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htblication of this paper sponsored by Ømmittee on Operational Effects of
Geometrics-

the safety effectiveness of providing clear recovery
zones by flattening slopes or removing or treating
fixed objects.

The project scope included the consideration of
several types of highways in rural areas, including
t\do-lane high!ùays, four-Iane freeways, and four-Iane
divided nonfreegrays. SpecifícaIly excluiled from
consideration were intersectíons, interchange ramps,
low-volu¡ne highways [average daily traffic (ADT)
less than 750 vehicles/dayl, and highways with urban
developrnent.

RESEÀRCIÍ ÀPPROACH

The general research approach for NCHRP project l7-5
was to deternine the effectiveness of clear recovery
zones fron actuaL accident data for existing highway
sections by cornparing the accident experience of
highway sections constructed under different road-
side design policies. Three ilístinct roadside de-
sign policies have been used by u.s. highway agen-
cies; they are called 6:1 clear zone, 4:I clear
zone, and nonclear zone in this study. The policies
vary ín both the enbank¡nent slopes used and the
presence of unprotected fixecl objects outsíde of the
highway shoultler.

the average safety effects of the three roadsiile
design policies, as applied by highway agencies to
the actual terrain in the field, can be determined
if the highway sections constructed under different
policies have no najor differences other than road-
side design or if such differences that do exist can
be identified and accounted for. Thus the objective
of the analysis was not to determine the safety
effects of an individual geometric feature (for
example, shoulder wiilth), but to assure that an
effect of shoulder witlth was not mistaken for an
effecÈ of roadside design poticy.

The primary measures of effectiveness (or depen-
dent variables) for the study v¡ere the single-vehi-
cIe ROR accident rate for all leveÌs of accident
severity and the fatal and injury single-vehicle ROR
accident rate. These measures of effectiveness were
restrictedl to ROR acciilents because it wouLd be
questionable to presume a relation between roadsiile
design policy and accidents where no vehicle left
the roadway. The measure of effectiveness was re-
stricted to single-vehicle ROR accidentsr nultiple-
vehicle ROR acciilents were excluded because single-
vehicle ROR accidents are nore frequent on ruraL
highways than multiple-vehicle ROR acciilents anil
because the severity of single-vehicle ROR accidents
can be attributed in large degree to roailside de-
sign. Single-vehicle ROR accidents that invotve both
the outside (right sidle) and the nedian (Ieft si¿le)
of the roailway on divíded highways were considered.

The independent variables for the analysis, be-
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Effectiveness of Clear Recovery Zones
JERRY L. GRAHAM AND DOUGLAS W. HARWOOD

dear recovery zones outside the highway shoulder provide an opportunity
for veh¡cles that leave the roadway to oome to a safe stop or to return to the
roadway. The results of a research effort to deteriníne the effectiveness of
clear recovery zones ¡n reduc¡ng the number and severity of run-off.the-road
(ROR) accidents and to provide an approach for the cost-effective applicat¡on
of clear recovery zones are presented. Actual accident data were obtained and
analyzed to compare three d¡fferent roadside design pol¡cies: the 6:1 clear
zone policy, the 4i1 clear zoîe policy, and the nonclear zone policy, Three
highway types were also considered: two-lane highways, four-lane freeways,
and fourJane divided nonfreeways. Road sections that had these highway
types and roadside design policies were identified in lllinois, M¡nnesota, and
Missouri. Analysis of the accident data for the study sections revealed that
roadside design policy had a stat¡stically significant ielation to single.vehicle
ROR accident rate for all of the highway types studied. The differences in
the acc¡dent rate between roadside design policies were quantif¡ed for each
highway type. An analysís of the severity of single-vehicle ROR accidents
revealed that the sever¡ty distr¡but¡on did not vary between the roadside
design policies on any of the three highway types studied. Four design ex.
amples were developed in order to illustrate the cost-effect¡veness impli-
cations of the safety effectiveness measures developed ¡n the study. The
examples compared the accident reduction benefits and typical construction
costs for improving h¡ghways from one roadside design policy to another.

A cLear recovery zone is a relatively flat roadside
area that is free of unprotectecl fixed objects and
other nontraversable hazards; it is intended to
províde an opportunity for vehicles that leave the
roadway to come to a safe stop or to return to the
roadway. Since the late 1960s a highway cross sec-
tion with 6:l embank¡nent slopes withÍn a 30-ft clear
recovery zone has been generally adopted for new
construction and major reconstruction projects.
However, nany existing highlvays have clear recovery
zones with 4:1 (steeper) embank¡nent slopes or do not
have a clear recovery zone at all. It has been
suggested in recent design guidelines that there is
a need for clear recovery areas wider than 30 ft
when embankment slopes steeper than 6:1 are used.

So¡ne of the major findings of NCfÍRp project 1?-5,
which was conducted to help highway agencies with
li¡nitecl funils develop a rational basis for ¡nakíng
cost-effectíve applications of clear recovery zones,
are presented. The full study has been published in
NCHRP Report 247 (11.

OBJECTTVES AND SCOPE

the objectives of the study hrere to determine the
safety effectiveness of clear recovery zones of
iliffering slopes and widths in reilucing the number
and severity of run-off-the-road (ROR) accidents ancl
to describe a frarnework based on clear zone effec-
tiveness that could be used in design practice to
assure Èhe cosÈ-effective application of clear re-
covery zones. The stu¿ly was not intended to con-
sider criteria for the inètallation of guardrail at
specific sites or blanket fixed-object removal pro-
grams. Rather, the study was intencled to evaluat,e
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sides roadside desígn policy, were state' ADT' and

shoulder wiilth. The basíc technique used for the
statísticat evaluation was analysis of covariance.

ROAÐSIDE DESIGN POLICTES

The key to unalerstanding the safety effectiveness
measures developed in this study is to understand
the roadside design policies that were evaluated.
The poticies have been given the desígnations 6:1
clear zoner 4:1 clear zone, and nonclear zonei they
are ilescribed briefly in this section. The policíes
vary in both the ernbankment slopes used and the
presence of fixed objects outside the. highway shoul-
der. typical cross sections for the three roailside
ilesign policies are shown in Figure 1. The data in
the figure indicaÈe that the roadsíde slopes used
for 6:I and 4:1 design poticies can, in some circun-
stances, be steeper than the no¡ninaI slope suggested
by the nane given to the policy. The roadsitle slopes
used for nonclear zone highway sections are too
highly variable to be illustrateil by one typical
cross secÈion.

The 6:I clear zone roadsiile design policy has
been generally used in freeway construction antl in
sorne reconstruction projects on other types of high-
ways since the late I960s. Highways constructed
untler this policy generally have foreslopes of 6:I
or flatter within 30 ft of the traveled vtay. Embank-
nent slopes of 4:I or steeper are found on li¡nited
portions of these sections (up to 4 percent of the
length on freevtays anil 12 Percent of the length on
two-lane highways in this stuilY, for exanple).

The fietd surveY indícated that the average
embanknent foreslope of 6:I clear zone sections was
5.8:1 for two-lane highways, 6.9:I for freeways, and
5.7:1 for four-lane divicled nonfreeways. The sloPe
on higher filL embanknents often becomes 4:1 or
steeper beyond 30 ft fro¡n the traveled vtay. These

Figure 1. Typical cross sections for roadside design pol¡cies on two'lane highways.
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sections are generally, but not cornpletely' clear of
roadsiile fixed objects (other than those of break-
away design or Protecteil by guar¿lrail) within the
3o-ft clear zone. The mean fixed-object coverage
factor at 30 ft fron the traveled way ldas l0 percent
for 6:1 clear zone sections on Èwo-lane highwaysr 7

percent on freeways, anil 4 percent on four-l-ane
divided nonfreev¡ays. (The fixecl-object coverage
factor is a single neasure that reflects the com-
bined frequencies of both point and continuous ob-
jects on the roailside. The mean fixed-object cover-
â9êr whích is ex¡rressecl as a Percentage, roughly
corresponds to the probabil-iÈy of striking a fixed
object given that a vehicle runs a specified dis-
tance off the roadway.) These nean fixed-object
coverage factors represented the conbineal total for
unprotected fixed objects, guarilrail, anil bridge
rail.

the 4:1 clear zone roadsiile design policy was in
general use by ¡nanY highvray agencies before the 6:1
clear zone policy was reco¡nmended by AASEToT and it
is still in use for some projects today. The najor-
ity of the length of these sections have foreslopes
of 4:l or flatter within 30 ft of the traveled way,
but Èhe 4:1 design policies often pernitteil 3:1 or
2:l foreslopes on fills higher than l0 to 15 ft.
The average embankment foreslope of 4:1 clear zone
sections v¡as 3.7:1 for two-lane highways' 4.3:1 for
freeways, anil 4.2:I for four-lane divided nonfree-
waYs.

Freehtays constructed under the 4:1 clear zone
polícy are generally clear of unprotected fixed
objects within 30 ft of the traveled ritay (in nanY
cases this is the result of roadside improvement
programs since the original freeway construction).
On two-Iane highways, there are substantially more
unprotected fixecl objects within 30 ft of the
traveled way on 4:I clear zone sections than on 6:I
clear zone sections. The mean fixecl-object coverage
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factor at 30 ft fro¡n the traveled way for 4:1 clear
zone sections was 17 percent on two-lane highways,
1I percent on freeways, anil 23 percênt on four-Iane
divídecl nonfreeways, including unprotecteil fixecl
objects, guardrail, and bridge raiJ..

It is apparent thât neither the enbankment slope
nor the fixed-object clearance aspects of the 6:I
clear zone and 4:1 clear zone roadside design poli-
cies are as uniform as the names given the¡n in this
study night suggest.

The nonclear zone roadside design poticy is domi-
nated by sections v¡ith 3:1 and 2:l embankment slopes(with some flatter stopes) and little or no control
of unprotected fixed objects adjacent to the
traveled way. The tack of control on fixed objects
means that nunerous trees, utility poles, and other
objects are found within 30 ft of the travele¿l r{ray
on these sections.

Study sections wiÈh a noncLear zone roadside
design policy were found on two-lane highways ancl
four-lane divided nonfreeways, but not on freeways.
The average embankment foreslope on nonclear zone
sections was 3.L:L for tvro-l_ane highways anil 3.5:1
for four-lane, divideil nonfreeways. The mean fixed-
object coverage factor at 30 ft from the travele¿l
r,ray for nonclear zone sections, including unpro-
tected fixed objects, guardrail, anil bridge raiI,
was 24 percent for two-Iane highways and 42 percent
for four-lane divided nonfreeways.

PREVIOUS CLEAR ZONE EFFECTI\ÆNESS Sfi'DTES

Since the adoption of the 30-ft clear zone concept,
several studies of the effectiveness of the upilate¿l
clear zone criteria in reducing accidents have been
conducteil. The major emphasis of these studies hras
on the effect of enbank¡nent slope (4:1 versus 6:1)
rather than on the rvidth of the clear area free of
fixed objects. These studies, performed by the
Minnesota Department of Transportation (MnDOT), the
Missouri Highway and Transportation Department, and
the University of l1linois, are described and com-
pared in this section.

MnDOT conducted a study of ROR accidents that
occurred on rural, two-Lane highways ¡{ith 55-mph
speed limits. (Note that these data are frorn a June
1980 unpublished report by MnDOT, rConparison of
Accident Rates Related to 4:I and 6:I Inslopes on
2-Lane Rural Trunk Highways.") The accident experi-
ence of roadways that had 6:1 foreslopes was com-
pared with roadways that had 4:l foreslopes. Both
the 6:l and 4:l study sections had 30-ft clear zones
and were chosen because they rdere comparabte in Lane
width, shoulder width, ancl other geometric features.
The study incfuded 24 sections (2I5 miles of high-
way) that had 6:1 foreslopes and 23 sections (234
niLes of highway) that had 4:l foreslopes.

The Minnesota study indicated that the fatal,
injury, property-damage-onty (pDO), and total acci-
dent rates for the sections that had 4:t foreslopes
were all larger than the corresponding rates for the
roadway sections that had 6:l foreslopes. The total
accident rates and the accident rates for corre-
sponding severity leveLs r,{ere compared statistically
between the 4: I an¿l 6: L sections by usíng thet-test. (The Beherns-Fisher procedure vras used
because the variances of accident rate gJere ,unequalfor the 4:l- and 631 sections.) The results indi-
cated that the injury, fatal plus injury, and totat
accident raÈes i,¿ere significantly different for the
4:1 and 6:l sections at the 95 percent confidence
level. There vrere no significant differences between
the fatal or pDO accident rates for the two types of
roadway sections.

Another study of roadside design policies was
performed in Missouri in the ¡nid-I970s. The results
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of this study are presenteil in an unpublished memo-
randu¡n of the Missouri Highway and Transportation
Department entitled, rsummary of Accident Experience
on Sections of Roâd Constructe¿t with 2o-Foot rsafety
Zonesr". This stuily compareil the accident experi_
ence of roadway sections constructed with 2o_f.t
safety zones and roa¿lway sections constructed \rith
si¡nilar design standards but without 2O-ft safety
zones. (The 20-ft safety zone is an obstacle_free
area extending 20 ft beyond the shoulder of the
roadi therefore, if a road has a 10-ft shoulder,
there would be â 30-ft clear recovery area fron the
edge of the traveled way.) The sections with safety
zones generally had 6:L embankment slopes, whereas
the sections hrithout safety zones had embanknent
slopes of 4:1 or steeper.

Comparisons betsreen accident rates for roadways
with and without safety zones were made for four
highway types (Interst,ate, primary dual-lane, pri-
mary two-Iane, and supplenentary), four accident
types (multiple-vehicle collisions, roadside obsta_
cle coll-isions, overturning accidents, and total
accidents) i and three severity levels (fatal, in-jury, and PDO). The authors of the Missouri stu¿ly
did not find a statistically significant difference
in the overall accident rate or severity between
sections with and without safety zones for any of
the highway types considere¿I.

A L974 University of tllinois stu¿ly evaluate¿l
various inprovements in roadside safety design poli-
cies that had been implementecl by the lllinois De-part¡nent of Transportation during the preceding
years. (Note that the data for the Illinois stuily
are from V.E. Dotsonrs 1974 unpublished Master of
Science thesis, rAn Evaluation of the Thirty-Foot
Clear zoner" prepared for the University of Itli-
nois, Urbana.) Study sections hrere selected on four
Interstate routes in one Illinois highway district.
The stucly sections included 211.19 miles of ruraÌ
freeway. Of this mileage, 90.57 mites were con-
structed to the latest safety standards (i.e., 6:l
enbankment slopes and a 30-ft clear recovery zone),
whereas 89.15 ¡niles were constructed ¡{ith 4:I e¡n-
bankment slopes and had not been upgraded since the
adoption of the safety standards.

À comparison of accident experience between sec-
tions that had 6:1 and 4!1 embanknent sì.opes was
conducted by using the data for three of the four
ïnterstate routes. A two-vray analysis of variance
that used sLope and route factors indicated that
neither factor was statistically significant. À
similar analysis for multiple-vehicle accident rate
revealed the same result.

The results of Èhe three studies that conpared
6:I and 4:1 slopes are summarizeil in tabte I. The
studies used varying statistical techniques. The
Missouri study covered alt types of highways, and no
significant difference in acciilent rates rras re-
vealed for any tlpe of highway. The University ofIllinois study diil not reveal a significant differ-
ence in accident rate for freeways. The Minnesota
study revealed a statistically significant differ-
ence betr+een 4:1 and 6:l slopes on two-lane highways.

Despite sueh varying conclusÍons, it is signif_
icant to noÈe that the relative ilifferences in the
single-vehicl-e accident rate are consistent betvreen
the three studies. In both the Minnesota and Mis-
souri studies the roadside accident raÈes for tvro-
lane highways are about 60 to Z0 percent higher for
sections wíth 4:1 slopes than for sections with 6:I
slopes. fn both the University of lLlinois and
Missouri studies the roailside accident rates for
freeways are about 25 to 30 percent higher for sec-
tions with 4:1 stopes than for sections with 6:1
slopes. Thís consistency of finclings suggests that,
with a larger data base and more sophisticated anal-

_'-_l
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Table 1, Summary of stud¡es that mmpared 6:1 and 4:1 embankment slopes.
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Accident Rate (ac-
cidents per million
vehicle miles)

Study Highway Type

Accident
Measured
Used

Statistical
Test Used Conclusions4:l

Minnesotaa Two lane

Missouric Primary two
lane

Freeway

ROR accident rate

Total accident rate
Multiple-vehicte

accident rate
Single-vehicle
accident rate

Total accident rate
Multiple-vehicle
accident rate

Single-vehicle
accident rate

Single-vehicle ROR
accident rate

0.1 54

0.948
0.7 00

o.248

o.379
0.174

0.205

0.3 33

0.266

0.9 59
o.54',7

0.412

0.430
0.1 63

0.1 63

0.42t

t-testb

Chi-square

Analysis of
va¡iance

Both total and fatal and injury accident
rate were significantly lower for 6: I
sections

No statisticaIy significant change in over-
all accident râte or severity; coUisions
with roadside obstacles decreased, but
collisions between vehicles increased

No statistically significânt change in
sirgle-vehicle ROR or multiple-accident
rate

University of Freeway
Illhoisd

a Data from J une l98O unpuÞtished report ("Compârison of ,{ccident Rates Rel¿ted to 4: 1 and 6:1 tnslopes on 2-Lane Rural Trunk Highwys") fro m MnDOT '
b.fhis t-test used the Beherns-Físher procedure for unequal wriânces.
cóatã from unpublished memorandu'm (,,Summary of Àccident Experience on Sections of Road Const¡ucted with 2o-Foot 'Sâfety Zones") from the Missouri State High-

way Commi$ion.
dOatáî¡ám v-¡. Dotsun's t9?4 unpublished Master of Science thesis ("An Evaluation ofthe Thirty-Foot Cled Zone') prepúed for thc University of Illinois, Urbana.

ysis technigues, the observeil effects míght be sta-
tistically signif icant.

DE\¡ELOPMENT OF PROJECT DÀTÀ BASE

The project ilata base includes study sections for
three híghway tltpes (two-lane highways, four-lane
freeways, and four-lane dívided nonfreeways) and
three roadside design policies (6:I clear zone, 4:1
clear zone, and nonclear zone). originally, it was
planned to include only tlvo-l-ane high\days and free-
v¡ays in the st.uilyr but data on four-Iane diviiled
nonfree\days (i.e., four-lane dividecl highway htithout
fult control- of access) !ùere reaclily available in
Missouri an¿l' thereforer these data were also used.
Excluded fron the stu¿ly vrere highways with urban
developnent and highways with ÀDT volunes Less than
?50 vehicles/day. AII of the sections had 55-mph
speed lirnits and shoulders at least 4 ft wide. Lane
widths were either 1l or 12 ft.

A data base that contained the accident historyt
traffic volumesr and geometrics of these highway
sections was assembled. The basic data-collection
approach Pursued was to nake naxinum use of the data
already available in rllinois, Minnesota, and Mis-
souri, while obtaining more recent acciilent ¿lata and
expanding the nunber of highway sections stuilieil,
the range of highway types included' and the length
of t.he study Period. The data obtained for highway
sections in Missouri incluiteil nany of the same high-
$ray sections from the previous I'lissouri studyr but
also incorporated nonclear zone sections. The ¿l¿¡ta

base in rtlinois r¡as expanded to incLude highr'vaY
sections fron throughout lhe state rather than fron
a single ¿listrict. In Minnesota the highway sec-
tions fron the state study of 6:l anat 4:l sections
on two-lane highways s¡ere supplementeil v¡ith two-Iane
nonclear zone sections anil sections on freeways.

The accident data obtained for the seetions in
Illinois and Missouri coverecl the 5-yr periocl from
1975 through 1979, inclusive. The accident data in
Minnesota included the 4-yr perio¿l from 1977 through
1980. The project analysès used each year of data
fron each study section as a separate observation.
If any stu¿ly section was either not oPen to traffic
during a given calendar year or v¡as undergoing major
construction actívityr that year was excluded from
the study.

The entire data base contained 836 study sections
that covered 4,601 niles of highway with a total
exposure of nore than 41 billion vehicle ¡niles of
travel during the study Period. These highway sec-
tions experiencecl 1I,649 single-vehicle RoR acci-
denÈs during a stu¿ly Period that averagedl about 4.4
yr in duration. Detaile¿l break¿lowns of the mileage
and accident experience for the study sections can
be found in the project report (f).

ANALYSIS OF ACCIDENT DATÀ

The three objectives of the statistical analysis of
accident data conducted in this study were to

I. Deternine whether roadside design policy has
a statistically significant effect on traffic acci-
dent experience'

2. Determine the nagnitude of the effect of
roadside design policy on accident experience when
the effect is statistically significant, and

3. Erpress the roadside ilesign policy effect in
a for¡n most useful for application by highway agen-
cies in design decisions.

Analysis Approach

The statistical analysis aPproach was developed in a

series of three stePs: (a) select measure(s) of
effectiveness (dependlent variables) for the analy-
sis; (b) select inilependent variables for the analy-
sis; anil (c) select a statistical technigue to de-
termine v¡hether the effect of roadside design policy
is statistically signif icant.

Measures of Effectiveness

The pri¡nary measure of effectiveness (or ¿lePendent
variable) seLecte¿l Èo evaluate roadside design poli-
cies is the síngle-vehicle RoR accident rate. The
single-vehiclê ROR acciilent rate for a l-yr period'
expresse¿l as acciilents per rnillion vehicle-rnilest
was defined in the conventional manner:

AR.= tN) (10ó)l /(ADr) (D) (L)l (l)
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hrhere

AR = single-vehicLe ROR accident rate (acci¿lents
per ¡nillion vehiele-miles) t

N = nu¡nber of single-vehicle ROR acci¿lentst
ADT = average daily traffic volutne (vehicles/day) ;

D = duration of study period (days) [in this
study, 365 days or I yrl; andl

L = length of study section (niles).

The study also included an evaluation of accident
severity neasures, íncluding both the accident se-
verity distribution (proportion of fatal, injury,
and PDO accidents) and the single-vehicle ROR acci-
dent rate for fatal and injury accidents only.

Independent Variabtes

The independent variables for the accident analysÍs
are those variables that may have an infLuence on
the measure of effectiveness (or depenilent vari-
abì.e)--single-vehicle ROR accídent rate. fn accor-
dance with the analysis objectives, the prinary
independent variable for the analysis is roadside
design policy. Three different levels of roadside
design policy were evaluated, and any ilifferences in
accident experience between the policies were iden-
t if ied.

Several other independent variabtes were con-
sidered because they nay also influence the single-
vehicle ROR accident rate; these included state,
ADT, volune, and shoulder width.

State was consiilereil an inilependent variable
because statistically significant state-to-state
differences in single-vehicle ROR accident rate were
found for four of the five combinations of highhray
type and roadside design policy tested (aL1 except
4:1 clear zone sections for two-Lane highways). It
night be tempting to explain these differences by
variations in the reliability of the accident re-
porting systetns of the three states. Hovrever, three
of the four significant differences persisted even
vrhen the analysis was restricte¿l to fatal and injury
accidents only. This analysis inilicated that (a)
although the observed state-to-state ilífferences
could be partly due to unreliable accídent report-
ing, Èhey also represent, in part, true differences
in accident experience bet$reen the statesi and (b)
the influence of these state-to-state differences
must be accounted for or corrected before assessing
the statístical significance of the effect of road-
side design policy.

Even within one highway tl'pe the highway sections
for different roadside design policies also differ
in ADT. For exanple, the average ADT for two-lane
highways is 21031 for 6:1 clear zone sections, 21778
for 4:1 clear zone sections, and, 21745 f.or nonclear
zone sections. Because the ROR accident rate is
known to vary with ÀDT in some situations, it is
inportant that this effect be accounteil for before
assessing the effect of roadside desígn policy.

One concern raised during the study was the in-
fluence of roadway geometrics on acci¿lent rate. For
example, some of the observed differences between
6:1 clear zone sections and sections with other
roadside design policíes could be due to inproveil
roadway geometrics on the 6:I clear zone sections
that nake it less likely for vehicles to run off the
road. A fíeld survey of the study sections examined
the differences between roadside design policies in
roadway geonetrics, incLuding lane width, shoulder
width, median width, and proportion of tangents and
horizontaL curves. Of these variables, only shoul-
der vridth differed significantly between the road-
siile design policies. Therefore, shoulder width was
used as an independent variabLe whose effect lras
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accounted for before assessing the effect of road-
side design policy.

Statistical Analysis Àpproach

The sinplest and most direct method of evaluating
the statistical significance of a factor that has
more than two levels, such as roadside design pol-
icy, is the one-tday analysis of variance. If the
factor is statistically significant, Duncanrs multi-ple range test can then be used to determine which
differences between the individual roadside design
policies are statistically significant.

ALthough this approach was used in the initial
analyses, it did not respond to one irnportant goal
of the analysis--to assess the sígnificance of road-
side design policy only after accounting for the
effects of other independent variables such as
state, ADT, and shoulder width. Ànother analysis
approach is used to acconplish this goal--analysis
of covariance--which is a statisÈical technigue used
to assess the effects of both inclependent variables
with several discrete leveLs (known as factors) and
independent variables with values on a continuous
scale (known as covariates). The independent vari-
abLes of roadside design policy an¿l state are dis-
crete variables most naturally treated as factors
( in this case with three Levels each) , and ADT and
shoulder width are continuous variables most natu-
raIIy treated as covariates. Two ¿lependent vari-
ables were used in separate analyses of covariance:
single-vehicle ROR acci¿lent rate and fatal and in-jury single-vehicle ROR acciclent rate.

The specific for¡n of analysis of covariance used
was a hierarchical analysis of covariance, in which
the effects of the independent variables are ac-
counted for in sequence so that a factor or covari-
ate is statisticalty significant only if it exptains
a significant portion of the variance renaining
after the variables considereil previously have been
accounted for. The relation between hierarchical
analysis of covariance and the classic approach to
analysis of covariance is analogous to the relation
between nult,iple regression and stepwise regressÍon.
The independent variables were considered in a fixed
order in the analysis (state, ÀDT, shoulder width,
roadside design policy) so that the effect of the
first three variabtes would be considered before the
effect of roadside design policy. This approach
prevents an effect of state, ADT, or shoulder wiilth
from being rnistaken for an effect of roadside design
polícy.

fn an analysis of variance or covaríance that has
a balanced desígn, the best neasure of effectiveness
for each roadside design policy is the average (or
arithmetic mean) acciilent rate for that policy. The
experimental designs used in this study were not
balanced because the sanple sizes in the cells de-
fined by the experinental factors (state an¿l road-
side design policies) were not egual and the covari-
ates (ÀDT and shoulder width) ilid not have the sane
¡nean in every ce1l. The besÈ rneasure of effective-
ness for each roadside design policy in such an
unbalanced design is the least square nean for that
policy. The least square n¡ean compensates for the
differences betrúeen the ce1ls in sanple sizes and
covariate neans. The leasÈ square nean is, in ef-
fect, the nean accident rate that would result if
every cell had the same sample size and the same
nean for each covariate. The differences in acci-
dent rate bethreen roaclside ilesign policies can be
representecl by the differences in the least square
neans.

Conparisons of the ¿listribution of the accídent
severity r¡ere ¡nade by using the Kolnogorov-Snirnov
test (a nonparametric test for distribution shifts)

:' :-r!
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anil the z-test for ilifference of proportions (based

on the standard nornal approximation to the bino¡nial
distribution) (!).

Analysis Results

The results of the acciilent data analysis are pre-
sented in the following sections. First, the results
of several analyses of variance and covariance are
presented in order to denonstrate that roadsiile
design policY has a statistically significant effect
on accident rate. Second, the nean and adjustetl
(Ieast square mean) accident rates are presented in
order to indicate the magnitude of the differences
in accident rate between policies. rhiril, the effect
of roadside design policy on acciilent severity is
discussed. Finally, the relation of ADT on acci¿lenÈ
rate in the studY data is illustrated.

Results of Analysis of Covariance

The results of a series of analyses of variance and

covariance that vJere perfornecl on the RoR accident
rate and the fatal and injury ROR accident rate are
presented in this section. These analyses were
perforned by co¡nPuter by using the general linear
model procedure of the statistical analysis system
(SAS) (3). AII conclusions presented here regar¿ling
statístical significance are at the 95 percent con-
fitlence leveI unless otherrdise stated.

The data in Table 2 gíve three analyses of covar-
iance of the single-vehicle ROR accident rate $'here
the effects of roadside ilesign policy and the other
independent variables were consiilered. These analy-
ses indicate that the effect of roadside design
policy on single-vehiclê RoR accident rates is stâ-
listica:.ry significant, even after consicleration of
the effects of state' ADT' and shoulder width' All
four independlent variables in the analysis of covar-
iance for tvJo-lane highways v¡ere stacistically sig-
nificant. The shoulder width covariate was eli¡ni-
nated from the analysis of covariance for freeways
because it was not statistically significant. The
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state factor v¡as not included in the analysis of
four-lane divided nonfreeways because all of these
ilata vtere from one statet the ÀDT and shoulder width
covariates were eliminated because they wêre not
statistically significant. Thus only the factor of
roaclside design policy remains in the analysis of
covariance for four-lane diviiled nonfreeways' Both
two-Iane and freenay analyses contain a terrn for the
interaction between state and roadside design
policyt the state-policy interaction r',as statisti-
ãaIIy significant for two-lane highways, but it was

not statistically significant for freeways.
This sane analysis e¡as repeateil by using the ROR

accident rate for fatal an¿l injury accidents as the
dependent variable. The fatal antt injury acciilent
rate would nornally be expected to be more reliable
than the total accident rate because of the exclu-
sion of PDO acci¿lents, which are subject to varia-
tions in reporting leveIs. The data in Table 3 for
fatal and injury single-vehicle RoR accident rates
are entirelY analogous to the data itì Table 2 for
total single-vehicle RoR accident rates. As in the
earlier analysis of covariance, the effect of road-
side design policy remains statistically significant
¡¡fter consideration of the variables state' ADTr and

shoulder r¡idth. v¡ith only two exceptions' the same

inilependent variables and interactions that were
statistically significant for the total RoR accident
rate are also sÈatistically significant for the
fatal and injury ROR accident rate. One exception
is that the ADT factor r¡as omitte¿l fron the analysis
of freeways in Table 3 because its effect on fatal
and injury accident rate was not statistically sig-
nificant. The other exception is the state-policy
interaction for thto-lane highways, which also r+as

not statisticallY signif icant.
The state-policy interaction in Tables 2 anfl 3

indicates whether the effect of roadside design
poticy on accídent rate varies fron state to state.
If the interaction effect is significant, it inplies
that the accident rate for a given roadsíde design
policy depends on the state. If the interaction
effect is not significant, the roadside design poli-

Table 2. Analysis of covariance of roadside design policy and other var¡ables for single-vehicle RoR acc¡dent rates.

Sum of Squa¡es Degrees of Freedom Mean Square

Significance
(at 95 percent
confidence level)

Source of Variation

Two-lane highways (n = 1,958)
St atea
ADTb
Outside shoulder widthb
Policya
State-policyc

Explained
E¡¡o¡

Total

Four-lane freeways (n = I ,045)
Stateâ
ATDb
Policya
State-policyc

Explained
Error

Total

Four-lane divided nonf¡eeways (n = 580)
Poticya I 0.488

32.603
2.865

18.426
l8.l s0
9.557

8 t.601
867.470

949 .07 t

3.250
0.3 80
2.434
0.032

6.O97
39.789

45.886

2
I
I
2
4

t0
r,947

1,9 57

16.302
2.865

r8.426
9.07 5

2.389

8.160
0.446

1.62s
0.380
2.434
0.016

1.0r6
0.03 8

5.244

5.244
0.1 l4

36.59
6.43

4t.36
20.37

5.36

I 8.31

42.40
9.90

63.5 0
0.42

26.5t

46.08

46.O8

SIG
SIG
SIG
SIG
SIG

SIGd

SIG
SIG
SIG
NS

SIGE

SlG

SIGb

2
I
I
2

6
1,038

t,044

Explained
Error

Total

10.488
65.665

76.153

2

2
s77

s'l9

Note: SIG = statistically significant and NS = not statistically significdt.
aFacto¡. bcovariate. clnteraction. dR2 

= o.oE6. eR2 
= 0.133. fR2 

= o.l3E'
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Table 3. Analysis of covariance
of rædside design policy and
other variables for fatal and
injury single.vehicle ROR
accident rate.

Source of Vdiation Sum of Squares
Degrees of
Freedom Mean Squue

Significance
(at 95 percent
confidence level)

tl:ì

Two-lane highways (n = 1,958)
Statea
ADTb
Outside shoulde¡ widthb
Policya
State-policyc

Explained
Er¡o¡

Total

Four-lane freeways (n = I ,045 )
Statea
Policya
State-poticya

Explained
Erro¡

Total
Fou¡-lane divided non-
freeway (n = J80)
Policya

Explained
Erro¡

Total

3.8t5
t.442
3.t75
5.475
2.212

I 6.1 l9
457.979

47 4.098

0.604
0.261
o.026

0.891
12.07 6

12.967

2.868

2.868
18.404

21.272

2
1

I
2
4

l0
t.947

I ,9s7

r.908
1.442
3.17 5

2.7 38
0.5s3

1.6t2
0.23s

0.302
0.261
0.01 3

0.1 78
0.012

ll434

1.434
0.Q32

8.1 l
6.t3

13.50
l1 .64
2.35

6.85

25.98
22.41

15.3 3

SIG
SIG
SIG
SIG
NSd

SIGC

SIG
SIG
NSf

SIG

2
I

5

lJ39
1,O44

2

'2

577

579

44.9s

44.95

SIG

SIGs

Note: SIG = statistically significant and NS = not statistically significart.
ât̂actol.
bCova¡iate.
clnteraction.
dStatisticaly signifìcant at 9O percent confidence level.
eR2 = 0.034-
fn2 = o.ooz.
gR2 

= 0.134.

cies can be assu¡ned to have the same accident rate
in every state. The analysis results indicate that
the state-policy ínteraction is not statistically
significant for freeways.

The situation for two-lane highways is ¡nore co¡n-pJ-icated. The interaction effecl iÈ statistically
significant for the totaL ROR accident rate but is
(barely) not statistically significant for the fataL
and injury accident rate. Because the analysis of
fatal and injury acci¿lent rates is assumed to be
more reliable (and because of reasons of simplic-
ity), the state-policy interaction for two-Iane
highways has been treated as being not staÈistically
significant and it is assuméil that the nean RoR
accident rate for each highway tl¡t)e and roadside
design poLicy is representative of all three states.
Nevertheless, the use of a separate estinate in each
sÈate for the nean accident rates of eaeh roadside
ilesign policy on tvro-Iane highways could be justi-
fied. The magnitudes of the mean accident rates,
both state by state and combined, are discussed in
the next section.

The conclusion ilrawn fron the anaLyses of covari-
ance is that roadside design policy has a statisti-
cally significant effect boÈh on the total ROR acci-
¿lent rate and on the fatal_ and injury ROR accident
rate. StatisticaÌ significance inplies that the
effect of roadside design policy on accident rate is
Iarge enough that it is unlikely to have occurred
because of randon variation a1one. Nevertheless,
statistical significance does not necessarily imply
that the effect of roadside ilesígn policy on acci-
dent rate is large enough to be significant in a
practical sense. Practical conclusions nust be
baseil on the magnitude of the observed differences
in accident rate between roadside design policies
and on the cost-effectiveness inplications of those
differences. The statistical analysis can only
provi¿le confidence that the observed differences,
however large or smaII, are real.

Mean and Adjusted Mean Accident Rates

In this section the mean and adjusted (or least
sçJuare mean) accident rates for the three highway
types and the three roa¿lside design poì.icies are
cornpared. The most elernenÈary rneasure of effective-
ness for roadsicle ilesign policy is a simple compari-
son of average or arithrnetic mean accident rates.
For example, on freetùays the nean ROR accident rate
is 0.235 accident/¡nillion vehicte-miles for 6:I
clear zone secÈions and 0.329 accident,/mil1ion vehi-
cl-e-miles for 4:1 clear zone sections. The iliffer-
ence in these nean rates--0.094 accident/nillion
vehicle-nites--is a neasure of effectiveness for
improving a 4:L clear zone design to a 6:l clear
zone design. After adjustnent for the effects of
state and ADT on the acciclent rate, the Least square
mean accident rates are 0.I82 accident,/rnillion vehi-
cle-miles for 6:1 clear zone sections and O.2gg
accidentr/nillion vehicle-míIes for 4:1 clear zone
sections. The corresponding difference in nean
accident rates is 0.107 accÍdent/million vehicle-
miles. In most cases the difference between roadside
design .policies in the least square mean accident
rate was slightly larger than the difference in the
arithmetic mean acciclent rate, although the increase
was never large.

The data in TabLe 4 summarize the arithnetic and
least square mean accident rates for each highway
type and roadside design policy for the individual
and co¡nbined states. The arithnetic rneans in Table
4 are the averages of all of the available data
r'rithout regard to state, ADT, or shoulder width.
The least square neans are preferable to the arith-
metic means as a ¡neasure of effectiveness, and the
Ieast square means for the combined stãtes are Èhe
single best neasures of effectiveness for roadside
ilesign policy. Statistical comparisons performed by
using the least square neans procedure of the SAS
computer package confirm that, for each highway
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Table 4. Comparison of
acc¡dent rates between
roadside design policies,

Differences in Accident
Accident Rates by Roadside Design Rates Between Roadside
Policya Design Policies¿

Highway Type Data Set Statistic

6:l
Clea¡
Zone

4: I Clear
Zone

6:1 4: I versus
Nonclear versus Noncleü
Zone 4:l Zone

Two lane

Freeway

Four-lane divided
nonfreeway

Illinois
Minnesota
Missouri
All states
Illinois
Minnesota
Missuri
All states
Illinois
Minnesota
Missouri
All states
Illinois
Minnesota
Missouri
All states
Missouri
Missouri

0.543
0.237
0.389
o.379
0.5 80
0.234
0.393
0.403
o.377
0.225
0.267
0.329
0.375
0.224
0.267
o.289
0.3 l9
0.319

1.180
o.471
0.5 05
0.639
l.l 89
0.325
o.526
0.680

0.607
o.607

Arithmetic meân. 0.385
Arithmetic mean 0.141
Arithmetic mean 0.238
Arithmetic mean 0.243
Least square mean 0.415
Least square mean 0.123
Least- squde mean 0.223
Least square mean 0.254
Arithmetic mean 0.270
Arithmetic mean 0.133
Arithmetic mean 0.136
Arithmetic mean 0.235
Least square mean 0.272
Least squtre mem 0.135
Least squâre mean 0.138
Least squile mean 0.182
Arithmetic mean 0.155
Least square mean 0.155

0.158 0.637
0.096 0.234
0.151 0.1 16
0.136 9.260
0.1 65 0.609
0.1I I 0.091
0.170 0.1 33
0.149 0.277
0.1 07
0.092
0.1 31
0.094
0.1 03
0.089
0.t29
0.1 0?
0.164 0.288
0.164 0.288

aAccident ¡ates are measured for single-vehicle ROR accidents pe¡ million vehicle miles'

Table 5, Adjusted mean

accident rates by highMy
type and roadside design
policy.

Accident Rate by Roadside Design
Policya

6: I Clear
Zone

Differences in Accident Rates Between Roadside Design
Policiesa

6: I versus 4: I 4: I versus Nonclear Zone

Significanceb
^

h
slgnrrrcance-Highway Type

4: I Clear
Zone

Nonclear
Zone

ROR accidents
Two lane
Freeway
Four-lane divided

nonfieeway
Fatal and injury ROR

accidents
Two lane
Freeway
Fourlme divided
nonfreeway

0.254
0.1 82
0.1 55

0.403
o.289
0.3 l9

0.1 83
0.1 00
0.129

0.680

o.607

0.320

o.298

o.149
0.i07
0.t64

0.085
0.032
o.012

0.277

0.288

0.137

0.1 69

0.098
0.068
0.057

SIG
SIG
SIG

SIG
SIG
SIG

SIG

SIG

SIG

SIG

Note: SIG = statistically significânt.
aAccident rates a¡e measured in accidents pe¡ million vehicle miles,
bs'tatistically siFificant at the 95 percent confidence level.

type, the least square mean accident rates for all
of the roa¿lside design policies are significantly
different. Results analogous to those given in
Table 4 were al-so obtained for the fatal anil injury
ROR acci¿lent rate.

AIso given in Table 4 are Èhe rneasures of effec-
tiveness obtainecl from the data for the individual
states. The state data indicate that, although the
nagnitudes of the accident rates the¡nselves vary
rnarkedtly from state to state, the differences in
¡nean acciilent rate between roaclside clesign policies
are consistent frorn state to state, v¡ith only one
exception. The one excePtion is the conparison
between 4:l clear zone an¿l nonclear zone sections
for two-Iane highways, which is larger in Illinois
than in the other tv¡o states.

The key neasures of effectiveness frorn the acci-
dent ânalysis are sum¡narized in Table 5. The data
in this table give the least square neans for the
individual highways tl¡Pes and roadsiile clesign poli-
cies and for the differences betneen Policies. The
¿lata in Table 5 inclicate that the differences in
acci¿lent rate between the roadsiile dlesign Policies
are statistically significant andl that the roadside
ilesign policies vary markedly in accident rate when
conpared. For examPle' the fatal and injury accident
rate for a 6:l clear zone section on a two-lane

highway is about half the rate for a 4:1 clear zone
section, erhich is in turn about half the rate for a

nonclear zone section. Neverthelessr the differences
in accident rate bett{een roadside design policies
are small in absolute nagnitude. For exanPler the
largest difference between roadside design policies
as given in lable 5 is 0.288 accident,^aillion vehi-
c1e-¡îiles for four-lane divided nonfreeways, which
corresponds to 0. 46 accídent/mi1e,/yr.

Tests for Effects of Acciilent severity

The analysis described in the Preceding section
established that the ROR accident rate dlecreases as
the roaitside alesign Policy improves. Further sta-
tistical tests were condlucted to deternine whether
the roadsiile design policies aLso differ in the
severity distribution for reportecl accidents. Àcci-
dent severity is generally classified in three cate-
gories: fatal, injury, and PDO accialents. If there
is a shift in the ilistribution between these leve1s
of accident severity from one roadlsicle design policy
to another, this shift should be consiclered in any
cost-effectiveness analysis of design policies.

The severity distribution for ROR accidents are
given in Table 6 by highway type andl roaclside design
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Table 6. Accident sever¡ty distribu-
tion for single.vehicle ROR
accidents.

Table 7. Stat¡stical tests of distríbu-
tions ¡n accident severity for ROR
acc¡dents.
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Accidents

Fatal Inj ury PDO Iotal
Highway Type

Roadside
Design Policy No. Percent No. Percent Percent No Percent

Two lane

Four-lane freeway

FourJane divided
nonfreeway

6: I clear zone
4: 1 clear zone
Nonclear zone
6; I clear zone
4: I cleu zone
6: I cleæ zone
4:1 clear zone
Noncleæ zone

201 41.1
720 44.5
684 43.O
7 05 35.7

1,638 34.8
I 09 41.5
348 42.9
95 49.0

276 56.4
850 52.s
886 55.6

1,237 62.7
2,999 63.7

1s0 57 .0
448 55.3
97 50.0

489 100.0
1,618 100.0
1 ,592 100.0
1,974 100.0
4,708 100.0
263 100.0
8 I I 100.0
194 100-0

l2
48
22
32
7t

4
15

2

2.5
3.0
1.4
1.6
1.5
1.5
t.8
t_0

Highway Type Road Design Policy Comparison

3 Levelsa 2 Levelsb 2 Levelsb
(fatal versus (fatal versus (fatal and hjury
injury versus PDO) injury) versus pDO)

Two lane

Four-lane freeway
Four-lane divided
nonfreeway

6:1 clear zone versus 4: I clea¡ zone
4: I cleæ zone versus nonclear zone
6: I clear zone versus nonclear zone
6: I cleu zone versus 4:l clear zone
6: I cleil zone versus 4: I clear zone
4: I cleu zone versus nonclear zone
6:1 clea¡ zone versus nonclear zone

NS
NS
NS
NS
NS
NS
NS

NS
SIGC
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

I
Note: NS = not statislically significant and SIG = stâtistically significdt
aUsed Kolmogorov-Smirnov test for distiibution shift.
bUsed Z-test fo¡ difference of propo¡tions.
cstatislically significa¡t at 95 peicent confidence level.

policy. The table entries represent the combined
data for lllinoís, Minnesota, and !,tissouri.

The differences in the distribution in accident
severity between roailside design policies, as indi-
cated by the data in Table 6, are s¡nal1, and there
is no consistent pattern of 1ower accident severiÈy
on inproved roadside design policies. Statistical
tests were conducted to compare the distributions in
accident severity for pairs of roadsiile ilesign poli-
cies within inilividual highway types. Three differ-
ent forms of the distributíon in accident severity
were tested: one form that used three severíty
levels (fatal versus injury versus pDO), and tyro
other forns that used two levels (fatal- versus in-jury; and fatal and ínjury versus pDO). The three-
1eveI conparisons were performed by using the Ko1-
mogorov-Snirnov test for distribution shifts (2).
The two-level comparisons were performed by using
the Z-test for ilifferences in proportions (4).

The results of the statistical tests involving
the distribution in accident severity are given in
Table 7. Of the 21 tests performed, only one vras
statisticalLy significant. Furthernore, the conpar-
ison that was statistically significant was in the
opposite sense to that expected¡ the proportion of
fatal and injury accidents involving fatalities r¿as
larger for 4:I clear zone sections than for nonclear
zone sections on two-lane highways. This result to
the contrary nonwithstanding, it was conclude¿l that
there is no differenee between roadside design poli-
cies in the severity distribution of reported acci-
ilents.

None of these analyses reveals any consistent
trend to\dard improvenents in roadside design policy
decreasing the fatal and injury accident rate to a
greater extent than pDO acciilents. The reader should
not misinterpret this finiling to mean that inprove-
nents in roadside design policy do not ilecrease the
frequency of severe accidentst the finding means
onÌy that such inprovements are equally effective in
reducing both fatal and injury accidents and pDO

accidents.

Relation of ADT and Single-Vehicle ROR
Àccident Rate

A further analysis vras conducted to guantify the
relation between ROR accident rate an¿l ADT. The
analysis of covariance results reported earlier
have revealed that ADT can have a statistically
significant ínfluence on accídent rate; therefore,
the magnitude and ¿lirection of this influence was
deternined.

An analysis of covariance model generally repre-
sents the relation between a covariate and the de-
pendent variable (in this case, the acciilent rate
and ADT relation) as a straight Line. Às an exten-
sion of the analysis of covariance procedure, astatistical test can be used Èo determine whether
the slope of the linear accident rate and ADT rela-
tion differs between the roadside design policies or
lvhether a single conmon slope can be used for all
roadside design policies. This determination re-quires a different rnodel of analysis of covariance
than the one used earlier because the ADT covariate
must be entered into the rnodel after, rather Èhan
before, the factor of roadside design policy. The
comparison of slopes is perforned by an F-test de-
scribed by Ostle (4. p. 204) and is perforneil if,
and only if, there is a significant linear reLation
between acci¿lent rate and ADT. The specific proce-
dure used to perfor¡n the slope comparisons when
using the SAS conputer package was that described by
G.A. Miuiken and D.E. Johnson in Chapter XI oftheir unpublished paper rAnalysis of Messy Data"
Prepared for an fnstitute of professionaL Education
seninar, Washington, D.C., June lgSl (29S pp.).

For two-lane highways, the slopes of the ROR
accident rate and ADT regression Lines for the three
roadside policies are -0.030, -0.050, anil -0.027accident/million vehicle-niles per 1r000 vehicles/
day for 6:l clear zone, 4:1 clear zone, and nonclear
zone sections, respectively. These three individual
linear relations between accident rate and ÀDT s¡ere
each statistically significant (i.e., the slope of
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Figure 2, Relation between
single-vehicle ROR acci-

dents per mile per year

and ADT for two'lane
highways.
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each regression is significantly different fron
zero) .

Àn F-test to conpare these slopes inilicates that
they do not differ significantly [F(2,2018) =
0.5961' v¡hich inilícates that the comrnon slope of
-0.041 accident/miltion vehicle-¡niles per I'000
vehicles/ilay can be used for a1t three roadside
ilesign policies.

The negative slope of this relation indicates
that Èhe single-vehicle ROR acci¿lent rate decreases
with increasing ADT. This same tren¿l has been ob-
served in oÈher studies, where the total accident
rate for tvro-Iane highways has been found to de-
crease with increasing traffic volune' particularly
at low traffic volune levels where single-vehicle
accidents predominate ( 5) . This relation can be
expressed as

AR = -0-041 ADT + b"

r where

, eR = single-vehicle ROR accident rate (accident,/
.l ¡nillion vehicle-niles) '_i-
i aDT = average daily traffic volune (11000 vehi-

ctes'/day) anil

I bo = a constant that depends on the roadsi¿le de-
I sign poticy (bo = 0.36I for 6:I clear zone

I ;illl""å,uo'å]lrr'"1"."1",:ï::: ;:Ï :::-
tions) .

Figure 2 shows the variation of acciilents per
mile per year with ADT' based on the relation pre-
sented in Eguation 2. The accident experience shown
in Figure 2 has been expressed as an accident fre-
quency per mile per year' rather than as an accident
rate, in order to illustrate the ¡nagnitude of the
average differences in roailside clesign policies¡ for
this reason the relations shov¡n in Figure 2 are
nonlinear.

A si¡nilar analysis for fatal and injury RoR acci-
dent rate revealed that a common slope of -0.026
accident,/míItion vehicle-rniles per 1,000 vehicles/
day should be used [F(2'2018) = 1.06]. This rela-
tion can be expressecl as

ARp¡ = -9.626 ADT + bo (3)

vJhere

ÀRFI = fatal and injury single-vehicle ROR ac-
cident rate (acciclent,/mitlion vehicle-
rniles) 'ADT = average ilaily traffic volu¡ne (Ir000 vehi-
cles,/dlaY) ' and

bo = a constant that depends on the roadside de-
sign policy (bo = 0'166 for 6:1 clear zone
sectíons, 0.251 for 4:1 clear zone sec-
tions, and 0.388 for nonclear zone sec-
tions) .

For freeways, the accident rate and ADT regres-
sion lines for the 6:1 and 4:I clear zone policies

(2)
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were not statistically significant. This finding
means that the best esti¡nate of the slope of the
accident rate and ADT relation for freeways is zero.
The sane result was obtained for the relation be-
tween fatal and injury accident rate and ADT for
freeways. The slope of the accident rate and ÀDT
relations for four-lane divided nonfreeways v¡ere
also not significantly different from zero. These
results are in contrast to the results given for
freenays in Tables 2 and 3r !ùhere ADT and the vari-
ables for roaclside design policy were considered in
a different order.

Esèination of Àccident Rates

Àccident rates r.vere estirnatecl by using the model in
NCHRP Report 148 (6) for several situations \rhere
accident data r{rere not available. For example,
there lrere no freeway sections in the study that had
a nonclear zone design policy because most freevrays
either had a 30-ft clear recovery zone originally or
have since been upgracled. The model in NCERP Report
I48 was use¿l to estimate the single-vehicle ROR
accident rate for a freeway that had a roadsicle
design comparable to a trilo-lane nonclear zone sec-
tion. This estination process reguired an adjust-
ment of the model (described in detail in the proj-
ect report) because the accidlent rates predicted by
the nodel for the types of highway sections evalu-
ated in this study were rnuch higher than those actu-
aIly founil in the project data and reported in Tab1e
5. After adjustment of the mode1, the estinates
obtained for nonclear zone sections on freeways were
0.149 accident/nilIion vehicle-¡niles for the fatal
and injury single-vehicle RoR accident rate and
0.407 accident/mitlion vehicle-miles for the total
single-vehicle ROR accident rate.

It vras also deternined that, by using the model
in NCHRP Report 148 for both tr,ro-lane highways and
freeways, highway sections with 20-ft clear zones
would experience single-vehicLe ROR accident rates
approximately 10 percent higher than similar highrday
sections with 30-ft clear zones. ft was deterrnined
that, if the 4:I clear zone policy was more uni-
fornly applied (where roadsiiles lvere conpletely
clear of unprotected fixed objects and no slopes
vrere steeper than 4:1), reductions in the accident
rate of about 5 percent coul¿l be obtained on free-
v¡ays and about 25 percent on two-lane híghways.
SimiLar results were obtained for a more uniform
application of the 6:1 clear zone design policy on
freeways and two-lane highways.

COST-EFFECTIVENESS IMPLTCATIONS

Four design examples have been developed to help
readers interpret the cost-effectiveness implica-
tions of the findings obtaíneil from the study. The
purpose of these exanples ís not to suggest that the
choice of roadside design poticies can or should be
based on a single clesign situation. It is recog-
nized that both ROR accident rates and construction
costs nay vary from site to site. These exanpLes
are intended only to compare the average reductions
ín the accident rate and the typical construction
costs for improvíng highways with one roadside de-
sign policy to another. Highway agencies are en-
couraged to deveLop sirnilar cost-effectiveness ap-
proaches based on accident rate and cost data appro-
priate for their locale.

The cost-effectiveness anaì.ysis technique use¿l
for the design examples rrras a benefit-cost conparÍ-
son of the present v;orth of both accident cost sav-
ings and construction costs. The criterion used to
conpare benefiÈs and costs is the benefit-cost (8,/C)
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ratio. Roadside improvements are considered cost
effective or economícally justified whenever the B/C
ratio equals or exceeds 1..0. The computation of the
B/C ratio was based on an analysis period of 20 yr.
Because the major capital ite¡ns in each irnprovenent
(earthwork and right-of-way) generaLly have service
lives longer than 20 yr, those itens were assigned a
residual value at the end of the analysis period.
The accident reduction estimates used for the analy-
sis were determined from the accident rates given in
Table 5 and an assumetl value for the average ADT
over the 20-yr analysis period. The discount rate
used to obtain the present north of future costs anil
benefits was 4 percent/yr. The 4 percent discount
rate represents the real long-term cost of capital
over the inflation rate. This rate allows the anal-
ysis to be conducted on a constant-dollar basis,

. with the effect of inflation excluded.
The differences between the roadside design poli-

cies in accident frequency per rnile per year, and
therefore in accident costs savings and the B/C
ratio, increased with increasing traffic volume.
Therefore, one nethod of illustrating the results of
the benefit-cost analysis is to deternine a break-
even ADTi i.e., the traffic volune at srhich the
present hrorth of the benefits of the accident reduc-
tion is exactly equal to the present worth of the
construction cost of the improvement. The break-even
ADT represents the ¡nininu¡n traffic volume at which a
roadside dlesign inprove¡nent on an average highway
section would be cost effective. The break-even ÀDT
has been computed, for illustrative purposes, in
generalizing the design examples presente¿l here.
I{ohrever, the compuÈation of the break-even ADT is
not essential when evaluaÈing roadside design poli-
cies for an individual highway section vrith a known
ADT. To determine the econonic justification for
roaclside design improvenents in such a case, it is
necessary only to conpute the B/C ratio for each
incre¡nental roadside design improvenent (nonclear
zone to 4:1 clear zone, or 4:1 clear zone to 6:1
cl-ear zone) anil compare it to 1.0.

The four design examples incluile a comparison of
(a) nonclear zone and 4:l_ clear zone roadsiile design
policies for freeways, (b) 4:1 clear zone and 6:1
cÌear zone roadside design policies for freeways,
(c) nonclear zone and 4:1 clear zone roailside design
policies for two-lane highways, and (d) 4:I clear
zone an¿l 6:1 cl-ear zone roadsiile design policies for
two-lane highways. The results obtaineil fron the
benefit-cost evaluation for each design exarnple aregiven in Table 8, incluiling the expected reiluction
in the accident rate, the cost savings per accident
reiluced, the construction cost of the inprovement,
and the break-even ADT. For each example, the break-
even ADT was computed separately based on accident
cost esti¡nates developeël by the National Safety
CounciL (NSC) and the NIÍISA.

The design examples for freeways indicate that
the inprovenent from a nonclear zone.to a 4:I clear
zone roadside design poLicy becomes cost effective
in the ADT range of 3r820 to 5,410 vehicles/ilay.
Thus, based on assumed conditions of construction
cost and terrain, the use of at least a 4:L clear
zone roadside design policy is economically justi-
fied, on average, for alt but a small portion of
rural freeway rnileage. The use of a 6:1 clear zone
roadside design policy becomes cost effective for
rural freeways in the ADT range of 6rL00 to 9,650
vehicles,/day. Although the results of these exam-
ples are not intende¿l to provi¿le a specific traffic
volume level on which roadsicle design policy should
be based, they do indicate that there is no single
roadsicle design policy that is the nost appropriate
in all situations on rural freeways. Thus a flexi-
ble policy is needed vrhere the most cost-effective
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Table L Summary of benefit-costevaluation for four design examples'

Roadside Design Policy
Improvement

Freeways Two-Lane Híghways

Noncleal Zone to 4:l Clear Zone lo Nonclear Zone to 4:l Cleü Zone to
4:1 CLear Zone 6:1 Clear Zote 4:l Clet Zone 6:1 Clea¡ Zone

Expected accident rate reduction
(accidents per million vehícle miles)

Accident cost savings ($/accident
reduced)

Based on NSC accident costs
Based on NHTSA accident costs

Improvement construction cost
($/mile)

Residual value of improvement after
20 y¡ ($/mile)

Breakeven ADT (vehicles/daY) for
B/C = l.0a

Based on NSC accident costs
Bâsed on NHTSA accident costs

0.1 18

7,748
10,977
3t,265

t4,7 53

5,410
3,8 20

0.1 07

7,748
10,977
47,t48

25,407

8,650
6,1 00

0.277 0.149

9,266 9,266
t4,502 14,502
19,029-66,804 22,984

8,873 13,622

1,180-4,930 2,450
750-3,1 50 I,560

aFor computation, see NCHRP Repofr 24? (1 ).

roadside design is selectecl for each section of
highway.

The results of the design examPles for teto-lane
highways are not as clear as the results for free-
ways because the roadside designs found on te¡o-Iane
high$¡ays and the costs of improvenents in roadside
design are rnore variable than for freeÌrays' The

constructíon cost for improving a two-lane highway
nith a nonclear zone roadside dlesign policy to a 431

clear zone roadside design policy was highly dlepen-

dent on the number and tt4)e of roadside objects to
be removedl. oepending on the construction cost used
and the selection of the NSC or NHTSÀ accident
costs, the inprove¡nent from the nonclear zone policy
to a 4:1 clear zone Policy could becorne cost effec-
tive anywhere in a broad ADT range of 750 to 4'930
vehicles/clay. If a 4:I clear zone design poticY is
justifiett for a highway section, or if an existing
highway already has a 4:1 clear zone design policy'
a further improvenent to a 6:1 clear zone design
policy would becone cost effective in the range of
Ir5eO to 2,450 vehicles/ðaY. There are situations
on thto-lane highways where either the 6:l clear
zone, the 4:I clear zone' or the nonclear zone road-
side policy nay be the most cost-effective approach'
Although the results obtained fron the ilesign exarn-
ples for tr,to-lane highways are rnore cliff icult to
leneralize than the results for freewaysr the need

io consicler cost-effectiveness in deterrnining the
roadsicle design poticy remains the same.

CONCLUSIONS

The major conclusion of this study is that there is
a statisticaJ.ly significant relation between single-
vehicle RoR accident rate anil the roailside design
policy used outsidè of the highway shoulder. The

itudy tindings provide estinates of the singLe-vehi-
cte RoR accident rateg for highway sections with and

without clear recovery zones and for clear recovery
zones of varying slope and width. These measures of
effectiveness are surnmarizeil in Table 5. The varia-
tion of these measures of effectiveness with ADT can
be examined by using Equations 2 and 3.

Four design examples ¿lemonstrate a cost-effec-
tiveness cornparison of the average acciilent re¿luc-
tion benefits and typical construction cosÈs for
inprovements in roadside design policy. It is not
suggested that decisions about roadside design
policy can be based on these four exa¡nples. Never-

theless, the examples do indicate that there are
situations nhere it is most cost effective to pro-
vide clear recovery zones with 6:1 sloPes, other
situations where it is tnost cost effective to pro-
vide clear recovery zones with 4:1 sloPes, ancl still
other situations where it nay not be cost effective
to improve roadside design outsidle the shoulder area
at all.

The rnajor recornmendation resulting fron the re-
search is that roadside design policies should be

flexible in order to provide a cost-effective road-
side dlesign for each highway section (e.9.' each
highway project). The benefit-cost evaluation pro-
ceclure useil for the design exarnPles in this study is
suitable for the evaluation of roadside clesign pol-
icies. The rnaxinum return will be obtainedl from
roactside dlesign improvements if a cost-effectiveness
analysis is conducted for lndlividual highway sec-
tions.

rt is recommended that the average accident rates
developed in this study be used to cleterrnine the
benefits of irnprovernents in roadside clesign policy'
unless nore site-specific data can be obtained.
Particular attention shouldl be paidl to adjusting the
¡neasures of effectiveness for sites thaÈ have ex-
trenely high or extremely low roadside accident
rates. Site-specific estinates of the construction
costs for improvenents in roaclside design should
also be used. Nevertheless, it is recognized that
agencies, for legal an¿l adninistrative reasonsr may

want to adopt policies that use consistent designs
for highways of si¡niLar functional class and traffic
volurnes. Such poLicies can be developed by each
agency for classes of si¡nilar highways in a ¡nanner

analogous to the dtesign examPles presented in this
paÞer, based on estimates of construction costst
accident costsr interest ratesr anil service life
appropriate for that agency. ft is reco¡nmended that
sufficient ftexibility should be retaineil in such
policies to allow rnodifiedl designs for locations
with extremely high or extrernely low values of con-
struction cost or effectiveness.
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Discussion

Tom Mulinazzi*

f am impressed by the way craha¡n and Harv¿ood docu-
ment the findings of their research. I especially
approve of one of their major recommendations--that
roadside design policies should be flexible in order
to provide a cost-effective roadside design for each
highway section or highway project.

It is Íty beLief that a large percentage of the
single-vehicle encroachrnents off the roadway go
unreportecl. This is shown in Figure 2. I do not
believe that the 4:l clear zone, the 6:1 clear zone,
or the nonclear zone helps keep the vehicle on the
traveled way. f do believe, however, that the use
of the 6:1 cLear zone permits many more single-vehi-
cLe encroachments to go unreporte¿l than on the 4:L
clear zone, and also nore unreported encroachnents
on the 4:l clear zone than on the nonclear zone. The
4:1 clear zone is steeper than the 6:1 clear zone,
which would have a tendency to force vehicles to
travel further fron the traveled way on the 4:l
clear zone. The nonclear zone, by definition, has
more fixed objects for an errant vehicle to hit. To
repeat nyself for emphasis, I ¿lo not believe that a
6:1 clear zone keeps vehicles on the traveled way,
however, f do believe Èhat the 6:1 clear zone allows
¡nore vehicles to reenter the roadway without having
a reporte¿l accident.

In conclusion, f conmenil the authors for writing
a well-documente¿l paper and presenting sone facts
thaÈ shouLd be usefuL for practicing highway engi-
neers.

J.W. HaIl**

Graharn and llarvrood have maile a significant contribu-
tion by quantifying the leve1 of effectiveness of
clear recovery zones. Because their research pro-
vides the highway engineer with a technique for
assessing roadside safety improvemenÈs, the inter-
ested reader is strongly encouraged to review the
authorsr work in NCIIRP Report 247 (Il. Because of
its greater length, the full report ãore thoroughly
docunents the procedures and analyses used in this
study.

The authorsr research was funded by WCHRp, which
imposes certain technical, financial, and time con-
straints on researchers. These constraints are
clearly evidenced in their paper, which prirnarily
focuses on the roadside while devoting only ¡ninimal
attention to the roadway. The authors also incorpo-
rate previous reports and sone seconclary data
sources to fill gaps that could not be examined in
suitable detail because of the projectrs budgetary
and temporal li¡nitations. The reader who is cogni-
zant of previous research involving ROR crashes hrilL
have little diffióulty in recognizing how this re-
search supplenents the current state of the art, the
rnore casual reader, however, could misinterpret some
of the stu¿ly results. The intent of this iliscussion,
therefore, is Èo comment on several itens that could
cause confusion.

In Appendix D of NCItRp Report 242, the authors
distinguish roadside encroachnents fro¡n ROR crashes.
The paper fail.s to nake this distinction; conse-

*Civil Engineering Departrnent, University of Kansas,
Lawrence, Kans. 66045
**Bureau of Engineering Research, University of Nerù
Mexico, Albuquerque, N. Mex. 87131

Transportation Research Record 923

quently, the reader night erroneously conclude that
improved roadside design will reduce the frequency
with which vehicles leave the road. What has been
learned from the project is that only those en-
croach¡nents that meet the definition of an accident
and that are reported decrease wíth improved road-
side design. The researcherst difficulty in quan-
tifying this deqrease could be due in part to an
underreporting of encroachments on safer roadsides
¡{here accident threshold damages are exceeded, but
vrhere the inpacÈing vehicle is still drivable.

The project also conducted a rather casual quali-
tative evaluation of roadway curvature and no mea-
surement of gradient at 130 randomly selected sites.
À nunber of previous studies (7rg) have found a
relation between these geonetric- ?eatures and the
occurrence of ROR crashes (and presumably encroach-
ments). The researchers were unable to distinguish
roadside type on the basis of the proportion of
sites h'ith tangents for any of the three roadway
tl4)es studied. Although this finding is nildly
surprising, the reader shoul¿t not interpret this to
mean that alignnent does not influence the occur-
rence of ROR accidents.

Because of project Iimitations the researchers
were forced to rely on a restricted sample for this
study. The researchers offer appropriate justifi-
catíon for their use of data from fllinois, Minne-
sota, and Missourii indeed, the more than 11r000
accidents considered in this project appear ade-quate. Nevertheless, the authors fail to iliscuss
the extent to which these states typify the situa-
tion in the remainder of the count.ry. Without de-
tracting from the findings in the study, it is note-
worÈhy that, as a group, these three states exhibit
accident characteristics that are somevrhat different
from those of other states.

Data from the Fatal Accident Record Systen (FÀRS)
for 1980 reveal that these three states account for
8.26 percent of the fatal accidents studied in this
research (rural¡ single-vehicIe, ROR acci¿lents on
two- and four-Lane highways), a figure slightly in
excess of theír 7.82 percent share of all fatal
accidents. It is also noteworthy that a signifi-
cantly lower percentage (46 percent) of these fatal
accidents in the study states occur on curves than
that reported for the remainder of the country (52
percent). ft nay aLso be relevant that less than 13
percent of the fieLd sites studied in this .research
exhibited curvaturei therefore, these may not be
representative of the actuaL sites where these
crashes are occurring. fn addition, roadway align-
¡nent differences among these three stâtes may partty
account for the state-tû-state differences in sin-g1e-vehicle ROR crash rates observed by the re-
searchers. Àlthough it would be inproper to draw
far-reaching conclusions fron the generalized align-
nenË data provided by FARS, jurisdictions where
adverse geometrics are more frequently associated
with these types of crashes shoul-d recognize this
difference when interpreting the results of this
study.

The authors have clearly indicated that v¡hat they
refer to as a 4:I clear zone policy is actually a
variable criteria that does not preclude slopes
steeper than this value. Unfortunately, the policy
is so variable that the average foreslope values
cited are of questionable value. Actual1y, the
inherent variations in roaclside slopes with both
longitudinal an¿l l-ateral displacement make iE ex-
ceedingly difficult to categorize this parameter,
even for those sections of roadway supposedly built
according to a specified policy. It is also not
clear if the ¡neasurenent techniques used by the
researchers ignored slopes less than 5 ft.

The.researchers used the model developed by Glen-

.-I
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non (!) to estimate acciilent rates for various roacl-
side ãesign policies. Predicted accident rates for
freeways were I tines the observed values. Although
these differences are clearly troubleso¡ne' they are
consistent with Glennon and Wilton's adnonition (9)

that the encroachnent frequencies used in Glennonrs
earlier nodel are simply 'order of rnagnitude' esti-
nates. It has been suggested in recent research
Èhat the original encroachrnent alata from Kennedy and

Hutchinson have been appl'ied far beyond their liníts
of applicability, thus producing unreliable results'
In their paper the researchers have attempted to
estinate accídent rates for freewaY sections with
nonclear zone designs by adjusting preclicted acci-
dent rates with a correction factor. A1thoúgh the
analysis appears to be conservative, the exPected
reduction in the accident rate for thís type of
roadway nust be viewed with suspicion.

et lhe risk of engaging in a sernantic debate' the
researchersr use of the term "unprotected fixed
object" nust be criticized. Fixed objects do not
need protectiont people do. Since the mid-l960s
highway engineers have recognized that one of their
najor responsibilities is to protect vehicle occu-
punt" ftotn injury. A number of Èerms, including the
lossibly over$torked "roadside obstacle,n would be

more suitable.
Although the focus of their paPer is on clear

recovery zones' the researchers incorporate the
techniques of engineering economy to denonstrate the
applicátion of the finilings of their study' They
prãperfy note some límitations of their exanples and

suggest thaÈ individual analyses be conducted at
specific sites. They have chosen to use the 4 per-
cent discount rate nentioneil in the AASHTO Red Book
(10) vrithout noting that a nu¡nber of researchers'
irrctuaing Ki¡nboko and llenion (!Ð ' have raised ob-
jections to this approach. The use of a break-even
analysis with a B/C ratio of I-0 was appropriate for
demonstration purposes in their paPer, but the
reader shoul-d be cautione¿l that such an analysis
could yield incorrect results if it were apPlied in
an atÈernÞt to ¿letermine the optimal expendiÈure of
highway safety funds.

The researchers have providecl an adequate assess-
¡nent of the effectiveness of clear recovery zones'
Although the stuily irnplies that the effectiveness
derives primarily fro¡n roadside rather than roadway
characteristics, evidence suggests that RoR crashes
are not distributeil unifornLy or randonly along the
roadway, anil this concept is reinforced by the
align¡nent differences betv¡een the FARS and randon
site data for the study states. Those people rdho

use the findings from this study should recognize
that the actual effectiveness of an improvecl road-
side design policy wilf be greater at those loca-
tions where roa¿lsi¿le encroachnents are more likely
to occur.

^A.uthors' Closure

we thank Mulinazzi and Hall for taking the tine to
review and discuss our PaPert we appreciate their
coÍunents.

Hall is quite precePtive to recognize that funiled
research must address the objectives defined by the
sponsor and within constraints set by the sponsor'
The objective of this stualy was to evaluate the
safety effects of roadside design policies rather
than to evaluate the safety effects of particular
geometric features. The study was intended to ad-
dress the following questions: Are clear recovery
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zones generally effective? and' what roadside ile-
sign policies are nost appropriate for application
over relatively long sections of highway that tra-
verse a variety of terrain features? The study lvas

not intendeil to investigate the optíma1 roadside
design at any sPecific location.

The evaluation was accomplished bY using study
sections that represent the variety of terrain,
roadway geometrics, and roailside geornetrics aetually
founcl in the field on highways constructed under
each policy. The safety measures cleveloped nust be

interPreted as averages over the mix of cut-anil-fill
sections and the distribution of enbanknent slopes,
embankment heíghts, and fixed objects actually founil
for each policy in the fie1d. The section on Re-
search ÀPproach explains that any further consiilera-
tion of the incremental effects of specific roadsíde
features or roadway geometrics would have required a

detailed inventory of highway sections that woul¿l

have been far beyond the resources available to the
study. Nevertheless, we believe that the results
reported in the paPer address the objectives definecl
by the sponsor of the research.

HaII notes' as we did, that the highway sections
constructed under the 4:1 clear zone policy con-
tained so¡ne embank¡nent slopes steeper than 4:l and

so¡ne fixed objecbs within the 30-ft clear recovery
zone. We addressed the issue by using the moilel in
NCHRP RePort 14S (9) to estimate that' if the 4:1
clear zone policy had been unifornly apPl-íed, the
resulting accitlent rates woulal have been 5 percent
less than the reported results on free¡{ays and 25

percent less than the reported results on two-lane
highways.

HalI correctly observes that highways in the
three states considereël--I1línois, Minnesota' and

¡4issouri--are slightly less like1y to contain hori-
zontal curves than highways in the nation as a

whoIe. Based on our field survey sample, horizontaL
curves constitute approxirnately 13 percent of the
total length of the study sections. (But we ktish to
point out that this is not the sarne as saying that
änly 13 percent of the study sections containeil
horizontal curves. ) By contrast' the geo¡netric
inventory of highway sectíons assenbleil for the FHWA

study, "Effectiveness of Alternative Skid Reduction
Measures" (I2), which inctuiled nore than 21000 miles
of highway in 15 states from all regions of the
countryr found 15 percent of the total length of
these sections to be on horizontal curves.

HaIl- raises the question of whether slopes
shorter than 5 ft were measured. we wish Èo reas-
sure him that the slope and length of all embank-

ments' however shortr were measured.
¡lail ¡nakes a valid semantic point about possible

nisinterpretation of the term ¡unprotected fixecl
object,n by which we rneant a fixed object that was

noi b"hind a guarilrail. Although the neaning of the
term unprotected used in this sense is obviousr we

agree that another term such as "exposeil fixed ob-
ject" ¡night be Preferable.- rinalÍy, v¡e ãre in complete agreement v¡ith ltallrs
statenents that RoR accidents are noÈ distributeil
unifornly or randomly along the roaihtay and that the
effectiveness of improveil roadside ilesigns ¡¿iI1 be
greater at locations where roailsicle encroachnents
are nore likely to occur. It may be far more cost
effective to concenÈrate the available dollars on

inproving the roadside at specific locations vtiÈh

the greatest need (such as on the outsiile of hori-
zontal curves) than to require a uniform roadsitle
design over extended sections of roadway' we

strongly believe that further research is neeiled to
quantift the roadside accident rates on horizontal
cor.re" and other high-encroachment-rate locations to
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provide a basis for nore ftexibLe and cost-effective
design políeies.

We are gratified that the comments by Mulinazzi
echo this need for flexibility in roadside design.
The results of this study indicate that improvenents
in roadsiile ilesign can be cost effecÈive, but un-
fortunately we are a long rray fron achieving the
goal of naxinum cost-effectiveness through fLexible
design.
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Comparing Operational Effects of Continuous
Two-Way Left-Turn Lanes
DAVID P. McCORMICK AND EUGENE M. WTLSON

ln th¡s paper the operat¡onal effects of continuous two-way left-tu rn lanes
(TWLTLs) were compared with four-lane sest¡ons and f¡ve.lane Z-turn-pattern
sect¡ons. Both three{ane and five.lane TWLTL sections were examined.
These comparisons were made in order to determine under which c¡rcumstances
a particillar alternative will produce the best results from the standpo¡nt of
movement effic¡ency and safety. The following variables were monitored and
evaluated ¡n this study: traff¡c counts, speed surveys, lateral placement, con-
flicts, acc¡dent histories, site accesses. turn¡ng movements, day or n¡ght opera-
tions, and dry or wet pavement cond¡tions. The TWLTL treatments were ef-
fect¡ve under a var¡ety of turn¡ng and main line volumes. Statist¡cally, lower
mean conflict rates were obse¡ved for the f¡ve-lane TWLTL when compared
w¡th either the four-lane or Z-pattetn treatments. Th¡eelane TWLTLs were
superior to four-lane segments under mo¡e select¡ve circumstances.

One of the consequences of locating retail estab-
Iishments outside the confines of a central business
tlistrict (CBD) has been the advent of strip conner-
cial areas. These areas rely on the linear high
densities provided by traffic on arterial systems as
a substitute to the CBD, while catering to the pub-
Iic's desire for drive-up convenience. Although
such areas have been successful for sone reÈail es-
tablísh¡¡ents. the transportaÈion irnplications of
strip commercial zones create one of the toughest
design problerns for the transportation engineer.

fn develope¿l strip commercial areas, continuous
two-way left-turn lanes (TWLTLs) have been used as a
possible arterial inprovement. In this paper the
operational effects of TWLTLS were conpared with

four-Iane sections and five-Lane Z-turn-pattern
sections. This comparison was ¡nade in order to
determine under what circunstances a particular
alternative will produce the best results from the
standpoint of ¡novenent efficiency ân¿l safety.

LITERATURE REVIEW

À literat,ure search revealed several aspects about
ÎWLTL operations. clennon anil others (t) suggestedl
thaÈ the use of a TWLTL is hrarranted when the aver-
age ilaily traffic (ÀDT) volumes are betrveen 10,000
and 20,000. This range is typical of the operating
conditions found in the literature. In many cases
the vÖIume data vrere not broken down further than
AÐT. The appeal of using peak-hour ¿lata eras alluded
to by Cribbins and others lll z rFindings of this
investigation inilicate that rnedian openings, per se,
are not necessarily accident prone under conditions
of low volumes, wide medians, and light roadside
developmentt however, as volumes increase anil de-
velop¡nent increases comnensurately, the freguency of
metlian openings does have a significant effect on
accident potential. ß Follo$ring this logic, the
proper condition for ¡nonitoring probletns in ¡nedian
control is under high-vo]urne, peak-hour use.

Left turns fro¡n neilian openings account for the
Iargest proportion of driveway accidents. Of the
left-turn accidents, rear-end occurrences are the




