right-angle and rear-end, were also selected to provide for a 
.,,-e In-depth ex•lnatlon of lncr ... ntal effects. 

$ID Beqyl:p sotu Al I sites saapled 1111st be right-angle, four-leg, two-way, 
two-way urban lnt.rsec:tlons. Intersections with each of th• treataents IM.llt 
be found for NCh of the vol UN levels. Preferably, Intersections that .. t 
these requlr...,.ts should be selected froa the•- Jurisdiction or region to 
control for the effects of local design standards and operating practices, 
driver characteristics, weather, accld.nt reporting thr .. hol ds and other 
reglonal differences. In order to llllke the proper site selection, records 
containing lnfor•tlon on the above characteristics 1111st be avallable. 
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Data BIQu I c on= Th• source of data for th Is study • I I I be po I I c• reported 
accident records. Such records ■ust be ldentlflable with the particular sites 

s•pled and austras a ■ lnl ■um, contain the date of the accidents, ti• or 

day, t lghtln~ condition (day or night), and type of accident (e,s., arigle or 
rear-end). 

Smp 1• $1JI! It was not possible to determine a precise s•pl• slz~ for this 
partlcular experiment due to the lack of avallable data on which to base 
estlutes of population variance f(Jf" the parameters of Interest. However, a 

procedure for estimating s•ple size •as developed and several s•ple sizes 

were calculated for different sets of assu11ed values. 

The slmplest method for calculatlng sample size when the population 
variance Is either unknown or difficult to calculate Is to assuM that the 
number of accidents at the sites to be studied can be considered to have a 

Poisson distribution. If an estimate can then be made of the mean accident 
frequency In the control group or "before• period (for before/after with 
controls) or the comparison group (for comparative para I tel>, an approximate 
sample size can be estimated due to the fact that the mean of a Poisson 
variable Is equal to the variance. 

Calculate the sample size, N, as follows: 

o Determine or estl111te the mean accident frequency X for sites In 
the contro I group or "before" per I od. 

o Specify the percentage change In mean accident frequency thought to 
be llllpOl"tant (C, where C Is expressed as a proportion fr011 0 to 1.0). 
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2<Za + Zs>2 

o Calculate N • -----

Wherea 

N • the nuaber' of accidents required per data cell. 

Za • the crltlcal value of Z which leaves In the upper 

tall of th• standard norNI distribution. 

Zs • the crltlcal value of Z which leaves In the upper 

tall of the standard normal distribution. 

Table 5 contains saaple sizes for various values of a, B, C, and A 

ca I cu I ated us Ing the fonau I a above. For ex•p I e, If the a- I eve I Is assumed to 

be .10 and the desired power of the test (1-a) Is .90 and the percent change 

In accidents felt to be Important Is 20 percent and the Man accident 

frequency et the "before• or contro I s I tes Is 1 0, the requ I red sap I e s I ze for 

each data ce I I wou Id be 33 accl dents. 

The nu11ber of date ce I I s requ I red by the exper I •nta I des I gn wou I d 

Include the matrix of four treat..nts, two traffic d8118nd levels (peek end 

off-peek), two I lghtlng conditions (day end night), end four vol UN I eve Is, or 

a tote I of 4 x 2 x 2 x 4 • 64 data ce I I s. 

The nullber of sites Is a function of treetNnts and vol_. I eve Is since 

both the traffic deaend factors and I lghtlng conditions ere present et al I 

s I tes. Therefore, 16 s I tes (4 x 4 > wou I d be requ I red to produce the 64 data 

eel 11. As Mntloned earl ler, It Is laportant to account for confounding 

factors cauHd by reglcnal dlfferencess therefore, It Is recm■•nded that a 

sap I• of 16 s I te1 be drawn frOII at I east fl v• reg Ions. Thus, • tote I of 80 

sites (5 x 16) would be required fc;rr this experlMnt. In other words, the 

exper I Mnta I des lgn wou I d be rep I I cated f I ve t I MS to contro I for reg Iona I 

differences. 



Table 5. Number of accidents required per data 
eel I for various assuMd values (urban 
signal I zed lntersecflons) 

(l • .10 1-s • .90 0. - .20 1-s • .80 

Mean Mean 
Accident S•ple Accident S•pla 

s P>enge CC> FCIQUIDCY (A) SJ;r• <H> S Cboag• cc1 FCIQU8DCiY (A) SJ;re <H> 

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 7 
30 11 30 5 

40 9 40 ' 

42 



The tot.I saple sizes can be celculet•d by 1111ltlplylng the nllllber of 

data eel I I ti- the nllllber of rep I lcatlons tl•s the nulllber of accidents 

required per eel 1. For exeaple, five rep I lcetlons of 64 date eel Is tl•s 33 

accidents per eel I Cfr011 the previous •XMPI•> produces a required HMple size 

of 10,560 ace I dents for th• "befor.- per I od. For date co I I ect•d et 80 s I tes, 

the average nullber of ace I dents per s It• wou I d b• 132. It the aeen acc I dent 

frequency Is 40 accidents per yNr, It would require thr• to four years of 

"befor.- data and a st II I I er per I od for •after• date to .. t the saap I • s I ze 
requ I ,._,.ts. Other tote I saap I es 11ay be ca I cu I eted as above us Ing the data 

cell saaple requlr...,.ts fr011 Table,. 

Ao•hc1l1 Pl ■n1 The anelysls for this experlMnt fol lows the statlstlcal tesh 
rec:c•■nded In the Ag;ld9nt BIIHCGb M•D9e■ l (8). Th• anal ysls question Is 

"Are th• accident frequencies for one group (before) slgnlflcently different 

fr011 that of another (after>?• The 2 test for Poisson frequencies would be 

used to analyze the four treetMnts to CC111P•re the "before• to the •after• 

accidents. If significant differences w•r• found to exist, t-tests would be 

used to deter■ lne which groups••• slgnlflcantly different. The lncr .. ntal 

effects of each counter-■sure app I I ed Ind Iv I due I I y and the two 

counterMasures app I I ed together wou I d be ca I cu I ated by C011par Ing each 

treatment to the no treatllent group. 

UM and Cfll+ E1tJNtea1 Assualng • design with 64 data eel Is end five 

repl lcatlons requiring 80 sites and using the saaple size data fr011 Table 5, 

the range of ti• and cost estl•tn Is conslderable. Therefore, estl11■tes 

have been prepared for two representative values of data eel I ••Pl• size, 

I.e., 33 and 15 ace I dents per data ce I I • The assu■pt Ions for th... two v • I u•• 

are shown In Table 5 and as can be SNn represent a total of four different 

conditions. 

The t I• nt I •tes for co I I ect Ing "bef or.- date for each ce I I saap I • s I ze 

Is presented In Table 6. For the Before/After with Controls design, this ti• 

should be doubled to al low for • sultabl• •etter• da1a col lectlon period. 
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Table 6. TIM estl•tes for "Before• 

date collection 

Date C.I I 

33 

15 

Saaple of 

"&ltw•• l.cc!cllOt** 

10,560 

4,800 

TIM to Collect 

"Bttcr•• Qata cyc1,>••• 

3.3 ,., 
• Taken fr0111 Table 5 • 
•• Deta cell s•ple size x 64 data cells x 5 replications. 
***Based on a Nan of 40 accidents per year per site. 
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Total tlStl•ted study ti• duration and costs .-e presented by task In 
Table 7 for HCh of the two situations Just described. Al I assuaptlons are 

noted In the table. As shown In the table. the ti• duration for• study of 
this nature ranges fr011 four to 7 1/2 years and costs fr011 $95,000 to $145.000 

to conduct. 

The above ti• end cost estl11etes ere based on a large nu■ber of 
assuaptlons. Many of these assu11ptlons could be reasonably changed to bring 
about e conco■ ltant change In the ti• and/or cost estl•tes. Therefore, th• 
estl•t•s presented above are. In the Judgment of the principal staff, thought 
to be representative of the appl lcatlon of the general lzed methodology for 
deter•lnlng the lncreNntel effectiveness of thrN safety counter•esure 
treetments In the urban signal lzed Intersection situation. 

BYCII Cury•d HJQh11¥ s.ctJons 
This highway situation was selected because It Is a C011110n situation, and 

?ver one In four fatal ltles (30.1 percent) occurred on • curve In 1982 (12). 

Of the 11,715 fatal curve accidents, 33 percent occurred on undivided 
roadways. In order to Identify c0111perable sites, the populetlon of curved 
sections to be sapled was narrowed to these curves on undivided rural roads 
with no 1110re then two lanes In each direction. 

Cguntw;re:YCI GrgypJngs: ThrM safety counten11Nsures were chosen for this 
study, each representing• different cost level. Cross section lmprov .. nts 
such es widening, adding superelevetlon, overlaying or grooving represented 
high cost, lnstel ling guardrail, Ndlua cost, and linprovlng pav-nt •rklngs. 
low cost. In the Judg■ent of the staff, these thrM countenneasures way be 
found In CCllblnetlon at nUMrou, :;;ltes. 

hw!rotel Pnlgn~ For this study th• coaparetlv• parel lel d•lgn was 
chosen to I I I us tr ate the genera I I zed ■ethoclo I ogy. FI ve treetllents were 
selected for ccaperlson to deter■ln• lncr-ntel effects es follows1 



Table 7. TIM and cost estlutes to conduct the urban 
signalized Intersections study 

Situation A Situation B 

TIM Costs Time Costs 

04pntbs> ...i1L Olpntbs> ..ilL 

A - Plan Study 2 5,000 2 5,000 

B - Select Sites 2 20,000 2 20,000 

C - Collect & Code Data 80 98,500 40 49,200 

D - Analyze & Report Results ..A ZJ .aaa ...! 21.000 

TOTALS 90 (7.5 yrs.> 144,500 48 (4 yrs.> 95,200 

NOTES1 

1. Situation A Is for a data cell sample size of 33 (see Table 6). 

2. Situation B Is for a data cell sample size of 15 (see Table 6). 
3. Both situations assume 64 data eel Is, five rep I lcatlons, and 80 

sites. 

4. Assu• travel wlll cost S10,000 In Task B for both sltuat~ons. 
5. AssUM that pol Ice accident reports wt I I cost $2,500 

(Situation A) and $1,200 (Situation B) In Task C. 

6. Assu• ■lscel lar.eous costs of $1,000 In Task O for both 
sltu11tlon1. 

7. AssUN labor and overhead Is S5,000/staff-11011th tor Tasks A, B, 
end D and S3,000/steff-1110nth for Task C. 

8. The cost estlN1'e for each task consists of I abor and overhead 
plus any of the costs Indicated In Notes 4,, end 6. 
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o Treatment 1 - Cross section lmprov8111ents end edded guardrall 
(CM 11 end CM 12) 

o TreatNnt 2 - Added guerdral I and Improved pevanent markings 
(CM #Zand CM 13). 

o Treatment 3 - Cross section lmprove111ents end Improved pav8111ent 
markings <CM 11 and CM 13). 

o Treatment 4 - CM 11, CM 12, and CM 13. 

o Treatment 5 (Control) - No new countermeasures or c011parlson. 

Note that the treatments consist of countermeasure groups to Ii lust~ate how 
Incremental effects of two or more groupings of countermeasures may be 
determined. Again three Important confounding factors were selected for 
lncluslon In the experimental designs three vehlcle mixes (0-5 percent, 6 to 
15 percent, and over 15 percent trucks), two pavement conditions (wet end 
dry), and three volu• levels (again to control for exposure>. The selectlon 
of specific volume levels would be 1111de after an exmnlnatton of the 
characteristics of the populetlon of sites fran which the s•ple Is to be 
drawn, with the exception that roadways below 4,000 ADT would not be Included 
due to the low accident frequency on these roads. 

Musuces pf Effactlyanass1 Total accidents were again selected as the primary 
MOE. Although several subsets of total curve accidents could have been 
selected as suppl8118ntary MOE's, none were chosen 1ue to the low accident 

frequf;xy generally found at any given site. Should a sufficient number of 
accidents be collected, Injury severity could be considered as a supplementary 
t«>E. 

Sita 8equ(c-ots1 Al I sites sampCed must be rural, undivided, curved section 
with no inore than two lanes In each direction. Sites with each of the five 

treatlllents must be found for each of the vehicle mixes and volu• levels. 
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Preferebl y, ~ltes should be selected fr011 th• s .. Jurisdiction or region to 
control for tN effects of local design standards and operating practices, 
driver charecterlstlcs, weather, accident reporting thresholds, end other 
regional differences. In order to Mk• th• proper site selection, records 
containing lnforMtlon on the above characteristics 1111st be available. 

P•t• Beau I :-Jtti Th• source of date for th Is study w 11 I be po I Ice reported 
eccfdent records. Such records aust be Identifiable with th• particular sites 
saapled and aust contain, as a ■ Int .. , the date of thte accident, condition of 
th• pav ... nt, and posslbly th• level of Injury. 

Smpl• Sizes The SIN procedure used In the first experlwtal plan was 
fol lowed to esttaete representative saaple sizes for the rural highway curve 
experl11ental plan. Again 'twas assUNd that the nuftlber of accidents at the 
sites to be studied would have a Poisson distribution. Sine• the Colllparatlve 
Peral lei design does not require "before" data per se, estlrates of the Man 
accident frequency would be mede fr011 the coapartson group of .. ttes. 

Table 8 contains s•ple sizes for various values of o, 8, C, and x 
calculated using the foraula fr011 the first experlmentel plan. Caltparlng 
Table 8 to Table,, It Is obvious that when sites experience a low Nan 
accident frequency, uny 1110re sites are n"ded to detect $lgntflcant 
d If ferences. 

Th• nUllber of data eel Is required by the experl•ntal design Include five 
treataents, thr .. vehicle ■txes, two p1vt11ent condltt01.,1, end thr• vol UM 

levels for a total of, x 3 x 2 x 3 • 90 data cells. 

Then~ of sites ts a function of treatMnt•, vehicle ■ txes, and 
vo I UM I eve I •• therefore, 45 s I tes (5 x 3 x 3) wou r. d be requ I red to produce 
the 90 data ce I Is. SI nee des I gn standards for rura I roads are 99nera I I y 1110re 
unlfora fro■ region to region than for urban lnterHC'tlons, only thrM regions 
er• recc•nded for Inc I us I on In the study. Thus, • tote I of 1 ~5 1 I tes 
c:, x 45) would be required for this experl•nt. 
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Th• tot_.l saple size 11 calculated by aultlplylng the nullber of data 
ce I l s ti... the nllllber of rep I I cat Ions t I au the nuab.,. of ace I dents requ I red 
per eel 1. It Is obvious troa Tab It 8 that In order to avoid large (end thus 
htprectlcal) silllpl e sizes, th• o.-level and S change felt l11portent must be as 
large as possible, and the power of th• test <t-s > •ust be as s•I I as 
possible. In the Judgaent of the principal staff, the fol towing values are 
reasonable: a• .20, 1-~ • .80, and C • 20. If then the •an accident 
frequency wu thrN accidents per year, the required s8111)1e size for the study 
would be 90 date eel Is tlMS thrN rep I !cations tl•s 47 accidents per eel I 
for a total of 12,690 accidents. 

The average nu■ber of accidents for the 135 sites would be 94 accld91lts 
per s lte. If the Man ace I dent frequency per s I te Is thrN ace I dents per 
year, It would require 31 years of data to 1199t the smple size requlr ... nts. 
Since this Is an unreasonable ti• period to consider, edJustinents 111Ust be 

Mcie to arrive at• reasonable saaple size. This can be done by Increasing 
the nUlltber of sites. For ex•ple, If the nulltber of sites Is Increased to 
t ,3'0, the data co I I ect I on per I od for th• above s I tuat I on wou I d be reduced 
fr011 31 years to Just over thrN years. 

601fysls Pfan, The sw analysts plan for the urban slgnallzed Intersection 
study applles to the rural highway curved section study. 

Ile and <Alt Est!Ntn1 As In the first study, estlutes have bNn prepared 
for two representat Ive va I ues of data ce I I sap I• s I ze, I•••• one and f Ive 
ace I dents per data ce I I • The b■s I I for these two v a I ues Is shown In Tab I e e. 
A I so the nuabw of s I tes has been substant I a I I y Increased In order to ach I eve 
• r•soneble data collection period. 

Estlaetes for th• nUllber of sites and ti• to collect the required seaple 
data ere shown In Table 9. For the ec.paratlve Peral tel design only one data 
collectlon period ts required. 
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Table 9. Site and ti• estl•tes tor ccaperatlv• 
para I lel data col lectlon 

.. Total Saaple NUllbflr of Tl• to Collect 

At ks• mots2 s1ta1 3 0111 <r:ca,> 4 

38,340 6,750 ,.1 
7,830 540 2.9 

1Teken fr011 Table 8. 

2uata cell s_,,1. size x 90 data cells x 3 replications. 
3Besed on 4 x nullber of sites required by the design. 
4eased on a Nan of 1 and 5 accidents per year per site, respectively. 
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Total utlMtecl study ti• duration end costs are presented by tasks In 
Table 10 for each of the two situations Just described. Al I assuaptlons are 
noted In the tab I e. As 1h01m In the tab I e, the study t I NS range froa four to 
eight years and cost froa S124,000 to $460,000 to conduct. 

Again these estl•tes repres•nt the best Judgment of the principal staff 
and are thought t~ be representative of the appl lcetlon of the general lzed 
methodology for deter•lnlng the lncr .. ntel effectiveness of four safety 
counter•asures groupings In the rural curved highway section situation. 



Table 10. Tl• and cost estl•tes to conduct th• 
rural curved highway section study 

Situation A Situation B 

A - Plan Study 

B - Select Sites 

C - Collect & Code Data 

TIN 

CtibQths> 

6 

8 

72 

D - Analyze & Report Results JJl 

Costs Time 

...i1L. <Hootbs> 

15,000 2 

210,000 4 

172,800 36 

62,000 

Costs 

...i1L. 

10,000 

50,000 

43,000 

21.000 

TOTALS 96 (8 yrs.) 459,800 48 (4 yrs.) 124,000 

NOTES: 

1. Situation A Is for a data cell sanple size of 142 (see Table 9). 

2. Situation B Is for a data cell sMple size of 29 (see Talbe 9). 
3. Assume travel In Task B wll I cost $40,000 <Situation A) and $20,000 

(Situation B). 

4. Assu• pol Ice accident report In Task C wll I cost $4,800 
(Situation A) and $1,000 (Situation B). 

5. AssuN mlscel laneous costs In Task D $2,000 (Situation A> and $1,000 
(Situation BJ. 

6. AssUM labor end overhead Is $5,000/staff month for Tasks A, B, and 
D and $3,000/staff 111011th for Task c. 

7. The cost estlute for each task consists of labor and overhead plus 
any of the costs Indicated In Notes 3, 4, and 5. 



Y. ASSESSIIEIII' Of FEASIBIL ITT 

As the flnal step In the developaent of a general lzed Mthodology to 
deter•lne the tncr-■ntal effectiveness of safety counteraeesures, an 
asses-■nt of the feeslbl I lty of the Mthod was perfor•d by ex•lnlng the 
characteristics, advantages, and disadvantages of the Mthod with respect to 
the followlng criteria: 

o Is the Nthod practical? 

o WIii the Mthod produce rellable and val Id results? 

o Can the Nthod be lmpleMnted within a reesonable ti• and 
acceptable cost? 

o Wfll the expected benefit Justify the costs? 

Each question Is briefly discussed below. 

Proc;t1t;a1 lty 
This Is perhaps the 110st crltlcal test of the Nthod. In order to 

deve I op the I ncr8111enta I ef facts, I oca I J ur 1!1d I ct Ions -.ist be • I I I Ing to a I I ow 

sites with sl ■llar characteristics to operate at different levels of 
counterMasure treatMnts for extended per'lods of tlN. Whl le there are large 
nUllber of sites presently operating In a manner, 11any agencies •Y be 
reluctant to continue such an operation once they know (and sooner or later 
the publ le could know> that potentially unsafe sites exist that have no 
trN'tllent, or at best, only a partial treaiaent of the known safety 
count..-...sure ave 11 able. It does not aatter how we I I Intended the 
exper I Nnts ere or how .,ch I ong ter• benef It • I ght resu I t. Pub I I c agenc I es 

are ger,eral ly unwl I I Ing to knowingly al low any situation to exist for which 
. they cou I d be he I d I I ab I e. 
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With tu exception of the concern described above, th• •thodology was 
found to be very prectlcal In ter■s of .. ,e of lap I eaentetlon, 
understend1blllty, 1nd slapllclty. 

Rallfblllty and Y•IJdlty 
Both the rel lebll lty and val ldlty of the two experl•ntel designs are 

thorough I y d I scussed In the 6c;sl deot B1111cc;b HMM I I (8) end w I I I not be 

repeafed here. The key to Meting these criteria Iles In th• abl I lty of the 
researcher to se I ec:t and proper I y •+ch appropr I ate s I tes. Wh I I • care My be 
taken In designing the experlNnt to control for the ■ost l ■portent 

confounding factors, site selectlon r_.lns the ■ost crltlcal step In 
suceessfu I I y epp I y Ing the Nthodo I ogy. Pro~r I y hap I -ntecl, the •thocl w I I I 
produce rellabl• and val Id results. 

JIN •od rm+ 
As II lustrated In the two experlMntel plans, th• tlN to conduct these 

studies ranges froa four to eight years. Whl le other counter .. sure groupings 
end/or certa In llod If I cat Ions to the exper I Nnte I des I gn 1111y requ I re I ess t I•• 
the ti• estl11ates given, whlle optl ■ istlc perhaps, ere conslder,•d to be 
representative, end do not deviate substantlal ly fr011 the ti• required to 
conduct other types of safety resnrch I nvo I v Ing the co I I ect I on and ane I ys Is 
of ecc I dent date. 

The quest I on of r•sonab I eness w I th respect to t I• Is not th• Issue of 
concwn for any given study. It Is a •Jor concern In tern of the nullber of 
studln that would be required to produce the lncreaental effects of even a 

SN I I nUllber of the mst cc:-,n counteraeasure group I ngs. Froa Tab I• 4 over 
250 dlffwent CClllblnatlons of c:oaon count..-..esure groups Ny be derived. 
Whl I• a n..,_. of these groupings MY be reduced by el l ■ lnatlng those highway 
situations with relatlvely 1011 accident frequencies and/or rates Ce.g., 
bridges end rel I road grade crossings>, there would stll I r_.ln e large nullber 
of group I ngs for wh I ch the determ I n■t I on of I ncr-.nte I effect I nness wou I d be 

desired. 
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The fMslbll lty with respect to cost Is slallar to that presented above 

for ti-. Single studies to deter■lne lncr .. ntal •ffects for certain groups 
of counterNa1urn could be perfor•d et I reasonable cost, using today's 
standard for the cost of accident research. However, the cos1 ~f deter•lnlng 
the lncraental eff.cts of nuMrous groupings ot countermeasures would ~e 

1stron0111lcal. for exaaple, assuming an average cost of $200,000 per study, 
determining the lncrtWental effects on only 70 of the most coaaon groupings 
would cost inore than the $14 •II I Ion spent on al I safety research projects 
(FCP Category 1) by Federal Highway Administration In 1983. 

Exl>fGt•d Boo•tlt 
The Intent of developing lncr91ental effectiveness factors for groupings 

of safety countarMasures Is to provide a more effective and efficient means 
of addressing highway safety needs related to the roadway and Its environment. 
Conceivably, many dollars and I Ives could be saved by putting the "right" 

group~ of countermeasures In the •rl;ht" place. Rel leble estimates of these 
benefits could not be made within the scope of this study due to the non­
avellablllty of appropriate data. 
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Th• fol lowhtg concluslons are based on the results of analysts, the 
assessaent of feasibility, and the t~!t lnfor111ed Judgaent of the principal 
staffs 

1. Th• general lzed methodology as developed and described In the 
previous sections Is a practical research methodology. However, the 
concern expressed over the abl I tty to gain the cooperation of local 
agencies In lmplN18ntlng the methodology on a scale sufficient to 
assure success poses a serious I Imitation to the overal I 
prectlcallty of the methodology. 

2. The methodology wl 11 produce rel lab le and val Id results when 

properly lmpleinentad. 

3. The time and cost to conduct sing le studies of lncr .. ntal 
effectiveness appear reasonable. At present, the overal I time and 
costs to develop the lncr .. ntal effects for a useful sat of 
countermeasure groupings appear to be too long and too high, 
respectively. 

4. The expected benefit could not be determined within the scope of 
this study due to the unavallablllty of appropriate data. 

Based on these conclusions, It Is recoanended that the 111ethodology 
developed herein not be l11pleMnted untl I further advances are made In 
accident data col lectlon, 110re rel fable accident reductl011 factors for single 
counterN8sures ere developed, and 11101"8 effective and efficient Mans are 
found to lapl..,.t the general lzed 11ethodology developed In this study. The 
question r_.lnlng then Is,~ can the prerequisites for successful 

l11pl-ntatlon of the •thodology best be Mt In a tlNly and cost effective 
fashion?• At present, the single largest obstacle to lmpleaentatlon Is the 
ability to obtain (at low cost) large 81110Unts of accident data that can be 
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e~slly I Inked to roadway and traffic characteristics data. Current efforts to 
bulld c011puterlzed 11CCldent data flles which can be Integrated with traffic 
volu•• en• roew9y lnventorles should be accelerated. It Is estlNted that 

the ave I I ab H I ty of such data bases cou I d reduce the costs to co I I ect end code 
date for determlnln~ ?ncr .. ntal effectiveness by 30 to 40 percent. These 
Improved files would have the secondary benefit of Increasing the efficiency 
of site selection by el lmlnatlng much of the requlr8118nt for on-site 
Inspection prior to site selection. 

Thus, the racmmended approach to the eventual deteralnatlon of the 
lncrM811tal effectiveness of accldent counterNasures Is to establ lsh or 
Improve the data files required to support the generallzed methodology. 
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N'PEll)IX A 

Cw I ly IINd COllllfwl ■111..-.. Md group Inga by traff le 
sltutlGII •d accident pattera. 

$1:t,atJona Signalized Intersections 

ftcc:1-t PaHwpg RNr End Col I lslons 

Ometw: n:rn: 

o Prohibit turns CU)* 
o I nsta I I warn Ing s I gns Cl .a.. "SI gna I Ahead" at Intersect Ions w I th 

restricted view) (U & R) 
o Increase signal lens size (U & R) 
o Increase clearance Interval (U & R) 
o Provide skid treatMnt (U & R) 
o Provide adequate drainage CU & R) 
o Add turning lane (U) 

llfC9 6cm■PI I 

o Adjust sJgnal timing and add warning signs 
o Adjust signal timing and lnstal I lane use signing 
o Adjust slgnal tl•lng and provide skid treatment 
o Add turning lanes and add warning signs 
o Add turning lanes and upgrade signals 
o Provide skid treatment and upgrade signals 
o Provide skid treatment and add turning lanes 

IINOT'Es (U) Is urban. 
(R) Is rural. 
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Situ1t1o•: Signalized Intersections 

Accident Pattern: Left Turn Collisions 

Counterweasures: 

o Prohibit turns (U) 
o Add left turn lane (U & R) 
o Add protective left turn signal phase (U) 
o Increase clearance interval (U & R) 
o Upgrade signals (U & R) 
o Install lane use signs (U & R) 

Countenaeasure Groups: 

o Add turning lanes and add protected left turn signal phasing 
o Add turning lanes and increase clearance interval 
o Upgrade signal and add protective left turn phase 
o Add left turn lane, add protective left turn signal phase, and 

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

signals 
o Add left turn lane and install lane use sign 
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S1tmat1on: Signali1ed Intersections 

~dent Pattern: Pedestrian Accidents 

Countenaeasures: 

o Remove sight obstructions (U) 
o Restrict parking (U) 
o Prohibit turning rrovements (U) 
o Install pedestrian signals (U) 
o Provide grade separation (U) 
o Improve pavement marking (U) 
o Improve signal timing (U) 
o Provide illumination (U) 

Counterweasure Groups: 

o Restrict parking and prohibit turning mvements 
o Provide pedestrian facilities and install pedestrian signals 
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S1tuatton: Signalized Intersections 

Accident Pattern: Right Angle Collisions 

Countenaeasures: 

o Remove sight obstructions (U & R) 
o Restrict parking (U) 
o Increase signal visibility (U & R) 
o Increase clearance interval (U & R) 
o Provide all-red phase (U & R) 

Countenaeasure &r~ups: 

o Adjust signal timing and add warning signs 
o Adjust signal timing and provide skid treat,nent 
o Upgrade signals and overlay pavement 
o Provide skid treatment and install actuated signals 
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Situation: Signalized Intersections 

Accident Pattern: Sideswipe Collisions 

Counteraeasures: 

o Restrict parking 
o Install lane use signs 
o Widen pavement or shoulders 
o Add turning lanes or turn phases 
o Improve pavement markings 

Countermeasure Groups: 

o Improve pavement markings and add warning signs 
o Improve pavement markings and upgrade signals 
o Upgrade sigr,al s and install lane use signs 
o Add turning lanes and install actuated signals 
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Situation: Unsignalized Intersections 

Acc1d.-:~,t Pattern: Left Turn Collis;ons 

Counteraeasures: 

o Prohibit turns (U) 
o Install stop/yield signs (U & R) 
o Install signasl (U ~ R) 
o Widen pa~ement shoulders (U & R) 
o Improve pavement markings (U) 

Counteraeasure Groups: 

o Install signals and ;mprove pavement markings 
o Install stop/yield signs and widen pavement 
o ;nstall signals and widen pavement 
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Situation: Unsignalized Intersections 

Accident Pattern: Rear End Collisions 

Countenae1sures: 

o Provide skid treatment (U & R) 
o Provide adequate drainage (U & R) 
o Install signal (U, R) 
o Add stop or yield signs (U & R) 

Co~nteraeasure Groups: 

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

Accident Pattern: Pedestrian Accidents 

Counteraeasures: 

o Install warning signs 
o Provide pedestrian crosswalks 
o Provide illunination 

Counter11easure Groups: 

o Install warning s~gns and provide pedestrian crosswalks 
o Install warning signs and provide ill1111ination 
o Install warning signs, provide pedestrian crosswalks, and provide 

illl.lllination 
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Situation: Unsignalized Inter~ections 

Accident Pattern: Right Angle Collisions 

Counteraeasures: 

o Remove sight obstructions (U & R) 
o Restrict parking (U) 
o Install stop/yield signs (U & R) 
o Install warning signs (U & R) 
o Install signals (U & R) 

Countenae1sure Groups: 

o Remove sight obstructions and restrict parking 
o 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 

Countel'lltasures: 

o Provide skid treatment (U & R) 
o Improve aligrvnent (vertical) (U & R) 
o Widen shoulders (U & R) 
o Add turning/passing lanes (U & R) 
o Improve pavement markings (U & R) 
o Improve passing zones (R) 
o Provide roadway/shoulder maintenance (U & R) 

Countenweasure 6roues: 

o Provide skid treatment and widen shoulders 
o Provide skid treatment and add turning/passing lanes 
o Add turning/passing lanes and improve pavement markings 
o Improve pavement markings and improve passing zones 
o Improve pavement markings and provide roadway/shoulder maintenance 
o Provide skid treatment and improve a1ignment 
o Provide skid treatment, widen shou1ders and add turning/passing 

lanes 
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Situation: Tangent Roadway Sections 

Accident Pattern: Head-on Collision 

Counterwe1sures: 

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

Countenaeasure Groups: 

o 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 

Counteraeasures: 

o Channelize pedestrian/bicycle traffic (U) 
o Install illt111ination (U) 
o Install warning signs (U & R) 
o Improve pavement markings (i.e., crosswalks) (U & R) 
o Install actuated pedestrian signals (U) 

_!:ounteraeasure Groups: 

o Channelize pedestrian/bicycle traffic and install illumination 
o Channelize pedestrian/bicycle traffic and install warning signs 
o Channelize pedestrian/bicycle traffic, ~nstall illumination and 

install warning signs 
o Install warning signs and improve pavement markings (i.e. 

crosswalks) 
o Channelize pedestrian/bicycle traffic, install warning signs and 

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

pedestrian signals 
o Install warning signs, improve pavement markings, (i.e., 

crosswalks) and install actuated pedestrian signals 
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S1tuat1on: Tangent Roadway Sections 

Accident Pattern: Parked Vehicle Collisons 

Counten1easures: 

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

Countenaeasure Groups: 

o Restrict parking and reduce speeds 
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S1tuat1oa: Tangent Roadway Sections 

Accident Pattern: Fixed Object Collisions 

Countenaeasures: 

o Install protection devices i.e., guardrail) (U & R) 
o Widen shoulders (U & R) 
o Improve shoulder maintenance (IJ & R) 

Countenaeasure 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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S1tuat1on: Tangent Roadway Sections 

Accident Pattern: Sideswipe Collisions 

Countenaeasures: 

o Restrict parking (U & R) 
o Reduce speeds (U & R) 
o Install lane use signs (U) 
o Improve pavement markings (U & R) 
o lmprova alignment (U & R) 
o Widen pavement (U & R) 
o Add turning/passing lanes ( U & R) 
o Install median barrier (U & R) 

Countenaeasure Groups: 

o Restrict parking and reduce speeds 
o Install lane use signs and improve pavement markings 
o Install lane use signs and improve alignment 
o Restrict parking, reduce speeds and install lane use signs 
o Install lane use signs and widen pavement 
o Install lane use signs and add turning/passing lanes 
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Situation: Tangent Roadway Sections 

Accident Pattern: Driveway-Related Accidents 

Counte,-asures: 

o Remove sight obstructions (U & R) 
~ Prohibit driveway movements (U) 
o Improve access management (i.e., channelize driveways) (U) 
o Provide skid treatment (U & R) 
o Add turning/passing lanes (U & R) 
o Provide ill1111ination (U} 
o Install warning signs (U & R) 

Countel"lleasure Groups: 

o Remove sight obstructions and prohibit driveway movements 
o Remove sight obstructions and install warning signs 
o Remove sight obstructions and provide illllllination 
o Remove sight obstructions, provide illllllination and install warning 

signs 
o Improve access management (i.e., channelize driveways) and ~d 

turning/passing lanes 
o Add turning/passing lanes and install warning signs 
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S1tuat1ont Curved Roadway Sections 

Accident Pattern: Run-off-the-Road 

Counterweasures: 

o Provide skid treatment (U & R) 
o Improve alignment (horizontal) (U & R) 
o Widen pavement/shoulders (U & R) 
o 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) 

CounterMasure Groups: 

o Provide skid treatment and widen pavement/shoulders 
o Provide skid treatment and add turning/passing lanes 
o Add turning/passing lanes and improve pavement markings (i.e., 

centerlines & edgelines) 
o Improve pavement markings (i.e., centerlines & edgelines) and 

provide roadway/shoulder maintenance 
o Provide skid treatment and improve alignnent (horizontal) 
o Provide skid treatment and widen pavement/shoulders 
o Install warning signs/signals (i.e., chevrons, arrow boards) and 

improve driver guidance (i.e., delineatcrs) 
o Improve pavement markings (i.e., centerlines & edgelines) and 

install warning signs/signals (i.e., chevrons, arrow boards) 
o Improve pavement markings (i.e., centerlines & edgelines), install 

warning signs/si~nals (i.e., chevrons, arrow boards), and improve 
driver guidance (i.e., delineators) 
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Situation: Curved Roadway Sections 

Accident Pattern: Head-on-Collision 

Counteraeasures: 

o Improve pavement markings 
o Improve horizontal/vertical alignment 
o Install median barriers 
o Improve passing zones 
o Install war"ing signs 

Counteraeasure Groups: 

o Improve pavement markings and improve passing zones 
o Improve pavement markings and improve horizontal/vertical 

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

warning signs 
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Sttuat1oR: Curved Roadway Sections 

Accident Pattern: Pedestrian-Bicycle ~ccidents 

Counteraeasures: 

o Channelize pedestrian/bicycle traffic (U) 
o Install ill1111ination (U) 
o Install warning signs (U & R) 
o Improve pavement marking (i.e., crosswalks) (U & R) 
o Instal1 actuated pedestrian signals (U) 

Countenaeasure Groups~ 

o Channelize pedestrian/bicycle traffic and install ill1JTiination 
o Channelize pedestrian/bicycle traffic and install warning signs 
o Channelize pedestrian/bicycle traffic, install ill1JTiination and 

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

crosswalks) 
o Channelize pedestrian/bicycle traffic, install warnin~ 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 
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Situation: Curved Roadway Sections 

Accident Pattern: Parked V~hicle Collisions 

Counteraeasures: 

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

Counteraeasure Groups: 

o Restrict parking and reduce speeds 



Situation: Curved Roadway Sections 

Accident Pattern: Fixed Object Collisions 

Countenaeasures: 

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

o Widen pavement/shoulders ( U & R) 
o lmprove shoulder maintenance ( U & R) 
o Remove or relocate objects ( U & R) 
o Install warning signs 

Counteraeasure Groups: 

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

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

improve shoulder maintenance 
o Widen pavement/shoulders and remove or relocate objects 
o Install protection devices (i.e., guardrails, crash cushions) and 

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

Accident Pattern: Sideswipe Collisions 

Countenaeasures: 

o Restrict parking (U & R) 
o Reduce speeds (U & R} 
o Install lane use signs (U) 
o Improve pavement markings (U & R) 
o Improve alignment (U & R} 
o Widen bridge (U & R) 
o Add turning/passing lanes (U & R) 
o Install median barrier (U & R) 

Counteraeasure Groups: 

o Restrict parking and reduce speeds 
o Install lane use signs and improve pavement markings 
o Install lane use signs and improve alignment 
o Restrict parking, reduce speeds and install lane use signs 
o Install lan~ use signs and widen pavement 
o Install lane use signs and add turning lanes 
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S1tu1t1on: Curved Roadway Sections 

Accident Pattern: Driveway-Related Accidents 

Countenaeasures: 

o Remove sight obstructions ( U & R) 
o Prohibit driveway movements (U) 
o Improve access management {i.e., channelize/close driveways) (U) 
o Provide skid treatment {U & R) 
o Add turning/passing lanes {U & R) 
o Provide illumination (U} 
o Install warning signs (U & R) 
o Install median barriers (U) 

Countenaeasure Groups: 

o Remove sight obstructions and prohibit driveway movements 
o Remove sight obstructions and install warning signs 
o Remove sight obstructions and provide illl.lllination 
o Remove sight obstructions and provide illllllination and install 

warning signs 
o Improve access management (i.e., channelize/close driveways) and 

add turning/passing lanes 
o Add turning/passing lanes and install warning signs 
o Improve access management (i.e., channelize/close driveways) and 

install median barriers 
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Situation: Highway Sections 

Accident Pattern: Bridge-Related 

Counteraeasures: 

o Remove sight obstructions (U & R) 
o Install advance warning signs/signals ( U & R) 
o Improve Jriver guidance (i.e., delineators) (U & R) 
o Install guardrails (U & R) 
o Provide ill1111ination ( U & R) 
o Widen bridge (U & R) 
o Improve pavement markings (U & R) 
o Install crash cushions lU) 

Countenaeasure Groups: 

o Remove sight obstructions and instal 1 warning signs 
o Remove sight obstructions, install warning signs and improve driver 

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

deli neators) 
o Install warning sign~ and improve driver guidance (i.e., 

de 1 i neators) 
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 
o Remove sight obstructions and provide illL111ination 
o Install guardrails and crash cushions 
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S1tuat1on: Highway Sections 

Accident Patt.ern: Train-Involved Accidents 

Counteraeasure,: 

o Remove sight ~bstructions (U & R) 
o Install advance warning signs/signals ( U & R) 
o Provide ill1.111fnatfon (U} 
o Install crossing gates (U) 
o Install crossing flashers (U & R) 

Counterae1sure Groups: 

o Install advance warning signs/signals and install crossing 
flashers 

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

o Remove sight obstructions and provide illllllination 
o Install crossing gates and install crossing flashers 
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$1tult1m 
o Slgnel lzed lntwHC'tlan 

<Urban) 

APPEN>IX B 

OWotw rxn 

Lew Am 

o Adjust slgnal timing/add all red phase 
o Prohibit turning movements 
o Add Warning slgns/slgnals 
o Restrfct parking 
o Improve pavement markings 
o Reduce sight obstructions 
o lnstal I pedestrian barrfers 
o Improve turning radii 
o Install lane use slgnfng/marklngs 

....... en,+ 

o Upgrade pavement markings 
o Improve drainage 
o Upgrade slgnals 
o Overlay pavement 
o Provide fllumlnatfon 
o Widen pavement 
o Install medfan barriers 
o Close drfveways 

"'· QQlt 
o Add turning lanes 
o Channel f ze 
o Grade separatfon 
o Install actuated sfgnal system 
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S1tuat1o• CouRtenaeasures 

o Non-S191111zecl Intersections Low Cost 
(Urbu) 

o Prohibit turning rrovements 
o Install yield/stop signs 
o Install warning signs 
o Reduce speed limits 
o Improve pavement markings 
o Provide pedestrian crosswalks 
o Reduce sight distance obstructions 
o Restrict parking 

Med 1 111 Co!!, 

o Install signals 
o Widen pavement 
o Provide ill1111ination 
o Overlay pavement 
o Remove signt distance obstructions 

High Cost 

o Channelize 
o Add turning lanes 
o Install actuated signal controllers 
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S1tuat1o"-

o Tangent Roadway section 
(Urban) 

Countenaeasures 

Low Cost 

o Provide adequate drainage 
o Improve pavement markings 
o Reduce speeds 
o Restrict parking 
o Install warning signs/signals 
o Prohibit turns to/fran driveways 
o Provide pedestrian crossings 

MN1111 Cost 

o Add passing/turning lanes 
o Overlay pavement 
o Widen lanes 
o Relocate parking 
o Remove/protect roadside obstacles 
o Improve access mangement 
o Channelize traffic 
o Provide sidewalks 

High Cost 

o Improve alignment (vertical) 
o Install median barrier 
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S1tuat10II 

o Cuned Roadway Section 
(Urban) 

Countenaeasures 

Low Cost 

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

management) 
o Restrkt turns 

Med1111 Cost 

o Overlay/groove pavement 
o Remove sight obstructions 
o Channelize driveway traffic 
o Install guardrail 
o Provide ill1111ination 
o Widen pavement/shoulders 

High Cost 

o Improve alignment 
o Install median barrier~ 
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Sit11&t1on 

o Ra11roaa Crossing 
(Urban/Rural) 

Countel'W!asures 

Low Cost 

o Reduce sight obstructions 
o Install warning signs/signals 
o Install crossing signs 

Medi• Cost 

o Provide illunination 
o Install crossi~g flashers 
o Improve crossing surface 

High Cost 

o Install crossing gates 
o Improve approach al•gnment 
o Grade separate crossing 
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S1tuat1o• 

o 1r1~1e Sect10II 
,ar1>u/1tur11) 

Counteraeasures 

Low Cost 

o Reduce sight obstructions 
o Install warning signs/signals 
o Improve pavement markings (i.e., edge lines) 
o Insta~l delineators 
o Reduce sµeeds 

Medt111 Cost 

o Remove sight obstructions 
o Provide ill1111ination 
o Install guardrails 
o Improve shoulders 
o Improve bridge railings 
o Widen roadway 

High Cost 

o Reconstruct/relocate bridge 
o Realign bridge appr~aches 
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S1tuat1N 

o S11a111zed Intersect1oAs 
(Rar1l) 

Counterae1sures 

Low Cost 

o Adjust signal timing/add all red phase 
o Add Warning signs/signals 
o Improve pavement markings 
o Reduce sight obstructions 
o Improve turning radii 
o Install lane use signing/markings 
o Improve drainage 

Medi• Cost 

o Remove sight obstructions 
o Widen pavement/shoulders 
o Upgrade signals 
o Overlay pavement 
o Provide illunination 
o Install median barriers 
o Add turning lanes 
o ChannelizP driveway traffic 
o Install actuated signal system 

High Cost 

o Channelize intersection 
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Situation CounteraeasurH 

o Non-Signalized Intersection Lo• Cost 
{Rural) 

o Instal1 stop/y;ald signs 
o Install warning signs 
o Reduce spee~ Hmits 
o ll'lprove pa\,ement markings 
o Reduce sight distance obstructions 

Medi111 Cost 

o Remove sight distance obstructions 
o Widen pavement 
o Provide ill1J11ination 
o Overlay pavement 
o Install signals 
o Improve shoulders 

High Cost 

o Channe 1 i ze 
o Add turning lanes 
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S1tuat101 

o T•1t•t loMWay Sect10RS 
(Rlff'll) 

Counterweasores 

Lo• Cost 

o Provide adequate drainage 
o Improve pavement markings 
o Reduce speeds 
o Install warning signs/signals 
o Prohibit turns to/from driveways 
o Provide pedestrian crossings 
o Improve roadway/shoulder maintenance 

Medi• Cost 

o Add passing/turning lanes 
o Overlay pavement 
o Widen pavement/add turning lanes 
o Remove/protect roadside obstacles 
o Remove sight obstructions 

High Cost 

o Improve alignment (vertical) 
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SitHt1011 

0 Cuned Roadway SecttOWIS 
(Rural) 

Counter11Hsures 

Low Cost 

o Install warning sigr.s/signals 
o Provide adequate drainage 
o Improve pavement markings (edgelines) 
o Improve roadway/shoulder maintenance 
o Reduce speeds 
o Reduce sight obstructions 

MediUIII Cost 

o Overlay/groove pav811ent 
o Remove sight obstructions 
o Install guardrail 
o Provide ill1111ination 
o Widen pavement/shoulJers 

High Cost 

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

The Offica of llaearch, Development, and 
Tecllnolou (JU)&l, of the Federal Hipway 
Adminillration (FHW A) are rapomible for a broad 
raean:b, dcvctopment, and UJcbnolosy lrllltfet ~ 
ll'lffl. This propam ii accomplisb,d \llina numerous 
methods of fundiq and mana,ement. The efforts 
include work done in-house by RD.IT staff, con­
tncts usina administrative funds, and a Federal-aid 
pr0lr8lll coaduc:ted by or throup State ru,hway or 
transpOrtation qeocies, which include ttle ffi&bway 
Plannina and Raearch (HPcl.R) prop-am, the Na­
tional Cooperative ffiahway Research Pre>sram 
(NCH.RP) manqed by the Transportation llacarcb 
Board, and the one-half of one percent trainin, pro­
ll'Ml conducted by the National Hipway Institute. 

The FCP is a carefully selected aroup of projects, 
separated into broad cate,oriea, formulated to we 
research, development, and technolol)' tramfer 
resources to obtain solutions to uraent national 
hi&hway problems. 
The dia&onal double stripe on the cover of llm report 
represents a hi&hway. It is color-coded to identify 
the FCP cateaory to whk:b the report's subject per­
tains. A red stripe indicates cateaory 1, dark blue 
for catqory 2. tiaht blue for cate,ory 3, brown for 
cateaorY 4, gray for catesory s. and arem for 
catqory9. 

FCP C.,ory Docrlpdolu 
1. Hlpway Oellp aad Opendoa for Sefety 

Safety RDA:T addraaea problems IIIOC:iated 
with the responsibilities of the FHW A under the 
Hipway Safety Act. It includes invesdption of 
appropriate desi,n standards. roadlide hard­
ware, traffic control devk:ea, and collection or 
analysis of physical and sc:ientific data for the 
formulation of improved safety replations to 
better protect aJI motorists, bicycles, and 
pedestrians. 

l. TndllcCNCrol...aHe arm.a 
Traffic RDl:T ii conccmed with inaeuiq the 
operational effldlDcy of exillina hqbwa,s by 
aclvanciq tecbnolop and balandq the 
demeackapedty reladoalhip throup tralfk 
rvr•CffC ~edmiqua IUCb • bul 111d carpool 
prefcreadll treatment, coonlinlled .... tbn­
iq, motorist information, and reroutilll of 
traffic. 

J • ........,01Nr1llI• 
Tbia c:ateaor, lddrellel preaemq the Nation's 
bilbwa,a, utlll'II l'IIOUrCII. ad community 
IUributa. It indudel activities la pb,sk:11 

maintenance, traffic \er'Vica for maintenance 
zonina, mana,ement of human resources and 
equipment, and identification of bipway 
elements that affect the quality of the human en­
vironment. The soak of projects within this 
cateaory are to maximize operational efficiency 
and safety to the traveUns public while comerv­
ina resources and reduciq adverse bipway and 
traffic impacts throqh protections and enhance­
ment of enviroumentaJ features. 

,. Panae■t Desl1■ , Coa■tractloa, ••• 
Maaep._i 
Pavement RD&T is concerned with pavmient 
desip and rebabilitiwion methods and pro­
cedures, construction tecbnolo1Y, recycled 
hiahw11y :naterials, improved pavement binders, 
and improved pavement manqement. The aoala 
will emphasize improvements to niahway 
performance over the network's life cycle, tbua 
extendina maintcnam:e-free operation and max­
imiiina benefits. Specir1e areas of effort will in­
clude material characterizations, pavement 
damqe predictions, methods to minimize local 
pavement defects, quality control specifications, 
Iona-term pavement monitorin&, and life cycle 
cost analyses. 

5. Stndanl Detlp ud Hydnt■la 
Structural R.D&T is concerned with furthr.rina the 
latest technolosical advances in structural and 
hyd.'"aUlic desism, fabrication proceues, and con­
struction techniques to provide safe, efficient 
biahway structures at reasor.able costs. This 
cateaory deals with bridae superstructures, earth 
structures, foundations, culverts, river 
mechanics, and hydraulics. In addition, it in­
cludes material upec:u of structures (metal and 
concrete) aloq with their protection from cor­
rosive or dqradiq environments. 

9. WT ,_,, 1•••t Md Coor# dN 
Activities in this catesory include fundamental 
work for new concepts end system chlncter­
ization before the iavestt,adon nacba a point 
where it is incorporated witbin other cateaor­
of the PCP. Collc.'ePU on the feuibWty of new 
tecbnoloiY for blpway alety are includld ill dlil 
cateaory, ROAT repon, not within other PCP 
projeeta wiH be publiabed • Caleaory 9 projects. 


