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The objective of this study was to evaluate the conditions under 
which the construction, maintenance, and interest costs for a 
median lane would be warranted at suburban and rural ap­
proaches to an intersection. Delay times and accident rates 
to through vehicles caused by left-turning vehicles were an­
alyzed in depth at three right-angle intersections which had 
median lanes, and at eight right-angle intersections which did 
not. 

Seconds of delay per hour to through vehicles caused by 
left-turning vehicles were determined for the major ap­
proaches to the eleven intersections during daylight-weekday 
hours; 6 a. m. to 6 p. m., Monday through Friday. The acci­
dents caused by left-turning vehicles were collected for almost 
a 5-yr period and analyzed to determine accident rates for 
each major intersection approach. This study found a sub­
stantial reduction in the number of accidents attributed to left­
turning vehicles and negligible delay times to through vehicles 
at the intersection approaches which had median lanes. The 
accident rates and delay times were analyzed by a multiple 
linear regression analysis. 

Although this study is based only on daylight-weekday 
hours, the findings are of considerable value in planning the 
construction of median lanes. The reduction in accidents and 
delays estimated for a period of years resulting from the con­
struction of a median lane is used to determine if the con­
struction, maintenance, and interest costs of the median lane 
at an intersection approach are justified. 

•THE increase in motor vehicle use during recent years throughout the United States 
has greatly affected highway operation. This increase has created an added demand 
on all components of the highway system and has resulted in increased operating costs 
to the motoring public. Intersections are an important component of this system and 
the increased travel volumes have created congestion at many approaches in the ur­
ban, suburban, and rural areas. This study investigated one possible technique for 
congestion relief at suburban and rural intersection approaches. 

Congestion at approaches to intersections is a cause for many of the critical prob­
lems in highway traffic operations and control (8). Where the intersection is at grade, 
streams of turning and crossing vehicles must join and cross each other. The points 
within the intersectional area used in common by these intersecting streams are focal 
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points of accidents and delay. Delays result when vehicles in different streams wish 
to pass through these focal points at or nearly at the same time. Accidents often re­
sult when drivers make mistakes in judgment of the time and place that such inter­
secting movements will occur. 

The time and place of conflicts at approaches to intersections may be altered by 
traffic controls or design. Channelization of intersections at grade has been defined 
(6) as the separation or regulation of conflicting traffic movements into definite paths 
of travel by pavement markings, raised islands or other suitable means to facilitate 
the safe and orderly movement of both vehicles and pedestrians. Channelization is, 
therefore, used to control the place of conflict betwe n intersecting traffic streams 
and to influence the time element by separating the conflict points and controlling the 
speeds at which these conflicts occur. 

The median lane is one form of channelization used to separate the conflict points 
between left-turning vehicles and through vehicles. It provides a temporary, pro­
tected storage location for vehicles waiting to make a left-turn movement. This is a 
report on the results of a research project concerned with warrants for such median 
lanes, performed by the Joint Highway Research Project of Purdue University. 

The objective was to evaluate the conditions for which the construction, mainte­
nance, and interest costs of a median lane would be warranted at suburban and rural 
approaches to an interesection. Delay times and accident rates to through vehicles 
caused by left-turning vehicles were analyzed in depth at three right-angle inter­
sections which had median lanes and at eight right-angle intersections which did not. 
By evaluating the benefits from the reductions in delay times and accident rates rea­
lized from the presence of a median lane, a method was developed which can be used 
to determine when construction of a median lane is economically justified. 

STUDY LOCATIONS 

The eleven intersections are located within a 60-mile radius of Lafayette-West 
Lafayette, Ind. (Fig. 1). These intersections are located on highways near Lafayette­
West Lafayette, Kokomo, arid Indianapolis. The approximate 1965 populations of these 
urban areas were 65,000, 50,000 and 500, 000, respectively. Each intersection had 
the following characteristics: (a) signal or stop control, (b) four approaches, (c) in­
tersection at dght-angle, (d) restricted parking, and (e) suburban or rural location . 

A large percentage of the traffic using these intersections was through traffic des­
tined for Chicago, Indianapolis, Fort Wayne, or South Bend. The 1965 major street 
weekday ADT's for the intersections ranged from 7,100 to 27,500. A summary of the 
characteristics for the study intersections is given in Tables 1 and 2. 

PROCEDURE 

Delay Date 

The delay time incurred by a through vehicle caused by a left - turning vehicle was 
determined at the eleven study intersections during daylight-weekday hours; 6 a. m. to 
6 p. m., Monday through Friday. 

The method developed to collect the delay time data was designed to be simple, in­
expensive, and easily adaptable for use by one or more observers. A typical field 
setup of the equipment used to study the delay time is shown in Figure 2. The equip­
ment used in the collection of delay data consisted of traffic volume counters, 20-pen 
recorder, 12-volt battery, push-button box, junction box, pneumatic tubes, and elec­
trical conducting wire. 

The placement of the traffic counters A and B varied in the suburban and rural 
areas. Counter A was located prior to the point at which an approaching through ve­
hicle was influenced by the presence of the intersection. Counter B was located be­
yond the intersection at a point where the through vehicle had resumed its initial ap­
proach speed. As the approach speed increased, therefore, the distance between 
counters A and B increased; this distance was designated as the "zone of influence" 
and varied from about 800 to 1300 ft. 
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• RELATIVE LOCATI_ON AND 
NUMBER OF INTERSECTIONS 

Figure 1. Relative locations of study intersections. 
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TABLE 1 

SUMMARY CHARACTERISTICS OF STUDY INTERSECTIONS WITHOUT MEDIAN LANES 

Weekday Approacha 
Intersection Location Type of Area Type of Signalization ADT Plus Weekday 

Opposing ADT 

US 52 Bypass and 
Union St. Lafayette Suburban Fixed time 17, 500 

US 52 Bypass and 
SR 26 Lafayette Suburban Fixed time 18, 000 

US 52 Bypass and 
Salisbury St. Lafayette Suburban Semltraffic actuated 15, 800 

US 52 and US 231 Lafayette Rural Stop sign controlled (flasher) 7, 100 
SR 100 and 56th St. Indianapolis Rural Fully traffic actuated 10, 500 
SR 100 and Fall 

Creek Rd. Indianapolis Rural Stop sign controlled (flasher) 7,600 
SR 100 and US 31 Indianapolis Suburban Fully traffic actuated 12,900 
US 35 (SR 22) and 

US 31 Bypass Kokomo Suburban Fully traffic actuated 9, 500 

0 Weekday ADT's based on 1965 volume data, 

TABLE 2 

SUMMARY CHARACTERISTICS OF STUDY INTERSECTIONS WITH MEDIAN LANES 

Weekday Approacha 
Intersection Location Type of Area Type of Signalization ADT Plus Weekday 

Opposing ADT 

US 31 and US 35 Kokomo Suburban Fully traffic actuated 22,000 
US 31 and SR 26 Kokomo Rural Fully traffic actuated 15, 100 
SR 100 and 30th St. Indianapolis Suburban Fully traffic actuated 27, 500 

0 Weekday ADT 1s based on 1965 volume data. 

Approach speed was the determining factor in indicating whether the intersection 
approach was considered to be located in a suburban or a rural area. Intersection 
approaches were classified as suburban when the approach speed was greater than 30 
out iesi. ihan 45 mpi1. nurai .iui.en;ta:i..ium; were i.iiu:se lul:ai..ium; when: i.iie avvn:iad1 
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Figure 2. Typica I field setup of equipment. 
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Traffic counters A and B were equipped with relay devices which actuated the 20-
pen recorder whenever a vehicle axle crossed the pneumatic tubes connected to these 
two counters. Each axle actuation caused a pip on the recorder chart. An opposing 
traffic volume counter was located opposite counter B. Each observer had a push­
button box which actuated six different pens of the 20-pen recorder, as follows: 

Pen Number 

2 

3 

4 

5 

6 

Description 

Cancel 

Stopped time 

Left-turn vehicular de lay 

Identification of study vehicle 

Tube A 

Tube B 

Once the equipment was set up at the intersection, an observer selected the first 
approaching vehicle as a study vehicle. Each study vehicle was identified by pressing 
the identification button as the vehicle crossed tube A. If the study vehicle turned left 
or right before crossing tube B, the cancel button was pressed; if the vehicle was de­
layed by a left-turning vehicle at the intersection, the button signifying a left-turning 
vehicular delay was pressed; if the vehicle was stopped due to a traffic signal, the 
stopped time button was pressed both when the vehicle stopped and again when the ve­
hicle started in motion; and finally, when the vehicle crossed tube B, the identification 
button was again pressed. When a study vehicle had been canceled or had passed 
through the zone of influence, the next succeeding vehicle to approach the intersection 
was selected as a study vehicle. This procedure was repeated for a 3-hr period on 
each approach studied at an intersection. 

Additional notations were made on the recorder chart to indicate the classification 
of each study vehicle, and the number of stopped left-turning vehicles present in a 
queue. This number of stopped left-turning vehicles was later used to study adequate 
storage length for a possible median lane. 

A study was conducted to verify whether or not the delay times incurred to through 
vehicles during the 3-hr study period were unique to that intersection approach for the 
particular time and day. The three suburban intersections in the Lafayette-West La­
fayette area were selected for this purpose. Delay times for specific time periods 
and days of the week were measured on three successive weeks at the three intersec­
tions. It was found that the delay times for any particular time and day at a specified 
intersection approach were not significantly different at the 5 percent level of signifi­
cance. As a result, it was concluded that adequate samples of delay time at an inter­
section approach could be obtained during any three consecutive hours for weekday­
daylight hours. 

The 20-pen recorder was operated at a rate of 6 in./min during the time each ap­
proach was studied. The elapsed time in seconds for a study vehicle to pass through 
the zone of influence was scaled from the recorder charts and recorded in one of the 
four following categories: 

1. No delay; 
2. Signal delay: (a) total time, (b) stopped time, (c) total time minus stopped time; 
3. Left-turn vehicular delay; and 
4. Left-turn vehicular delay and signal delay: (a) total time, (b) stopped time, (c) 

total time minus stopped time. 
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These data were used to determine averages of the hourly totals for each of the four 
catcgc1~ics and pcrccntageo uI the vehicles delayed by a left-tur111ng vehicle aud oI U1~ 
vehicles delayed by a left-turning vehicle and a signal. Time differences were then 
determined for categories 1 and 3, and 2 and 4. The seconds of delay per hour caused 
by left-turning vehicles to the total volume of through vehicles per hour in the approach 
direction were calculated as follows: 

(1) 

where 

YD = seconds of delay per hour caused by left-turning vehicles to the total volume 
of through vehicles per hour in the approach direction; 

V = approach volume per hour of through traffic; 
PL = percent of through vehicles delayed by a left-turning vehicle; 
TL = difference, in sec, for the average hourly times of categories 1 and 3; 

PLs = percent of through vehicles delayed by a left-turning vehicle and a signal; 
and 

TLs = difference, in sec, for the average hourly times of categories 2 and 4. 

An early conclusion from the field data was that the delay time experienced by a 
through vehicle was negligible at the three locations which had median lanes on the ap­
proaches to the intersection. Further analysis, therefore, was limited to the delay 
time experienced by a through vehicle at the approaches to the eight intersections 
which did not have median lanes. 

Accident Data 

An almost 5-yr study period was chosen in order that an adequate sample of acci­
dents could be obtained. Accidents were collected for the daylight-weekday hours at 
the eleven study intersections for the period Jan. 1, 1961 through Aug. 31, 1965, and 
accident rates were calculated (Tables 3 and 4). 

Data on accidents for the three intersections with median lanes clearly indicated 
the almost total absence of accidents caused by left-turning vehicles. As a result, it 
was concluded that a median lane substantially reduces accidents involving left-turning 
vehicles. 

The accident analysis was limited to those accidents caused by left-turning vehicles 
which could have been prevented with the installation of a median lane. The types of 
accidents considered preventable were the following: 

1. Accidents involving a left-turning vehicle with opposing traffic, 
2. Sideswipe overtaking accidents involving a left-turning vehicle, and 
3. Rear-end accidents that probably resulted from a left-turn movement. 

The accident data were collected from the Accident Records Division of the Indiana 
State Police and local police records. Indiana state law requires that all accidents in­
volving a perscnal injury, death or property damage of $ 50 or more be reported to the 
police. 

In most instances the collision diagram and description of the accident from the in­
vestigating officer report form provided the necessary information to distinguish a pre­
ventable accident from a nonpreventable accident. It was concluded, however, that ad­
ditional accidents probably were attributed to left-turning vehicles. A study was con­
ducted, therefore, to determine additional rear-end collisions caused by left-turning 
vehicles which were not recorded as such on the investigating officer report forms. 
Accident rates for the other rear-end collisions were calculated for the eight intersec­
tions without median lanes and for the three intersections with median lanes (Tables 3 
and 4). The difference in the averages of these two accident rates was then used as a 
basis to randomly assign additional rear-end accidents which could be considered pre­
ventable with the installation of a median lane . 



TABLE 3 

ACCIDENT RATES AT STUDY INTERSECTIONS WITHOUT MEDIAN LANESa 

Cause and Type of Accidentb 

Intersection Left-Turn Other 

Rear-End Right-of-Way Rear-End Right-of-Way 

US 52 Bypass and Union St. 0.151 0. 490 0. 151 0. 075 
US 52 Bypass and SR 26 0.183 0. 366 0.440 0. 073 
US 52 Bypass and Salisbury St. 0.167 0. 417 
US 52 and US 231 (SR 53) 0 . 186 0. 279 0.466 
SR 100 and 56th St. 0.126 0. 315 0.126 
SR 100 and Fall Creek Rd. 0.437 0.262 0. 699 
SR 100 and US 31 0. 360 0.514 0.051 
US 35 and US 31 Bypass 0. 075 1.196 0.149 0.299 

Average 0. 278 0. 604 0. 361 0.405 

0Accident rotes are expressed cs the number or accidents per million vehicles for the period Jon. l, 1961 
throv9h Aug. 31, 1965. 

6Accidcmts ore classified according to cause: left-tvrn vehicle or other; and according to type: rear-end or 
right-of-way. 
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The accident data were analyzed on a yearly basis at each intersection approach to 
determine an accident rate, number of accidents per million vehicles caused by left­
turning vehicles, at each of the eight intersections. No accidents involving a fatal in­
jury were included because of the rarity of such accidents and the difficulty of estab­
lishing an economic loss. 

Volume 

In delay and accident studies, volume has correlated well with delay times and ac­
cident rates. This volume can be represented as an hourly volume or as the annual 
average weekday traffic (ADT). Both the hourly volumes and the weekday ADT were 
used in the analysis. 

The traffic volume counters, used as part of the equipment to measure delay time, 
were employed simultaneously to obtain the approach and opposing volumes per hour 
for a given direction of travel. An observer was used to record the number of left­
turning and right-turning vehicles, as well as the classification of vehicles entering 
the intersection approach. It was, therefore, possible to analyze volumes, turning 
movements, and commercial vehicles for the same period of time the delay data were 
collected. 

The approach and opposing hourly volumes at the time the accident occurred and the 
weekday ADT's were correlated with the accident rate. Because volume counts were 
not available for the entire study period, these hourly volumes were estimated. 

The traffic volumes obtained at the time the delay data were collected were supple­
mented by volume data from the Division of Planning, Indiana State Highway Commis­
sion. Factors were determined from the volume data collected, from records of the 
Commission, and from charts depicting the yearly, monthly, daily, and hourly varia­
tions in traffic volume during average conditions (12). Therefore , by knowing the lo-

cation,""" year, month, day, and hour of an 

TABLE 4 

ACCIDENT RATES AT STUDY INTERSECTIONS 
WITH MEDIAN LANES 

Intersection 

US 31 and US 35 
US 31 and SR 26 
SR 100 and 30th St. 

Average 

Type of Accident 

Rear-End 

0 . 301 
0.220 
0.177 

0. 240 

Right-of-Way 

0.422 
0. 39 6 
0.133 

o. 354 

accident, the hourly volumes at the time 
an accident occurred were estimated by 
applying the appropriate factors to the 
volume counts taken at each intersection 
approach. 

Capacity 

The practical capacity of each inter­
section was calcula ted by the method de­
scribed in the Highway Capacity Manual (.'.!_). 



24 

Six of the signalized intersections had paved shoulders on the right side which al­
lowed through vehicles to maneuver around a left-turning vehicle. These paved shoul­
ders also acted as turning lanes but were not designated for this specific movement. 
To determine the effectiveness of the paved shoulders in increasing the practical ca­
pacities of these six intersections, reference was made to a study (9) which indicated 
that each paved shoulder carried approximately one-third the capacity of a properly 
constructed and signed turning lane. 

The practical capacity was calculated for an extra turning lane if more than one 
lane existed for a direction of travel. This lane was assumed to be a left-turn only 
lane if the predominant turning movement at that approach was left, and assumed to 
be a right-turn only lane if the predominant turning movement at that approach was 
right. If the additional lane was only a paved shoulder not constructed, signed, or 
used exclusively as turning lane, only one-third of the turning lane capacity was added 
to the through lane capacity. 

The two stop-controlled intersections were also protected with flashers. Although 
no precise method was available to evaluate the practical capacity of these two unsig­
nalized intersections, it was assumed that the crossroad traffic interference caused a 
wave-like behavior to the through traffic which approached the behavior of traffic un­
der signal control (1). As the crossroad traffic interference did not result in inter­
rupted flow, the practical capacities of these intersections were computed as if the in­
tersections had been operated under traffic control signals with a green time to cycle 
length ratio of one. 

ANALYSIS OF DATA 

Multiple Linear Regression 

Many variables possibly affecting the delay and accident data were analyzed by mul­
tiple linear regression. This method provided expressions for predicting the seconds 
of delay per hour caused by left-turning vehicles to the volume of through vehicles per 
hour, and the number of accidents per million vehicles caused by left-turning vehicles 
at approaches to intersections in both the rural and suburban areas. The computer 
program used in this study for the multiple linear regression analysis was the BIMD-
2R, Stepwis Regression (10). 

Tests were conducted onthe resulting delay time and accident rate prediction equa­
tions to determine whether each independent variable in each equation was significant. 
The purpose was to develop simplified equations which would in most instances ade­
quately predict delay times and accident rates for both suburban and rural intersections 
by using a fewer number of independent variables. An option in the BIMD-2R program 
provided for a summary table listing the order each independent variable entered the 
multiple linear r egr ession e~uation and the co rresponding inc rease in the multiple co­
efficient of determination (R) associated with each new variable . The F-test (3) was 
used to determine the first independent variable which did no t add significantly to the 
increase in the multiple R2, given the othe r independent variable or variables already 
in the regression equation. For example, tests were conducted at a 5 percent level of 
significance to determine whether a significant increase resulted from the addition of 
a second independent variable given the first independent variable, or from the addi­
tion of a third independent variable given the first two independent variables already 
in the regression equation. The results of these tests are the basis for the formulation 
of simplified predictions equations for delay time and accident rates. 

Delay Time 

The variables in Table 5 represent the independent variables which were considered 
in the initial analysis for predicting the variability in delay times for both suburban 
and rural areas. The results from this initial regression analysis were examined for 
significance and duplication, and certain variables deleted. The final delay time pre­
diction equations were based on the remaining independent variables. 



TABLE 5 

INDEPENDENT VARIABLES-SUBURBAN AND RURAL DELAY TIMES 

Number 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 

21 

22 

23 

24 

25 

Variable 

Type of area-suburban or rural 
Flasher (stop) controlled 
Fixed-time controlled signalization 
Semitraffic-actuated controlled signalization 
Fully traffic-actuated controlled signalization 
Green time to cycle length ratio of through approach 
Green lime to cycle length ratio of left-turn phase 
Grade of approach, '1, 
Number of approach lanes 
Width of approach roadway at the intersection, ft 
Average speed through intersection for a nondelayed through 
vehicle, ft/ sec 
Ratio of width of access points to zone of influence length 
Approach volume per hour, vph 
Opposing volume per hour, vph 
Number of left-turning vehicles in approach direction per hour 
Number of right-turning vehicles In approach direction per hour 
Number of commercial vehicles in npproach direction per hour 
Number of approaching through vehicles per hour delayed by a 
left- turning vehicle only 
Number of approaching through vehicles per hour delayed by a 
left -turning vehicle and a signal 
Ratio or approach volume per hour to capacity of approach 
direction 
Ratio of opposing volume per hour to capacity of opposing 
direction 
Average number of stopped left-turning vehicles in an approach 
queue per hour 
Total volume per hour in approach and opposing directions, vph 
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Suburban Area-The prediction equation explaining the greatest amount of variability 
in suburban delay time (Yns) is the following: 

YDS = 483. 788 - 726. 881 Xs - 33. 292 X10 - 338. 278 X11 

- 4. 157 X13 + 4. 347 X11 - 3. 635 X19 - 1027. 246 X22 

+ 1. 984 X2s (2) 

The multiple correlation coefficient is 0. 828. The variables explain approximately 
69 percent (R2) of the variation in the seconds of delay per hour caused by left-turning 
vehicles to the total volume of through vehicles per hour for a suburban intersection 
approach. 

The most significant variable for suburban delay time is the total volume per hour 
in the approach and opposing direction (X2e). Other important variables are the green 
time to cycle length ratio for the through ap.l)roach (Xe), U1e percent grade of the ap­
proach (X10), the number of approach lanes {X11), the average speed through the inter­
section for a nondelayed furough vehicle (Xis), the number of left-turning vehicles per 
hour in fue approach direction (X11}, the number of commercial vehicles per hour in 
the approach direction (Xw), and the ratio of the approach volume per hour to the ca­
pacity of the intersection approach (X22). 

The simplified prediction equation for suburban delay time is as follows: 

YDS = - 620. 838 + 3. 505 X11 + 0. 886X2a (3) 

The multiple correlation coefficient is 0. 791. The variables explain approximately 
63 percent (R2

) of the variation in the seconds of delay per hour caused by left-turning 
vehicles to the total volume of through vehicles per hour for a suburban intersection 
approach. 
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The most significant variable is the total volume per hour in the approach and op­
posing directions (X25). The other independent variable is the number of left-turning 
vehicles per hcU!." in the apprvacli Ulrci:liun (X17). 

Rural Area-The prediction equation explaining the greatest amount of variability 
in r ural delay time (Yn_R) is the following: 

44. 469 + 50. 673 X10 - 13. 514 X12 + 1. 003 Xis 

+ 5. 017 X11 - 2. 735 X19 + 547. 598 X22. + 0. 731 X2a (4) 

The multiple correlation coefficient equals 0. 986. The variables explain approxi­
mately 97 per cent (R2) of the variation in the seconds of delay per hour caused by left­
turning vehicles to the total volume of through vehicles per hour for a rural intersec­
tion approach. 

The most significant variable for rural delay time is the total volume per hour in 
the approach and opposing directions (X2a). Other important variables are the percent 
grade of the app1·oach (X10), the width of the approach r oadway at the intersection (Xu), 
the approach volume pet· hour (X15), the number of left-turning vehicles per hour in 
the approach direction (X11), the number of commerical vehicles per honr in the ap­
proach direction (X10), and the ratio of the approach volume per hour to the capacity of 
the intersection approach (X22). 

The simplified prediction equation for rural delay time is as follows: 

YDR = - 242. 880 - 9. 119 X19 + 1. 669 X 26 (5) 

The multiple correlation coefficient is O. 958. The variables explain approximately 92 
percent (R2

) of the variation in the seconds of delay per hour caused by left-turning 
vehicles to the total volume of through vehicles per hour for a rural intersection ap­
proach. 

The most significant variable is the total volume per hour in the approach and op­
posing directions (X25). The other independent variable is the number of commercial 
vehicles per hour in the approach direction (X19). 

During the collection of delay data, notations were made on the recorder chart in­
dicating the number of stopped left-turning vehicles in each queue. It was possible, 
therefore , to determine an average number of stopped left-turning vehicles in a queue 
per hour. This average number could then be used to determine the adequate storage 
length for a proposed median lane. 

The required length of the proposed median lane will vary at each intersection ap­
proach. The following factors , however, s hould be considered when determining the 
length of the proposed storage lane: (a) apJ?roach volume, (b) percent left-turning ve­
hicles, (c) average approach speed, and (d) average number of stopped left-turn ve­
hicles in a queue per hour. 

Accident Rate 

The variables in Table 6 represent the independent variables which were considered 
in the initial analysis for predicting the variability in accident rates for both suburban 
and rural areas. The results from this initial regression analysis were examined for 
significance and duplication, and certain variables deleted. The final accident rate 
prediction equations were based on the remaining independent variables. 

Suburban Area-The prediction equation explaining the greatest amount of variabil­
ity in the s ubur ban accident rate (Y AS) is the following: 

Y AS = 1. 2411 - 1. 0882 X7 + 0. 0029 X10 + 1. 3094 X12 

- 0. 8496 X13 + 0. 0824 X14 - 1. 6262 X16 + 0. 0443 X17 (6) 



TABLE 6 

INDEPENDENT VARIABLES-SUBURBAN AND RURAL ACCIDENT RATES 

Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Variable 

Type of area, suburban or rural 
Flasher (stop) controlled 
Fixed-time controll ed s1gn:1lization 
Semitraffic-actuated co;:1• 1 11 ~e el signalization 
Fully traffic-actuat eel r. , , J ,, (1 si~al ization 
Number or aPJ>ronch l!u1 
Width o! npp,·oach 1·oadw.1y al lh~ lntfrseello11 , fl 
Width or O1111osing roadway at tho Jnl ,·section, (r· 
A·pproach vnl11mc per hour al lln, o lM ace dent occurred, vph 
Opposing volu me p r hour at lime the accident occurred, vph 
Wcekdny appronch, ADT, vpd 
Weekday appnmch ADT plus we.ckday opposing AbT, vpd 
Total lnters ollon weekday Al)'I', ,•pcl 
Ilalio ol ltppru:,cll volume p, r hou r to c·a1)nclt)' ol approach direction 
Ratio of opposing volume pc,.r hour to capacity o[ o)>posln~ d!rccllon 
Average, s11ced lhr<>ugh lhc llll'orsocllon lor n nondc!aycd throu11h 
vehicle, ft/sec 
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The multiple correlation coefficient is 0. 781. The variables explain approximately 
61 percent (R2

) of the variation in the number of accidents per million vehicles caused 
by left-turning vehicles on a suburban intersection approach. 

The most significant variable for suburban accident rate is the weekday approach 
ADT plus the weekdar opposing ADT (Xis). Other important variables are the number 
of approach lanes (X1}, the approach volume per hour at the time the accident occurred 
(X1o), the weekday approach ADT (Xd, the total intersection weekday ADT (X1.J, the 
ratio of the opposing volume per hour to the capacity of the opposing intersection ap­
proach (Xie), and the average speed through the intersection for a nondelayed through 
vehicle (X11). 

The simplified prediction equation for the suburban accident rate is as follows: 

Y AS 3. 6203 - 1.1407 X1 + 1. 2446 Xi2 - 0, 7723 Xia 

+ 0. 0371 Xi4 (7) 

The multiple correlation coefficient is 0. 743. The variables explain approximately 55 
percent (R2) of the variation in the number of accidents per million vehicles caused by 
left-turning vehicles on a suburban intersection approach. 

The most significant variable in this ·simplified prediction equation is the weekday 
approach ADT plus the weekday opposing ADT (Xu). Other independent variables are 
the number of approach lanes (X.,), the weekday approach ADT (X1.J, and the total in­
tersection ADT (X14). 

Rural Area-The prediction equation explaining the greatest amount of variability in 
the rural accident rate (y AR) is the following: 

0.6411 - 0.2848 X1 - 0.0110 Xa + 0.0045 X10 

- 0. 0077 X11 + 0. 8690 X13 - 0. 6018 Xi4 - 2. 9019 Xis 

+ 6. 0704 Xie (8) 

The multiple correlation coefficient is 0. 825. The variables explain approximately 
68 percent (R2} of the variation in the number of accidents per million vehicles caused 
by left-turning vehicles on a rural intersection approach. 

The most significant variable for rural accide1.1t rate is the total intersection week­
day ADT (Xi4). Other important variables are the number· of approach lanes (X1), the 
width of the approach roadway at the inters ection (Xs), the approach volume per hour 
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at the time the accident occurred (X10), the opposing volume per hour at the time the 
;:ir.ci rlP.n t nr.c11rrP.rl (X11), t ht> weeltday approach ADT plu~ t.hA weRkrl::i_y oppo ·nG ADT 
(X13), the ratio of the approach volume per hour to the capacity of the approach direc­
tion (X15), and the ratio of the opposing volume per hour to the capacity of the oppos ing 
direction (X10). 

The simplified prediction equation for the rural accident rate is as follows: 

Y AR = 1.1333 + 0. 0015 X10 - 0. 0497 X14 (9) 

The multiple correlation coefficient is 0. 609. The variables explain approximately 37 
percent (R2) of the variation in the number of accidents per million vehicles caused by 
left-turning vehicles on a rural intersection approach. 

The most significant variable for rural accident rate is the total intersection week­
day ADT (X14). The other independent variable is the approach volume per hour at the 
time the accident occurred (X10>. This simplified equation, however, does not ade­
quately predict the accident rate at a rural intersection approach as indicated by the 
low multiple correlation coefficient. As a result the full prediction equation should be 
used. 

APPLICATION OF PREDICTION EQUATIONS 

General 

The development of prediction equations for estimating the delay time and accident 
rate due to the absence of a median lane at rural and suburban intersections permits 
the evaluation of benefits to be expected from construction of such a lane. Application 
of these equations to evaluation is a simple process. 

The application is limited to two extreme conditions under which median lanes 
might be proposed. It is assumed that a median lane is warranted when the costs of 
its construction are equal to or less than the economic benefits derived. Benefits are 
realized by reduced delays to through vehicles and a reduction in the number of acci­
dents attributed to left-turning vehicles. The simplified prediction equations are used 
to determine such reductions in delay time and accident rates. 

The first example considers the case where adequate right-of-way exists on both 
approaches of a two-lane highway to a signalized intersection in a suburban area. The 
existing pavement on one or both sides of the highway must be widened for a specified 
distance on both approaches so that median lanes can be constructed and new through 
lanes designated. 

The second example considers the case where a median strip at least 16 ft wide is 
located between the major approaches to a signalized intersection of a four-lane di­
vided highway in a suburban area. The left-turn lanes will be constructed within the 
existing median and no changes to the existing lanes are required. 

The basic specifications and construction costs for median lanes were obtained from 
the Indiana State Highway Commission, Division of Traffic. Several contracts of in­
tersection channelization projects were examined to obtain representative 1965 costs. 

The actual cost of delay time was determined for the southbound approach to the in­
tersection of US 52 bypass and SR 26 in Lafayette. The cost of delay for the average 
vehicle type was calculated to be $2. 25 per hour of delay. This cost estimate includes 
time and fuel costs for deceleration, acceleration, and idling, and a time cost for com -
fort and convenience. The unit costs and rates used in the determination of the hourly 
estimate for delay costs are given in Table 7. 

Average costs for an accident caused by a left-turning vehicle were determined 
from the accident r eport forms collec ted for the period Jan. 1, 1961 through Aug. 31, 
196 5. The average cosl of each inju ry in 196 5 was set at $1900 (11). The average ac­
cident costs, which included both property damage and injury cost's-;- were calculated 
to be $710 in suburban areas and $1352 in rural areas. 

A 6 percent interest rate was used to obtain the annual costs for construction and 
maintenance of the median lane based on 1965 unit costs. 



TABLE 7 

1965 UNIT COSTS AND RATES USED TO CALCULATE 
THE HOURLY DELAY COSTa 

Item 

1. Fuel, $ /gal 
2. Idling, gal/min 
3. Time, $/hr 
4. Comfort and convenience, 

$/veh-mi 

Passenger 
Vehicles 

o. 32 
0.007 
1. 55 

0. 01 

0 These unit costs and rates are average values @_, ~, and f ). 

Commercial 
Vehicles 

0. 28 
0.011 
2. 80 

0. 01 
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The prediction equation used to estimate the seconds of delay per hour and the num -
ber of accidents per million vehicles to through vehicles caused by left-turning vehicles 
are based on weekday-daylight hours. These predicted delay times and accident rates, 
therefore, include only 12 hours per day for 260 days of the year. For a second cal­
culation, it was assumed that the delay times and accident rates for the weekend-day­
light hours are the same or greater than the delay times and accident rates for the 
weekday-daylight hours. With this assumption, computations are based on the 12 hours 
per day for 36 5 days of the year. In the two examples to follow, annual cost estimates 
for delay times and accident rates are based on both 260 days and 365 days per year. 

It is also assumed that all delays to through vehicles from the left-turn movement 
and all accidents involving left-turn vehicles will be eliminated by the construction of 
a median lane. Although this is not completely accurate, it is substantially correct. 
Furthermore, the prediction equations, by not considering the night hours, give con­
servative values for both delay and accidents. 

Cost estimates for the installation of a median lane are based on construction costs 
at an existing intersection approach with no additional improvements at that intersec­
tion approach. Lower costs would result when additional improvements to an existing 
intersection are to be made in conjunction with the median lane or when a median lane 
is to be installed on the intersection approach of a completely new highway. 

The two examples on the following pages may not be the best possible solutions to 
the chosen intersection approaches, and are only illustrative examples for the ap­
plication of the simplified prediction equations. 

U.S. 52 BY-~S 

BEFORE 

AFTER 

I L 

A N 
SCALE 1"=200' 

S.R. 26 

____.~ ......... ~~;;;;;;;~----•'-'P-'!!! .......... ~~;J~ i ~ - ==-'----' ._. ~ 
====;=- ---- - ----,.., ,-~=====-~~-) Ip ,.., E ,------, -------------

1!lir 
Figure 3. Conditions before and after construction of median lanes at US 52 bypass and SR 26. 
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Example 1 

Thi!'l P.x::implP. ::itt.P.mpt.!'l t.n ju!'ltify thP. r.nn!'ltrur.tinn of mP.rlfan lanP.!'l nn hot.h ::ippro::i.ches 
to the intersection of US 52 bypass and SR 26. The bypass is a two-lane highway in a 
suburban area with adequate right-of-way for median lane construction on both ap­
proaches to the intersection. The conditions before and after construction of the median 
lanes are shown in Figure 3. 

The annual construction, maintenance, and interest costs were determined based on 
1965 unit construction costs. No attempt was made to improve the type of signalization 
nor to include any cost estimate for such improvement. 

The number of daylight hours of delay per year attributed to left-turning vehicles 
was determined from Eq. 3, developed for suburban areas. 

Variable Northbound 

80 

1107 

Southbound 

32 

1107 

An annual increase in traffic of 3 percent was assumed to evaluate variables X17 and 
X26 for the succeeding 5 and 10-yr periods. 

The number of accidents per year caused by left-turning vehicles during the daylight 
hours was determined from Eq. 7, developed for suburban areas. 

Variable Northbound Southbound 

x? 
X12 8.80 9.20 

Xia 18.0 18.0 

X14 26.3 26.3 

TABLE 8 

SUMMARY COST ESTIMATES FOR EXAMPLE 

Annual Cost in Dollars 

Description Costs 1965-1969 1965-1974 

260 365 260 365 
(days/yr) (days/yr) (days/yr) (days/yr) 

Median lanes: 
Preparation 1,462 
Construction 20, 822 
Finishing 100 
Signs and maintaining traffic 3,000 

Total cost 25, 984 

Maintenance and miscellaneous (15. M) 3, 898 

Total cost 29, 882 

Annual cosl at 6. 01 interest rate (C + M + I) 6,078 6,078 4,061 4,061 

Cost reduction estimates: 
Delay time (Cos) 2,450 3,439 2,838 3,984 
Accidents (C AS) 2,284 3,206 1,894 2,659 

Total reduction cost (Cos+ CAs) 4, 734 6, 645 4,732 6,643 

Difference [(Cos+ CAs) - (C + M + I)] -1, 344a + 557b + 671 +2, 582 

aA negative difference indicates that the annual cost to install median lanes cannot be justified by the annual savings in delay 
and accidents to tluough vehicles. 

bA positive difference indicates that the annual cost to install median lanes can be justified by the annual savings in delay and 
uccidc;;t:; to through ·,chicle:;. 
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An annual increase in traffic of 3 percent was also assumed to evaluate variables X12., 
X13, and X14 for the succeeding 5 and 10-yr periods. 

A summary of the annual cost estimates determined for median lane construction 
and the resulting reduction in delay time and number of accidents is given in Table 8. 
The results indicate that the construction, maintenance, and interest costs for median 
lanes on both approaches to the in tersection of US 52 bypass and SR 26 can be justified 
over a 5-yr period using 365 days per year. 

Example 2 

This example attempts to justify the construction of a median lane on the northbound 
approach to the intersection of US 31 bypass and Lincoln Road. The US 31 bypass is a 
four-lane divided highway in a suburban area with an existing median 40 ft wide. 'l'he 
southbound approach to the intersection already has a left - turn lane. The conditions 
before and after construction of the median lane are shown in Figure 4. 

The annual construction, maintenance, and interest costs were again determined 
based on 1965 unit construction costs. No attempt was made to improve the type of 
signalization nor to include any cost estimate for such improvement. 

The number of daylight hours of delay per year attributed to left-turning vehicles 
was determined from Eq. 3 for suburban areas. 

Variable Northbound 

7 

890 

An annual increase in traffic of 3 percent was assumed to evaluate variables X17 and 
X2e for the succeeding 5 and 10-yr periods. 

BEFORE L 
SCALE 1"= 100' "'~---- ---' ------------- --

U S 31 BY - PASS LINCOLN ROAD 

L 

----------------

Figure 4. Conditions before and afte r construction of a median lane at US 31 bypass and Lincoln Road . 
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TABLE 9 

Annual Cost in Dollars 

Description Costs 
1965-1969 1965-1974 

260 365 260 365 
(days/yr) (days/yr) (days/yr) (days/yr) 

Median lane: 
Preparation 40 
Construction 3,521 
Finishing 200 
Signs and maintaining traffic 1,000 

Total cost 4,761 

Maintenance and miscellaneous (15. O:') 714 

Total cost 5,475 

Annual cost at 6 . O:' interest rate (C + M + I) 1,114 1,114 744 744 

Cost reduction estimates: 
Delay time (CDf) 473 664 607 852 
Accidents (CAs 814 1,427 717 1,007 

Total reduction cost (CDs + C As) 1,287 2,091 1, 324 1,859 

Difference [ (CDS + C Asl - (C + M + I)l + 173a + 977 + 580 +1, 115 

0 A positive difference indicates that the annual cost to install a median lane can be justified by the annual savings in delay and 
accidents to through vehicles, 

The number of accidents per year caused by left-turning vehicles during the day­
light hours was determined from Eq. 7 for suburban areas. 

Variable Northbound 

Xi 2 

X12 9.5 

Xl3 17.4 

Xi4 20.6 

An annual increase in traffic of 3 percent was also assumed to evaluate variables X12, 
X13, and X14 for the succeeding 5 and 10-yr periods. 

A summary of the annual cost estimates determined for median lane construction 
and the resulting reduction in delay time and number of accidents is given in Table 9. 
The results indicate that the construction, maintenance, and interest costs for the 
median lane on the northbound approach to the intersections of US 31 bypass and Lin­
coln Road could be justified over both the 5 and the 10-yr periods using either 260 
weekdays or 365 days per year. 

RESULTS AND FINDINGS 

The results and findings of this study are summarized in the following paragraphs. 

1. The presence of a median lane substantially reduces the number of accidents 
and eliminates delay time to through vehicles resulting from left-turning vehicles. 

2. A warrant for the construction of a median lane which relates the annual cost 
for construction and maintenance of a median lane to the total estimated benefits de-



rived from reductions in delay and in accidents for suburban and rural areas is as 
follows: 
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CDS + C AS ;;,: C + M + I 
I 

CDR + CAR ;;,: C + M + I 

(10) 

(11) 

where 

CDs and CDR = annual cost reduction es timates for delay time in the suburban and 
rural areas, 1·espectively, 

C AS and CAR = annual cost r eduction estimates for accidents in the suburban and 
rural areas, r espectively, and 

C + M + I = annual construction, maintenance, and interest costs for the me­
dian lane. 

3. Equations were developed to predict delay times and accident rates for the week­
day-daylight hours for through traffic at suburban and rural intersections that resulted 
from left-turning vehicles and the absence of median lanes. 

4. Using a life of only five years, it was shown that median lanes were warranted 
at two example intersections. The benefits were found to be such that, when compared 
with the cost of a median lane, almost every intersection on a divided highway with a 
median of 16 ft or more and many intersections on other four and two-lane highways 
possess the warrants for construction of median lanes. 
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