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Low-Cost Countermeasures for Ameliorating

Run-Off-the-Road Crashes

PAUL H, WRIGHT, JEROME W. HALL, AND PAUL L. ZADOR

This project saught to determine the effectiveness of various low-cost
countermeasures for reducing the number of fixed object and overturning
crashes. A survey was conducted of the 50 state highway and transporta-
tion departments. Responses to the guestionnaire show that all states
are using cheyron markers, and a majority are using delineators and stan-
dard warning signs. Respondents thought that these devices were most
effective for reducing run-off-the-road crashes, although little documen-
tation was supplied to support this contention. Most states have estah-
tished procedures for selecting the most hazardous run-off-the-road sites,
but few have formal guidelines for selecting the specific countermeasures
for use at these sites. A critical analysis is needed to determine the actual
effectiveness of several commonkty used low-cost countermeasuires.

The problems of run-off-the~road (fixed-object and
overturning) crashes in Georgia and New Mexico have
been examined in previous research (1-3}. One of
the principal findings of these studies has been
that these crash sites exhibit adverse geometric
conditions to a much greater extent than does the
roadway system in general. Technigues for improving
the roadway alignment and creating a safe roadside
are well established, but they are expensive. Con-~
sequently, their application on a broad scale eX-
ceeds the financial constraints of operating
agencies,

Subgtantial cutbacks irn the budgets of highway
agencies have accentuated the need to identify low-
cost countermeasures for amelicrating run-off-the-
road crashes. Numerous techniques short of roadway
recongtruction and roadside improvement have been
suggested for reducing the freguency of these
crashes; however, there is 1little documentation to
show that they have been evaluated to dJdetermine
their effectiveness, This paper examines the use
and apparent effectiveness of low-cost countermea—~
sures through a questionnaire survey of state high-
way and transportation departments and reviews the
responses in light of the current technical liter-
ature.

SURVEY OF STATE HIGHWAY AGENCIES

In the spring 1982 a survey was conducted of all
state highway agencies to determine their experience
with wvarious low-cost runwoffw-the~rcad countermea-
sures, The purpose of the survey was to identify
which devices were in common use and to assemble
regearch results on their effectiveness., Supple-
mentary information was collected on technigques for
identifying hazardous locations and countermeasure
gelection and the use of surrogate measures. The
survey questionnaire is shown in Figure 1. The
questionnaires were distributed on a geographic
basis by researchers from the Georgia Institute of
Technology and the University of New Mexico.

Replies were received from traffic, safety, and
design engineers in 38 of the 50 states contacted.
The engineers were in agreement on several issues,
but the respondents also showed considerable dis-
parity in their approaches to run-off-the-road crash
problemns.

Countermeasures Used by State Agencies (Quegtion 1)

Question 1 sought to determine which of the low-cost
countermeasures had been used by the agencies at new

sites within the past 5 years to ameliorate fixed-
object or rollover crashes, The question was spe-~
cific; however, positive responses from some states
may indicate that the devices were used as part of a
continuing program of upgrading traffic-control de-
vices., The guestion did not differentiate between
states that had extensive experience with a partic-
vlar device versus those states where a device had
been used infrequently. More than half the respon-~
dents indicated@ that they used {a) chevron markers,
(b} delineators, (c) standard warning signs and
markings, {&) warning signs with flashing beacons,
{e) rumble strips, and (f) reflectorized pavement
markers on center lines.

The responses to this question atre summarized in
Table 1. The chevrons are used universally, al-
though they have only been an official traffic con-
trol device for a relatively few years. Raised re-~
flectorized markings were also used commonly, more
often on ¢enter lines than on edge lines. Several
techniques, such as reflectorized paint on fixed
objects, are used infrequently.

Evaluaticn of Low-Cost Countermeasures (Question 2)

Slightly wmore than half of the respondents (20) in-
dicated that their agency had evaluated one or more
of the countermeasures. The agencies appear to view
their principal task as operations rather than re-
search, which may account for the relatively low ex-
tent of evaluation. However, a number of states had
participated in multistate evaluations (4) of se-
lected countermeasures.

The ptincipal impetus for undertaking the evaluo-
ations appears to be the requirements embodied in
federal highway safety legislation, Many of the
evaluations make use of the traditional before-—and-
after approach--a recognized high hazard location is
improved and the respective accident experiences are
compared. The statistical weaknesses of this tech-
nigue, which fails to account for relevant factors
such as regression to the mean, have been documented
(%), although most of the operating agencies are ap~
parently unaware of these deficiencies.

A number of states indicated that they had con-
ducted evaluations of specific improvement types hut
had not prepared written documentation of the prow
cedures or results. Other agencies would benefit if
such documentation were available.

Effective Existing Low-Cost Countermeasures

{(Question 3)

In the absence of extensive evaluations of most
forms of remedial action, the engineer must rely on
professional ‘judgment to determine which improve-
ments are mogt effective. This judgment iz condi-
tioned by education, experience, and familiarity
with certain sources of technical information. This
gquestion sought to determine which countermeasures
were thought to be most effective.

Although 20 different types of low-cost counter-
measures were listed by the respondents, the most
commenly cited improvements were chevron markers,
delineators, and warning signs. Consensus on the
effectiveness of other treatments was less common.




Table 2 summarizes the responses. Several counterw
measures listed in this table, including guardrail,
slope flattening, and skid treatment, may be ef-
fective although they are not necessarily low-cost
improvements.

Promising or Unproven Countermeasures (Question 4)

We anticipated that some states had experimented
with unique countermeasures that were not identified
in guestion 1. This gquestion sought professional
input in order to identify promising technigues that
might be effective in reducing the number or sever-
ity of run-off-the-rcad crashes. In response to
this question, 12 states identified 21 promising

Figure 1. Questionnaire sent to state highway agencies,
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countermeasures that might warvant further study.
Reflectorized pavement markings on edge lines, rum-
ble strips, and section contouring-slope flattening
were ecach listed by two states, each of the 18 re-
maining countermeasures was identified by only one
state, Several of the suggestions, which are given
in Table 3, may deserve some additional attention;
others appear to be improperly classified as un-
proven.

Use of Fformal Guidelines for Selecting Sites
for Improvement {(Questicn 5)

Techniques uged by highway agencies to identify haz-
ardous locations wvary among the states. One survey

LOW-COST COUNTERMEASURES FOR RUN-OFF-THE-ROAD CRASHES

The University of New Mexico, in cooperalion with the Georgia Insli-
tute of Technolegy, §s cenducting & nationwide study to idenlify and
evaluate promising low-tost countermeasures for reducing the mmber and/
or severity of roadside crashes. Your assistance in responding to this
quest ionpaire would be sincerely appreciated.

. Please indicate which of the follewing countormeasures were installed
al new sites by your agency during the past five years for Lhe our-
pose of decreasing the nunber or severity of fixed-object and roll-
over crashes. A “new site” iy a lecation where the counlermeasure
had nol previcusly been usod,

tnstalled
. Counterneasure At tew Sites
Standard warning signs Yes 0 Ko 1
Standard pavement markings Yos G Ko i:]
Kon-standard warning signs Yoy {.j o {.3
Non-standard pavement markings Yes D No L_J
Reglegég:éﬁr“ingsvemem markers vos E} o !:]

Reflectorized pavement markers

on edge lines Yes [:-E Ho {j
Refleclorized paint on trees, -

poles, etc. Yes D Ho [_]
felineators Yes D Ho [:]
Chevron markers Yosg [:] Ko U
Rymble strips Yes D Ho |j
Warning signs with flashing -

Beacans Yes 1l o l:]
Warning signs with Lraffic

actuated flashing beacen Yus D No G
Traffic actuated warning

s igns Yas E] No [f}
Other {please specify) Yes {0 RO D

2. Please identify low-cost roadside crash countermeasures {(from Ques-
tign Hp, 1 or others) for which evaluation studies were conducted by
your agency during the past five years, Tf a written report on the
study is available, please eaclose a copy and hill us for the cost,

Kritten Report

Countermeasures Evaluated . dwailable
Yes l:l Ho D
ves L1 wo
Yes i1 Ho D
Yes (. tio D

3. Of a1l the existing low-cost counterneasures for reducing losses from
fixed-object and rollover crashes, please list the three you consider
te be the most effective.

First choice

Secand choice

Third choice

4. Please list in order of preference any promising or unproven covnter-
measure (i.e., not yet in general use} which you thick are likely Lo
be effective in reducing the number or severity of lixed-object or
rollover crashes,

First choice

Secomd choice

Third choice

5. Does your agency have formal guidelines for selecting sites for
inprovement?  {If weitten guidelines are available, please enclose a

copy. }

E:F Yes -~ Whal are these gmdulmos bhased an (G ., prior crash
history, ADT, road geometry, otc,}? e

3

6, Does your agency have Fermal guidelines for selecting countermeasures
&L sites chosen for improvements? (If written guidelines are avail-
able, please enclose a copy.)

i Yes -- What are these guidelines based on (e.q., ADT, road
design, costs, etg,)?
T

7. There are numerous measures {i.e., surrogates) other than reduclions
in crashas that have been used to evaluate of f-road fixed-object and
rollover crash countermeasures {e.n., speed reduction, lane placement,
compliance with the maximen speed limit). flease 1ist up Lo three
such measures you consider most satisfactory.

First choice

Second choice

Third choice

8. Persen completing this questionnaire:

Rame Phone (‘“__)

Address

9. Hould you like to receive a copy of the survey resulis? Yes ] Ko [

Please return the completed form Lo J. W.
Research, University of New Mexico,

Hall, Bureau of Engincering
Albuquerque, Hew Mexico #7131,

Thank you for your cooperation,
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Table 1. Run-off-the-road countermeasures instalied by states at new sites
during past five years.

Installed

Countermeasure Number Percent
Chevron marker 38 100
Delineator 35 92
Standard warning sign 34 89
Warning sign with flashing beacon 30 79
Standand pavement marking 28 14
Rumbie strip 23 61
Refleciorized pavement marking on center line 21 53
Refleclorized pavement marking on edge line 135 39
Nonstandard warning sign 10 26
Other B 24
Reflectorized paint on trees or poles 8 2%
Warning sign with actuated flashing beacon 7 18
Traffic-actuated warning sign 5 13
Nonstandard pavement marking 3 8

Naote: For survey purposes, a new site was a loeation where the countermea-
sure had net been used previeusty.

Table 2. Respondents’ judgment of most effective low-cost countermeasures.

Counlermeasure Number Percent

Chevron marker 26 68
Delincator I 50
Warning sign 16 42
Standard pavement marking 24
Standard warning sign with beacon L6
Guardrail 16
Removal of fixed object 13
Rumble strip

Raised pavemen! marker
Shoulder or edge line striping
Delineators on trees or poles
Make object breakaway
Slope [attening
Reflectorized center line
Safe curve speed sign
Narrow bridge marking
Crash cushion
Traffic-actuated warning sign
Standard delineation

Skid treatment

e T S S IR U I VO SO N N -

W Lo Lo e L L LA O 00 OF 00 e

(6} found that all states employ some criteria for
identifying hazardous locations, Although the prin-
cipal factor was generally the number of accidents,
accident rates, accident severity, and economic loss
were also used., Frequently different criteria were
applied on different road systems.

Question 5 sought information on the more spe-
cific issue of how states select sites for improve-
ments to reduce the number or severity of run-off-
the-road crashes. Of the 38 respondents, 79 percent
indicated that they had formal guidelines for site
selection; the remainder apparently relied on the
more general criteria used for selecting among all
types of hazardous locations., Among states that had
formal guidelines, the most commonly used factors
were crash history and traffic volume. A few states
included measures of roadway geometry in their site-~
selection process. Few states were able to comply
with the request to provide a copy of their guide-
lines., Specific responses are summarized in Table 4,

The formality of the site-selection process ap-
pears to be limited by the completeness, accuracy,
and compatibility of traffic record systems. States
that reported better record systems appear to© have
more elaborate site-selection procedures.

Table 3, Promising or unproven countermeasures recommended by state
transportation agencies,

Countermeasure State

Reflectorized pavement markings on edge line La., Ga.

Rumble strips La., L
Seetion contouring and slope flatiening FFla., N.C.
Breakaway ulility poles Calif.
Safer design of maitboxes Calif.
IFlexible delineator posts Calif.
Suardrail with white reflective epoxy coating el
Powider-coated reflectorized guardrail Gra,
Tree removal wilhin 30 It of pavement Ga.
Sloped end sections on drainage pipes Ga.
{mproved dejincation and superclevation Ga.
Wider shoulders Ga,
Warning signs with flashing beacons La.
Utility pole delineation Md.
California-type warning signs Md,
Clear Roadside Recovery Area Minn.
Traffic-actuated warning signs Miss.
Chevron markers Mont,
Shoulder-mounted concrete rail Mont.
Walerwall attenuator Mich,
Shoulder clearing N.C,

Use of Formal Guidelines for Countermeasure

Selection {Question 6)

Once the guidelines identified from the responses to
Question 5 have been applied and sites that warrant
correction have been identified, a highway agency is
confronted with the problem of choosing the appro-
priate countermeasure for each site, On a cost
bagsis options range from relatively inexpensive
signing to tostly roadway alignment. In the pres-
ence of reliable data on the effectiveness of candi-
date countermeasures, the techniques of engineering
economy could be used to determine the most suitable
improvement; however, responses to question 2 indi-
cated that few of the low-cost countermeasures have
been evaluated for effectiveness. Several summary
reports (6) provide information on medium— to high-
cost improvements, but their reliability has been
guestioned.

Therefore, only 24 percent of the respondents
indicate that they have formal guidelines for coun-
termeasure selection. In addition to economic con-
siderations, the responses indicate that engineering
judgment plays a prominent role in countermeasure
selection. Replies to this question, which are
given in Table 5, suggest that states are less
likely to have formal guidelines for improving run-
off-the-road crash sites than for improving gener-
ally hazardous locations.

Use of Surrogate Measures of Effectiveness

{Question 7)

Because run—off-the-road corashes are comparatively
rare events, states may not want to await their oc-
currence to identify hazardous locations or to eval-
uate improvements. Several studies have examined
other measures (e.d., speed variance) in an attempt
to identify the relation between these surrogates
and actual experience with crashes, Although prob-
lems with surrogates have been noted (5), a number
have been suggested for use as measures of effec—
tiveness (7).

Question 7 sought to determine which surrogates
were most suitable for the evaluation of run-off-~
the~road countermeasures. The most frequently
listed surrogate was speed reduction (12 states),
followed by compliance with the speed limit, and




reduction in public complaints and driver inter-
views. The responses indicated that the states have
a moderate level of confidence in the use of surro-
gates, but, consistent with their infrequent post-
implementation of remedial action, the states had
little experience in the use of these measures at
run~off~the-road crash sites, “Table 6 1lists the
responses to this question.

EFFECTIVENESS OF COUNTERMEASURES

The guesktionnaire survey has provided a reascnably
comprehensive picture of what actions the -states are
taking to reduce run-off-the-road crashes. As given
in Table 1, the most commonly used forms of remedial
action are those that support the principles of pos-
itive guidance by providing the driver with informa-
tion on the desired travel path and speed. The ap-

Table 4, Formal guidelines for site selection.
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peal of these actions may be intuitive. The survey
provided limited information about their proven ef-
fectiveness.

Chevron Alignment Signs

All states report use of chevron alignment signs to
reduce the frequency of run-off-the-rocad crashes;
however, relatively little research has been devoted
to the evaluation of chevron alignment signs. Lim-
ited research tends to support engineering judgment
that these devices nmay be effective in alerting
drivers to the presence and sharpness of an upcoming
curve. The West Virginia Department of Highways (8)
placed chevron alignment signs at 62 locations where
identified run-off-the-road accident problems ex-
ist, A preliminary before-and-after evaluation at
28 sites found a 49 percent reduction in the rate of
nighttime run-off-the-rcad crashes. The Montana De-
partment of Highways (9) installed chevrons at 5
hazardous locations along curved sections of high-

[Formal
State Guidelines Response Table 5. Formal guidelines for countermeasure selection.
Ark. No Accident history Formal
Ariz. Yes Computer-selected sites based on annual State Guidelines Response
average daily traffic (AADT) and accidends
Calif. Yes Safety index {existing-expected accidents) Ark, No
Colo, Yes Hazard index using accident history, severily, Ariz, No
average daily traflic (ADDT), and average rate Calif, No Engineering judgment
for simitar highways Colo. No Each ideniified location is studied as a unigue
Conn, Yes Crash history probiem
Del. Yes Severity index, crash history, and site review Conn, No Benefit/cost analysis using published data
Ia, Yes Accident records, grouped single-vehicle Del, Yes Manual on Uniform Traffic Control Devices
roadside obstacle accidenis by milepost and (MUTCD)
seelion Fla, No Warrants for crash attenuators are being
Ga, Yes ADT, geometry, accident history, funds, developed
and benefit/cost ratio Ga. Yes Benefit/cost ratio, right-of-way available,
Hawaii No aclual cost, ADT, reasonable alternative,
lowa Yes Accident rates road design
1daho Yes Prior crash history, ADT, and road geom- Hawail No Countermeasure selected based on apparent
elry need; e.g., raised pavement marker rumble
H1, No strip to alert sleepy drivers before sharp
ind. No Based on investigation of site due to com- curve
plaint from public, local agency, or jowa No
internally [dahe Yes Engineering judgment based on proved
Kans, No countermeasures
Ky. No 1, No
La. Yes Abnormal accident listings Ind, No Based on site investigation and engineering
Mass, Yes Crash historics, ADT, and hazard cost index judgment
Md, Yes Iligh accident sections of roadway based on Kans, No
accident rates Ky. No
Maine No La, No Engineering study made by distriet traffic
Mich, Yes {dentify control sections that have highest engineer
crasgh rates Mass. No
Minn. Yes Crash history and geometry Md, No
Mo, Yes Accident history of Jocation being con- Maine No
sidered for improvement Mich, Yes Type C guardrsil installed when ADT ex-
Miss. Yes Engineering study of ADT, rowd geometry, ceeds 30,000
and crash history Minn, No
Mont. Yes Prior crash history and rcad geometry Mo, Yes Guidelines based on benefit/cost ratic for
N.C, Yes gach proposed countermeasure considered
N. Dak. Yes Crash history, traffic exposure, roadway for implementation
geometrics, improvement costs, and user Miss. No
complaints Mount, No
N. Mex. Yes Accident history N.C. No
Nev, Yes N.Dak. No Engineering studies of sites uswatly deter-
NY. Yes Accidenl surveillance, crash rates, and mine specific improvements te be made on
geometrics case-by-case methed
Ckla, Yes Accidents N.Mex. No
Oreg. Yes Index based on crash history, severity, and Nev, Yes
ADT NY, No
5.C. No Okla. No
Tenn. Yes Critical aceident rate method together with Oreg. Yes Pattern of accident experience and benefit/
ecenomic foss to develop priority and on- cosl analysis based on collision diagrams
site studies 5.C. No
Tex. Yes Existing and expected accident frequency Tenn. No Technical guidelines from research reports
and severity (cost), ADT, and project cost and MUTCD
Va, Yes ADT, road geometry, crash history, and Tex. Yes Based on accident information and field
cosl visits
Vi, Yes ADT and crash history Va. Yes ADT, road design, costs, and accident data
Wash, Yes Crash history Vi, No
W Va. Yes Federal Highway Program Manual 8.2.3. Wash, No
procedures W.Va, No
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Table 8, Surrogate measures of effectiveness recommended by state
transportation agencies.

Surrogate Measure of Effectiveness No, of States
Speed reducticn 1

Speed limit compliance

Reduction in public complaints and driver interviews

Fewer skid marks

Lane placement and shoulder encroachment

Severity

Brake applications

Pace narrowing

Site examination

Erratic maneuvers

Traffic conflicts

Roadway realignment

Improved skid resistance

Advisory speed compliance

Amount of maintenance costs incurred
Before and after studies &t point areas
Enforcement of 55-mph speed Hmit
Enforcement and education regarding drunk drivers

L D P R T PO T

way, each about l-mile long, and recorded a 32 per-
cent reduction in the nighttime run-off-the-road
accident rate. These results appear promiging; how-
ever, both studies had comparatively small sample
sizes, and, because of the high accident experience
in the before periods, regression to the mean has a
significant effect on the results.

Post Delineators

More than 90 percent of the states reported the use
of post delineators to reduce the frequency of run-—
off-the-road crashes. In comparison with chevrons,
the delineators are a much older type of traffic
control device; therefore, more research has been
conducted on their effectiveness, A 1966 study (10)
found that the use of post-mounted delineators can
be an effective means of reducing crashes at sites
where roadway curvature exceeds 5 degrees, Delinea-
tion was effective for curves between 5 and 10 de-
grees that have a central angle between 20 and 40
degrees., Based on this research, the central angle
may be the better indicator of the need for delin-
eation.

Another study (11) attempted to evaluate nine de-
lineation configurations by using post-mounted de-
lineators and other devices along one horizontal
curve test section. The treatments were evaluated
with surrogate measures. The researchers recom-
mended that amber delineators be used for right-
rurning curves (on the left zide of the roadway) and
that crystal delineators be used for left-turning
curves {on the right side). Post-mounted delinea-
tors were also recommended for two-lane rural roads,
pavement width transitions, and all curves that have
curvature greater than 5 degrees and have a central
angle in excess of 20 degrees.

Standard Signs

Most of the states indicated that they used curve
warning and advisory speed signs, although less than
half thought that such signs were among the most ef-
fective countermeasures. Evaluations of the effects
of standard signs on driver behavior have produced
mixed results. Bezkorovainy (12} studied the influ-
ence of advisory speed limits at horizontal curves
on spot speeds at 12 locations. He sought to deter-
mine the effects of a standard curve sign used with
a standard advisory speed plate and with an experi-
mental advisory speed plate that contained the words
S8ILOW TO followed by the numerical wvalue., The re-

sults implied that advisory speed signs are gener-
ally ineffective in changing the speed of drivers at
the center of the curve. A special study indicated,
however, that a 30-mph advisory produced a greater
rate of deceleration along the approach to the curve
than dié a 50-mph advisory sign.

Lyles (13) evaluated five sign treatments for
controlling driver speeds in the vicinity of hazard-
ous horizontal curves on rural two-lane highways.
The treatment included standard curve warning signs,
advisory speed signs, and speed limit signs. Lyles
reported that neither a single sign nor a qroup of
signes was consistently more effective in decreasing
the potential hazard at the curves. His work sug-
gests that, when a hazardous curve exists, advisory
speed plates and regulatory signs will be inef-
fective.

An FEWA study (14) of speed control signs con-
cluded that passive signsg were generally ineffective
in slowing traffic as it passed through a small
rural town. ©On the other hand, a before-and-after
study of advisory speed limit signing in combination
with curve warning signe appeared to reduce single-
vehicle crashes significantly (15%). On the basis of
these conflicting results, a firm conclusion cannot
be reached on the effects of these devices.

Pavenent Markings

The standard pavement markings applicable to run-
off-the-road crashes include painted center lines
and edge lines. ‘Three~guarters of the states re-
ported the use of standard markings as a counter-
measure, but only 24 percent think that standard
markings are among the most effective forms of re-
medial action, Most of the studies of the effec~
tiveness of pavement markings have been conducted on
a limited scale. In one of the larger gtudies Tay-
lor {11} reported an improvement in driver behavior,
as measured by reduced variance of 1lateral place-
ment, when a roadway that had a freshly painted cen-
ter line was compared with the base condition of a
weathered center line and no delineators. The addi-
tion of edge lines at horizontal curves (on roads
where they do not exist on tangents} was found to
improve lateral placement characteristics and pos-
sibly reduce accident experience. Paint, however,
was Jjudged inferior to raised pavement markings in
most applications,

The use of retroreflective pavement markers has
increased greatly in recent years. More than half
of the states use them on center and edge lines.
Although the markers are perceived favorably by the
general public, comparatively few of the highway en-
gineers thought that they were effective in reducing
run~off-the-road crashes. Advantages c¢laimed for
markers over paint stripes include reduced mainte-
nance and more positive all-weather, nighttime de-
lineation. The markers have alsc been reported to
be effective in delineating detours through con-
struction zones {(16).

Traffic performance studies have suggested that
pavement markers are more effective than post-
mounted delineators on isclated horizontal curves
(17}, Researchers (4) have reported that highway
sectiong along tangents or along winding sites that
have raised pavement markers along the center lines
have lower accident rates than do those that have
painted center lines. The results of the analyses
were not as definitive for 1isclated horizontal
curves,

The Florida Department of Transportation in-
stalled raised pavement markers along a 19-mile sec-—
tion of the main highway to Key West, The markers
were placed along the center line (four abreast at
20-ft centers) and across the 4-ft-wide paved




shoulders at a 45~degree angle. A before~and~after
evaluation showed a 42 percent decrease in projected
crashes and a 38,4 percent decrease in injury and
fatal crashes. Fixed-object crashes decreased £rom
25 to 4 per vyear and run-into-water accidents de-
creased from 22.5 to 4 per year (18).

A study of the effectiveness of raised pavement
markers along a rural horizontal curve in combina=
tion with painted edge lines (11) found that speeds
of passenger vehicles were not affected by the mark-
ers. Vehicular placement wvwariability, however, was
reduced by the use of raised pavement markers. O©Of
four configurations tested, raised pavement markers
along the center line used with freshly painted edge
lines produced less vehicular placement variability
than did & painted center line, and drivers tended
to adopt a more central position in their lane. 1In
a related study, which may be inconclusive due to
small sample sizes, a correlation was found hetween
lateral placement variability and accident experi-
ence. Bagsed on their conclusion that raised pave-
ment markers show an advantage over a painted center
line because markers cause drivers to move farther
away from the center line and reduce variance in the
travel path, the researchets recommended the use of
these markers on hazardous horizontal curves.

Transverse Stripes and Rumble Bars

Although more than 60 percent of the states use rum-
ble bars or strips to improve potential run-off-the-~
road sites, few consider them to be effective de-
vices for this purpose, The technical literature
suggests that they have ar affect on driver behavior
that may be time dependent., The Michigan Department
of Highways (19) performed three experiments to
evaluate the use of transverse pavement stripes and
rumble bars. In all the tests the stripes and rum-
ble bars were placed with wvariable spacing to give
the illusion of acceleration to the driver traveling
at a constant speed. The researchers report that
the effect of vellow pavement striping was mar-
ginal., Before stripe installation the speed reduc-
tion through the highway construction area caused by
normal sign obedience was slightly more than 4 mph.
Immediately after striping the total speed reduction
jumped to 8.3 mph. A wmonth later, however, it
dropped to 4.3 mph, which was close to the initial
condition, Two kinds of rumble bars were tested,
and both caused larger reductions in average speeds
than did the colored stripes. However, the gpeed
reduction obtained by these devices alsc diminished
over time.

In a more recent experiment with these devices
(20), the Transport and Road Research Laboratory
found that their installation at the approaches to
roundabouts on dual carriageways reduced speed-
related accidents significantly. They were most ef-
fective in reducing €fatal and serious injury acci-
dents. They also had a greater effect during the
daytime and on wet road surfaces.

An FHWR evaluation (14} of speed contrel for
small rural towns showed that pavement markings and
rumble strips were second (after traffic-actuated
signg) in effectiveness at night as measured by the
percentage of drivers who complied with the speed
Limit,

The Virginia Department of Highways and Transpor-
tation (21) reported that rumble strips installed
along apptoaches to rural STOP intersections reduced
the number of crashes., An analysis of nine rumble-
strip locations showed an overall reduction of 37
percent in the total number of crashes.
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Signs With Flashing Beacons and Traffic-Actuated

Speed Viclation Signs

Because of cost and power requirements, signs with
flashing beacons and traffic-actuated speed viocla-
tion signs may not be used as widely as some of the
other treatments. Only seven states reported using
them to alleviate run-off-the-road crashes, and only
one state thought that they were highly effective.
However, limited technical literature on these de-
vices is moderately optimistic., Hanscom (22) re-
ported speed reductions at critical curve locations
in response to signing that employed flashing hazard
beacons., In this study of signing to warn of wet
weather skidding hazard he recommended that the bea-
cons be activated at the onset of rainfall.

In a speed control study for small rural towns
{14), traffic-actuated warning (speed violation}
signs were the most effective system tested., They
were found to reduce speed by 3 to 4 mph more than
passive signs. Signs with flashing beacons were
second in effectiveness during daylight, but they
were found to reduce speeds by only 1 to 2 mph more
than the passive signs. The researchers reported
that the addition of flashing beacons to a signh pro-
duces a slight, but insignificant, increase in its
effectiveness.

SUMMARY AND CONCLUSIONS

This study has attempted to determine the state of
the art in using low-cost countermeasures to reduce
the frequency and severity of fixed-object and over-
turning crashes. A questionnaire survey was dis-
tributed to state highway and transportation depart-—
ments, and the responses were examined in light of
the technical literature on this topic. Some lim-
ited conclusions can be reached based on this study,

Certain low-cost countermeasures appear tc have a
favorable impact on surrogate measures of effective~
ness; however, separate studies of the same device
have reached differing conclusions. Chevron signs
have been used widely, and highway agencies consider
chevrons the most effective low-cost devices for re-
ducing run-off-the-road crashes. Although some lim-
ited studies suggest that these may be effective,
the evidence is not conclusive. Delineation and
standard warning signs are also used extensively,
but there ig less consensus on thelr effectiveness,
Raised markers appear to be more effective than
paint,

Most states have formal guidelines, typically
baseé on crash history and average dJdaily traffic,
for identifying the most hazardous run-off-the-road
sites. Despite evidence that roadway geometry isg a
principal contributor to these crashes, less than a
quarter of the agencies consider this factor in site
selection, Few states have formal guidelines for
countermeasure selection.

Speed reduction is thought to be the best surro-
gate for evaluating the effectiveness of run-off-
the~road improvements, although the literature
suggests that lateral placement may be a better cri-
terion. Actual postimplementation evaluation of
these types of remedial action is comparatively
rare. To assist the engineer in making the best use
of limited funds, the need is critical for addi-
tional study of those countermeasures whose effec-—
tiveness has not been documented through comprehen-—
sive and statistically valid studies,
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Motorists’ Reaction to Exclusive/Permissive Left-Turn

Signal Phasing
MICHAEL A, PERFATER

The finctings of a study of motorists’ perceptions of exclusive/permissive (E/P)
signat phasing at 10 intersections in Virginia are presented. Traffic volumes
and conflict rates were counted at each site and accident files were investigated.
In addition, 1,262 residences and small bBusinesses in the vicinity of the sites
were sent questionnaires to determine motorists” opinions and perceptions of
E/P phasing. A total of 460 completed questionnaires were received and ana-
lyzed. Roughly one-third of those queried were confused by the E/P signal
the first time they encountered it, but the sonfusion dissipated over time.
Advance publicity of an £/P signat modification or instaltation and an explana-
tory sign placed adjacent to the signat head will do much to reduce motorists’
confusion. More than 70 percent of those surveyed were in favor of £/P

signal phasing and 77 percent thought that it reduced intersection delay. On-
site observations revealed that vehicular conflicts at E/P intersections are most
frecquent at locations that have high volumes of turning vehicles and various
movements of traffic. The conflict rate could not be attributed to any one
characteristic of an intersection, however, The same was true for the accident
rate.

Several means can be used to accommodate left—turn
movements at signalized intersections. One of these
iz  the recently introduced exclusive/permissive
(E/P) left-turn signal phase, which permits left
turns during the display of both the green arrow and

the green ball. During the green-arrow phase the
motorist is unopposed in making a left tura; during
the green-ball phase he or she must yield to oppos-
ing wehicular traffic. The left-turn arrow may
either follow or precede the green ball.

Several studies have been conducted nationwide to
determine the best method for signalizing left-turn
moverents and as many as two dozen signal indica-
ticns are available for use, One recent study con-
ducted in Kentucky determined that E/P left-turn
phasing is efficient because it results in fewer
delays than other types of left-turn phasing; how-
ever, it was found to lead to an increase in acci-
dents compared with exclusive phasing. The number
of these mostly minor accidents decreased as drivers
became familiar with the intersection. More than %0
percent of the drivers queried in that study were in
favor of this type of signal, but many indicated
that they had not understood the signal the first
time they encountered it. They indicated that more
advance publicity on the E/P sgignal was necessary
(1.

The Virginia Department of Highways and Transpor=-




tation has numerous E/P signal-phasing installations
throughout the state and more are planned. To date,
public reaction to this type of phasing has been
favorable, except where accidents have occurred.
The research council was asked to document the per-
formance of these signals from the standpoint of
public interpretation and understanding. Only the
five-ball cluster system that features the exclusive
left-turn phase before the green-ball phase was
gtudied. The study included both surveys and on-
site data analyses at 10 signalized intersections at
various locations within the commonwealth.

METHODOLOGY

Four types of data were gathered for each of the
sites. Traffic counters were installed on the road-
way to determine the volume of through traffic.
Then, on 2 successive days, observers were placed at
opposite ends of the intersection for 1C hr to re-
cord conflicts. Tive types of conflicks were re-
corded and the conflict volumes for the 2 days were
averaged, as were the volumes of through traffic,
which were also recorded for the 2 days. A proce-
dure developed for a previous study was used to de—
termine the left-turn conflicts (2}, Observed con-
flicts were categorized as follows:

Type 1--The basic left-turn conflict caused by
the turning vehicle crossing in front of or blocking
the lane of an opposing through wvehicle; a conflict
was recorded when the driver of the through vehicle
applied the brakes or weaved to evade the encroach-
ing vehicle;

Type 2--A continuation of the first type in which
the driver of a through vehicle that was following
the first one also had to brake:

Type 3-—The conflict caused by the vehicle enter-
ing the intersection after the E/P signal has turned
reds

Type 4--The rear-end conflict in the left-turn
lane occcurring when the driver of the vehicle about
to make the turn did not and the driver of the fol-
lowing vehicle had to brake or weave; and

Type 5--The conflict when left-turning vehicles
overflowed the storage lane and blocked the through
lanes.

The number of left turns made on the green arrow at
each intersection was also recorded.

Once these data were collected residences and
come small businesses located near each E/P inter-
section were mailed gquestionnaires that contained
questions concerning the newly installed E/P signal,

Finally, accidents reported at each intersection
hoth before and after installation of the E/P signal
were tabulated. The after data included accidents
reported during the period between the installation
date and the date of the on-site evaluaticn, and the
before data included accidents reported over a simi-
lar peried of time before the installation,

Of the approximately 1,252 questionnaires dis-—
tributed, 460 were returned, for a response rate of
36.7 percent.

RESULTS OF INTERSECTION ANALYSIS

Intersection Characteristics

The intersections evaluated are described in Table
1, Observations were made over a 2-day period and
the volumes presented are averages, The average ap-—
proach volume at the 10 intersections was about
5,780 wvehicles/day. The highest count was 10,71l
vehicles/day and the lowest was 3,134 vehicles/day.
The intersections had an average turn volume of 908

Transportation Research Record 926

vehicles/day, of which 401, or 44 percent, were made
during the green-ball or permissive phase. This il-
lustrates the additional number of left turns that
can be made with permissive phasing. The reduction
in delay and fuel use as a result of the permissive
phase, although not measured in this study, is ap-
parent.

Vehicle Conflicts

Types 1, 2, and 3 conflicts constituted almost 98
percent of the total conflicts counted. For this
reason, types 4 and 5 conflicts were not considered
to cause serious problems and thus will not be dis-
cussed. Type-3 conflicts were the most frequent--47
percent of those counted, Instances of high type-3
conflicts could not be attributed to any one char-
acteristic of an intersection. This type of conflict
tended to occur at intersections that have high ap—-
proach volumes and are located away from shopping
centers. Type-3 conflicts seem to result more from
drivers being in a hurry than from a misunderstand-
ing of the signal indications. Type-3 conflicts
were relatively infrequent at high-volume shopping
center intersections,

Type-l conflicts (43 percent of those counted)
were more frequent at intersections that have high
volumes of turning traffic. Three of the four ’n-
tersections that had the highest such volumes {green
arrow and green ball) alsc had the highest rate of
type-1 conflicts, ‘Type~2 conflicts were generally
rare (8 percent of those counted); the majority of
them occurred at one intersection. That intersec-
tion allowed the greatest variety of traffic move-
ments of all intersections studied.

Neither speed limits nor the length of time an
E/P signal had been in place appeared to have any
effect on conflict rates. At intersections that had
high turn volumes an explanatory sign was impor-
tant. One of the intersectiong that had the highest
left-turn volumes and no explanatory sign had high
ratios of type-l and type-3 conflicts (Figure 1).
Evidence also showed that the modification of an ex-
isting signal to one that contained an E/P phase may
result in more conflicts than will the installation
of a new E/P signal where no signal previously ex~
isted, In the latter case the intersections all ex-
hibited relatively low conflict rates., On-site ob-
servers bointed out that intersections that have
multiple right-turn-on-red alternatives appeared to
create driver confusion and accompanying conflicts,

Ne single intersection characteristic that was
responsible for vehicle conflicts could be found,
Many possible culprits have been mentioned and, al-
though a common denominator was not found, the ob-
servations revealed that the more movements that
occur in an intersection the more likely that con-
flicts will occur.

RESULTS OF ACCIDENT ANALYSES

Accident data were analyzed for periods before and
after installation of the signals. Where possible,
this analysis included l~year periods before and
after installation. For three of the sites, due to
the recency of the installation, only limited after
data were available (3 to 6 months). For four
sites, no before data were available.

Table 2 gives the total number of accidents that
occurred at four intersections in the l-year periods
before and after installation of the E/P signals.
At some intersections the total number of accidents
declined over the 2-year period; however, the number
of left—-turn accidents increased. The breakdown at
individual sites showed that the data from one site
probably skewed thig table such that little can be
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Table 1. Summary of signal site intersections,

Left-Turn Volumes

Speed Appreach
Site Type Location Limit {mph)} Volume Green Ball Green Arrow
1 4-Jane urban City of Charlotiesville 25 4,434 172 433
arterjal
2 4-]ane divided sub- County of Albemarle 45 10,711 649 977
urban arterial
3 2-lane urban arterial - City of Charloltesvilie 25 3,134 245 530
4 4-jane divided sub- County of Albemarle 45 8,401 616 296
urban arterial
] 2-lane sburban County of Chesterfield 45 3,255 183 128
arterjal
G 4-lane divided sub- City of Virginia Beach 50 6,426 117 35
urban arterial
ki 2-lane suburban County of Roanoke 35 3,449 275 265
arlerial
8 4-{ane divided urban  Cily of Virginia Beach 45 5,493 721 813
arterial
9 4-dane divided sub- Prince William County 45 4,219 547 860
urban arterial
10 4-tane divided sub- Prince William County 45 8,272 491 734
urban arterjal
Avg. 5,800 401 507
Figure 1. Supplemental E/P regulatory sign. Table 2. One year before and after E/P installation accident summary,
R All Accidents Left-Turn Accidents
L E F T T U R N Location  Before After Before After
Site 4 11 22 0 14
Site 5 & 3 0 i
Site 6 47 27 12 4
MUST sie? 6 K 4 4
B Total 70 58 16 23
3" i
i YIELD ON
tersections, The data are simply too limited. A
; more in-depth analysis of 25 to 40 intersections
3 would be needed before any such conclusions could be
- drawn. _ '
Green ball Table 4 represents the most conclusive evidence
: regarding the possible effect of B/P signals on ac-—
\ g/ cident rates at the intersecticns. The table gives
before—-and-after accident data for four E/P signal
. syn - sites. Left~turn accidents increased by an average

said about the increase or decrease in left~-turn ac-
cidents during the l-~year period after the E/P sig-
nal was installed.

Table 3 gives the monthly distribution of all ac-
cidents subsequent to the installation of the E/P
gignals. 'The number of accidents decreased over
time, Iin the first 6 months an average of 1.95
accidents/month occurred per intersection. During
the second 6 months this number was reduced to 1.03
accidents/month. The decrease in left-turn acei-
dents, however, was not as drastic. 1In the first 6
months after the E/P signals was installed the aver-
age for left-turn accidents was 0.63/month per in~
tersection. During the next 6 months this rate was
reduced to 0.53/month. Also, the table shows that
left-turn accidents comprised anywhere from 23 to
100 percent of the total accidents at the 8 inter-
sections. In the first 6 months after E/P instal-
lation 40.5 percent of the accidents recorded were
related to left turnsy in the next é months 60.0
percent were left-turn related. Thus, these data
allow no conclusions as to the effect of the passage
of time on the accident rate at E/P signalized in-

of almost 20 percent during pericds after installa-
tion, Little can be said about individual intersec-
tions, except that the higher-volume intersections
appear to show the greatest propensity for left-turn
accidents. Individual intersection ahalyses would
require more data that take into account the myriad
of intersection characteristics that affect accident
rates.

RESULTS OF QUESTIONNAIRE SURVEY

Motcrist Familiarity With and Confusion at
E/P Intersection

Respondents were asked to estimate the number of
times each week that they made a left turn &t an in-
tersection pictured on the quegtionnaire. The re-~
spondents averaged about & turns/week; the greatest
number made 11 or more turns/week. Only 7.4 percent
of the respondents said that they made fewer than 3
turns/week at the intersection. This information
established that those who participated in the sur-
vey were familiar enough with the signal to answer
questions about it,

The responses t0 two questions aimed at determin-
ing the degree of confusion caused by the new signal
showed that more than one-~third of the motorists
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Tabte 3. Distribution of accidents by month after E/P installation,

Number of Accidents

Site 2 Site 4 Site 5 Site 6 Site 7 Site 8
Month
After All Ac- Left-Turn All Ac- Left-Tum All Ac- Left-Turn All Ac- Left-Turn All Ac- Left-Turn All Ac- Left-Turn
installation  cidents Accidents cidents Accidents cidents Accidents cidents Accidents cidents Accidents cidents Accidents
1 7 3 2 2 Q 0 2 0 0 0 0 0
2 4 3 3 3 0 1} 2 0 0 2 0 0
3 2 0 i 0 1 0 4 0 4 ] a 0
4 2 1 0 ] 1 0 4 o 1 0 3 0
S 3 I 2 1 1 i 4 0 0 0 0 0
& 3 0 3 1 0 0 3 i 0 O 2 i
7 3 2 0 0 5 i 0 ¢ 2 1
8 1 1 0 0 2 i 0 o 5 1
9 2 2 0 0 v} 0 0 0 1 0
G 0 0 0 0 1 1 0 0 ] 0
1 4 3 0 0 0 0 0 0 2 2
12 _ _L 0 0 a 0 o 5 1 4 9
Total 21 8 22 15 3 1 27 4 6 4 16 5
Table 4, Summary of {eft-turn accidents.
Accidents in Before Period Accidents in After Period
Length of feft Turn Left Turn
Reporting B Change in Lefl-
Period Percentage Percentage Turn Accidents
Sie (monihs) Al Number  of Total Al Number of Total (%)
4 12 i1 ] Q 22 15 68.2 +68.2
5 12 0 0 0 3 I 33.3 +33.3
6 12 47 12 255 27 4 14.8 -10,7
7 12 4 4 66,7 6 4 66.7 0
Total 70 16 229 58 24 41.4 8.5
Table 5. Change in motorists’ confusion over time. tion configuration, geometrics, and sight distance
affect a driver's ability to understand the E/P sig-
Percentage of Confused nal indication.
Time Since  Motorists Cross-tabulations between the responses to the
Site i‘l:é‘::ﬁ?)m‘ AT New | Change guestion on confusion revealed that individuals who
i ” - were still confused by the E/P signal were generally
1 24 36 0 100.0 more negative toward it than were those who were not
2 24 17.2 10.3 40.1 confused, Also, more often than not, those who were
3 17 6.3 v 100.0 not confused had seen this type of signal elsewhere.
g }g 2{2; ié,i} ?}g,{, Respondents were overwhelmingly in support of
‘6 12 500 273 45.4 placing a supplementary sign near the signal to ex-
7 9 31.8 4.5 858 plain that a left-turning vehicle must yield on =&
8 7 36.5 9.5 74,0 green ball (¥igure 1). Only 9.3 percent thought
9 ] G5 9.6 84.4 that such a sign was unnecessary. Forty percent of
10 5 7h4 383 46.6 the respondents thought that the best placement for

such a sign would be adjacent to the signal head.
Rnother 37.6 percent thought that the signs were
necessary both adjacent to the signal head and in
the median, where one exits., Note that five of the
/P signals, all Jlocated in  cities, were not

MNote: A total of 460 matorists responded (o survey.

(36.5 percent) were confused the first time they signed. For the surveys made at these five loca-
passed through the intersection, but only 12.4 per- tions 67.8 percent of the respondents thought that a
cent remained confused. Moreover, as given in Table sign was necessary adjacent to the signal head, in
5, motorists' confusion about the RB/P signal reduced the median, or both. For the five sites bthat in-
over time at every site. However, the table also cluded a supplementary sign this opinion was held by
shows that the degree to which confusion reduced 86.6 percent of the respondents., However, all but
over time varied among the sites. TFor instance, the one of the E/P signals not accompanied by the sign
B/P signals at sites 1 and 2 had been in place for continued to confuse motorists, The addition of a
about the same length of time. The confusion dis- sign might reduce confusion.

appeared at site 1 but at site 2 it dropped only 40

percent. The situation was similar for sites 9 and General Opinion About Impact of E/P Signals

10, These signals had been in place for the same on Intersections

amount of time, yet the responses showed that a

great deal more confusion still existed at site 10 Each respondent was asked to give an overall opinion
than at site 9. Obviously, factors other than un- of E/P signal phasing at the intersection in ques-
familiarity with a new type of signal were responsi- tion. 8lightly more than 70 percent were in favor
ble for the continuing confusion. Such variables as of this type of signal, about 1l percent were neu-

speed limit, through volume, turn volume, intersec- tral, and about 17 percent were against it, Note
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Average per Ste

Site ¢ Site 10
Percentage
All Ac- Lelt-Tum All Ac- Left-Turn Total Left-Turn Left-Tura to
cidents Accidents cidents Accidents Accidenis Accidents Total Accidents
5 4 3 1 2.4 0.75 53
a 0 2 2 1.5 1,25 13
3 1 4 4 2.4 0.75 37
2 ] 1.9 0.29 23
1.7 0.33 30
1.8 0.33 27
2.0 0.80 40
1.6 0.60 38
0.6 0.40 47
0.2 0.20 100
1.2 1.00 83
o _ B 0.6 0,20 a3
10 6 9 7 1.49 0.58 44
Tahle 6. Summary of responses regarding intersection impacts of E/P signal, motorist. To take this concept one step further

would be to suggest that advance publicity on E/P

Percentage Responding installations would be of even mcre help. BAlthough
(N = 460) this suggestion is embodied in responses to previous
N questionnaire items, it is strengthened by responses
(¥ s .
Question Yes No Response tr? la questlor'u regarding the type_of advance pub-
licity that might be helpful. Moré than 82 percent
Has signalreduccd delays? 1.0 19.3 37 of the respondents said that they had known nothing
Has signal created a hazard? ) 30,5 654 4l of the E/P signal until after it had been installed
Have you been involved in a crash or near miss? 209 78.0 il

also that at E/P~signalled intersections where the
conflict and accident rates were high public opinion
generally was more negative than it was at less
conflict-~ and accident~prone intersections.

Table 6 gives a summary of responses to guestions
concerning the impact of the E/P signal on the in-
tersection, Oyerall, 70.G percent of the respon-
dents thought that E/P signal phasing had reduced
delay. However, about 30.0 percent thought that a
hazardous situation was created by the E/P signal
and roughly 21.0 percent indicated that they had
been involved in a c¢rash or near miss at one of the
E/F intersections. Cross-~tabulaticns revealed the
existence of some interesting relations between the
answers to these questions and certain other wvari-
ables, As would be expected, respondents who had a
positive opinion about the E/P signal thought it had
had a positive effect on the intersection; that is,
it had reduced delayvs and had not created a hazard.
Individvuals who had seen this type of signal in
other areas were more likely to think that the sig-
nal had had a positive effect on the intersection
than were those who had not.

Both this and the preceding relation were signif-
icant at the 99 percent level of confidence. The
implication here 1is, again, that familiarity with
the EB/P treatment tends to reduce apprehension about
it, Furthermore, cross-tabulations showed that in-
dividuals who had geen the B/P signal in other arecas
were less likely to have been inveoived in a crash or
near miss at the intersection. This relaticon was
gignificant at the 95 percent level of confidence
and exhibits the probability that advance familiar-
ity with the E/P signal treatment might reduce ve-
hicle conflicts and accident rates.

Advance Publicity: Will It Reduce Intersection
Confusion?

Familiarity with the E/P signal ig an aid to the

and they had entered the intersection.

Roughly 83 percent of the respondents thought
that advance knowledge of the newly signalled inter-
section would have been beneficial to them. 2As was
expected, the newspaper was considered the most ef-
fective method for publicity of this type ({38 per-
¢ent}; a wailed flyer was the second most effec-
tive. This preference, then, indicates that, should
a public information campaign be launched to inform
the motorist that an E/P signal is being installed,
a mailed flyer and newspaper coverage should be
nsed. Radio andé television coverage were not deemed
to be as desirable and, therefore, should be used
only minimally.

SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH

The study has shown that more than conew~third of the
motorists guestioned were confused the first time
they encountered E/P signal phasing, This confusion
was found to dissipate over time at every test
site. Tamiliarity with this type of signal treat-
ment reduces motorists®' confusion. Such confusion
can be further reduced through advance publicity of
the signal modification or new ingtallation. The
most preferred method of publicity wags the news-
paper, and a mailed flyer was the second most pre-
ferred. A sign placed adiacent to the signal head
was also found to aid in the reduction of confu-
sion. More than 90 percent of the survey respon-
dents thought such a sign was helpful,

The majority of those surveyed (70 percent) were
in favor of E/P signal phasing. About 77 percent
thought that this treatment reduced delay at the in=-
tersection. Thirty percent, however, perceived that
the E/P signal phasing had produced a hazardous sgit-
uation. Those familiar with E/P signals tended to
he more positive about this treatment than those who
were unfamiliar with them.

Vehicular conflicts were most freguent at inter—
sections that had high volumes of Ileft-turning traf-
fic and multiple avenues of movement. Indications
are that intersections that have one or more right-
turn-on-red movements may be prone to high conflict
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and accident rates. The conflict rate was never
found to be attributable to any single intersection
characteristic but was probably the result of the
combination of several, Some evidence suggests that
modification of existing signals may result in a
slightly bigher conflict rate than will the instal-
lation of a new signal, but the supporting data are
sketchy at best, The same 1is true for accident
rates. At best, all that can be said about acci-
dents based on the data gathered in this study is
that, in general, the ratio of accidents involving
left—turning vehicles to all accidents that occur at
the intersections increases after E/P signals atre
installed.

This study has made some determinations, but more
work is still to be done. A study is under way at
the research council to determine what types of in-
tersections lend themselves to E/P signal treat-
ment. To establish guidelines for the instaliation
of E/P left-turn phasing at new locations and for
modifying exlsting locations, a comparison is being
made of existing E/P intersections and non-E/P in-
tersections on the basis of such characteristics as
approach and left~turn traffic volumes, traffic mix,
speed limit, geometrics, sight distance, accident
and conflict rates, intersection configuration, and
commercial development.
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Safety Effects of Rumble Strips on Secondary Roads

R.L. CARSTENS

Research was undertaken to identify specific locations where rumble strips
could imptove safety on rural secondary roads. Of the 685 rumble-strip in-
statlations on secondary roads in fowa, 207 were selected for detailed study.
At 88 locations a before-and-after comparison of the accident experience was
made because accident records were available for at least one full year both pre-
ceding and following the instaliation of rumble strips. (Accident records were
available only for 1977-1980.} The accident experience at the 119 locations
that have rumbie strips instalied before 1978 was compared with a sample of
comparable locations that do not have rumble strips. No difference was found
in the accident experience at secondary road locations between the periods be-
fore and after the installation of rumbte strips. Secondary road locations that
have rumble strips for longer periods experienced slightly more accidents than
did comparable control locations that did not have rumble strips, Comparisons
were made on the basis of both the total number of accidents and the number
of accidents attributed to running a stop sign. Furthermore, no correlation
could be dempnsirated between the oecurrence of accidents at the locations

in the sample and factors sich as traffic volume, sight distance, and distance
from the last stop.

The use of rumble strips on paved rural secondary
roads has often been suggested as a means of enhanc-
ing safety. Rumble strips are used widely in some
jurisdictions in advance of intersections controlled
by stop signs. A few jurisdictions also make use of
rumble strips in advance of railroad grade crossings
or at other locations thought to require supple-
mental warning devices,

No definitive guidelines or warrants have been
develeoped to suggest locations at whickh rumble
strips shoulé be installed. Some of the research
reported in the literature indicates that they can
be effective in reducing accidents at some loca—
tions. On the other hand, several studies of
rumble-strip use have shown that the number of acci-~
dents does not change following the installation of

rumble strips, although the number of certain types
of accidents may be reduced.

BACKGROUND

Research was undertaken to identify specific loca-
tions where rumble strips could be expected to im-
prove highway safety. Factors that were considered
include intersection sight distances, approach gra-
dients, accident experience, and distance from the
last stop. These factorg were quantified through a
field inventory of selected locations in Iowa where
rumble strips had been installed. BAnalysis of the
correlation of these factors with safety made use of
the accident records available in Iowa through the
accident location and analysis system (ALAS).

The goal of the research was to improve safety on
rural secondary roads by recommending guidelines or
warrants for the use of rumble strips., To accom-
plish this goal those factors were to be identified
and quantified that could be used to distinguish be-
tween locations where rumble strips could be shown
to be effective in reducing accidents and those lo-
cations where no beneficial effect on accident fre-
quency may be expected. The effect of each factor
was to be quantified so that numerical warrants
could be develcped.

SURVEY OF RUMBLE STRIPS ON SECONDARY ROADS IN IOWA

Sample

The sample was developed by means of a mailed survey
sent to each of the 99 county engineers in Iowa.
Information was requested on all rumble strip loca-
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tions on the secondary road system in the state.

Twenty~four counties reported that no rumble
strips had been installed on secondary roads. Other
counties reported from 1 to 41 locations at which
rumble strips had been installed, for a total of 685
rumble strip installations. Of these 661 were at
stop sign locations and 24 were at other locations,
primarily at railroad crossings.

The sample for the field study was selected as
follows:

1. Rumble strip installed in 1978 or 1979--a
100-percent sample;

2, Rumble strip installed in 1977 or earlier--a
S50-percent sample with a maximum of six from any one
county.

Locations to be inventoried for the sample of loca-
tiong that have had rumble strips since at least
1977 were selected by using random numbers as grid
coordinates to avoid a bias in designating the
sample locations. Control locations for a compari-
son of accident experience were in the same county
or a contiguous county in Iowa and were located and
selected by the field crew to be comparable in terms
of geometrics and traffic control. A location was
excluded if there had been a signific¢ant change dur-
ing 1977-1980 in traffic control, surface type, or
any other characteristic that would invalidate a

Figure 1. Types of locations included in rumble strip sample.

TYPE 1

TYPE &

TYPE 7

PAYED ROAD

LOOSE-SURFACED ROAD
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before-~and-after compariscn of accident experience
at the location.

The number of locations included in the secondary
road sample was as follows:

1. Before-and-after comparison of locations with
rumble strips installed in 1978 or 1979, 88

2. Locations with rumble strips installed in
1977 or earlier, 119; and

3. Locationg without rumble strips for control
purposes, 119.

The types of locations at which these rumble strip
installations were located are shown in Figure 1.
The number of locations of each type is given in
Table 1.

Inventories and Analyses

An inventory of field conditions was performed at
each ©of the 207 locations with rumble strips that
were included in the data sample as well as at the
119 locations without rumble strips that were used
for control purposes, Information was recorded in
the field for all of the independent variables
listed in Table 2 except those related to traffic
volumes.

An accident record was obtained for each rumble
strip location included in the sample and for asso-

TYPE 2 TYPE 3
T e
TYPL & TYPE 6
|
t
f
}
TYPE 8 TYPE 9

RAILROAD TRACK —HHHHHHH

RUMBLE STRIP e
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Table 1. Summary of secondary road sample by type of location.

Number of Locations

Type of

Installation Without Control Pairs with Control
1 10 16
2 8 4
3 5 1
4 27 49
5 33 41
6 0 0
7 2 0
8 2 8
g Ao L 9.

Tetal 88 1y

Table 2. Variables used in models.

Code Varjable

Dependent

NTA Total accident rate al node (accident/miilion enlering vehi-
cles per year)

NRA Run stop sigs aceident rate at node

Independent

INTIEER Intersection type (secondary or primary)
HWY Highway type (T-type, RR-Xing, or other)
CONTROL Type of control {one-way slop or others)
TANGLE Intersection angle {degrecs}

DUMMY Presence or absence of rambie strip

MEV Million entering velicles per vear
APPROACH Approach volume for link with rumble strip

INTERVOL Intersecling volumnie

VISIBLE Distance s{op sign is visible (fL; maximuem of 1,000 1)

SIDE Number of driveways, ficld entrances, and gravel roads
within 0.5 mile

RIGHT Right sipht triangle length (f1; maximum of 1,000 1)

LEIFT Left sight triangle length (ft; maxinmm of 1,000 1}

MILE Miles of travel from last stop sign, reduction in speed 1o 30
mph or less, freeway entrance, beginning of pavement, or
travel through incorporated city

EL Difference in elevation, peint 200 fi from intersecting road
relative 1o center of inlersection (in.)

WIDTIH Pavement widih (ft)

IFILLET Length of intersecting fitlet (ft)

Table 3. Mean values and standard deviations of dependent variables used
in models.

Accident Rate
(Accidents/MEV)

Dependent Variable Mean

Rumble strips ingtalled 1978-1979 (N = 85)
Total accidenis, before 1.244 2.335
Total accidents, alter 1.236 }.887
Run-stop-sign accidents, before 0.588 1.674
Run-stop-sign accidents, after 0.608 1.439
Rumble steips instalied before 1978 (N= 111)
Total accidents 1.00¢ 1.283
Run-stop-sign accidents 0.352 0.614
Contral inlersections, no runble strips {N = 111}
Total accidents 0.793 1.207
Run-gtop-sign accidents 0.304 0.647

ciated control locations. This information was
available only for calendar vyears 1977-198¢ from
ALAS, a computerwaccessed accident record storage
system maintained by the Office of Safety Programs,
Towa Department of Transportation.

Accident records were obtained to compare the
accident experience at locations thbhat have rumble
strips with comparable locationg that do not have
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rumble strips. O©One possible basis for comparisen is
the before-and-after experience at one location,
Such a sample could be obtained for this research if
rumble strips had been installed in 1978 or 1979.
In these cases either one or two years of accident
data were available for the period preceding instal-
lation of rumble strips, and either one or two years
of accident data were available following their in-
stallation.

Rumble strips installed in either 198¢ or 1981
did not have a sufficient amcunt of accident experi-~
ence on which to base a comparison; therefore, such
installations ecould not he included in the sample.
On the other hand, if rumble strips had heen in-
stalled in 1977 or eariier, a comparison of accident
experience could be made with a location that was
similar in all essential respects except for the
absence of rumble strips. In these cases accident
experience was compared for 1978-1980 for installa-
tions made in 1977, or for 1977-1980 for earlier in-
stallations, The year during which rumble strips
were lnstalled was always excluded from a comparison.

The 10 type~8 locations (railroad cressings} and
the 1 type-~9 location were deleted from the second-
ary road sample. Neo accidents were recorded at any
of these locations during 1977-1980. Therefore, the
inclusion of these unique installations in a larger
sample could not contribute meaningfully to a data
analysis. The remaining secondary road sample in-
cluded 85 intersections with rumble strips installed
in 1978 or 1979, 111 intersections with rumble
strips installed before 1978, and 111 intersections
without rumble strips.

FINDINGS

One of the purpcses of the accident data analyses
was to guantify the reduction in accidents at loca-
tions where rumble strips had been installed. A
further purpose, assuming a safety benefit from in-
stalling rumble strips, was to identify the factors
that distinguished locations that experienced a re-
duction in accidents following installation of rum-
ble strips from those where no such reduction had
occurred.,

To accomplish this analysis the factors displayed
in Table 2 were quantified, Two different dependent
variables were used, the total accident rate at a
location (NTA) and the rate for accidents invelving
a ran-stop-sign notation by the investigating of-
ficer (NRA). In both cases accident rates were ex~
pressed in the number of accidents per million en-
tering vehicles (MEV}.

Aside from NTA and NRA no effort was made to seqg-—
regate accidents by type. The available data d4id
not indicate that the freguency of any particular
type of accident was influenced by the presence or
absence of rumble strips.

Accident severity was not considered as a vari-
able in this research. The results of an earlier
study of experience in Towa with rumble strips on
county roads showed an almost perfect correlation
between accident severity and the total number of
accidents, The average severity was the same both
before and after the installation of rumble strips.
Furthermore, because the number of accidents typi-
cally occurring at the rural locations included in
the samples for this study was so small, the random
occurrence of a single fatal accident could have
seriously distorted comparizons based on accident
severity,

Average values for the dependent variables are
given in Table 3. As indicated ir the table, the
differences in accident experience between compar-
able samples are not significant. For example, the
average rates for total accidents are the sgame be-
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fore and after rumble strip installation at the lo-
cations where rumble strips were installed in 1978
or 1979, The average rate for the run-stop-sign
type of accldent is 3 percent higher following the
installation of rumble strips.

In a comparison of 111 intersectiong with rumble
strips installed before 1978 with 111 comparable in-
tersections without rumble strips the control loca-
tions show lower accident rates. The difference is
21 percent in the case of total accidents and 14
percent in the case of run~stop-sign accidents,
These differences are not statistically significant.

Because no safety benefit is apparent from the
installation of rumble strips on sgecondary roads,
analysis of these data failed to identify any wvari-
ables that were significantly associated with a
favorable effect on accident experience. Regression
analyses were undertaken by using several different
subsamples based on the type of location, None was
successful in demonstrating that rumble strips could
be expected to improve accident experience in asso-
ciation with any particular characteristics of an
intersection, Cross=classification analyses and
digeriminant analyses were egually unsuccessful.

Further evaluation were carried out by using only
the before-and-after sample. No accidents were re-
corded at 28 of the 85 locations during beth peri-
ods, before and after the installation of rumble
strips. Accident experience improved following in-
stalliation of rumble strips at 27 of the other 57
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locations, worsened at 26 locations, and was un-
changed at 4 locations. Analyses of single~vehicle
run-off-the-road accidents at T-intersections showed
no differences between the before and after experi-
ence, The proportions of accidents that occur at
night also exhibited no change following the instal-
lation of rumble strips,

CONCLUSIONS

The frequency of accidents at rural locaticons on
secondary rcads was independent of the presence or
absence of rumble strips. No factors were identi-
fied that characterize locations where a reduction
in accident frequency couild be expected to result
from the installatiorn of rumble strips. Although
secondary road intersections that have accident
rates higher than 2.5 accidents/MEV always showed a
reduction in accident rate following the installa-
tion of rumble strips, this reducticn would be ex-~
pected by chance given the low traffic volumes and
infrequent occurrence of accidents at these loca-
tions,

Notice: The research reported Trere was carvicd out by the Fngineering Re-
search Institute, fowe State University, 1t was sponsored by the Highway Di-
vision, lowa Departinent of Transportation, through the Iowa Highway Re-
search Board. The auther, iowever, retaing responsibility for the interpretations
af fectual input (o e research and for its findings and conclesions, which are
not necessarily those of the Highway Division of the fowa Departmient of Trans-
POrialion.

Sign Vandalism—Costly and Dangerous National Problem

HMMAT 8, CHADDA AND EVERETT C. CARTER

Sign vandalism has become a costly and often deadly national problem. In ad-
dition to the miflions of dellars in cost to replace vandalized signs, this situ-
ation denies motorists the critical information necessary for safe driving and
increases the potential for severe traffic accidents, Nationally, the replacement
costs for vandalized signs are startling—about $50 million annually in direct
costs and indirect costs for injuries and tort liability claims of about the same
magnitude. The accident statistics an fatalities, property damages, and per-
sontaf injuries that resuft from vandalized or missing signs are frightening and
point out the magnitude of the problem. Some jurisdictions have become
akarmed at the increasing rate of sign vandalism and its adverse economic,
social, and safety impacts. The aature, iagnitude, and criticality of the sign
vandalism problem requires a strong concerted effort at both the nationaf and
local levels to combat this costly and dangerous traffic safety problom. A
grass roots approach fs siggested for a fulf understanding of who vandalizes
signs, wity they do so, when and where sign vandatism is more pronounced,
and the true consequences of this prankishness. Positive and problem-specific
countermeasures {physical, legal, judicial and enforcement, and educational}
that should be pursued at the national, state, and local tevels are discussed in
this paper. A systems approach frameworle for selecting countermeasures for
lecal and problem-specific sign vandalism was devefoped and partly tested.
This approach should be fully implemented.

S8ign wvandalism has become a costly and often deadly
naticnal problem. In addition to the millions of
dollars taxpayers spend to replace vandalized signs,
vandalism denies the motorists the critical informa-
ticn necessary for safe driving and increases the
potential for severe and often tragic traffic acci-
dents. Nationally, the replacement costs for wvan-
dalized sign are startling. According to FHWA esti-
mates, total annual direct costs to the states,
counties, and cities are $50 million (1}, Indirect

costs for injuries and tort 1liability claimg are
estimated to be the same. BAccident statistics on
fatalities, property damages, and personal injuries
from vandalized or missing signs (especially inter~
section~control signs and STOP signs in particular)
are rather frightening and are indicative of the
magnitude of the problem.

State and local Jjurisdictions and the federal
government have become alarmed at the increasing
rate of sgign vandalism and its adverse impact on
local agency budgets and the safety of highway
users, The nature, magnitude, and criticality of
the sign vandalism problem requires a strong con-
certed effort at both the national and local 1levels
to combat this costly and dangerous traffic safety
problem,

SCOPE OF SIGK VANDALISM PROBLEM

vandalism as defined in the Webster's Dicticnary
means "wiliful or malicious destruction or deface-
ment of public or private propertv." In the area of
traffic engineering, vandaliswm has affected differ-
ent types of traffic control devices. Traffic con-
trol devices and equipment that are routinely wvan-
dalized include signals (especially lenses for
pedestrian indications and pedestrian push buttons}),
signs (all types of regulatory, warning, informa-~
tional, and directional), traffic cones, delinea-
tors, traffic counters, reflectorized pavement mark-
ers and buttons, and occasionally pavement markings,

In the past few years sign vandalism has created
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major hazards on national, state, and local high-
ways, and in national parks, campgrounds, and for-
egts. The problem becomes more acute each year.
The escalating replacement and rehabilitation costs,
the tort liability c¢laims, and the ever-present
danger to the motoring public are all of concern.

The impact of sign vandalism can be catastrophic.
Missing or stolen signs, particularly STOP signgs and
other regulatory and warning signs at intersections,
can result in needless and tragic traffic accidents.
Precise statistics documenting accidents attribut-
able to sign vandalism are not available; however,
many fatal traffic accidents have been the direct
result of sign vandalism. A recent survey of vari-
ous states conducted by the National Safety Council
(N8C) found that, in the seven states that kept
records of gign vandal-related accidents, 14 fatali~
ties were attributed to vandalism or theft of signs
(2.

" Costs associated with the replacement and reha-
bilitation of wandalized signs and the settlement of
liability claims are startling. Thirty states re-
ported in an NSC survey that costs ranged from
$34,000 to $1.8 million, including inspection, mate-
rial, labor, and liability settlements (2). The
monetary costs alone are high, but the potential
cost in lost human life ig inexcusable.

The increasing c¢osts of replacing wvandalized
highway traffic signs is becoming a serious concern.
Approximately 10 percent of traffic signs must be
replaced annually because vandals either stole,
defaced, or mutilated them., Replacement costs hit
all taxpayers in their pockethooks.

Sign vandalizm is not limited to one geographic
area or one political jurisdictien; it is universal.
Sign vandalism is also widespread on forest service
roads and campgrounds. BAccording to a survey con-~
ducted by the U.8. Department of Agriculture Forest
Service, Missoula, Montana, varioug districts of the
Forest BService spent roughly #§500,000 to replace
vandalized signsg in FY 1978; Overall, six percent of
the total Forest Service sign inventory was vandal-
ized in 1978, which amounted to about $3.25 million
in damages (3).

A grass roots approach is necessary for a full
understanding of who vandalizes signs, why they do,
when and where sign wvandalism is wmore pronounced,
and what are the true conseguences. Further, posi-
tive countermeasures--physical, legal, judicial and
enforcement, and educational--~should bhe pursuved at
the national, state, and local levels to combat sidgn
vandalism.

ISSUES AND ASPECTS OF SIGN VANDALIEM PROBLEM

Three major types of sign vandalism exist.

Destruction

Destruction includes traffic signs destroyed or
damaged by bullets. Damage to signs may also be
caused intentionally by flying objects (e.g., bot-
tles, rocks, bricks, eggs, or tomatoes} thrown by
vandals from moving vehicles. Damage to traffic
signs can also be caused by physical force (e.q..
the willful bending or twisting of the sigrn face,
street name sign blades, or sign support; hitting
with a hammer; cutting with a hacksaw; and other
similar actions).

The most predominant destruction of traffic signs
is by rifle shots, pistol fire, and shotgun blasts.
This type of sign vandalism is common in the rural
areas of many states. Sign damage caused by splat-—
tering of eggs, tomatoes, and the like or the sign
face generally ruing the reflectivity of the sheet-
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ing and makes the sign unreadable and ineffective,
particularly at night.

Figures 1-3 show various types of traffic signs
vandalized by rifle, shotgun, and pistol shots,
Figure 4a shows a street name sign twisted by wvan-
dals in Clark County, Washingten, that conseguently
contributed to a fatal automobile accident, Figure
4b shows the solution used in this instance.

Mutilation

Sign mutilation occurs when the face of the sign or
the sign support is altered in some manner. Sign
mutilation is often accomplished by vandals using
spray paint, posting political or similar unoffiecial
sticker items on the sign face, altering the traffic
sign messages (e.g., changing a speed limit from 25
mph to 85 or 125 mph), peeling off reflectorized
sheeting £rom the sign face, and destroying the
reflectors (used on sign messages of on horders) for
improved night wvisibility. Spray paint appears to
be the predominant means of mutilating sign faces,
but signs are also defaced by paint and brush.

Figures 5-9 show examples of mutilated traffic
zigns. BSuch defaced regulatory signs can and often
have resulted in sericus automobile accidents.

Theft

Many students consider the removal of traffic signs
from their support or the stealing of signs a harm-
less prank. In addition to stealing the sign faces,
vandals sometimes remove or steal other parts of the
sign structure such as the channels, pipes, street
name sign blades, and other hardware. Traffic signs
stolen from streets and intersections can he found

in the dormitories, sororities, and fraternity
houses of many American campuses.
Theft of regulatory signs, particularly B8TOP

signs, often results in dangerous consequences. The
potential for a serious or fatal accident is high,
especially for motorists who are not familiar with
the traffic contrel at a particular intersection.

Characteristics of Sign Vandals

People vandalize signs for various reasons, includ-
ing the following:

1. Simply for sake of fun;

2. Defiance of authority;

3. Wall decorations, souvenirs, or trophies;
4. S8crap value of metal (mostly aluminum):
5. Gag or malicious behavior; and

6. Graffiti.

Slgn vandals are almost always young people.

Disposition of Vandalized Signs

Stolen signg end up at various places. Most common
among these are university dormitories, fraternities
or sorcorities, bedrooms and basements, junk shops,
ravines, creeks, and alleyways.

Tvypes of Signg Commonly Vandalized

The STOP sign (R1-1) is probably the most often
vandalized sign (i.e., either stolen, mutilated, ox
victimized with graffiti), Street name signs are a
close second on the wvandals' target 1list. Other
signs commonly vandalized include various regulatory
signs, warning signg, gquide signs, and street name
signs.

Street name signs are popular targets with cer-
tain groups of vandals. The street name signs that
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Figure 1. Bullet-ridden $TOP sign in Florida.
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Figure 3. One-lane bridge sign victimized by buck shots.

Figure 2. Curve warning sign damaged by rifle shots,

Figure 4. Traffic and street name sign (a) twisted by vandals and {b} with
mounting height increased to counter vandalism.

are most often stolen are associated with famous
legends in popular books, rock groups, movie stars,

or boy or girl friends, Experience in the urban
counties of Maryland with street name sign vandalism
highlights the magnitude of this problem, In Balti-
more County, Maryland, the street name sign, YELLOW
BRICK ROAD has been stolen 20 times in one year (the
name Yellow Brick Road is connected with the popular
wizard of 0z). In Montgomery County, Maryland,
street signs named KAREN PLACE and JUDY LANE each
have been vandalized at least six times a year. In
Howard County, Maryiand, the street sign named MUS-—
TANG PATH disappears the day after county crews
install it.

In Anne Arundel County, Maryland, the story of
the recent theft of the JOHNSON ROAD street sign is
rather interesting, Two Johnson brothers who wanted
to steal this sign at the Johngon Road and Johnseon
Avenue intersection failed in their initial attempt
to remove the street name blades from the post.
Subsequently, they brought a pickup truck and a
hacksaw and were caught in the act when a resgident
called the police,

Similar experiences have been reported in other
parts of the country. For example, in Arkansas, one

0of the most frequently stolen signs a few years ago
was the BLACK OAK gign on AK-18 at the Black Oak,
Arkansas, city limits (4), This occurred when the
rock group, Black Oak Arkansas, was popular,

Spatial and Temporal Patterns of Sign Vandalism

Sign vandalism is not limited to one geographic area
or one political jurisdiction., It has grown to be a
universal problem., Sign wvandalism covers all types
of areas including urban developments, rural areas,
forests, national parks, and campgrounds. In urban
areas sign vandalism is more acute in residential
areas, at intersections, pedestrian crossings, and
in the wvicinity of educational institutions. In
rural areas signs are vandalized on Interstate
roads, freeways, and other local roads. Sign van-
dalism on forest service roads, national parks, and
campgrounds is also widespread.

Signs are vandalized all year, but experience
indicates that wvandalism becomes more pronounced
during certain menths, seasons, and community fes-
tivals, The following are typically high periods
for sign vandalism:

1. Summer months when schools are closed,
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Figure 5, Curve warning sign with advisory speed limit victimized by graffiti.

Figure 6. STOP sign defaced by spray paint.

2. Graduation time and the end of school year,
3, Hunting seascn,

4. Election time,

5., Halloween time,

6. First warm day of spring, and

7. Holiday periods.

8ign graffiti generally occurs at night.

Safety Impacts of Vandalized Signs

Sign wvandalism results in econcmic, safety, and
sogial impacts. Social impacts are somewhat diffi-~
cult to quantify and are not discussed in this
paper. vandalism of regulatory signs, especially
STOP signs, -is most critical. Not only do missing,
stolen, or vandalized signs deny the motorist impor-
tant and often vital irformation about traffic con-
trols and regulations but they also present a
hazard. This wvandalism can result in tragic cohse-
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Figure 7. Four-way STOP sign now displays class of 80.

guences in terms of fatal and injury-type accidents.

From a safety standpoint, sign vandalism, espe-
cially sign removal by theft, is a significant fac-
tor in traffic accidents, Absence of traffic con-
trol signs creates confusion and safety hazards for
all highway users. Several serious accidents (in-
volving injuries and fatalities) and crashes have
occurred because of wmissing or vandalized STOP
signs., Missing street name signs deny moterists and
operators of ewergency equipment necessary direc-
tions.

Few states and local jurisdictions maintain rec-
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ords of automobile accidents attributable directly
to sign vandalism. The following information has
been developed on the basis of a review of available
literature and documentation, press releases, news-
paper stories, and discussions with local agencies
and officials. The information, though somewhat
informal, clearly highlights the hazardous and
tragic consequences of sign wvandalism.

An  automobile accident that resulted in four
fatalities (including two c¢hildren) occurred in
Salem County, New Jersey, on August 21, 1980, as the
result of a missing STCOP sign taken from one of the
streets at the intersection hours before the acci-
dent (5). Unwarned, the driver of the ill-fated
out-~of-state automobile went through the intersec-
tion onte a highway and collided with a tractor
trailer (6).

In Fairfax County, Virginia, an automobile acci-
dent involving a fatality was attributed to a miss-—
ing STOP sign. The legal costs for this accident
were reported to be in excess of $1 million. In
McHenyy County, Iliineis, wvandals removed a STOP
sign from an intersection. Moments later an auvtomo-
bile accident ocgurred and four members of a family
were killed in that collision.

In Clark <County, Washington, a traffic sign
twigsted by vandals contributed to a fatal automobile
accident (7). The legal and court costs of litiga-
tion resulting from this accident were approximately
$1.5 million. Xing County, Washington, suffered a
tragic fatality in 1976 that was directly attributed
to sign vandalism (8). Again, in 1979 ancther sign
vandalism-related accident cccurred and the life of
a Public Works Department employee was lost (8).
The victim in this Ffatal accident was the father of
four children (9}.

An automcbile accident in West Virginia involving
out-of-state travelers resulted in six £fatalities.
This acecident occurred because of a missing 8TOP
sign that was stolen.

In Wisconsin, several automobile accidents in-
volving injuries have occurred that could be attrib-
uted directly to vandalized signs. The most serious
aceident oceurred during the Labcer Day weekend in
1975 (16} in which a motorist was killed because of
a missing STOP sign.

Costs Associated with Sign Vandalism

Several components of cost are associated with sign
vandalism., These include sign replacement and reha-
bilitation costs (including inspection, material,
and labor), medical costs (for injuries resulting
from accidents), and tort liability settlements.

Sign replacement costs vary from $50 to $100/
gign, depending on the type and size of sign. Sign
replacement c¢ost can be encrmous when the unit re-
placement cost is multiplied by several thousang
signs that have been vandalized, Local jurisdic-
tions are hit hard by tort liability claims that can
run from several thousand to a few wmillion dollars,
depending on the type of accident, the property
damage, and the number of people killed. Two exam-—
ples of tort liability settlements discussed in the
previous section (Fairfax County, Virginia, and
Clark County, Washington) are eye openers.

Some local jurisdictions and states have started
to maintain separate records for the number of signs
vandalized by type of sign and vandalism, hours
gpent 1in replacing and rehabilitating signs, cost
data, and associated legal expenses., Thirty states
that maintain sign vandalism data reported in re-
gponse to a recent survey guestionnaire that approx-
imately 1.2 million vandalized signs were replaced
during 198¢ (2). ©On a national basis this figure
can be safely extrapolated to approximately 2 mil-
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lion signs replaced due to wvandalism. The same
survey revealed two additional interesting facts.

1. Cost of signs vandalized ranged f£rom $34,000
to $1.8 million each vear for such items as inspeg-
tion, material, labor, and liability settlements,

2. The average overall replacement due to van-
dalism or theft was 28 percent of all signs re-
placed, with percentages ranging from less than 10
percent to 71 percent for the 23 states that re-
sponded to this question,

Review of available literature and documents on
sign wandalism and discussions with local agency
officials revealed some interesting data on the
number of signs wvandalized and associated replace-
ment costs, Some of the pertinent infermation is
described in the following paragraphs.

Replacement costs for signs vandalized in New
Jersey exceeded $1 million each year (5). One out
of every 10 traffic signs is stolen annually. Ver-
mont reported that 4,542 signs were vandalized in
1979, which cost taxpayers $182,469 at an average
cost of $40/sign,

Georgia has experienced a chronic problem with
sign vandalism. During a one-year period (1979-1980)
83,818 signs were reported vandalized, which cost
the state taxpayers approximately $1,084,655 to
replace. In Virginia more than 40,000 traffic signs
are vandalized or stolen each year, which costs
taxpayers approximately £1 million, The Washing~
ton State Department of Transportation estimated a
sign vandalism cost in 1970 of $117,000 for the fol-
lowing types of wvandalism: 21 percent gunshots, 50
percent defaced, and 29 percent stolen. According
to a press release issued in 1976, the annual sign
vandalism cost was estimated to be $270,000.

The Idaho Transportation Department estimated
that the sign wvandalism cost for one year was ap-
proximately #£96G,000. The Wisconsin Department of
Transportation estimates the number of signs wvan-
dalized per year as follows:

No., of Signs Percentage of Total

Year Vandalized Signs Replaced
1978 2,520 3.5
1979 2,129 2.8
1980 3,255 4,1
1981 2,551 2.8

Replagement c¢osts on a vyearly basis range from
$175,000 to $227,850, based on a unit sign cost of
$79.

Annual sign vandalism costs estimated by some
other states are as follows:

State Cost ($000s)
Montana 300
Alaska 100
South Carolina 500
New Mexico 360
Connecticut 60
Louisgiana 70

Sign vandalism costs for counties vary considerably
depending on the locaticn and density of population.
Typical estimates range between  $10,000 and
$100,000. Replacement and rehabilitation costs and
tort liability settlement costs resulting from van-
dalized signs are astronomically high., A cost that
can never be measured is the cost in deaths and
injuries.

EFFORTS AND TECHNIQUES USED TO COMBAT SIGN
VANDALISEM PROBLEM

$ign vandalism is a national problem that will re-
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quire a concerted effort at the national level and
by state and local governments to correct and com-
bat. Lawmakers, enforcement officials, and traffic
engineering professicnals recognize the need to curb
the sericus problem of sign vandalism.,  Sign van-
dalism is a orime and wandals should be charged with
a c¢riminal offense., Unfortunately, sign wvandals are
rarely caught. Prosecution and conviction for sign
vandalism are difficult., Evidence 1s normally lack-
ing unless a witness to the crime {usually a nearby
resident) reports the incident to the police or the
vandals are caught in the act.

Some local jurisdictions and states, where sign
vandalism has resulted in tragic accidents have
taken the lead in their efforts to counter this
growing problem. Wisconsin, Virginia, WNew Jersey,
Scuth Carolina, Arkansas, and Mississippi have de-
veloped anti-sign-vandalism programs and Jlegisia—
tion., Likewise, some local jurisdictions, for ex-
ample, several counties in Washington State (King
County, Clark County, Douglas County, and Spokane)
have taken positive steps to c¢ombat sign vandalism
(11).

Countermeasures, techniques, and efforts to com—
bat sign vandalism developed and used thus far are
categorized in the following sections.

Legal Countermeasures

Legal countermeasures include enactment of anti-
sign-vandalism laws, rewriting of existing inade~
quate laws concerning prosecution and conviction of
vandals, and the proper enforcement of these laws.

Wisconsin has enacted a new law dealing with sign
vandalism, The following paragraphs highlight the
major elements of the statute.

£6.192 Penalty for injuring guide board,
markers, etc., (1} No person may injure, deface
or remove any sign, guide board, mile post, sig-
nal or matker erected by the state or by any
municipality thereof for the warning, instruction
or information of the public. The following
warning shall be affixed to the front of each
such sign, guide board, wrile post, signal or
marker: "WARNING $25 to $100 fine or impriscnment
for removing or tampering with this sign."

(1) No person may possess any sign, quide
board, mile post, signal or marker of the type
erected by the state or by any municipality for
the warning, instruction or information of the
public, unless the person can demonstrate he or
she obtained it in a legal manner. Possession of
such a sign, guide board, mile post, signal or
marker creates a rebuttable presumption of ille-
gal possession. In this subsection, "possession"
means the presence of such a sign, guide board,
mile post, signal or marker on premigses owned or
controlled by the person, including but not
limited to a rented apartment, rented roocm or
dormitory room. Perscns who voluntarily notify a
law enforcement agency of the presence on their
premises of such a sign, guide board, mile post,
signal or marker shall be exempt from prosecution
under this subsection.

(2) Any person who violates this section
shall be fined 825 for the first violation, $100
for a subsequent violation, or impriscned@ not
exceeding 30 days for the first violation, or 60
days for a subsequent wviolation, or both fined
and imprisoned at the discretion of the court.
The court may, in addition, order any such person
either £o restore or replace anhy such damaged
sign, mile post, signal or marker, or to pay the
cost thereof,

(3) Cn conviction of any person of a viola-
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tion of this section, the person or persons who
informed against and aided in the prosecution of
such offence to conviction shall be paid by the
court one-half of the amount of the fine paid
into the court.

(4) Any person who violates this section
shall be fined up to $1C,000 or imprisoned not
more than 2 years, or both fined and imprisoned,
if the injury, defacement or removal causes the
death of a person,

The state made a successful campaign of publicizing
the revised statute and the penalties associated
with it. Sign vandalism has been reduced since the
enactment of the law. During 1976 sign vandalism
was reduced by 57 percent on the 12,000 miles of
state trunk system {(10). The New Jersey State leg-
islature has passed a bill that imposes stiff pen=-
alties for sign vandalism offenses, includinag prison
terms up to 10 vears for the theft of a ¢traffic
sign, including street name signs (6).

Virginia, Texas, and Mississippi have also
enacted similar laws to counter sign vandalism,
Arkansas treats sign vandalism as a criminal offense
that is punishable by a fine not to exceed $1,000
and possible imprisonment of up to one vyear (4).
South Carolina also treats sign wvandalism as a crim-
inal offense. The law states (12):

No person shall willfully without lawful author-
ity attempt to or in fact alter, deface, injure,
knock down or remove any official traffic-control
device or any rallroad sign or signal or any in-
scription, shield or insignia thereon or any part
thereof.

Violation of this law is a misdemeanor and if
convicted the person could be fined §1,000 or
imprisconed for not less than one year nor more
than five years, or both. The convicted person's
driver's license will be revoked for not less
than five years, also.

Physical Countermeasures

Physical countermeasures include the following ef~
forts:

1. Use of property identification seals or de-
cals at the back of signg to prevent theft;

2. Use of vandal-resistant material on the sign
face;

3, Use of wvandal-resistant or tamper-proof hard-
ware or fasteners:;

4, Use of medium- and high-density plywood prod-
ucts for the substratum (12);:

5., Raising of the height of street name sign
blades to be out of reach of teenagers [Clark
County, Washington, increased the height of road
name signs after a fatal accident was caused by a
twisted sign (7) (see Figure 4b}. A similar problem
with vandalized pedestrian signals in Baltimore was
solved by raising the signals from 7 to 11 ft.l:

6, Use of tough and impact-resistant panels for
zigns {e.g., Lexan, a preduct manufactured by Gen-
eral Electric Company);

7. Use of double name signs—-one on each side of
the post and the ends are riveted together for extra
strength to deter twisting (7}:

8. Use of wandal-resistant sign supports (e.gd..
Signfix, a product manufactured by Signfix at North
America, Inc.):

9, Use of plywood backing to prevent signs from
being bent or twisted by vandals (7);:

10, Use of good sign maintenance practices in-
cluding development and upkeep of a traffic sian
inventory (an inventory of signs assists in the
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location of signs on the road, identifies the type
of signs, and ensures prompt replacement of reported
missing or vandalized signs.);

11. Improved securing of sign posts to the ground
or foundation to prevent their removal by wvandals;
and

12. Prevention of theft of gigns by applying lock
tight, a metal filler or adhesive, on the threaded
connections or by peening the end of the bolt to
prevent removal of signs from the post, as is done
by Connecticut.

Educational Programs

Educational techniques used to combat sign vandalism
include the following:

i. Recruit parents and school officials to iden-—
tify and report missing or vandalized signs;

2, Formation of antivandalism committees with
participation from citizens, civic groups, profes-
sional associations, and law enforcement officialsy

3. Emphasis on economic costs and severe safety
consequences of sgign vandalism in driver education
classes;

4, Seminars for young school children and teen-
agers emphasizing through the use of pamphlets,
graphics, motion pictures, and slides the adverse
effects of sign wvandalism such as (a) how much it
costs taxpayers for sign replacement, (b) the type
of accidents ¢that can occur, (c¢) how signs lose
their reflectivity and effectiveness at night when
defaced with spray paint or when shot with rifles or
pistols, and {(d) how gigns lose reflectivity when
heer, milk, and acidic products are thrown on then;
and

5., Anti-sign-vandalism slogans and theme.

Some examples of anti~-sign-vandalism
themes include the following:

slogans and

1. Stop-sign vandalism is killing us {Wisconsin),

2. S8ign vandalism kills real people,

3, Quit making traffic sign souvenirs (Alaska),

4, Save signs--save lives (King County, Wash-
ington} ,

5., Stop sign destruction
ington} ,

{King County, Wash-

Figure 10. Sassy, the sign hird, sign,

?“‘3549\0“ B e vs

CLARK COUMTY PUBLIC WORKS DEPARTMENT

“ANTI-VANDALISM CAMPAIGH”
8993-2446
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6. Do your part-—report sign d&estruction (King
County, Washington}, and

7. Save a sign--save yourseif {Douglas County,
Washington) .

Public Information Campaigns

some of the efforts for minimizing sign vandalism
include the following:

1. Statewide media campaign on sigh vandalism (a
program targeted at the teenage audience},

2. Publicizing the state statute and penalties
associated with sign vandalism crime (Wisconsin has
made extensive use of this appreach), and

3. Proclamation of Highway Sign Amnesty Month or
Week by the state and local Jurisdications [This
technique has been used successfully in Wisconsin;
the Highway 8ign Amnesty Month campaign harvested
more than 2,500 sgigns and markers plus traffic
cones, barricades, flares, and utility hole covers
(10). A similar amnesty campaign at Rutgers Univer-
sity produced a significant response by college
students (14)1].

South Carolina conducted an antivandalism cam-
paign in 1979. It consisted of news releases to the
media, statewide distribution of antivandalism post-
ers, and a memorandum to school officals (ll}. Vir-
ginia's Department of Transportation Safety has pro-
duced a 15-min, 16-mm color film, "Degigns of Life,"
related to the hazards created by removing traffic
signs. The film is designed for use in high school
driver education classes. Virginia also has devel-
oped a series of radio spots that have an antivan-
dalism message (60 sec, 30 sec¢, and 15 sec). These
are used primarily by local radio stations as public
service announcements, Some states have placed warn-
ing decals on the back of traffic signs to inform
would-be vandals about the ownership and legal con-
sequences Of stealing the signs.

Clark and King Counties, Washington, have con-
ducted antivandalism campaigns, including countywide
educational programs, public service announcements,
and sign-up programs {11). Clark <County has de-
veloped a novel public information technigue and
logo entitled, Sassy, The Song Bird says--save your
signs——save yourself (see Figures 10 and 1ll). The
purpose is to enlist the support of children. Addi-~
tional concepts for eliciting the interest of chil~
dren, with Sassy as the main character include a
Sassy costume design contest, a parade contest (with
costumes), advertisements in the paper, and a traf-
fic sign coloring contest (7,11).

A nonprofit organization, Vandalism Limited Con-
cern, established in Seattle, Washington, has ad-
dressed vandalism from several points of view: use
of vandal-proof hardware, conduct of vandalism coun-
termeasure symposium, and other programs to educate
the public about the harmful effects of vandalism
(15).

Summarx

The major thrust of anti-sign-vandalism efforts
described falls inte three distinect categories:

1. Emphasis on laws and associated penalties for
sign vandalism, as in Wisconsin;

2. FEmphasis on the detrimental effects of sign
vandalism and positive educational and public infor-
mation programs, both Clark and King Counties, Wash-
ington, follow these concepts:; and

3, Physical actions to deter wvandalism. (Bl
though only limited data are available on the ef-
fectiveness of most physical countermeasures, the
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Figure 11. Sassy, the sign bird, contest poster. results from some applications indicate a definite
reduction in vandalism.)

v

The success of each technique can be measured by
the end result; i.e., reduction in sign wvandalism.
The technigues described have reduced the incidence
of sign vandalism. Wisconsin's campaign to elimi-
nate sign vandalism was an overwhelming succesg—-
sign wvandalism was reduced by 57 percent on the
state trunk system in 1976 and a savings of $240,000
was realized, When county and municipal roads are
included the estimated cost savings is approximately
$500,000 (10).

The anti-sign-vandalism campaigns usged by both
Clark and XKing Counties, Washington, have also shown
encouraging results, Data from King County show a
progressive drop in sign vandalism since the incep-
tion of the program in January 1980 (16,17). A
comparison of data for the first 6 months of 1979
and 1982 shows a reduction in sign vandalism ranging

DETOUR from 61.8 percent (March) to 49.6 percent (February).
Overall experience with the Washington and Wis-
!29 consin approaches is too limited to generalize the

outcome for universal applicaticn. An appropriate
blend of the approaches may be more desirable.

B,

Figure T2. Deciston process for selection of countermeasures.
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Figure 13. Matrix of sign vandalism problem versus countermeasures.
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Overemphasis on criminality and penalties can pos-— sign height), improved structural conponents (e.g.,

sibly be counterproductive and may even increase
sign vandalism in some areas., BSome of the educa-
tional programs are less expensive and may be more
beneficial in the long run. A balanced technique,
involving the best elements of all approaches, de~
serves serious consideration,

A SYSTEMS APPROACH TO SELECTION OF
COUNTERMEASURES

In corder for an agency to sgelect appropriate coun-
termeasures, the wvandalism problems must first be
identified and defined. The agency personnel should
then decide what countermeasures are available as
well as any constraints on the use of any of them,
Finally, the major objective of the selection pro-
cess is to choose countermeasures that are most cost
effective in preventing, discouraging, and mitigat-
ing the effects and minimizing the costs of the
particular sign vandalism problem. A Etwo-gtage
approach to selecting countermeasures is proposed as
follows:

1. Flow diagram (decision process for selecting
countermeasures) --step-by-step procedures that allow
one to gradually focus on the types of countermea-
sures that would be applicable for the specific
problem and environment (see Figure 12), and

2. Matrix of sign vandalism problems versus
countermeasures~~following the above step-by-step
screening process, the selection matrix will allow
reasonable choices of problem-specific countermea-
sures to be made gquickly (see Figure 13).

For example, if theft of traffic signs is the
predominant vandalism problem in a particular area,
it can be prevented by using countermeasures that
include the following:

1. Physical--use of vandal-proof hardware
tufnuts), improved mounting of signs

(e.g.,
(increase in

channel and foundation), and improved street lights
{especially if vandalism incidents occur at night);
2. Enforcement-~stakeout in area of sign wvan-
dalism; and
3. Educational--educating teenagers
adverse impacts of sign vandalism,

about the

Physical countermeasures may prove more effective or
even cost effective to curb the sign vandalism prob-

iem, especially in rural areas, Enforcement and
improved street lights may be more effective in
deterring sign vandalism in urban areas. Stakeout

by enforcement personnel tends to be expensive and
thus is not generally cost effective.

SUMMARY

This paper has attempted to identify, describe, and
emphasize the major issues and characteristics of
the sign wvandalism problem. The seriousness of the
problem warrants a concerted effort to correct it,
Various countermeasures~-physical: legal, judicial,
and enforcement; and educational and public informa-
tion-~have been discussed. A potential ' systems
approach that uses the best elements of the various
countermeasures tc sclve the prcoblem has also been
suggested, It is hoped that this paper will stimu-
late public agencies and researchers t¢ continue
their efforts toward a systematic, cost-effective,
and lasting solution to this serious national prob-
lem,
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Public Good Relative to Right-Turn-on-Red
in South Carolina and Alabama

J. EDWEN CLARK, SAEED MAGHSOODLOO, AND DAVID B, BROWN

The effects of South Carolina’s and Alabama’s right-turn-on-red (RTOR) laws
on highway safety, fuel consumption, and air pollution were investigated. Ac-
cldents at signalized intersections involving right-turning vehicles (RT) before
and after the passage of RTOR laws in both states were studied and compared
with accidents at signalized intersections that did not involve vehicles malking
aright wra (NRT). Data for two years before and three years after the ef-
fective date of South Carolina’s RTOR law were analyzed; the Alabama data
included three years before and Five vears after, The findings of this study
indicated that the rate of change of RT property damage accidents in South
Carolina was significantly higher for BT property damage accidents in the
after period than the corresponding change for NRT accidents, The rate of
change of BT property damage accidents in Alabama was not found to be
significantly higher for RT accidents in the after period than the correspond-
ing change for NRT accidents. The findings of this study also indicated that
there was no significant difference in the rates of change of RT fatality or
injury accidents when compared with the corresponding change for NRT
fatality or injury accidents in both South Carofina and Alabama. This study
could find no evidence that pedestrian accidents in cither state increased

as a result of RTOR operations, A further analysis was performed on fuef
and travel time savings resulting from RTOR operations. Based on the find.
ings of this study and the bencfits estimated, no changes are warranted in
sither Alabama’s or South Carofina’s RTOR law, and the laws should remain
in effect.

Right-turn-on~red {(RTOR} is now permitted in some
form in all of the states, Adopticn of RTOR was ac-
celerated in 1975 after Congress passed the Energy
policy and Conservation Aact, which requires each
state to develop a state energy conservation plan,
One of the requirements of this plan is state adop-
tion of RTOR., In addition, an FHWA study (1) under-
taken after the passage of the Conservation BAct
reported that the RTOR feature would increase inter-—
seckion capacity, reduce delay especially for right-
turning vehicles, and reduce fuel consumption and
automabile emissions. The study further reported

that the number of accidents as a result of the
adoption of RTOR would be insignificant.

Despite the results of many other studies sup-—
porting the fuel savings from RTOR and supporting
the general conclusion that RTOR does not signifi-
cantly lower the safety of signalized intersections
(SIs), RTOR operations have recently become the sub-
ject of much sgrutiny. Vast amounts of data have
been generated both in favor of and against RTOR, A
study by Zador (2} reported that the increase in the
overall frecquency of RTOR crashes in the states that
adopted permissive RTOR laws exceeded by more than
20 percent the comparable change in states that re-
tained the same laws., TFurthermore, this study re-
ported that pedestrian accidents had increased sub-~
stantially after the adoption of RTOR, The increase
among children was reported as 30 percent, the in-
crease among adults was about 100 percent, and among
the elderly the increase was about 110 percent. Com-
puter files of all accidents reported to the police
were obtained from six study states (New Jersey,
Oklahoma, South Carolina, Tennessee, Virginia, and
Wisconsin) and three comparison states (Maryland,
Texas, and Washington) for 1974-1877 for use in this
study. The RTOR accident experience in the compari-
son states may not be comparable with the data from
the study states because of possible differences in
drivers and demographic factors. The data from half
of the comparison states were for an after period of
1 year or 1less, This is probably not sufficient
time for the drivers to adjust to the effects of the
change in the law.

More recently, Hochstein (3} stated that RTOR ac~
cident data, fuel savings, psychological impact, in-
stallation and maintenance costs, and legal liabili-
ties have not been researched thoroughly. Hochstein
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made the point that the federal bureaucracy entered
the engineering domain with rules and regulations to
promulgate a traffic policy based on questionable
research and data. Hochstein based most of his re-
marks on data obtained from the Z%ador report (2).

Inasmuch as the RTOR traffic operations feature
continues to be a controversial issue, we decided to
review the effects of RTOR in South Carclina and
Alabama, These states were chosen because a suffi-
¢ient time had elapsed since the passage of the law,
and both states had accident data readily accessible
through the Records Analysis for Problem Identifica-
tion and Definition {RAPID} System {4).

South Carolina passed RTOR into law on February
15, 1977, and the law became effective on May 16,
1977. 8imilarly, in Alabawma the RTOR law was passed
and became effective on August 18, 1976, In both
¢cases this law permitted right-turn-on-red except at
locations where it was specifically prohibited by
traffic signs. Before to the passage of the law
RTOR was sign permissive (i.e., prohibited except at
locations where it was permitted by traffic signs).

OBJECTIVE AND METHOD OF STUDY

The objective of this study was to examine the char-~
acteristics of right-turn accidents at signalized
intersections and to determine if the RTOR traffic
operations measure as passed inte law caused a sig-
nificant increase in traffic accidents in South
Carolina and Alabama,

Accident data used in this study were obtained
from computer tapes of traffic collisions reported
in South Carolina during 1976-1980 and in Alabama
during 1974-198%i. The RAPID software (4) was used
for retrieval of data from the computerized rec-
ords. Because of a possible bias resulting from the
inability of the accident investigator to determine
whether a particular accident involving a right turn
at a signalized intersection (SI) occurred during a
red or green phase, the following classifications of
accidents were used:

RT~-An accident occurring at a 8I with a funcg-
tioning signal in which at least one of the involved
vehicles was turning right.

NRT--Bn accident occurring at a SI with a fune-
tioning signal in which none of the involved
vehicles were turning right.

These classifications permitted an analysis of
the frequency of accidents at 8Is involving right
turns and the frequency of accidents not involving
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right turns both before and after the passage of the
RTOR laws.

For the purpose of analysis, the pericd 1976-1977
will be considered as the before period in South
Carolina, thus allowing the motorist 7.5 months
after the effective date of the RTOR law for recog-
nition and acclimation to the change. The vyears
1978-1980 will be the after pericd for South Caroc-
lina, S8imilarly, the years 1974-1976 were taken as
before and the interval 1977-1981 was considered as
the after period for Alabama,

ANALYSIS

Accident Experience

Accident frequencies for RT accidents and NRT acci-
dents at SIs are given in Tables 1 and 2. By using
the geometric mean the average percentage of change
was calculated for each type of accident. For ex-
ample, the geometric average change for the first
row of Table 1 is given by

g = [(76,492/72,216) x (81,600/76,492) x (80,674/81,609)
x (74,936/80,670] % - 1 =(74,936/72,216" -1
=1.0093 - 1 =0.0093 = 0.93 percent n

The results from Tables 1 and 2 show that the aver-
age change for all reported accidents in South Caro-
1ina was 1,15 percent as compared with 4.44 percent

for NRT accidents and 7.97 percent for RT acci-
dents. These percentages were, respectively, 0.52,
~0.66, and =-2.39 for Alabama. Thus, the data in

Table 1 for South Carolina show a slight upward
trend for the 5-year span 1976-1980 and for BAlabama
the trend is positive for all accidents but downward
for NRT and RT categories. Because data for South
Carolina were not sufficient to examine trend and
seasonality, a simple before-after x* test was
conducted. The results are given in Table 3. As
discussed previously, the 2-year hefore pericd actu-
ally includes 7.5 months of operations after the ef-
fective data of the RTOR law (May 16, 1977), thus
the motorist is given time to become aware of and
acclimated to the change.

The null hypothesis tested was that no difference
exists in the change {from before the law to after)
of accident freguencies at 5Y¥s for RT and NRT cate-
gories in South Carolina. ASs seen from the results
in Table 3, the null hypothesis is rejected at the 5
percent level; therefore, the rate of change (before
versus after) of accidents was significantly greater

Table 1. Number of all accidents and accidents at

signalized intersections involving RT and NRT in él\::]lie
South Garolina, 1976-1950. Aceident Type 1976 1977 1978 1979 1980 ()
All Accidents
Property damage only 72,216 76,492 81,609 80,674 74,936 +0.93
Injury 14,020 14,1735 15,486 15,952 15,328 2,25
Fatality o8 518 788 795 s 1.52
Total 86,944 91,485 97,883 97,394 91,016 1.15
Signalized Intersection NRT
Property damage only 7,493 8,563 9,186 8,939 8,865 4.29
Injury 1,684 1,829 1,956 2,039 2,059 5.15
Fatality 24 2 20 23 _. 24 0
Total 9,201 10,421 11,162 11,001 10,948 4.44
Signalized Intersection RT
Property damage only 750 948 1,059 1,112 1,027 8,18
injury 89 78 o8 100 112 5.91
Fatality _ N e 2 1
Total 839 1,026 1,157 1,214 1,140 .97

Aealenlated Ly using the geometric mean (sece¢ Equation 1),
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Table 2. Number of all accidants and accidents at signalized intersections involving RT and NRT in Alabama, 1974-1981.

Average
Change

Accident Type 1974 14915 1976 1977 1978 1979 1980 1981 (5
Al Accidenis

Property damage only 82,759 89,793 90,922 97,282 103,913 102,914 41,217 82,642 ~0.020

Injury 17,264 18,663 19,506 21,112 23,352 23,270 21,904 21,113 2.92

TFatality 800 Tor B3l 931 977 863 810 812 0.21

Total 100,823 109,253 111,261 119,325 128,242 127,047 113,931 104,567 0.52
Signalized Intersection NRT

Property damage only 16,000 16,731 16,572 17,567 18,189 18,322 16,175 14,615 ~-1,29

Injury 2,840 3,100 3,236 3,392 3610 3,686 3,384 3,308 2.47

Fatality 20 43 20 3l 29 27 23 22 1.37

Total 18,860 19,883 19,828 20,9490 21,834 22,035 19,582 18,005 -0.66
Signalized Intersection BT

Properly damage only 1,688 1,725 1,618 1,798 1,868 1,863 1,653 1,412 ~2.52

Injury 117 11l 129 149 137 144 125 112 -0.62

Fatalty ! [ B 0o _.2 o ol o e

Total 1,805 1,836 1,747 1,948 2,006 2,008 1,779 1,525 -39
Aeuteulated by using the geametric mean,

Table 3. Chi-square test " ) ) o quarterly averages Xy contained 36 (12 x 3) monthly
vesults for all NRT and Accident Before Alter Total - B

RT accidents at signalized ™ observations and Xps was based on 60 monthly aver-
N ! RT 1,865 3,511 5,376 A

intersections before and NRT 19.622 13111 52713 ages. Therefore, by the central limit theorem, both
after RTOR faw in South ., 2 ART 36,622 58,109 X and X, are approximately normally distributed.

Carolina.

Note: xj= 12283 > x7 (0.05, 1) = 3.84 ... Reject Hy:
There is no significant difference in the ehange of

accident frequencies at Sls for RV and NRUT opera-

tions,

for RT than the corresponding change in NRT acci-
dents at SIs for the time pericds tested.

For Alabama, there were 8 vears of data (1974~
1981} and thus, on a guarterly basis, 32 data points
were available to remove the effects of seasonality
and trend from the data, The control group used to
both estimate the seasonal factors and determine the
slope of the trend line was all accidents in Alabanma
excluding all those at $Is, The estimates of season-
al factors for winter, spring, summer, and fall are,
respectively, Sny = 0,94175, Sn, = 1.00220,
Sny = 0.99378, 0.99378, and Sn, = 1.06227. These
factors were computed by using the method of cen-
tered moving averages {5). The deseasonalized data
for the control group were then used to obtain the
trend line

dy = 21,745,041 + 8L.3405 ¢, £t = 1, 2, 3, ..., 32

based on a quarterly average of 23,088,86 acci-
dents. Because the gquarterly average for all NRT
(property damage plus injuries} was 5,032.66, the
trend slope for NRT accidents is approximately

byy = (5,032.66/23,088,86) (81,1405) = 17,69
Similarly, the trend slope for property damage only

(PDO) and injuries (INJ) were computed, respective-
ly, to be bys = 14.744 and by3 = 2.9463, For RT

accidents the trend slopes are bpy = 1.61, bgy
= 1.497, and bsq = 0.113 for the categories of
All, PDO, and INJ, respectively. These slopes were

used to detrend the deseasonalized data. The desea-
sonalized gquarterly data are given in Tables 4 and
5. Table 6 gives the statistics of NRT and RT acci-
dents, where B refers to the time period bhefore the
WIMOR law (1974-1976) and A refers to the time period
after the RTOR law (1977~1981). The original obser-
vations were based on monthly data; therefore, the

Furthermore, the standard errors of the means (s.e.,)
for before and after are obviously significantly
different (except in the case of injuries), so that
the t-test (called t' for unequal variances) was
conducted (6). The results of the t'-test are sum-
marized in Table 7, which gives in all three cate-
gories

t' (RT) < &' (NRY}

that is, the effect of the intervention (RTOR law)
at a SI was relatively more significant for NRT than
for RT accidents. Also, the only statistically sig-
nificant difference was found in the case of NRT in-
jury accidents, For the RT accidents, the quarterly
average number of accidents decreased after the RTOR
law for the All and PDO categories and slightly in-
creased (but not significantly) for the INJ cate-
gory. However, the increase in gquarterly average
NRT accidents for the INJ category cannot be attyib-
uted to the RTOR law because the NRT accidents had
no vehicle turning right during the accident inter-
val. Finally, the average number of accidents
(after removing seasonality and trend) decreased
{not statistically significant) after the RTOR law
for the All and PDO categories but increased (not
significantly) for the INJ category. Therefore, the
law had no overall significant effect on average
quarterly number of accidents in Alabama.

A x® test (with r = 1 df) similar to Table 3,
using the deseascnalized and detrended data, gave
Xo = 0.901 with the critical level & = Pr. (xXg=] 2
0.901) = 0.343. Thus, the hypothesgis of no differ-
ence in freguency of accidents at 5Is for RT and NRT
accidents before and after the intervention eould
not. be rejected, for Alabama. By using the raw data
the value of X3 was computed to be 0.894 resulting
iné& = 0.345 (this is in direct contrast to South
Carolina®s ¥g = 13.283).

Severity

The analysis of the data in Tables 1 and 2 revealed
that the greatest percentage of change in RT acci-
dents 1in South Carolina was in the PDO category,
The next step was to test the injury-fatality acci-
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Table 4. Detrended and deseasonalized NRT data for Alabama.
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Table 8. Detrended and deseasonatized quarterly RT data for Alabama,

Property Property
Damage All Damage Al
Year Quarter Only Infury Accidents Year Quarler Only Injury Accidents
1974 1 39502 7031 4653.3 1974 1 396.7 328 4295
2 20278 728.5 3656.3 2 390.1 337 4238
3 4148.9 705.6 4854.5 3 446.3 21.8 468.1
4 38355 693.3 4528.8 4 437.4 27,7 465.1
1975 5 3905.0 696.7 4601,7 1975 5 4287 228 448.5
6 39428 753.6 4696.4 6 409.1 34.2 4433
7 4322.3 836.7 5159.0 7 404, 27.4 431.5
8 4161.5 783.2 4944 7 8 4455 23,6 4691
1976 9 4166.7 795.4 49621 1976 9 420.8 26.6 447 4
10 4058.4 787.7 4846,1 10 366.2 438 4100
{1 38004 728.3 4528.7 11 389.0 30.0 419.0
12 3936.9 8184 47553 12 381.1 24,0 405.1
1977 13 4104.5 734.7 4839.3 1977 13 A7 28.2 45579
14 3952.5 811.9 4764.4 14 433.0 49.3 482.3
15 42748 8292 $104.0 13 4142 39.6 453.8
16 4362.7 #67.9 5230.6 16 4354 27.4 462.8
1978 17 4179.4 750.5 4929.9 1978 17 3972 26.8 424.0
18 4324.6 883.9 52085 18 412.1 459 458.0
19 43427 8698 5212.5 g 4707 18.0 488.7
20 42453 912.6 §t57.9 20 472 .8 38.2 511.0
1979 21 4513,3 858.7 §372.0 1979 21 478.3 45.4 5237
22 4082.0 867.2 49492 22 4031 26.4 429.5
23 4241.7 846.9 5138.6 23 4385 29.6 468.1
24 41289 873.5 5002.4 24 4122 34.0 446.2
1980 25 4140,0 8384 4978 .4 1980 25 439 .4 21.6 461.0
26 36209 7207 4341.4 26 3762 300 406.2
27 34298 7737 4213.5 27 3249 30.1 3550
28 3448.7 1657 4214.4 28 358.2 36 389.8
1981 29 3367.4 7991 4166.5 1981 20 3272 28.6 3558
30 3026.1 719.8 37459 30 294 .4 24.5 3189
31 3229.8 731.8 3961.6 31 306.8 0.7 32718
32 3200.,5 780.2 39807 32 3023 24.6 3269
Note: try =y = 474078 4 17.69 1 for all accidents. Note: try = (i‘ = 437,42 + 1.61 t Tor all accidents, ¢ = 1,2, ...32.
Table 6. Quarterly statistics hefore and after RTOR law for
RT and NRT in Alabama. . 1974-1976 19771981
Accident pooy o pis
Category Type Quarterly Xg se.of Xy Quarterly X se of X,
NRT All 4765.58° 55.62% 4725.60 114.39
I'no 4013.04 45.41 3913.74 104.14
Injury 752.54 14,53 811.81 13.65
Rr All 438.40 6.38 427,258 13.95
PDO 409.33 7,53 396,22 13.12
Injury 29.03 1.42 31.03 1.93
MRy = (4653.3 1 4656.3 4.+ 4755.3)/12 = 4765.58
b :z[iz_;‘ (%; - 476558} 1| " = 192,680
where Xj = 4653.3, X, = 4656.3,. .., X, = 4755.3.
Se(X ) = ap/V12 = 55.622.
;?Ji:c;-(i;i:l::?;;;aﬁs:.fDr NRT and NRT Accidents RT Accidents
Statistic All PDO Injury Al PDO [njury
totest -0.3]144° 0.874 2973 -0.727 ~0.867 0.754
Degrees of lreedom 2757 26 29 26,7 29.6 21
Criticat level, &, for {wo-sided test 0.767¢ 0.391 0.0059 0.474 0.393 .46

s (Xp - x,g),t\/scz(x,x) + 8eP(Xyy) = (4725.60 - 4765.58)114.397 + 55.62% = ~0.3143%,

Dy o150k 0+ 82X I 2 1S O g+ 1] # 18 g + 1] |- 25 (11439

=29.445 -2 =27.5,
€4 =pr- {tysgg.5 = 0.3144) = 0.767.

dents for RT and KRT operations. The null hypothe-
sis tested was that no difference exists in the fre-
guency of RT and HNRT injury-fatality accidents
before and after the effective date of South Caro-
lina's RTOR law. The results in Table 8 show that
the null hypothesis could not he reiected at a sig-
nificant level as large as 37 percent {§ = 0,37).

2. 55.622)21'|(114.394,'21) + (55.52",'13)] -2

Therefore, we conclude that there is no significant
difference between NRT and RT injury-~fatality acci=-
dents at SIs for the time periods tested. A similar
x? test for Alabama gave & 0.104. However, such
a small critical level was mostly caused by the
significantly larger average number of accidents per
yvear for the after period@ than the average during
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Table 8. Chi-square test results for NRT and RT injury-fatality accidents at
signalized intersections before and after RTOR law in South Carolina and
Alabama.

Accidenl Before After Total
South Caroling®
RT observed 167 313 480
NRT observed 3,566 6,121 9,687
Total 3,733 6,434 10,167
Alabama?
RT observed 384.4 £20.50 1,004.9
NRT observed 9.030.50 16,236.20 25,2667
Total 9,414.90 16,856.70 26,271.60

"x% = 0,894 < X2 (0.05; 1} = 3.84. Cannot reject Hy: There is ne difs
ference in the change {from befare to after) of accident frequen-
cies at 8Ts for RT and NRT operations in South Carolina.

bx% =2.652 < x2 (0.08; 1) ¥ 3.842. Cannot reject Hgt There is no dif-

ference in the change (from before to after} of accident frequen-
cics at Sk for RT and NRT epesations in Alabamaz, at the § per-

cent level of sipnificance,
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Table 9. Chi-square test resselts for NRT and RT property-tlamage-onty acci-
dents at signalized intessections before and after RTOR law in South Carolina
and Alabara.

Accident Before After Total
South Carolina®
NRT observed 16,056 26,990 43,046
RT observed 1,698 3,198 _4,896
Tolal 17,754 30,188 47,942
Alabama®
NRT aobserved 48,156.4 18,2747 126,431,)
RT observed 49120 7.924.4 12,8304
Total 53,068.4 £6,199.1 139,267.5

“xg =12.9%4 > x2 (0.65: 1) = 3.84, .., Reject Hy: There is no difference
in the change (from before fo after) of preperty damage accidents
at 8Js for RT and NRT operations in South Carolina.

b
xg =055 < xz(o.os; 1}. Cannot reject Hg: There js no difference in

in the change {from befare to after) of property damage aceidents
at 81s for RT and NRT accidents in Alabama,

Tahle 10. Percentane of NRT and RT property-

damage-only accidents by estimated cost of total 1976 1977 1978 1979 1980
property damage for South Carolina. Cost RT  NRT RT  NRT RT  NRT RI NRT RT  NRT,
Less than $200 19.9 14.5 213 15.9 217 15.1 16,5 17 14.6 11.0
$200-5499 46,2 33.5 42,1 28.8 39.6 26.0 39,1 24.8 38.2 219
$500-5999 23.0 25.1 24.0 25.4 24.8 253 25.0 26.1 25.3 24.8
$1000-51499 5.5 12.4 6.6 13.4 7.7 14.2 4.9 14.6 10.8 15,7
$1500-51999 2.5 5.5 2.9 6.4 28 1.2 19 1.3 6.1 8.0
$2000-82499 0.9 kR 1.2 3.7 1.1 4.3 1.9 5.3 3.2 5.9
Moare than $2500 2.1 6.0 1.9 6.3 2.3 1.9 3.6 10.3 38 12.6
Table 11. Percentage of NRT and RT property-tlamage-only accidents by estimated cost for total property damage for Alabama.
1974 1975 1976 1977 1978 1979 1980 1981
Cost RT NRT 1i¥8 NRT RT NRT RT NRT RT NRT RT NRT RT NRT RT NRT
Less than $600 84.8 6985 817 65.8 798 61.7 74.5 57.% 0.9 55.4 68.8 50.2 642 47.4 60.6 45,5
$601-31200 10.8 18.9 13,3 20,6 i4.1 21.8 17.1 22.6 18.9 22.4 20,5 232 224 23.4 224 22.1
$1201-52000 16 8.1 4.0 9.7 4.5 11.2 6.3 12,5 1.3 13.6 7.4 15.6 8.7 16.3 0.4 7.3
$2001-3300C0 0.5 1.9 0.6 .3 1.0 3.0 1.3 4.1 1.7 4.6 2.0 5.5 2.9 6.1 3.5 6.6
$3001-54000 0.2 0.9 0.3 1.0 0.3 1.4 0.4 1.8 0.8 2.4 1.0 31 1.5 38 1.8 4.4
$4001-55000 4] 0.3 0.1 0.3 0.2 0.4 0.2 0.5 0.2 0.6 0.3 1.0 0.3 1.2 0.5 1.6
$5001-56000 0.2 0.2 0.1 0.2 0. 0.3 0.2 0.4 0.2 0.6 0.2 08 0.4 1.1 .6 1.2
36001-58000 Q [§] 0.1 0.1 0.1 G2 Q.1 0.2 0 0.3 0 0.4 0.2 G.6 0.4 Q.8
More than 8000 0.1 0 0 0.1 0.1 0.2 0.1 0.2 0.2 0.3 0.2 0.5 0 0.6 0 0.7

the before period in the NRT group, but this was not
so for the RT group.

The results of the analysis of accident trends
revealed that in South Carolina there was a signifi-
cant difference between all RT and NRT accidents but
no significant differences were found between RT and
NRT injury-fatality accidents before and after RTOR
law. The next step was to examine the severity of
R? and NRY accidents at SIs, By using the null
hypothesis that there 1is no difference between
property damage accidents at S5Is for RT and NRT
accidents before and after the effective date of
south Carolina's RTOR law, the data in Table 9 were
tested for significance by using the x*? test. The
null hypothesis is rejected at the 5 percent level.
From Tables 1 and 2, the average change in percent
for RT property damage accidents was approximately
twice the average change for NRT property damage
accidents for the 1976~1980 period in  South
Carolina. Thus, we conclude that PDO accidents for
RT increased at a significantly faster rate than
property damage accidents for WNWRT operations at
SIs. However, a similar ¥° test (using the desea~

sonalized data) for Alabama gave xf) = 0.155 for which
& = 0.694 (i.e., for PDO accidents no significant
difference between the change from before the law to
after in RT and HRT operations was found).

The percentage of property damage accidents in
South Carolina for RT and NRT operations is shown in
Tables 10 and 11 for selected ranges of property
damage costs, Property damage costs iIncluded the
estimated cost of all vehicular damage and property
damage costs. In Tables 10 and 11 the estimated
property damage costs for RT accidents were much
lower than the equivalent costs for NRT accidents.
For example, an average of 84 percent of the RT ac-
¢idents in South Carolina resulted in property dam—
ages less than $1,000 as compared with only 69 per-
cent of the NRT accidents. In Alabama an average of
90.5 percent of RT accidents had property damage
cost less than $).,200; however, this figure for the
NRT accidents was 78.5 percent,

The percentage ©of NRT accidents that resulted in
an injury-fatality was about twice the percentage of
RT accidents that resulted in an injury-fatality. By
using data from Tables 1 and 2, 18.2 percent (15.9
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Tahle 12, Total victims and pedestrian victims of
RT and NRT accidents at signalized intersections
in South Carolina and Alabama.

R'1" Accidenis NRT Accidents

Total Iereentage Total Percentage
State Year Pedestrians  Victims Pedestrians  Pedestrians  Victims Pedestrians
South Carolina 1976 i9 112 17 119 2,267 4.5
1977 21 a9 212 130 2,914 4.5
1978 25 125 20 3,015 4.9
1979 34 143 218 4.6
1980 33 140 235 54
Total 132 619 21.3 4.8
Alabama 1974 22 117 18.8 5.1
19758 17 il 15.3 4.3
1976 15 129 16 4.2
1477 24 151 15.9 38
1978 15 138 10,5 3.3
1979 23 145 15.9 3.3
1980 11 126 8.7 38
1981 14 112 12,5 37
Total 141 1,029 13.7 26,846 3.9

Tabie 13. Chi-square test results for NRT and RT pedestrian accidents at
signalized intersections before and after RTOR law in South Carolina and
Alabama,

Siate Before After Total
South Carelina®
NRT observed 249 463 712
RT observed _40 2 132
Total 289 555 844
AlabamaP
NRT observed 422 635 1,057
RT observed W24 81 kS
Total 476 122 1,198

ax% = 1,01 < x2 {0.05; 1} = 3.84. Cannoed reject Ho.

hx% =0.1374 < x'z {0.05; L). Cannot reject Hgt There is

no significant differenee it the ¢hange {from before
to after) of pedestrian accident frequencics at Sls for
NRT and RT categeries in Alabania.

percent in Alabama) of all NRT accidents for the be-
fore and 18.2 percent (17.2 percent in Alabama) in
the after period resulted in an injury-fatality as
compared with 8,95 percent (6.63 percent in Alabama)
for before and 8.4 percent (7.25 percent in Alabama)
in the after period for RT accidents. Thus, the pro-
portion of injury-fatality aceidents to all acci-
dents has not changed significantly during the 5-
year period in South Carolina or the 8-year period
in Alabama, During these periods there have only
been three fatal RT accidents in South Carolina and
only five in Alabama.

Some of the important findings ian this section
are as follows:

1. The increase (from before to after) of RT PDO
accidents was significantly greater than the corre-
gponding increase in the NRT category. TFor Alabama
the decrease {from before to after) of RT PDO acci-
dents was not significantly lower than the decrease
in NRT accidents,

2, The average property damage costs for RT ac-
cidents was much lower than the average property
damage costs for NRT acceidents in both states.

3. RT injury-fatality accidents as a percentage
of total accidents at SIs did not increase signifi-
cantly for the after period. HRT injury-fatality
accidents as a percentage of total accidents at SIs
remained practically unchanged from the before to
the after perilod,

Pedestrian Involvement

Pedestrian safety at RTOR intersections is of major
concern, Wide ranges of pedestrian involvement in
RTOR accidents have been reported. McGee (7} re-
ported that the percentage of RTOR accidents in-
volving pedestrians varied from 0 to 33 percent.
Zador and others (2) reported that pedestrian
crashes increase substantially as a result of RTOR,
Certainly, the RT operation at a SI represents a po-
tential wvehicular-pedestrian conflict regardless of
whether the wvehicle is turning right on a red or a
green signai phase.

Pedestrain involvement in South Carolina acci-
dents at SIs for RT and NRT operations is given in
Table 12, Tor South Carelina accidents invelving
RT, approximately 1 out of ewvery 5 wvictims was a
pedestrian {1 in 7 for Alabama) whereas the ratio
was approximately 1 out of every 21 for NRT aceci-
dents (1 in 25 for Alabama). These results confirm
the high involvement of pedestrians as victims in RT
accidents.

To determine if pedestrian involvement in RT ac-
cidents has increased as a result of RTOR law, the
null hypothesis that no difference exists between
pedestrian involvement in RT and NRT accidents be-
fore and after the effective date of the RTOR law
was tested. The x? test in Table 13 was used to
show that the null hypothesis cannot be rejected for
either South Carolina or Alabama (the respective
critical levels are (.299% and 0.711). Thus, we con-
clude that there ig no statistically significant
difference between RT and NRT pedestrian accidents
before and after RTOR. There is no reason to sus-
pect that pedestrian accidents invelving RT opera-
tions have increased after the adoption of RTOR in
either state.

Some of the
are as follows,

important findings in this section

1. Approximately 1 out of every 5 victimg of a
RT accident was a pedestrian in South Carolina (1 in
7 for Alabama} whereas only 1 out of every 21 {1 in
25 for Alabama) victims was a pedestrian in NRT ac-
cidents at signalized intersections.

2. The G@ifference was not significant bhetween
pedestrian acecidents involving RT and NRT operations
before and after the effective date of the RTOR law
in both states. Therefore, we conclude that no sta-
tistically significant increase in pedestrian acci-
dents has resulted from the RTOR laws,

3. In South Carolina the percentage of pedes-
trian involvement remained constant for both RT and
NRT categories; however, in Alabama the percentage
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Table 14. Percentage of accidents at signalized intersections by RT and NRT
categories.,

Percentage of
Total Accidents
that Occuired at
NRT (%) RT (%) Traffic Signa}
Year 5. Ala, s.C. Ala S.C. Ala,
1974 91.27 8.73 20,50
1975 91.58 8.45 18.48
1976 41.64 91.9¢ 8.36 8.10 11.55 19.39
1977 o104 91.50 8.96 8.50 12.55 19.22
1978 90.61 91.59 9.39 8.41 12.59 18.59
1979 90.06 91.65 9.94 8.35 i2.54 18.92
1980 90,54 91.67 9.46 8.33 13.24 18.75
1981 92.20 7.80 18.08

of pedestrian involvement showed a slight declining
trend.

RTOR AND PUBLIC GOOD

Reported estimates of decreases in fuel consumption
anéd travel time that result from RTOR operations
vary widely according to the assumptions made by the
investigators or because 0f the environmental conéi-
tions under which the study was conducted. Chang and
others (8) reported a 6 percent decrease in fuel
congumption and a 12 percent decrease in travel time
after the introduction of RTOR in downtown Detroit.
Lieberman {2) made a comparison of a signal system
with and without RTOR. Hig results indicated a 4
percent decrease in fuel consumption and a 6 percent
reduction in emissions. Obviousiy the number of S5Is
with RTOR and the number of wvehicles that execute
the RTOR maneuver are the primary factors in esti-
mating the savings in fuel and travel time, South
Carolina has approximately 1,800 SIs; about 90 per-
cent (1,620) of these permit RTOR. In 1280 there
were 2.07 million registered wehicles and 1.95 mil-
lion licensed drivers in South Carolina, which gen-
erated 22.66 billion vehicle miles of travel {10).
About 30 percent of the vehicle miles of travel was
urban. One source (2} estimated that RTOR opera-
tions would produce an annval savings of up to 1.3
gal of fuel/registered vehicle. TFor South Carclina,
using thig value, the savings in fuel is estimated
to be approximately 2.7 million gal/year. Another
benefit would be the reductions in vehicle emissions
that would be realized from RTOR operations. For
each 650 gal of Fuel consumption by an idling en-
gine, emissions consist of 2,430 ib of carbon mon-
oxide, 160 1lb of hydrocarbons, and %0 1b of nitrogen
oxides (ll). Based on the estimated annual fuel
savings of 2,7 million gal, the following reductions
in emissions would be realized:

1. Carbon monoxide~-5,047 tons,
2, Hydrocarbons-~332 tons, and
3. HNitrogen oxides--104 tons.

In addition to the estimated savings in fuel and
reductions in wvehicle emissions, time savings are
available to drivers because of reduced stopped de-
lay at traffic signals. Por progressive signal sys-
tems, the RTOR operation enables the vehicle turning
right to join the progressive movement on the other
street because it would be passing through the
intersection during a green phase {i.e., turning
right on red), thus further reducing stopped de-
lays. The estimated range of time saved by the
driver varies from 0.3 to 1.7 hours per driver per
year (2). For South Carolina drivers the estimated
time saved would range froem 0.6 to 3.3 million
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hours. The preceding analysis could be repeated for
Alabama., In 1980 Alabama had approximately 2.5 mil-~
lion licensed drivers, and approximately 26,01 bil-
lion vehicle miles were driven in this state. Since
Alabama has approximately the same rural-urban mix,
a factor of 1.2 may be applied te the above figures
to generate comparable Alabama information,

Costs are usually associated with benefits. For
RTOR operations these costs would result from an
increase in RTOR accidents. Table 14 gives the per—
centage of accidents at 8Is, computed using the
totals in Tables 1 and 2 for NRT and RT categories,
For example, the percentage for 1976 under the RT
category in South Carolina is simply:

§839/(83% + 9201)]1 100 = B8.36 percent

The last c¢olumn in Table 14 gives the percentage of
total accidents that occurred at SIs. From the data
shown, the increase in South Carcolina in RT acci-
dents has been wvery small and is estimated at ap-
proximately 1 percent due to RTOR, There was a
decrease of about 0.15 percent in this measurement
for Alabama, We may calculate that the percentage
of accidents that occur at SIs is (52,733 +
5,376/464,722) x 100 = 12.5 percent of the total re-
ported accidents ir South Carelina (19.21 percent
for Alabama}. ‘Thus, the annual increase in acci-
dentg in South Carolina that result from RTOR opera-
tions based on a S-vyvear average is approximately 116
accidents  {(0.01 x 0.123% x 92,944), Most of this
increase was in property damage (Table 1}.

Some of the important findings in this secticn
are ag follows:

1. The estimated annual fuel savings in South
Carolina that resulted from reduced stopped delays
due to RTOR is 2,7 million gal (3.24 million gal for
hlabama) based on a savings of 1.3 gal/registered
vehicle,

2. The estimated annual reduction in wvehicle
emissions resulting from reduced stopped delays due
o RTOR is as follows (a) carbon monoxide--5,047
tons for Scuth Carclina and 6,056 for Alabama, (b)
hyvdrocarbons--332 tons for South Carolina and 398.4
for Alabama, and {c} nitrogen oxides—-104 tons for
South Carolina and 124,8 for Alabama.

3, The estimated annual time gavings by drivers
resulting from reduced stopped delays due to RTOR
varies from 0.6 million hr to 3.3 million hr based
on a savings of 0,3 to 1.7 hr/year/driver.

4. The increase in RT accidents attributed to
RTOR operatons was about 1 (=0,15 for Alabama)
percent of the total aceidents occurring at signal-
ized interseetions. About 12.5 (19,21 in Alabama}
percent of the total reported accidents in South
Carolina oceur at signalized intersections.

5. The increase in annual accidents in South
Carolina attributable to RTOR operations is about
116 accidents, consisting mostly of rear-end PDO
accidents, However, in Alabama the number of acci-
dents due to RTOR decreased at an annual rate of
about 33.

CONCLUS TONS AND RECOMMENDATION

South Carolina's RTOR law, which permits RTOR ex-
cept at locations where it is specifically pro-
nibited by traffic signs, was passed into law on
February 15, 1977, and the law became effective on
May 16, 1977. Before the passage of this law South
Carolina prohibited RTOR except at Jlocations where
it wag permitted by traffic signs. A similar set of
circumstances also transpired in Alabama, which
passed its RTOR law, effective immediately, on
August 18, 1976. The most significant difference in
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the average percentage of c¢hange between RT and NRT
accidents was in the higher rate of c¢hange in PDO
accidents for RT operations. A slight increase was
measured in South Carolina, but in Alabama there was
a corresponding reduction. The average rate of
change for injury accidents was about the same for
both RT and NRT accidents in both states. RT aceci-
dents tend to be less severe and have lower property
damage costs when compared with all signalized
intersection accidents., As a result of several sta-
tistical tests, we conciuded that there was no sig-—
nificant difference in pedestrian invelvement in RT
accidents before and after the effective date of the
RTOR law compared with all pedestrian accidents at
signalized intersections.

Approximately 116 accidents/year can be attrib-
uted to South Carolina's RTOR operations and no sig-
nificant increases were found in Alabama., An analy-
gis of the data indicated that most of the increase
in RT accidents was in the category of property-dam—
age-only and involved rear-end collisions,

Numercous economic benefits result from RTOR
operations, including savings in fuel consumption,
reduced vehicle emissions, and time savings to the
drivers. TFor the two states these benefits are sum—
marized as follows:

1. Fuel savings--59,4 million gal/year;

2. Reduction in wvehicle emissions per year——(a)
carbon monoxide~-11,103 tons, (b} hydrocarbong—-
730.4 tons, and {c} nitrogen oxides--229 tons; and

3. Times savings per year--i,3 to 7 million hr.

Based on the findings of this study, no changes
are warranted in South Carolina's or Alabama's RTOR
law and these laws should remain in effect.
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