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ABSTILACT 

The objective of this research-was to develop •criteria or 
guidelines for the treatment of right turn movements at non- 
signalized intersections on rural roads. It was necessary for 
the criteria to be applicable for a wide range of conditions. 

A survey of state departments of zransportation and V'rginia 
Department of Highways and Transportation district traffic 
engineers identified the criteria presently used and the factors 
to be considered in establishing criteria. The decisions for 
right turn treatments are primarily based on judgement or rule 
of thumb. Field work identified •he range of conditions and 
effec•_iveness of the treatments. 

The guidelines were developed t_hrough an analysis of the 
field data, the survey, and judgement. They are based on the 
peak hour (or design houri volumes for right_ •urn traffic and 
•otal traffic on the approach zo the right murn trea.=ment. 
Guid•i'nes• are •vailabi• for 2-ian• and 4-lane roadways. 0• •_•e• 
factors t•o be considered are noted. 

It is recommended that_ the guide•ines,• pr=senz=d• in •his• 
report be adopted by the Virginia Department of Highways and 
TransportaTion as an aid in selecting the appropriate treatment 
for right turn movements on rural roads. 





THE DEVELOPMENT OF CRITERIA FOR THE TREATMENT 
OF RIGHT TURN :MOVEMENTS 0•I RURAL ROADS 

by 

B. H. Cottrel!, Jr. 
Research Scientist 

INTRODUCTION AND PROBLEM 

Unless proneriy accom•nodared, ght turn movemenzs t=nd 
t_o adversely affect the flow of throuzh traff'c. The through 
•raffic following a r ghz-zurnin Z vehicle •ha• slows •o make 
the maneuver may have to slow, stop, or change lanes. The 
right turn maneuvers may resu!r in delays to the throuzh :raffic 
or in traffic conflicts that indicate the safety and operaziona! 
problems resulting from right turn movemenzs. 

Three basic treatments are used to facilitate righz turn 
movements" ( :). no spec{al treatmenZ other •han •_he radius, 
(2) a •ap•r and C3) a f•i ,_-wid 
treazment employed should be tailored to the prevailing Zraffic 
conditions. 

The Virginia Department of Highways and Transporration's 
standard plans for intersections in rural areas em•!oy a !50-ft. 

• 
.(i) On low (45.7m) raper to raci!{rate right turn movements 

volume interse.•tions, the _•ight tu•n• movements mav• not •_quire 
special treatment. On the other hand, where there are a large 
number of right turn movements, the 150-ft. <•45.7m) t_aper may 
be inadequate and a full-width lane should be provided. 

At present there are no criteria <o aid in the selecmion 
of the appropriate treaZmenr of righ: turn movemen<s at inter- 
sections in rural areas. The selection is based on engineering 
•udgement.• and assessmenZs or the same intersection by several 
engineers would pro•ably resu!r in different types of treatment. 
Consequently, there is a need to develop criteria for such 
treatments as an aid in roadway design. The cri<eria would 
also be useful in determinin Z •he requirements •o be imposed 
on land developers for treazing r ghr turn movemenzs. 
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OBJECTIVE AND SCOPE 

The objective of this research was to develop criteria 
for the treatment of. right turn movements on rural roads, 
criteria that would be applicable for a wide range of conditions 
at intersections. The volumes and speeds, of right turn and 
through traffic were the primary factors considered. 

The research was limited to treatments for nonsignaiized 
intersections and comprised the six tasks listed below. 

A. Rev'ew of literature 
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SURVEYS 

Survey of State Departments or • sporran_on 

The survey of state deparrmenrs of transporta:ion CDOTs) 
was conducted by telephone. If a policy or procedure was °n use, 
a wr•,_ten•document was request=d Responses were obtained from 
41 of the 48 cont guous states. The results are summarized in 
Tables i and 2. The state DOTs without criteria are listed in 



Table i and those with criteria in Table 2. Of the 25 states 
without criteria, mos• consider special right turn treatment .on 

a project-by-project basis. Several states seldom consider 
special treatment for right turns in rural areas. It is 
reasonable to assume that the states with no standard use a 
radius. The reference •o no standard was probably confused with 
no criteria. 

Thirty-seven percent, or 15, of the state DOTs contacted 
used some form of criteria, most of which address condit'ons 
that warrant a right turn lane in lieu o• either • taper or 
radius, bu• not a taper in lieu of a radius. Five base their 
criteria on volume conditions, 4 on roadwa• type, 2 on capacity, 
and 4 use rule of thumb. About half •8 of 15) of the state 
DOTs have the criteria written in design guidel'nes. Several 
com•nents were made on experiences with r ght •urn t, reatments 
and their usage. Table 2 a.nd Appendix A present details of 
the criteria. 

Survey of District Traffic En•°neers 

The eight district traffic engineers of the Virginia 
Department of Highways and Transportation were surveyed on their 
c•i•e••.• for det•rmining• a•pron•ate• 

• 
right turn treatments and 

their concerns over other traffic problems. The treatment of 
right turn movements varies among districts because decisions 
are based on judgement. The primary benefi• from this survey 
was the identi •" • ._mcation o• •he concerns of •he d•st•i•,• traffic 
engineers. 

A ma3or concern invol,,es• establishing._ a f•m•_., no'icy. _£o•_ 
dealing with land developers on the issue of providing faci!i•'es 
to acco•moda•e• the traf•ic• to be sen•a•ed• by proRosed dev =•,_op- 
men•s. Flexibility in the criteria is desired. The f.•ctors 
suggested for consideration include safety, volume, speed, 

•ic conflicts, capac•_•y, sight distance, grade, de•ay, tra•._ 
availability of right-of-way, angle of •urn, and standards for 
entrances to state h ghways. 

•N •C<TONS CLASSIFICATION OF •_. :=RSn 

• i 4 r g f Intersections were classified to grous .•ne w e an o 
possible conditions. The type of right turn treatment, average 
daily traffic volumes, type of intersection, and types of 
roadways were the variables considered. These variables are 
interrelated. Two classes of roadway were used to classify the 
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Survey Results" 

Types of Treatment 
State Radius Tape.r. Lane 

California X X 
Colorado × X 
Connecticut X X 
(newer des igns• 

Idaho X X 

Illinois X X 

Indiana X X X 
Iowa X X X 

Kansas X X X 

Michigan X X X 

Nebraska ,X X 
New York X X 
North Dakota X X X 
Ohio X X 

Oregon X X 

Vermont X X X 

West Virginia X X X 

Legend 

R.O.T. rule of thumb 
VPD vehicles per day 
VPH vehicles per hour 
DHV design hourly volume 
FAS Federal-aid secondary 

Table 2 

States with Criteria 

Criteria 

Use full lane for high speed two-lane roads 
R.O.T. Use full lane if >200 VPD turn right 
AASHTO with special attention; R.O.T. 

greater than 20% right turn movements use 

a ful lane 
Vehicle conflict table with right turn and 

total DHV (.See Appendix A) 
R.O.T. For right turns >60 vph on two-lane 

roads, use full lane 
R.O.T. Use full lane if right turns >50 VPH 
Exposure index Through x turn volumes 

(.See Append x A) '•--• 
Road type Full lane used on FAS roads excep• 

for very low VPH; R.O.T. For 300-600 VPD 
turning right, use a taper 

Right turn volumes For right turns >600 VPD, 
use full lane, 300-600 VPD-radius 

R.O.T. Use full lane if 30-60 VPH turn right 
Used on capacity basis only Focus on left turns 
Traffic and road types 
Specific intersection types (use lane on all 

4 lane highways where sign route makes 
a turn 

R.O.T. Consider lane if through volume > 
<•-• 

600 VPH 
Traffic type and volume For right turn DHV >50, 

use full lane 
Right turn volumes 

DHV For Right Turn Traffic: Treatment: 
< 30 Radi us 
> 30 Taper 

>250 and DHV Full Lane 
Through 
> 500 

•.criteria for divided highways only) 



interseczions• namely, 

a) 4-lane arterial and 2 l•ne road, and 
b) 2-!ane arterial or primary route and 

road, and two 2-1ane secondary routes 
2-1ane 

The 2- lane roadway may be 
secondary route. Within 
of traffic volumes, right 
types are available 

an arterial, primary route, or 

these two basic classes, a distribution 
turn treatments, and intersection 

SELECTION OF PARA•.ETERS FOR CRITERIA 

!nforma<ion on several parameters is necessary for obtaining 
a data set reoresentative of the typical intersection. Based on 

the literature review and surveys, the parameters selected In 

developing the criteria were: 

a) 
b) 
c) 
d) 

e) 

through rraf =" 
• Ic volume 

r'ght turn traffic volume 
speed prior to intersection 
traffic conf!icrs due to right-turning 
vehic=es 
capacity as derived by the critical lane 
analysis 

The through and right turn volumes were the primary parameters 
suggested by the state DOTs in the survey, with speed being the 

next most frequently mentioned one. Safety was a primary concern 

but no parameters were suggested ozher than a review of the 
accident his=ory of the intersection. Traffic conflicts were 

sa°d to be useful as a surrogate measure for safety and accident 
records were examined when available. Several state DOTs who 
said they had no criteria did perform a capacity analysis as an 

a{d in identifying deficiencies. 

FIELD WORK 

In developing criteria for the treatment of right turn 

movements, informa÷ion on zhe traffic conditions rha• exis: for 
j •=d ,.he ob =ct_iv• o• the :h= +hre bas{c •=a,_ments was des• 

:i=]d•_ work was <o oh:=in• data on s r=s• se!ecz=d• as r=n•=sentarlve•.•_ 
of the different classes of intersections. •[arious aspects of 
<his work are d{scussed be •ow. 



Test Procedure 

The parameters selected for use in developing criteria 
were obtained in the field, tests. Average daily traffic counts 
were obtained for the through traffic on the approach to the 
right turn treatment and for the right turning traffic and 
peak period volume counts were obtained on all approaches to 
the intersection. Speed and traffic conflicts were measured 
on the study a•proach. The traffic conflict measured was a 
right-turn, same-direction conflict. The definition for this 
conflict states that "a right-turn, same-direction conflict 
occurs when the first vehicle slows to make a right turn, thus 
placing a second, following vehicle in danger of a rear-end 
collision. The second vehicle brakes or swerves, then continues 
through the intersection."(-2) 

Saran ••=• S{z =_ and P=•iod__ o£_ 0bserva•ion 

Since traffic conflicts occur less frequenzly than turning. 
movements, "he• sample size for statistical signif{cance was 
based on traffic conflicts. The minimum sample size was 
determined as 

N minimum number of •ounts to be taken of 
each movement for each ype of traffic 
•onflict to be checked and shouid no +,_ be 
less than 30" 

p proportion of the vehicles involved in a 
specific traffic conflict for the observed 
•low of traffic (_a conservative or reasonable 
estimate is p- 0.5)- 

q l-p• 
k constant corresponding to the desired confidence 

level (CL) ¢k-1.64 for CL-90%, k-1.96 for CL-96% 
and k-2.00 for CL-95.5%]; and 

E permitted error in the proportion estimate of 
traffic confl{cts {genera!!y in the range of 
+0.0! to +0 !0). ¢3) 

For p-0.5, k-i.96, E-0.!, and N-96. Since conflicts caused by 
risht t•urns are being measured, this equation indicares that 
a minimum of 96 right turn movemenZs among intersections would 
result in a wide range of observation periods. 

Glauz and Higl=tz found that the mean hourly count 
rign,•-turn, same-direction conflicts was • 89, and that the 
number of hours of data required "o estimate the mean hourly 
count was 5.1 (within +50% with 90% confidence). •2) This 



would imply that p would be much less than 0.5 for most 
intermections, and thereby result in a lower value of N in 
equation i (e.g. i.f p-0.1, N-35). •ecause of the above 
discrepancies, time constraints, and a desire for a uniform 
observation period, four hours of observation were deemed to. 
be sufficient. 

Procedures 

The traffic data were collected in two stages" a 48-hour 
count and two 2-hour neak neriod observations. For the •8-hour 
traffic count, counters were placed prior to the intersection 
for total volume counts on the approach to the study s're and 
at the intersection for right turn volume counts. The peak 
2-hour period was determined through a computer analysis. In 
the next stag=_ 

•, 
observations we•_• made during the 2-hour. .neak 

periods to obtain volume counts "or all approaches and speed 
readings and traffic conflicts due to right-turning vehicles on 
the study approach. Data were collected over 15-minute "ntervais. 

•.,ypica=• f{=Id-• setups of the obs=•v•s for peak period 
observations are shown in Figure 2. Two observers, one to 
measure speeds and one to count volumes and conflicts, were 
stationed I00 to 300 ft. (30.5 to 91.5m) from the beginning of 
the treatment {radius, taper, or lane). The observers and radar 
scope were positioned so as to minimize distractions to the 
motorists. Observations were made from a Denartment truck 
when problems were encountered with the typical field setup. 

Accident records were used to supplement the data collected. 

Method of Analysis 

The Statistical Package for the Social Sciences (SPSS) 
a system of computer programs, was used to analyze the data. 

[4) 
The two programs used were Pearson corre!arion and multiple 
regression. The Pearson correlation subprogram tested for 
correlation between the parameters measured "n the field tests. 
The multin!e_ regression suboro•ram• developed linear rela•ion- 
ships between parameters that were highly correlated. 

To suppiemenr the results of the SPSS analysis, the fieli 
data were examined wi•h• r•spec •• •o criteria •m• p•:oyed by the 
Idaho and Iowa stare department.s or transportation. 
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Figure 2. Typical field work setups. 
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Pilot Tests 

Pilot tests were conducted to-examine the •adequacy of 
the test procedure and method of analysis. The pilot tests 
also provided training in collecting data on traffic conflicts, 
traffic volumes, and speeds. The pilot tests, which were 
conducted for each type o-f treatment for right turn movements, 
showed that the test procedure and method of analysis were 
adequate. 

S•te Selection 

Study sites were selected with the assist_ance of two 
assistant district traffic engineers and a regional traffic 
engineer of the Virginia Department of Highways and Transportation. 
Seven sites for each type of right turn zreatmenr radius, 
•aper, and +urn fan were se• ect=d A variety o£ sneed 
limits, zypes of roadways and intersections, and volume conditions 
was .obta" ned. 

Tabl= 3 ident'f'es •h sit=s by d•strict county, •yne 
of •reatmenr, and the approach leg of the intersecr'on s•ud-•ed. 
The d'stribution of sites by roadway inzersection classification 
was as fo!!ows" 

Classification 

a) 4-!ane arterial and 2-1ane 
road 

b) 2-1ane arterial and 2-!ane 
road 
two 2-iane secondary roads 

No. of sites 

21 

More information on the sites is provided in the following section 
of •,he report. 

FiE• 
• 

WORK RESULTS 

The results of the field work are divided into four secr'ons: 
•eiS. wo•k daze, caoa•y and accident desc•ipt on of s it"'s, 

analysis, and SPSS analysis. 

ii 



Table 3 

Field Sites IdentifiCation 

County_ I ntersecti ng ,Route•s 

Culpeper District Study Sites 

Albemarle 250 & 616 
250 & 676 
601 & 676 
29 & 692 
29 & 1520 
250 & 6 
250 & 690 

250 & West Leigh Subdivision* 

Culpeper 29 & 718 
29 & 663 

Fairfax 645 & Shiple•t Blvd* 
645 & 5910 

Greene 29 & 607 

Orange 33 & 20 

5t.u..dy Approach Leg 

250 EB 
250 WB 
601 WB 
29 SB 
29 NB 
250 EB 
25O WB 
250 WB 

29 SB 
29 NB 

645 EB 
645 EB 

29 SB 

33 WB 

Treatmen• 

Radius 
Radius 
Radius 
laper 
Lane 
Lane 
Lane 
Lane 

Taper 
Lane 

•aper 
Lane 

Taper 

Taper 

Staunton District StL•dy Sites 

Augusta 340 & 611 

Rockingham 33 & 996 
659 & 689 
659 & 825 & 955 
33 & 276 & 620 
276 & 659 
33 & 704 

340 SB 

33 EB 
659 EB 
659 EB 
33 EB 
276 NB 
33 EB 

Radius 

Radius 
Radius 
Radius 
Tapers. 
•aper 
Lane 

*Not in the state system 

¸12 



Description of Sites 

The sites were identified by •he route numbers of the 
intersecting roadways. The site descriptions are given in 
Table 4. The parameters are types of treatment, dimensions of 
the treatment, types of roadways, types of intersections, and 
average and posted speeds. 

Field Work Data 

The data collected at the field sizes and shown in 
Table 5 reflect a wide range of values for traffic volumes, 
right-turning movements, and conflicZs. Note zhat the volume 
is given in terms of average daily traffic, the 2-hour peak 
permod, and the pe•. hour ,or the •-hour peak period. The peak 
hour •eriod was selected as th=• d=s{gn• •eriod for =stab ":mshinc 
guidelines based partly on the following statement from +he 
•SHTO Biue Book. 

Traff'c volume during an interval of •ime 
shorter than a day more appropriately refiecrs 
the operati•g conditions w•'ch should be used 
for design if traffic is to be properly served. 
The brief but frequently repeated rush-hour 
periods are significant in this regard. In 
nearly all cases a nract'ca! and adequate time 
period is one hour. "(.5) 

Capacity and Accident Analysis 

"hese two analyses are giv= be± •he r =sul s of 
< _n •ow 

Capacity Analysis 

The purpose of the capacity analysis was to determine a 

measure of =ffect'v=n=ss of the intersection in accommodative 
the Zraffic it carried. The type of analysis used focuses on 
zhe c •'-'ca! volume movements in the inters•=ion (6) • 
method is simpler and easier zhan convent'onal methods, but 
•s a general •echn ,•.•e and no• sum•a• •o• use in roadway 
design. In this study iz was used to screen intersections for 
possible further capacity analysis. The results ind'cate rhar 
all 21 sires were operat'ng at the A level of service, wh'ch is 
described as free flow. Therefore, capacity was not a 
consideration in determining the guidelines for treating right 
turn movements. 
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Accident Analysis 

An inventory was compiled of accidents at all of the 
sites (except the two in Fairfax County) during the three-year 
period from January i, IB77, to December 31, 1979. Accidents 
on all approaches and up to 500 ft. (!52.5m) from the inter- 
section were included. There were 37 accidents for the sites 
with a radius treatment, 50 for those with a taper, and 31 
for those with a full-width lane. None of the 37 accidents 
for the radius treatment was caused by a vehicle turning 
right off of the approach leg ur.der study. A lane change to 
avoid a right-turning vehicle contributed to an accident at 
the. intersection of Routes 29 & 6•7, whi•h• •:_s a tan=r•. 
However, the accident occurred on the approach opposite to 
the leg under study. Of the 31 accidents at sites with a full- 
w'dth turn lane on the study approach, none involved or were 

caused by r'ght-turning vehicles. 

Based on the above, it is concluded that accidents are 

not a significant factor in determining the rreatmenr of right 
turn movements. In general, failure of the vehicles on the 
minor approach to yield the rizht-of-way was a common cause 

of accidents at the intersections. Rear-end accidents, the 
type Of accident most likely to result from a right-turning 
maneuver, may often go unreported provided that the estimated 
damage is under the minimum amount required for reporting. 

The accident history of an intersection is conventionally 
the reason for recon•mending improvements. This is particularly 
true of the highway safety improvement projects. 

SPSS Analysis 

The SPSS analysis was composed of two parts" the Pearson 
correlation and multiple regression. The Pearson correlation 
examined the linear relationship between the parameters selected 
for criterma. •h •" ar ._s step screens out p ameters to be used in 
the multiple regression. Table 6 gives the parameters and the 
corresponding abbreviarions employed in the analysis. 

Pearson Correiazion 

The Pearson correlation coefficient, R, is a measure of 
the association between two variables and an indication of the 
strength of the linear relationship between them. Tables 7, 8, 
and 9 dis•iay the Pearson correlation matrix for •h.e radius, 
taper, and lane, respecziveiy. Note that the matrices are 
symmetric. The cases equal the n•amber of sites included in 
the subfile and for which data on a specific parameter were 

16 



Table 6 

List of Parameters Used in- SPSS Analysis 

PHVTOT" peak hour volume total 

PHVTHRU" peak hour volume through 

PHVRTURN" peak hour volume right turn 

PHVRPCT" peak hour vo!ume percen: of 

NLANES" number or lanes 

PHSPr_• •,.D: peak hour average speed 

ACCIDENT" number of accidents in recenz 

PHVCONFL- peak hour vo!ume-conflicz raze 
vehicles 

right turns 

3-year period 

conf!'cts/i,O0{3 

available. Significanc 
resulting from a one-ra 
The objective in this p 
consis*=nt•y have h •c• 
on the results of this 
PHVRTURN 
and PHU P 
obtained 
volumes. 
period o 
in the p 

and PHVCONFL, 
RCT and PHSPEED. 
for peak period 
The similarity 

bservarions was 
eak period. 

e represents the level of significance 
i!ed test of significance applied to R. 
art is to identify the parameters that 
R values for all three subfiies. Based 
test •he selected parameter pairs are 
PHVPRCT and PHVCONFL, PHVCONFL and PHSPEED, 

Pearson correlation matrices were also 
(2-hour) and average daily traffic 
found in matrices for peak hour and 

expected, since the peak hour "s included 

•u-i tip 
• Re ion 

:_ gres s 

pect to the paramet 
ameters are conside 
iables are introduc 
er, is emplo.yed. T 
sal re!,•tions berwe 

of the pa 
the muit 

The multiple 
of dent'fyin Z the 
accuracv,• def n ng re! 
exnlana:'ons for the .t 
pes 

par 
v• 
ord 

comb inar ions 
were used for 

regress'on subprogram was used with the intent 
bes• :•near pre•ic• on equaz•os_ and •s 

a•ionshl,•S between •a,•ame • 
• .• ,•e•s, and prov :S•ng 

reatment of right turn movements with 
ers Wh=n two or mort i•denenden• 
•ed, th• hiera•chicai res ÷ wher= the 
ed into the equation in a predetermined 
his test is selected because there are 

en many of the paramezers. Vat ous 
rameters selected in zhe Pearson correlation 
ip•e regression analysis. 
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In general, it was found that equations with more than 
one i•n_dependent variable did not explain the variance much 
more than dlid the primary independent variable. The equations 
relating PHVCONFL and PHVPRCT are as follows- 

Y R 2 _Significance, 
• 

Radius PHVCONFL 1.88. * PHVPRCT -16 0.64 0.031 

Taper PHVCONFL-- _•'.66 * PHVPRCT. -5 0.89 0.001 

Lane PHVCONFL !.3 * PHVPRCT -I 0.86 0.003 

The coefficient o£_ de* erminar ion R 2, indicat=s• the degree o£_ 
vat" nce in the dependent variable, Y, accounted for by the 
rezression !{•e. Significance, •, represents the level of 
significance as determined by the F test. The three e•uations 
ind•_cat=• Ca_•riy high accountabi •_•y in variance w_• h a sign'.•ficance 
!e'•el under 0.05. These equations have the highest R 2 values 
overall for all the equations derived. Figure 3 displays the 
equa.=ion in graph form. For PHVPRCT under 12, more conflicts 
are estimated for the lane than for a taper. Above 12 PHVPRCT, 
the difference between the •aper and lane line increases due 
•o the higher slope of the raper line. This figure indicates 
the relative abilities of the three treatments to accommodate 
increasing percentages of right turns with minimal interference 
to the through +• ff• •n g•n=ra•, •_a • the lane incurs :me l=ast 
amount of conflicts, followed by the taper, and then •he radius. 
In terms of conflicts, zapers are influenced more by volume 
than are lanes. 

Figure 4 illustrates the regression relations between 
PHVRTURN and PHVTOT. For the radius treatment, PHVRTURN 
decreases as PHVTOT increases. In other words, there are more right turns when the total volume is low and right turns would 
therefore make up a higher percentage of the total volume. 
Right turns represent a higher proportion of the rota! volume 
for rapers than for lanes. Note that •he equation for :he ian= 

•he Dr=vious -•r•arme•t has a low R 2 value; 
,s made w•h caution. 

Additional mu•ziP I=- r•'cression•o ._=quations w=re• tier{red_ 
for PHVCONFL and PHVPRCT for right turn treatments on 2-!ane 
and 4-iane roadways (see Figure 5). For 2-!ane roadways, the 
lane has more conflicts than the taper at all points, although 
they. have equal slopes. The slope of the taper is more than two 
times the slope of the lane for 4-!ane roads. Note that the 
sample sizes, •{, for these equations, are small. 
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Comparison of Field Data with Other States' Standards 

-The standards of the Idaho an_d !owa departments of 
transportation were of particular interest (see Appendix A). 
For this reason, the data .for the study sites were applied to 
these standards, which were limited to 2-1ane roadways. 

Idaho 

A vehicle conflict table (.Figure A-I) provides the threshold 
conditi.ons that warrant a right turn lane (or bay). Of the 
thirteen 2-iane sites studied, only one, T2, would warrant a 
radius under this guideline. All other sites exceed the right 
turn lane conditions and, therefore, warrant special consideration. 
Under such a guideline most intersections in the Commonwealth 
of Virginia would require special consideration. 

The lowa Depar.=ment of Tra.nsportat•on emp =oys a thorough 
procedure that includes the two steps discussed below. The 
•,rst step (Figure A-2) is a screening process to determine 

th.= next st•p =mp!oys the rural if the warrants may be used, 
intersection exposure warrants (Figure A-3). Only intersection 
T2 falls below the minor right turn warrant curve. Site R3 
requires a minor right turn warrant. All other 2-iane sites 
with average daily traffic data available require a major right 
turn warrant. Figure A-4 determines the design dimensions to 
be used. 

Conclusion 

The zwo pr, eviously described standards provide interes:'ng 
techniques for treating right turns. The larze difference 
between the study s'tes and intersections for which these 
guidelines were developed probably lies in the inherent 
differences in the nature of traffic conditions in Virginia 

= the relative ro those in zhe western part o• United Stat=s 

The standards for Idaho and iowa consider the volumes of 
both the Zurn'ng traff'c and the combined turning and through 
traffic. This is an ideal way for representing the standards, 
however, these rela•'ons were shown to have low correlations 
(PHVRT•.!RN and PHVTOT•, PHVRTURN and PHVTHRU see Tables 7-9). 
Therefore, another method, a synthesis, discussed below, was 
developed to obtain a relationship between the total volume 
and right turning voiume. 



GUIDELINES FOR TREATING RIGHT TURN MOVEMENTS 

-Although significant reiation_s were derived from the 
field work, no clear-cut criteria for the development of guide- 
lines for the treatment of right, turn movements were found. 
Therefore, guidelines were developed by a synthesis of 
relationships resulting among the field data, standards 
employed by other states, and judgement. The field work 
provided a framework for the performance of existing treatments, 
additional input was obtained from the survey of state 
departments of transportation, and judgement was employed 
to integrate .the information from those sources and to address 
nconsistent or •ncompiete information. •ae guide!ines •evelope• 

are separated according to the number of lanes on the major road-- 
way. 0nly +•he volu•mes along the szudy approach are considered. 

The procedure explained on page B-3 may be used to obtain 
the data ne=ded for anpi • •.cation of th gu d =• {nes 

Two-Lane Roadway 

The guidelines for 2-1ane roadways and the position of 
the study sires relative to the guidelines are shown in 
Figure 6. The predominantly used treatment for 2-iane roadways 
is the radius. Many 2-1ane roads carry local traffic that often 
is traveling at speeds under 55 mph ¢8•.i km/hr). Arterial 
roadways Zend to carry higher volumes of traffic traveling at 
higher speeds• local traffic tends to include a higher number 
and percentage of right-turning vehicles. Figure 6 also shows 
the location of the 2-!ane roadway study sires. The following 
adjustment is made for posted speeds at or under 45 mph ¢72 km/hr)" 

Adjusted Number of Right Turns Number of Right Turns 
-20 for number of right turns > 40 and total volume < 300 

Two radius sites, Rouzes 601 and 676 (r4) and RouZes 250 
and 6 Route •01 turns righ• :6 (.RI), are in the taper range 
at the intersection with Route 676. Neither site has the right- 
of-way available for a taper treatment. All three taper treatment 
sires fall within the range of the radius treatment. The s•te 
at Routes 33 and 20 (TI) is special in that borh routes share 
the study approach and Rout= 20 makes a rig• turn A •ane• .• 

suggeszed for a primary rou•e with a right turn, unless the 
volume conditions require a full-width turn lane or the percenzage 
of righr-turn'ng vehicles make up less •han 10% of the total 
zraffic. At the intersection of Routes 276 and 659 (T2): taners 
were installed as parr of a highway safety improvement project 
because of its history of accidents not because of ÷• •affic 
volumes. The zaper at Route 645 and Ship!err Blvd £T3) is in 
Northern Virginia, where many unique right turn trea-tment 
designs, were observed. Longer and wider than normal tapers 
and lanes are employed there in anticipation of road widening. 
The •fu!!-width •urn lane at the intersection of Routes 645 

•s ••'butab •" in •al piann•,•g •nd 59i0 {L4) 
,• _e to t•.,_s cremen• 
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This site is in the•taper range. The intersection of Routes 
250 and 6•0 •L2), with a full-width_lane, falls into the radius 
range. The use of a full-width lane may have been influenced 
by the presence of a winding, upgrade roadway that must be 
negotiated after the turn. The remaining two sites with full- 
width turn lanes are in the turn lane range. 

Four-lane Roadway 

The guidelines for 4-1ane roadways are shown in Figure 7. 
These roadways tend to have a taper or turn lane ,:o faci!itare 
turning movements, and many of <hem are divided highways with 
a speed limit of 55 mph (.89.! km/hr). Figure 7 also shows 
the position of the study sites. 

There was only one site with a radius turn (.at Routes 33 
and .99.•-R7) and it is in the radius range. One taper-treated 
site, at Routes 29 and 607 (TT), with a 75 f•.(.22.8.m) taper 
was in. the radius range. The site at Routes 33 and 276 ¢T4) 
is in the range for the fu!!-widrh turn lane. This taper was 
wider •14 ft. [ 4.27m] ). and longer (170 ft. [ 5!.85m] than most 
tapers and no problems were noted at this intersection. Two 
of the three full-width turn lanes, at Routes 29 and 663 (L5) 
and Routes 33 and 704 (L6), were installed as highway safety 
improvement projeczs. They fall in •_he radius and taper ranges, 
respectively. 

The guidelines are also given in Appendix B. 

Limitations within the Guidelines 

These guzde," •ines were develope• based primarily for 
currently used right turn treatments. Although the study sites 
represen,_ed a broad range of traff{c condiZions, 

• the different treatments •o identify typ{cai int=rsec ions 
for right turns. The ranges of peak hour traffic volumes are 
• °85 •rom 70 to 600 vehicles for 2-1ane roads and from 272 to i,• 
vehicles for 4-1ane roads. Cons ider.•t ion of volumes outside 
of these ranges is based on judgement and extrapolation. 
:hereford, guideiznes should be employed for such volumes w•.•h 
caution. The determination of •he maximum number of right 
:urns (and conflicts) ._or a given vo:ume using a particular 
treatment is primarily a judgmental decision. The po'nts of 
intersection of the regression lines in Figures 3, 4, and 5 
provided direction in locating the boundaries of the treatments. 

Specific design elements were not revi.ewed• however, "t 
is noted that the lane lengths for the study sites are shorter 
than AASHTO. recommended lengths (.Figure 8). Nevertheless, 

•8 
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L=LENGTH OF DECELERATION LANE-FEET 

HIGHWAY, AVERAGE 
OESIGN RUNNING 

5O 

6O 

65 55 

75 

80 

STOP 
CONDITION 15 

0 14 

235 185 
515 295 

40.6 455 

530 

•,70 540 

6• 5 590 

660 630 

700 680 

FOR DESIGN SPEED OF EXIT CURVE-MPH (V') 20[2,6 
30 

351401] 
FOR AVERAGE RUNNING SPEE0 ON EXIT CURVE-MPH (V•) 

45 

160 
265 

385 

•oo •o 

53O 

570 
610 

660 

22 
•40 
255 
355 

46O 

490 

55O 

590 

640 

26 

•85 

3•5 

43O 

480 

5!0 

56O 

3O 

155 

285 

4tf'h 

430 

490 

53O 

580 

36 

225 

340 

38O 

430 

470 

530 

5O 

40 44 

300 240 

•.•o 

390 340 

440 390 

490 450] 

IDECELERATION tN GEA_R _COMFORTABLE BRAKING 

--Design speed 
of n•gnwoy 

Va--Average running speed 
on highwOy 

-Design speed of 
exit curve 

-Average running speed 

on exit curve 

I mph = 

i ft 
I. 6 km/hr 

.305 m 

Figure 8. Derivation of lengths ,:or deceleration lanes. 

Source" Reference 5- .<,%SHTO Blue Book 

3O 



the shorter lanes are operationally effective. In general, 
the lane design elements are too short to meet the "Minimum 
Standards of Entrances to State Highways" (see Table i0].£7) 

Other factors of concern that are not addressed in the 
criteria are sight distance, grade, delay, availability of 
right-of-way, and angle of turn. The influence of these 
factors was not measurable from the field data. 

OTHER CONS!DERATIONS 

•=d con •rn the ight Thr •eqa,_ c s ost of •nstru c:_ng r 

turn trea.-_men•s, pavement markings, and supere!eva•ion- 
are d'scussed below. 

Because of the wide range of cond'•ions under which r'gh• 
tu•n.• z•azmen•s• are employed,._ a range o • cost es•'mates• _•s 
rovided The nresence of and condition of a shoulder ar• 

primary factors. A range of $!0 $40/Iin. ft. of 24-ft. 
($0.04-0.!6/m i) pavement was obtained from the Mater'als 
Division of •he Virginia Department of Highways and 
Transportation. (8) This range includes costs for light 
secondary roads to 4-iane primary roads and is for the finished 
pavement, in developing the cost estimates, a cost of $30/per 
fin.ft, of 24-ft. ($0.!2/m-) pavement was assumed. 

in the cost comparison, the radius treatmen• was taken 
as the bas,e condition. On this assumption, the installation 
of a 150 ft. (.aS.Sin) taper 12 ft. ¢3.7m) wide was esimated 

•00 ft 630 5m) •aper, •o cost $• ,125. For a lane with a • 

conversion to a !00-•t (.30 5m) fu 
•= 

width turn ne 12 ft. (3. 
wide was est'mated zo cost $2,250. Noze rha• for the assumed 
dimensions, the cost of the fuil-widrh turn lane is double that 
of the taper. The benefits are difficult to estimate because 
zhe reduction in accidents, the convenriona! measure of benefits, 
is not s gnificant. The reduction in traffic conflicts due to• 
right-turning vehicles is not quantifiable in terms of dollars. 

Several of the study s'res did not have typ'cai pavemen• 
"•he use £ doz•ed and so] "d •nes a •xpqa ed mark{ngs. 
• s o_ the 

and iliuszrated in F{gure 9. (9) 

Superelevarion may be employed to facilitate right-turning 
movements at slightly higher speeds. However, the use of 
supere!evation may create drainage problems. Although super- 
elevation is a concern, further considerazion is beyond the 
scope of Zhis research. 



Table !0. Minimum Dimensions £or Deceleration Lanes 

Speed Limit 

45 mph or higher 
Less than 45 mph 
45 mph or higher 
Less than 45 mph 

Type of Lane 
or Taner Dimension 

Right turn 200 ft. 
Right turn I00 ft. 
•aper 200 ft. 
Taner !00 £t. 

305 m 
I. 6 km/hr 

Reference 7. "Minimum Standards of Entrances to State 
Highways", V•__•ginia Department of Highways• 
and Transnortation. 



0•"•., SEE NOTE :2 

 •J:_:_ 

NOTES" I. THE 0OTTED LiNE IS. USED CONTINUOUSLY THROUGHOUT THE LENGTH 
OF A TURN LiNE 'WHICH IS NOT ',VIDE ENOUGH FOR A VEHICLE 
TO GET OFF THE NORMAL EDGE OF' .•AVE,MENT, 

.2. THE 0OTTED LINE ;S USED !N CONJUNCTION WiTH THE SOLID 
CHANNELIZ!NG LINE WHEN THE TORN LANE IS wlOZ ENOUGH TO 
GET THE VEHICLE OF- THE. NORMAL EDGE OF PAVEMENT, THE 
C)OTTEO LINE IS USED ONLY .•OR THE LE,NGTH OF THE TAPER. 

3. THE 0OTTEO LINE IS FORMED BY SHORT SEGMENTS, TWO FOOT 
PAINTED 0ASHES SEPARATED BY FOUR FOOT UNPAINTEO SKIPS. 

Figure 9. Typical pavement marking of turn lanes. 

Source Reference 9 



CONCLUSIONS 

iGuideiines for the treatment of right turn movements 
at nonsignalized intersections in 9Lral areas were developed 
in this study. Both 2-1ane and 4-!ane rural roads were 
considered. Although the original intent was to eliminate 
judgement in developing criteria for the guidelines, it was 
necessary to employ judgement where field data were lacking. 
Nevertheless, the synthesis approach employed placed emphasis 
on the field data and analysis. 

The guidei'nes are to be employed as an aid in the 
selection of right turn =reatments. It is an•'cipa•ed that 
there will be cases where an intersection will deserve 
specialized attention because of its unique cond'tions, it 
is suggested that for these cases conventional methods that 
reflect the special concerns be used in lieu of the guidelines. 
IT is importan,t that this sor • of flexibility be a part of 
the guidelines. 

RECOMMENDATION 

It is recommended that the guidelines developed in this 
study {see Appendix B) be adopted for use by the Virginia 
Department of Highways and Transportation as an aid in the 
selection of treatments for right turn movements on rural 
roads. 
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APPENDIX A 

CRITERIA FROM IDAHO AND IOWA 



Part 14- Design SURVEYS AND PLANS MANUAL !4-423.! 

Rev. 2-64 

xNTERSECTIONS 

CHANNELIZATiON 

(14-400) 

(14-420) 

!4-423.1 Right Turn Bays 

Traffic conflicts may occur when cars on a two-lane highway slow 
down to turn right onto a minor road. If these conflicts could happen 
often enough, a right turn bay should be provided as shown in Figure 
14-423.0. Table 14-423.1 relates the right-turning volume to the two- 
lane highway volume. For two-lane highway volumes less than those 
shown in th • tab",_e, the right_ turn bay is not needed. For two-lan• 
highway volumes greater than those shown in the table, a special design 
may be necessary. 

Vehicle. Conflict Toble 

oily. ,,•- •.. • •,. 
5 ZOO 400 

,o ,,• •zs •,• 3•o. 
15 150 300 

20 • 125 250 
• •' zoo 

O'vee 25 Speci•t Oesiqn 
/ 

50' from 

T•per Length 

Speed 
•° i, so 
• 90 

•o a•5 

Figure A-I. Idaho DOT right turn treatment cr'ter{a. 

i ft. 0.305 m 
! mph 1.6 kin/hr. 
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Min, Radius. af Curve (Feet) 

49O 

Pavement • F 10' Min. 

Tabte 132-2 Revised t2-28-79 

*Minor right turn warrant has a spee• of 30 mph 

ft. 0.305 m 
mnh !.62 KPH 

r• •ure A-4 !,•wa.• DOT's• design dimens'cn for ri• .•÷oi• tu-pn•_ .,,ane• s. 





APPENDIX B 

GUIDELINES FOR THE TREATMENT OF RIGHT TURN 
MOVEMENTS ON RURAL ROADS 

These guidelines are to be used as an aid in selecting the 
appropriate treatment for right turn movements on rural roads. 
Designs for right turn treatments are available in the 
Virginia Department of Highways and Transporzation's Road 
Design and Standards• and "Hinimum Standards o• Entrances 
to State H'ghways". 

Gu{d=•in=s_ ar=• diff=•nriar=•• on the basis o • the_ number 
of lanes on the major roadway. Refer to Fizure B-I for 
2-!ane roadways and Figure B-2 for 4-1ane roadways. The 
minor roadway is a 2-1ane road. Discussion on both figures 
is prov'ded below. All volumes refer to the volumes on 
the approach under cons'derarion for right turn treatments. 

? F gure B-I '• •- •.=uide!mnes for • lane roadways The predominant 
treatmen• for 2-!ane roadways "s the radius. Arterial 
•oadways •=nd ÷ ,_ra:f•c • ve •o carry higher volumes of = ra ,•in• 
a•_ high=• sneeds. •=s •omna•d• •o _•oca! •oadways. •he 

=•ic on local roadways t=nds to include a high=• numbe• tra• 
and percentage of rign_ turning vehicles than that on 
arrerials. An adjustment is needed to permit local roadways 
to handle more rizht turns (•at lower speeds) compared to 
arterial roads. The following adjustment is made for posted 
speeds at or under 45 mph {72 km/hr)" 

Adjusted Number of R ghz Turns Humber of Righ• Turns -20 
•or number right •urns > 4 • 

• 
and •orai vo •ume < 300 

";.i vo• 20Ovph {ghr turn volume = rO exanlDi et to 
• ume r 

70vph and posted speed 40 mph 664.4 km/hr). Then 
adjusted number of right turns = r 70 20 
Therefore, entering Figure B-I with a total vol•.e 200 vph 
and r 50vph, a radius is recommended as the right turn 
treatment. 

A taper is recom,mended for a primary route with a right Zurn, 
unless •he volume conditions require a full-width turn lane 
or the percenta=•e of r gh•-•urning vehicles make up less •han 

P•- 
•: 

of •he total ÷raf•c, •n which case a rad•,s is sugg=sted 
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3. Figure B-2. Guidelines for 4-1ane roadways. Four-lane 
roadways tend to have a taper or full-width turn lane to 
facilitate right turn movements. Many of these road• are 
divided highways with a speed limit of 55 mph (88 km/hr). 

4. Other factors that influence the selection o.f a treatment 
for right turn movements are sight distance, availability 
of right-of-way, grade, and angle of turn. Although these 
factors are not incorporated in the guidelines, they should 
be given consideration. The guidelines should be used 
unless the engineer determines that special treatment is 
necessary due to other factors. 

5. Data collection procedures, in :order •o employ these 
c•idelines, peak-hour volume data must be collected A 
two-state nrocedure with 

• 48-hour mechanical count and 
2 peak hour manual counts is recommended. 

a) 48-hour mechanical count. A 48-hour count with 
•5-minute recording int•vais is made on the 
total approach volume and right turn volume. 
Tra•f• _c coun•.ers and road tubes are located as 
shown in Figure B-3. Whenever possible :he 
traffic counters should be located near a 
signpost or guardrail for anchoring. Otherwise, 
a 3-foot section of a metal post may be used 
secure •he counters. With the exception of the 
total volume road tube on 4-iane roads, all tubes 
are positioned so that only :ires on the right 
side of the vehicle traverse them. In this way, 
the potential for double counting is eliminated. 
Two technicians are needed for the installation 
of traffic counters; one ins•al!s the counter 
while :he other controls traff'c. It is 
recommended that traffic counters be installed 
during the anticipated off-peak period. A 
computer program is available to determine the 
peak hour based on total and r{.ght turn volumes. 
The use of print-punch traffic recorders 
facilitates the computer analys•s. •n most 
cases, the peak hour is the same for to:ai and 
right •urn volumes, if The peak hours are 
-•=:=r•n•, gnes• peak hour 
zhe r .•h• turn volume peak. 
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•reatment o • r•g•nt-turn ng movement 
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