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It is known that medians are an effective method of increasing vehic
ular safety and capacity on urban and suburban arterials. Medians can 
provide an additional lane for through traffic by removing left-turning 
vehicles from the traffic stream. Medians are also considered to be 
beneficial to pedestrian safety and operations, but their actual effects 
are unknown. The partial results of a study sponsored by FHWA are 
presented. A literature search and a state-of-the-practice survey re
garding the effectiveness of alternative median designs and the avail
ability of warrants, guidelines, and criteria for median installations in 
counties, cities, and states are summarized. The impact of median 
design on pedestrian safety is emphasized. The results are applicable 
to urban and suburban locations. 

Medians and refuge islands are classifications of traffic control 
islands defined as areas between traffic lanes for control of vehicle 
movements or for pedestrian refuge. Medians can be designed to 
serve more than one purpose, including controlling or protecting 
vehicle crossover or other turning movements, providing a land
scaped area, channelizing traffic, and providing pedestrian protec
tion. Pedestrian refuge islands are specifically designed to provide 
a place of safety for pedestrians who cannot safely cross the entire 
roadway width at one time because of changing traffic signals or 
oncoming traffic. 

Refuge islands are particularly useful at locations where heavy 
volumes of vehicular traffic make it difficult and dangerous for 
pedestrians to cross the roadway (J). The Manual on Uniform 
Traffic Control Devices (2) states that refuge islands are particu
larly useful (a) on multilane roadways, (b) in large or irregularly 
shaped intersections, and ( c) at signalized intersections to provide 
a place of safety between different traffic streams. 

It has long been recognized that medians are an effective 
method of increasing vehicular safety and capacity on urban and 
suburban arterials. Medians can provide an additional lane for 
through traffic by removing left-turning vehicles from the traffic 
stream. Medians are also generally considered to be beneficial to 
pedestrian safety and operations, but their actual effects are 
unknown. 

This paper presents the results of an extensive literature search 
and state-of-the-practice survey that was conducted as part of a 
study sponsored by FHWA. The relevant objectives were (a) to 
conduct a literature review of the impacts of medians, emphasiz
ing research of cases in which pedestrian safety was an issue and 
(b) to conduct a state-of-the-practice survey of state, county, and 
city agencies regarding current warrants, guidelines, and criteria 
for median installation. 

Department of Civil Engineering, 238 Harbert Engineering Center, Auburn 
University, Auburn, Ala. 36849. 

Nearly 70 articles were reviewed in the literature search, with 
about 50 percent of those published since 1982, reflecting renewed 
interest in this subject. The literature focus was on studies per
formed in urban and suburban locations, since rural locations do 
not have significant amounts of pedestrian traffic. The literature 
was used to identify existing guidelines that can be used to de
termine the appropriate median treatment to use. 

MEDIAN TYPES 

Raised medians promote safety and through traffic service by pre
venting left turns and U-tums across the medians except at des
ignated crossover points. In addition to preventing left turns, 
raised medians reduce friction in the traffic stream by separating 
opposing traffic. The term raised median used herein implies the 
use of a curb. The effectiveness and utility of the median increase 
with increased width. If the raised median is at least 1.2 m ( 4 ft) 
wide it may be used by pedestrians as a rest area, enabling them 
to cross only one direction of traffic at a time. However, a 1.8-m 
(6-ft) median width is needed to accommodate multiple pedestri
ans in urban settings, persons with baby strollers, and wheelchairs 
propelled by attendants. If the median width is at least 3.0 m (10 
ft) it can serve as a deceleration lane and storage area for left
tuming vehicles at planned crossover points and as a pedestrian 
rest area. 

Flush medians use delineation treatments that do not physically 
restrict the movement of traffic across the median. The typical 
type of delineation treatment is painted traffic lanes, but some 
jurisdictions also use raised pavement markers or mushroom but
tons. The principal types of flush medians are narrow divider 
strips, continuous and alternating left-tum lanes, and two-way left
tum (TWLT) lanes. Flush medians are also described as ''painted 
medians" or "painted left-tum channelization" if left-tum pocket 
lanes are involved. 

The standard design for TWLT lanes is specified by the Manual 
on Uniform Traffic Control Devices (2). The major design require
ment of this technique is the median width, which should be at 
least 3.7 m (12 ft). However it is recognized that 3.0-m (10-ft) 
widths are common in older urban areas. The intent of a TWLT 
lane is to remove left-turning vehicles from through lanes and to 
provide storage in the median area until an acceptable gap in op
posing traffic occurs. 

The continuous left-tum lane design is similar to the TWLT 
lane except that it provides individual left-tum lanes for each di
rection of traffic. This design is also referred to as side-by-side 
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left-turn pocket lanes. This technique requires a 7.3-m (24-ft)
wide paved median and is not currently in frequent use. 

The alternating left-tum lane design provides left-tum oppor
tunity for only one direction of traffic at a time. Both directions 
of traffic therefore have left-tum capabilities over a limited section 
of roadway. This design is also described as back-to-back left-turn 
pocket lanes. 

Previous research sponsored by NCHRP identified medians and 
refuge islands as techniques for increasing the safety of pedestri
ans crossing major arterial streets (3). The authors contend, how
ever, that although the potential for increasing safety was present, 
the actual effect on pedestrian safety was unclear. To emphasize 
their concern they mention a previous study that claimed to reduce 
pedestrian accidents by the installation of refuge islands, which 
on close inspection exhibited problems of regression to the mean 
(4). The literature supports the conclusion of the NCHRP study 
that there is a substantial lack of definitive information on the 
effects of medians and refuge islands on pedestrian safety. Those 
articles that discussed or evaluated medians on roadways is urban 
and suburban locations were primarily concerned with their im
pacts on vehicular safety and operations. 

The NCHRP study developed a general finding that it is sub
stantially more convenient for pedestrians to cross multilane high
ways with medians than highways without medians. The authors 
concluded that medians should be divided as a standard feature 
of multilane suburban ·highways (3). They cited a study of an 
arterial street in suburban Virginia that found that almost 90 per
cent of pedestrian crossings occurred at midblock. It can be ex
pected that when pedestrians are faced with long distances be
tween intersections they will cross at midblock locations to reduce 
the total walking distance. The presence of medians at these lo
cations can provide a significant benefit to both pedestrian con
venience and potential safety on multilane roadways. This is par
ticularly true at those midblock locations with relatively high 
volumes or unsignalized intersections, since medians greatly sim
plify the pedestrian's task of crossing the roadway. 

The historic use of raised medians and the increased installation 
rate of TWLT median lanes have resulted in their selection as the 
predominant median types for the purposes of this paper. 

RAISED VERSUS FLUSH MEDIANS 

Raised medians were the predominant type of median first used 
on urban and suburban roadways. Roadway designers considered 
them effective in controlling left-tum movements, providing a 
storage space for left-turning vehicles, separating opposing traffic 
:flows, providing an opportunity for aesthetic enhancements, and 
providing areas for pedestrian refuge. Increased congestion, lim
ited right-of-way, high cost of construction, maintenance costs of 
raised medians, safety analyses, and the need for increased left
tum opportunities have resulted in the use of :flush TWLT median 
lanes by a large number of agencies. The literature review indi
cates that TWLT median lanes have been successfully used on 
urban and suburban roadways with one or more of the following 
characteristics: 

•When traffic volumes are not exceedingly high. There is no 
firm consensus on the upper-volume threshold at which the ad
vantages of TWLT median lanes dissipate. The ITE survey of 
practice indicated that the upper level was an average daily traffic 
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(ADT) count of 43,000, whereas other researchers indicated an 
ADT count of 25,000 (5,6). 

• On roadways where vehicles make a relatively large number 
of left turns, commonly in areas with commercial development 
and frequent driveways. TWLT median lanes have also been suc
cessfully implemented in residential areas, combined commercial
residential areas, industrial areas, and in some states, rural areas 
(7,8). 

• In areas where the predominant accident patterns are related 
to left-tum maneuvers and indirect left-tum access cannot be pro
vided with a raised median (9). 

The advantages and disadvantages of raised and flush medians 
are summarized in Tables 1 and 2, respectively. These tables were 
compiled from a 1990 report by Parker (10) in conjunction with 
a 1990 report by Squires and Parsonson (11) and are based on a 
consensus of the literature. 

Safety Effectiveness 

The majority of the literature reviewed described before-and-after 
accident studies of TWLT median lanes. Studies that compared 
the safety effectiveness of raised and flush median types provided 
mixed results. An inspection of these studies provides an insight 
into why some of these mixed results occurred. 

•Frick (12) compared accident rates at two sites during 1968 
in Springfield, Illinois. The results of the study indicated that the 
site with the flush median lane had an accident rate that was 2.65 
times greater than that at the site with the raised median section. 
Since only two sites were used, the study conclusions are ques
tionable because of the small sample sizes. 

• Squires and Parsonson (11) compared accident occurrences 
between raised medians and TWLT median lanes in Georgia. They 
determined that there was no difference in accident rates between 
the two median types but found that there was a significant dif
ference in the number of accidents per 1.61 km (1 mi). Parker 
(13), in a comparison of 19 raised and 17 flush median sites in 
Virginia, also determined that there was no significant difference 
in accident rates between the two median types. That 1983 study 
determined that the accident rate for raised medians was 275 ac
cidents per hundred million vehicle km ( 442 accidents per hun
dred million vehicle mi) and that the rate for flush medians was 
380 per hundred million vehicle km (611 per hundred million 
vehicle mi). Parker also determined that the accident frequency 
per mile was not significantly different. In a 1990 update to his 
study Parker (10) again determined that neither the accident rates 
nor the numbers of accidents per mile were significantly different. 
The studies by Parker (10) and Squires and Parsonson (11) were, 
however, too small to experimentally control for differences in 
traffic volumes, the number of intersections per mile, and the num
ber of driveways per mile between the median types. 

•In 1986 Harwood (9) analyzed data on accidents at sites in 
California and Michigan and found that accident rates at 'fWLT 
median lanes were 21 to 24 percent lower than accident rates at 
raised median sections. Harwood used a good experimental ap
proach, but only used sites in California and Michigan with a total 
raised median length of 35 km (21.8 mi), with a total raised me
dian length of 26 km (16.2 mi) in commercial areas. 

•In 1993 Mukherjee et al. (14) reported on a comparative anal
ysis of the models developed by Parker (10), Squires and Parson-
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TABLE 1 Advantages and Disadvantages of Raised Medians (10,11) 

Advantages: 

1. 

2. 

3. 

4. 

5. 
6. 
7. 

'8. 
9. 

10. 

11. 

12. 
13. 

14. 

15. 

16. 

17. 

Discourages new strip development and 
encourages large planned development. 
Allows better control of land use by local 
government. 
Reduced number of conflicting vehicle 
maneuvers at driveways. 
Safer on major arterials with high ( > 60) 
number of driveways per mile ( > 37 
driveways per km). 
Increases traffic flow. 
Desirable for large pedestrian volumes. 
Permits circuitous flow of traffic in grid 
patterns. 
Allows greater speed limits on through road. 
Safer than TWL TL in 4 lane sections. 
Safer than TWLTL in 6 lane sections but 
depends on number of signals/mile, 
driveways/mile, ADT, and approaches/mile. 
Encourages access roads and parallel street 
development. 
Reduces accidents in mid-block areas. 
Reduces total driveway maneuvers on the 
major roadway. 
Low maintenance cost of raised medians, 
depending on final design. 
Studies have shown that delay per left 
turning vehicle does not increase, up to the 
studied volume of 3700 vph. 
Curbs discourage arbitrary and deliberate 
crossings of the median. 
Reduces number of possible median conflict 
points. 

18. Provides separation between opposing traffic 
flows. 

19. Provides a median refuge area for 
pedestrians. 

20. With raised grass medians, an open space is 
provided for aesthetics. 

son (11), and Harwood (9) and revealed conflicting results. The 
, authors concluded that the models and procedures that had been 
developed were not applicable to all cases and locations. 

Although there are problems in many of the studies that com
pared the safety effectiveness of raised and flush median types, 
a number of studies determined the safety effectiveness of 
raised medians and TWLT median lanes without comparison. 
The raised median safety effectiveness results are summarized 
below. 

• A study of three installations with raised medians by Wooten 
et al. (15) in 1964 determined significant accident reductions; re
ductions were as high as 69 percent at one site. 

• Harwood and Glennon (1.6), using data obtained by Mulinazzi 
and Michael (17), estimated that raised medians would reduce the 
number of accidents by 50 percent at major intersections and 60 
percent of the left-tum accidents at low-volume driveways. 

• Harwood (9), in his 1986 study, determined that accident rates 
on roadways with raised medians and four-lane undivided sections 
were nearly identical after adjustment for the type of development 
and the number of driveways per mile. 

Disadvantages 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 
10. 
11. 

12. 

13. 

14. 

Reduces operational flexibility for 
emergency vehicles and others. 
Increases left tum volume at major 
intersections and median openings. 
Increases travel time for vehicles desiring to 
tum left where median openings are not 
provided. 
Reduces capacity at signalized intersections. 
Possible increase of accidents at intersections 
and median openings. 
Usually increases fixed object accidents. 
Requires motorists to organize their trip 
making to minimize the need for U-tums 
and use the arterial only for relatively long 
through movements. 
To minimize delay requires interparcel 
access, which may not be under government 
control or would be expensive to purchase 
and construct. 
Restricts direct access to adjoining property. 
Installation costs are higher. 
Can create an over concentration of turns at 
median openings. 
Indirect routing may be required for some 
vehicles. 
When accidently struck, curb may cause 
driver to lose control of the vehicle. 
A median width of 25 ft (7.6 m) is needed 
to accommodate U-tums. 

A summary of the safety effectiveness of TWLT median lanes 
is presented below. 

•Sawhill and Neuzil (18) in 1963 reported a 25.8 percent de
crease in the number of accidents, with only one head-on accident, 
after a TWLT median lane was installed. 

•A 1-year-before and 1-year-after study conducted by Hoffman 
(7) at four sites with TWLT median lanes in Michigan determined 
that the total number of accidents decreased by 33 percent. The 
study sites were initially four-lane undivided facilities widened to 
accommodate the median left-tum lane. Before the installation of 
the TWLT median lane there were 14 head-on accidents in which 
18 people were injured. After the TWLT median lane installation 
there were eight head-on accidents in which one person was 
injured. 

•A 2-year-before and 2-year-after study was conducted by 
Thakkar (19) on a four-lane roadway on which a TWLT median 
lane was installed. That study indicated that the total numbers of 
accidents were reduced by 22.6 percent and that the accident rate 
was decreased by 27.7 percent. 

• Seven sites in Arizona were studied in a 2-year-before and 2-
year-after experimental design by Burritt and Coppola (20). They 
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TABLE 2 Advantages and Disadvantages of TWLT Median Lanes (10,11) 

Advantages: 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

Left turning vehicles are removed from 
through traffic while maximum left turning 
access to side streets and driveways is still 
provided. 
Delay to left turning vehicles and others is 
often reduced. 
Operational flexibility for emergency 
vehicles and others is enhanced. 
When less than 60 commercial driveways 
per mile (37 driveways per km) are 
permitted to be constructed two-way left tum 
lanes appear to be safer. 
Roads with two-way left tum lanes are 
operationally safer than roadways with no 
separate left tum lanes in the median. 
Detours can be easily implemented when 
required by maintenance in adjacent lanes. 
Provides spatial separation between opposing 
traffic flows. 
Eliminates the median island fixed object. 
Provides temporary refuge for disabled 
vehicles. 
Can be used as a reversible lane during peak 
hours. 
Permits direct access to adjoining properties. 

determined that the total numbers of accidents were reduced by 
35.9 percent and the numbers of head-on accidents were reduced 
by 66.7 percent after flush median lanes were installed. 

• Babcock and Foyle (21) examined more than 1,000 accident 
reports for TWLT median lanes in North Carolina and did not 
identify any head-on accidents attributed to the median lane. 

• In a Virginia study Parker (13) determined that 1.05 percent 
of the accidents on facilities with raised medians were head-on 
collisions, occurring primarily at the median openings. Parker also 
determined that 0.98 percent of the accidents on TWLT median 
sections were head-on collisions with no fatalities involved. 

A summary of the safety effectiveness of raised and TWLT 
median lanes on pedestrians is presented next. 

• Billion and Parsons (22) reported in a 1962 publication that 
pedestrians crossing roadways with raised medians had a higher 
accident rate than those crossing roadways with flush medians. It 
was not possible to determine from the study, however, if the 
higher rate for raised medians was due to increased pedestrian 
activity. 

•A 1977 study conducted in London, England, determined that 
pedestrian refuge islands increased the number of pedestrian ac
cidents (23). Problems with the experimental design and the fail
ure to consider changes in traffic and pedestrian volumes result in 
the questionable validity of the study's conclusions. 

• Grayson performed a paired comparison between studies per
formed in 1962 and 1983 at 75 crossings in London, England 

Disadvantages: 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

11. 

There are conflicting vehicle maneuvers at 
driveways. 
Poor operation of roadway if stopping sight 
distance is less than AASHTO minimum 
design. 
No pedestrian refuge areas for pedestrians 
free from moving vehicles. 
Operate poorly under high volume of 
through traffic. 
Should not be used when access is required 
on only one side of the street. 
Visibility problem of painted median 
especially with snow and rain or when 
pavement markers outlive their design life. 
A safety problem when they are used as a 
passing lane. 
High maintenance cost of keeping the 
pavement striped and raised pavement 
markers in proper operating condition. 
Must continually instruct the public on 
proper use and operation. 
Delays to left turning vehicles increase 
dramatically when two way through volume 
reaches 2800 vpd. 
Limits operating speed to a maximum rate 
45 mi/h (73 km/h). 

12. Does not guarantee unidirectional use at 
high-volume intersections. 

13. Are not aesthetically pleasing for some 
people. 

14. Allows numerous potential traffic conflict 
points. 

(24). This comparison determined a reduction in the pedestrian 
accident rate between the 1962 and the 1983 studies. Because of 
geometric and traffic control changes that took place between the 
study periods, it is not possible to ascertain whether the decrease 
in the number of pedestrian accidents was due to an increase in 
the number of refuge islands. 

•In a 1983 study performed in Virginia, Parker (13) determined 
that 17 of the 1,809 accidents (0.94 percent) occurring during a 
3-year period involved pedestrians at raised-median roadway sec
tions. For the TWLT median-lane roadway sections there were 29 
pedestrian accidents. 

Operational Effectiveness 

The majority of the studies reviewed concentrated on the safety 
effects of medians on vehicular traffic. When operational studies 
were conducted the measures of effectiveness were speed, travel 
time, and delay measures. These measures of effectiveness are site 
specific and are heavily influenced by the number of lanes, type 
of development, number of driveways, number of intersections, 
and so on. The following summary groups those studies that had 
similar results. 

• Delay to through vehicles has been determined to be consid
erably reduced by the use of both raised and flush medians 
(6,8,13,25). Both of these median types remove le.ft-turning ve
hicles from the through lanes and separate opposing traffic flows. 
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• Left-tum operations on roadways with raised and flush me
dians have been determined to have different impacts on opera
tions. Raised medians concentrate left-tum operations at median 
openings, requiring the driver to select an alternate route or make 
a U-tum to reach the destination. Harwood (9) used a simulation 
model developed by McCoy et al. (26) to compare the operational 
effectiveness of roadways with raised and flush medians. Harwood 
determined that the use of raised medians resulted in greater travel 
time and delay than the use of flush medians. 

• Traffic volumes were considered by some researchers as being 
a warrant for median installation. Stover et al. (27) recommended 
that raised medians be used on all arterial roadways with two or 
more lanes and traffic volumes of at least 20,000 vehicles per day 
(vpd). Some researchers (28,29) suggested that TWLT median 
lanes be used when the volume ranged from 10,000 to 25,000 
vehicles per day. Volume warrants were opposed by Nemeth (8) 
and others ( 6,25) because successful applications of flush medians 
were found for volume ranges of between 5,000 and 50,000 ve
hicles per day. This volume range is typical of the full range of 
volumes on facilities with four through lanes. 

• Research conducted by Parker (13) in Virginia and that con
ducted in other states (8,21,25) indicates that TWLT median lanes 
have been successfully used for posted roadways with speed limits 
of between 40 km/hr (25 mph) and 89 km/hr (55 mph). TWLT 
median lanes have been successfully used on some median sec
tions with speeds posted at 97 km/hr (60 mph) (6,8). 

• Raised medians have resulted in observed wrong way move
ments when used in highly developed areas (13,30). 

• Driver confusion and operational efficiency were observed at 
the openings of raised medians when more than one vehicle oc
cupied the opening at the same time (13,21). These occurrences 
typically happened at unsignalized intersections in heavily devel
oped areas. 

•Improperly designed raised-median openings result in U-tum 
problems (13,21,27). The improper design can result in the op
erators of large vehicles starting their U-tum from the inside 
through lane instead of the left-tum lane. Some drivers, to avoid 
running over the curb, must perform a backing maneuver to com
plete their U-tum. 

Installation Criteria 

Raised and Flush Medians 

•A median of some sort should be used to provide left-tum 
channelization at all at-grade intersections on high-speed, high
volume roadways (31). 

• Bretherton et al. (32) reported that a raised median is always 
safer than a TWLT median lane on any four- or six-lane road, 
regardless of traffic volumes, the number of signals per mile or 
driveway frequency, or cross-street frequency. 

• Squires and Parsonson (11) agreed that a raised median is 
safer than a TWLT median lane on four-lane sections, but claimed 
that on six-lane roadways with a driveway density of greater than 
47/km (75/mi), two or fewer signals per 1.61 km (1 mi), and a 
maximum of five or six approaches per 1.61 km (1 mi), a TWLT 
median lane is preferable. 

• A raised median works best when there is adequate provision 
for access between neighboring businesses, such as interconnect
ing parking lots (32). 
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• Reish and Lalani (5) recommended the installation of a raised 
median when traffic volumes exceed 25,000 vehicles per day. 

• The use of some sort of median was recommended by Stover 
et al. (27) on all primary arterials and on secondary arterial road
ways with two or more lanes in each direction, average speeds of 
greater than 56 km/hr (35 mph), and traffic volumes of at least 
20,000 vehicles per day. If an existing arterial with a TWLT me
dian lane has a volume of 24,000 to 28,000 vehicles per day, the 
reconstruction of the arterial to utilize a raised median should be 
considered, according to Bretherton et al. (32). 

•Harwood (9) found that a four-lane divided facility was more 
appropriate than an undivided facility for major arterials when the 
peak flow rate is greater than 1,000 vehicles per hour in one 
direction and when the driveway density is less than 28/km 
(45/mi). 

• Most agencies prefer to utilize raised or grass-covered flush 
medians on six-lane arterials (5). 

• When major driveways or intersections are spaced more than 
1.61 km (1 mi) apart, Harwood and Glennon (16) suggested that 
a median barrier be used. 

•Parker (10) presented a method for selecting between a raised 
or a painted median. 

•Parker (10,13) claimed that there is no evidence to limit the 
use of painted medians to a roadway with a particular volume 
range or to roadways with a speed limit of under 73 km/hr ( 45 
mph). 

• Cribbins et al. (33) attempted to use multiple regression to 
derive an equation for the optimum spacing of median openings 
but were unable to do so. 

•An FHWA implementation package (4) reported that traffic
serving businesses appear to be affected by their accessibility to 
a median crossing. Minimum spacings between median openings 
were also given. 

• Minimum spacings between median openings were also pre
sented by Bretherton et al. (32). 

• In urban areas, Bretherton et al. (32) concluded that median 
openings could be constructed when the minimum left-tum vol
ume is 500 vehicles per day or 100 vehicles per hour during the 
peak hour on streets when the speed limit is less than 64 km/hr 
(40 mph). When the speed limit is over 64 km/hr (40 mph), me
dian openings can be constructed when the minimum left-tum 
volume is 350 vehicles per day or 70 vehicles per hour during the 
peak hour. 

Two-Way Left-Turn Median Lanes 

• The addition of a TWLT median lane to an existing two-way 
four-lane street reduced the numbers of stops and delays for every 
combination of volume, average running speed, and left-tum per
centage when estimated with a computer model developed by Bal
lard and McCoy (34). Stop and delay reduction isograms are pre
sented. When these are used within the context of a 
cost-effectiveness analysis they can help to identify when an in
stallation is justified. 

• Ballard and McCoy (35) also tested 54 combinations of traffic 
volume, left-tum percentage, and driveway density. In every case 
the number of stops and the amount of delay were reduced. Those 
reductions in stops and delay were then used to develop equations 
to compute the operational benefits of adding a TWLT median 
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la~e. One set of equations was for volumes of less than 800 ve
hicles per hour; the other set was for volumes greater than this. 

• In a similar study conducted by McCoy et al. (26) the addition 
of a TWLT median lane to a two-way two-lane roadway decreased 
the number of stops and delays for all combinations of volumes 
and driveway density, with one exception. In this one exception 
there was no change. Under balanced flow conditions the addition 
of a TWLT median lane was particularly effective for roadways 
with volumes of greater than 700 vehicles per hour in each direc
tion and with more than 70 left turns per 305 m (1,000 feet) from 
each direction. Isograms that could be used within the context of 
a cost-effectiveness analysis were presented to determine when an 
installation is justified. 

• ITE Committee 5B-4 ( 6) concluded that TWLT lanes are best 
suited for use on roadways with 40- to 89-km/hr (25- to 55-mph) 
speed limits in areas of strip development. 

• Harwood (9) reported, for .a roadway with four through lanes, 
that TWLT median lanes are most appropriate for suburban high
ways with commercial development, a driveway density of more 
than 28/km ( 45/mi), low to moderate volumes of through traffic, 
high left-tum volumes, and/or a high rate of rear-end or angle 
accidents associated with left-tum movements. 

• The use of a TWLT lane is warranted on arterial highways 
with an ADT volume of more than 10,000 vehicles per day, av
erage traffic speeds above 48 km/hr (30 mph), a driveway density 
of more than 37/km (60/mi), fewer than 6 high-volume driveways 
per km (10/mi), and a left-tum percentage of at least 20 percent 
of through volume during peak periods, according to Harwood 
(16). 

• Bretherton et al. (32) reported that TWLT median lanes are 
definitely warranted on roadways with volumes of more than 
28,000 vehicles per day because of the inability of turning vehi
cles to find acceptable gaps. 

• On roadways with four through lanes TWLT median lanes are 
cost-effective on the basis of operational savings alone, at an ADT 
volume of 16,200 vehicles per day, according to McCoy et al. 
(36). If accident cost savings are also considered, an installation 
is justified at volumes of more than 7,100 vehicles per day. 

• Thakkar (19) also found that TWLT median lanes are safe 
and cost-effective on roadways with four through lanes as well as 
on roadways with two through lanes. 

•Nemeth (8) stated that the use of TWLT median lanes is suit
able for roadways with closely spaced driveways and high left
tum volumes, but not when the block lengths are short. 

• Stover et al. (27) also concluded that TWLT median lanes 
were suitable for use on roadways with closely spaced driveways, 
but asserted that they could be effective only if the turning vol
umes into individual driveways from roadways with a speed limit 
of 73 km/hr ( 45 mph) or less were relatively low. 

•Walton et al. (25) ma.de claims similar to those of Nemeth 
(8), but thought that TWLT median lanes could operate efficiently 
only under moderate left-tum demands. 

• A literature review conducted by Walton and Machemehl (29) 
revealed that a TWLT median lane is preferable to a one-way left
tum lane on roads with four through lanes and ADT volumes of 
between 10,000 and 20,000 vehicles per day and on roads with 
two through lanes and ADT volumes of from 4,000 to 12,000 
vehicles per day. They also presented tables and equations to be 
used as guidelines for left-tum lane improvements or installations 
(29). 
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• The use of TWLT median lanes is not appropriate when there 
are high pedestrian volumes, the roadway is a major arterial, the 
block lengths are short, or there are unusual driveway configura
tions, according to McCoy et al. (37). 

Refuge Islands 

• Dunn (38) concluded that refuge islands should be provided 
if the roadway width exceeds 10 m (33 ft), on the basis of evi
dence that pedestrians reject headways of less than 4 sec using an 
average walking speed of 1.2 m/sec (4 ft/sec). 

•A 1980 FHWA implementation package (39) recommended 
the consideration of refuge islands on roadways wider than 22.9 
m (75 ft). 

•A later FHWA implementation package (40), published in 
1987, stated that a refuge island should be considered when the 
entire roadway width cannot be crossed within the signal phase 
at a 1.1-m/s (3.5-ft/s) walking speed and the signal timing cannot 
be lengthened or an alternate crossing cannot be designated. 

• Smith et al. (3) recommended the use of refuge islands at 
locations when medians cannot be provided, traffic speeds are less 
than 73 km/hr (45 mph), and pedestrian volumes are greater than 
100 persons per day. They should not be used for midblock pe
destrian crossings across a high-volume streets when speeds are 
above 73 km/hr ( 45 mph). Refuge islands should be located every 
92 to 153 m (300 to 500 ft). 

• Zegeer and Zegeer (41) stated that refuge islands are neces
sary on wide, two-way streets with high vehicular volumes, high 
speeds, and high pedestrian crossing volumes. They should not be 
used on narrow streets, when there is a high turning volume of 
large trucks, when roadway alignment obscures the island, or in 
areas where snowplowing would be hampered. 

STATE-OF-THE-PRACTICE SURVEY 

A state-of-the-practice survey was mailed to 150 state and local 
highway agencies, of which 57 were returned, representing a 38 
percent response. The method of analysis followed was to group 
state and county agencies together and to classify cities by pop
ulation. The population categories used were 0 to 100,000, 
100,000 to 150,000, 150,000 to 500,000, and more than 500,000. 
The upper and lower boundaries of each class were chosen to give 
approximately equal numbers of responses in each category. 

Regarding the type of warrants or guidelines the agencies used 
to determine whether or not medians or refuge islands should be 
installed, the following responses were received. Twenty percent 
of the states use their own design criteria and 5 percent use the 
AASHTO Green Book criteria. Factors that states consider include 
accident history (20 percent), traffic volumes (15 percent), cost 
(10 percent), number and location of driveways (10 percent), and 
type of access control (10 percent). Ten percent of the state agen
cies do not regularly use any guidelines, and 30 percent did not 
respond to the question. 

Mukherjee et al. (14) reported in a survey of state highway 
engineers that 25 percent of the states used some kind of guide
lines for median-type decisions, but the material provided was not 
directly helpful in choosing between a nontraversable median and 
a TWLT median. 
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Criteria used by cities with populations of less than 100,000 
include accident history (18 percent), AASHTO and Manual on 
Uniform Traffic Control Devices criteria (2) (36 percent), state 
design criteria (9 percent), and availability of right-of-way (18 
percent). Thirty-six percent did not respond to this question. 

Cities with populations of between 100,000 and 150,000 con
sider the following criteria: classification of street (20 percent), 
available safe gaps (10 percent), AASHTO criteria (10 percent), 
and the city's own standard plans (10 percent). Thirty percent use 
no guidelines, and 10 percent did not respond. Cities with popu
lations ranging from 150,000 to 500,000 generally use medians 
to provide an orderly flow of traffic (20 percent) or install medians 
with newly constructed arterials (20 percent). 1\venty percent do 
not use any guidelines; 30 percent did not respond. 

Large cities (more than 500,000 population) consider traffic vol
umes (14 percent), pedestrian volumes (14 percent), available 
right-of-way (29 percent), and arterial classification of street (72 
percent) as their criteria. Fourteen percent use their own 
guidelines. 

Pedestrian refuge islands do not receive much attention from 
roadway agencies. Some agencies do not intend to use medians 
as pedestrian refuge areas. One agency stated that it does not 
specifically design medians to be used by pedestrians, although 
pedestrians use them. Other agencies have low pedestrian vol
umes, do not account for pedestrians in roadway design, and do 
not time traffic signal phases to allow pedestrians to cross the 
entire roadway. In some agencies, however, the needs of elderly 
and handicapped individuals are currently, or will soon be, in
cluded in their specifications for median design. 

There was mixed response on the questions concerning accept
able widths for pedestrian refuge islands. Fifty-five percent of the 
states believe that 1.2 m ( 4 ft) is an acceptable minimum width 
for a pedestrian refuge. The ·results for cities, however, do not 
concur. The majority of cities in both the 100,000-to-150,000 pop
ulation range and the 500,000-and-over range believe that 1.2 m 
(4 ft) is an acceptable minimum width. However only 36 percent 
of the cities with populations of less than 100,000 believe that 1.2 
m ( 4 ft) is acceptable. Seventy percent of the cities in the 150,000-
to-500,000 population range believe that 1.2 m ( 4 ft) is an unac
ceptable width for a pedestrian refuge island. All agencies in gen
eral believe that pedestrian refuge island widths of 1.8 to 4.9 m 
(6 to 16 ft) are desirable. 

Many different criteria are used to prioritize median and refuge 
island installations. States typically use accident history (35 per
cent), traffic volumes (30 percent), or a case-by-case basis (15 
percent). 1\venty-five percent of the states do not prioritize median 
installation. City agencies, especially the smaller cities, typically 
do not prioritize median or refuge island installation. Those that 
do generally use political considerations, street classification, and 
traffic and pedestrian volumes. Most agencies do not have any 
difficulty in using their prioritization procedures. A few agencies 
commented that installation of a raised median can be a problem 
if it eliminates left-tum access. 

In deciding what factors should be considered in developing 
new warrants or guidelines for the installation of medians and 
refuge islands, state officials believe that traffic volumes (65 per
cent), pedestrian volumes (55 percent), speed (30 percent), acci
dent control (20 percent), number of lanes (10 percent), adjacent 
land use (10 percent), and the functional classification of the street 
(10 percent) should be considered. The responses from cities were 
similar to those from states. Officials in cities with populations of 
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less than 100,000 consider traffic volumes (63 percent), pedestrian 
volumes (36 percent), street width (36 percent), available gaps (27 
percent), and accident history (27 percent). 1\venty-seven percent 
of the cities surveyed did not respond. Forty percent of cities in 
the 100,000-to-150,000 population range believe that traffic and 
pedestrian volumes should be considered; 30 percent did not re
spond. Cities in the 150,000-to-500,000 population range believe 
that pedestrian crossing time (20 percent) and roadway geometrics 
(20 percent) should be included, in addition to accident history 
(20 percent) and traffic volumes (20 percent). Traffic volumes 
were suggested by 57 percent of the large cities, and pedestrian 
volumes were recommended by 43 percent. 

Most states have their own design specifications for medians. 
Cities generally use state or AASHTO and ITE guidelines, al
though some of the larger cities have their own specifications. 
Some state and city agencies sent copies of their specifications for 
median construction. 

States were almost evenly split on the question of installing 
different types of medians on the basis of pedestrian use: 45 per
cent install different types of medians on the basis of pedestrian 
use, whereas 55 percent, do not. Most cities (at least 60 percent 
in each population category) do not install different types of me
dians on the basis of pedestrian use. 

Only 10 percent of the states use warrants to determine what 
type of median should be installed. Nine percent of cities with 
populations of less than 100,000 use such warrants. None of the 
other cities use warrants. 

Funding for median improvements usually comes from capital 
improvement funds; special tax districts; federal, state, and local 
funds; or private development funds. This is true for all states and 
cities. 

Most agencies have not conducted operational studies on me
dians and refuge islands except for very informal before-and-after 
studies. A study by the Florida Department of Transportation, 
however, found that safety for both vehicles and pedestrians was 
greatly improved when four-lane undivided roads were converted 
to five-lane roads lanes plus TWLT (four lanes plus a TWLT lane). 

In almost all classes of jurisdictions a majority of the agencies 
believe that flat medians increase pedestrian and vehicular safety. 
In the class of cities with fewer than 100,000 people, however, 
45 percent believe that flat medians do not increase safety and 36 
percent believe that flat medians do increase safety. Many agen
cies commented that flat medians increase vehicular safety, but 
not pedestrian safety, since they offer no physical protection from 
vehicular traffic (unlike raised medians). 

CONCLUSIONS 

Although the results of the safety analyses on medians and refuge 
islands are mixed, it appears that both raised and TWLT medians 
significantly reduce the number and severity of vehicular acci
dents. The literature review made it apparent that both raised and 
TWLT medians offer significant vehicular accident reductions and 
over those for comparable roadways without medians and offer 
vehicular benefits. Typical reductions in the total number of ve
hicular accidents for both median types are in the 25 to 35 percent 
range. 

The literature did not provide a conclusive indication that me
dians improved pedestrian safety. This was due to the small num
ber of pedestrian accidents encountered during the studies. 
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Both raised and TWLT medians result in a reduction in accident 
severity. The results were mixed with regard to whether raised or 
TWLT medians decreased accident severity by the same amount. 
Some researchers concluded that raised medians reduced vehicular 
accident severity slightly more than TWLT median lanes. Another 
researcher found that there was no discernible difference in the 
accident severity between roadways with raised medians and those 
with TWLT median lanes. 

Rear-end and head-on accidents decreased with both raised me
dian and TWLT median lane installation. More fixed-object and 
U-tum accidents occur on roadways with raised medians than on 
those with TWLT median lanes. Significantly higher numbers of 
midblock left-tum accidents occur on roadways with TWLT me
dian lanes than on those with raised medians. The initial concern 
of researchers that TWLT median lanes would result in a larger 
number of head-on accidents was not determined to be true. Road
ways with raised medians and TWLT median lanes have similar 
head-on accident experiences. The head-on accidents on roadways 
with raised medians occur at the median crossover points. 

The current literature suggests that both raised and TWLT me
dian lanes can be used on roadways with posted speed ranges of 
40 to 89 km/hr (25 to 55 mph) and all volume ranges typically 
encountered on urban and suburban arterials. The use of raised 
medians results in more delay and travel time because of the need 
for U-turns to reach destination points. TWLT median lanes are 
appropriate for suburban roadways with commercial development 
and driveway densities greater than 28/km ( 45/mi). 

The state-of-the-practice survey revealed that there is no uni
versal set of factors that can be used to determine the need to 
install medians. Whereas states rely on accident history, traffic 
volumes, numbers and locations of driveways, type of access con
trol, and cost, the larger cities rely on traffic volumes, pedestrian 
volumes, available right-of-way, and street classification. A greater 
divergence was found in the smaller cities. 

The research described here revealed that there is a need to 
develop a definitive set of guidelines that can be used by cities 
and states to determine the most appropriate median treatment on 
arterials. These guidelines must be based on safety as well as 
operational criteria. 

ACKNOWLEDGMENT 

This paper presents the partial results of a project (DTFH61-90-
C-00066) sponsored by FHWA, of which Carol Tan was the Con
tracting Office's Technical Representative. 

REFERENCES 

1. Bowman, B. L., J. J. Fruin, and C. V. Zegeer. Handbook on Planning, 
Design and Maintenance of Pedestrian Facilities. Report FHWA IP-
88-019. FHWA, U.S. Department of Transportation, March 1989. 

2. Traffic Control Devices Handbook. FHWA, U.S. Department of Trans
portation, 1983. 

3. Smith, S. A., K. S. Opeila, and L. L. Impett. NCHRP Report 294A: 
Planning and Implementing Pedestrian Facilities in Suburban and 
Developing Rural Areas. TRB, National Research Council, Washing
ton, D.C., June 1987. 

4. Flora, J. W., and K. M. Keith. Access Management for Streets and 
Highways. Report FHWA IP-82-3. FHWA, U.S. Department of Trans
portation, July 1982. 

5. Reish, R., and N. Lalani. Why Not a Raised Median? /TE Journal, 
Vol. 57, No. 8, Aug. 1987, pp. 31-34. 

187 

6. ITE Committee 5B-4. Technical Council Information Report: Effect
iveness of Median Storage and Acceleration Lanes for Left-Turning 
Vehicles. ITE, Washington, D.C., 1984. 

7. Hoffman, M. R. Two-Way Left-Tum Lanes Work! Traffic Engineer
ing, Vol. 44, No. 11, Aug. 1974, pp. 24-27. 

8. Nemeth, Z. A. Development of Guidelines for the Application of Con
tinuous Two-Way Left-Turn Median Lanes. Final Report EES 470. 
Ohio State University, Columbus, 1976. 

9. Harwood, D. W. NCHRP Report 282: Multilane Design Alternatives 
for Improving Suburban Highways. TRB, National Research Council, 
Washington, D.C., March 1986. 

10. Parker, M. R. Simplified Guidelines for Selecting an Urban Median 
Treatment-Urban Median Information. Virginia Transportation 
Technology Transfer Center, Charlottesville, Nov. 1990. 

11. Squires, C. A., and P. S. Parsonson. Accident Comparison of Raised 
Median and Two-Way Left-Tum Lane Median Treatments. In Trans
portation Research Record 1239, TRB, National Research Council, 
Washington, D.C., 1989. 

12. Frick, W. A. The Effects of the Major Physical Improvements in Ca
pacity and Safety. Traffic Engineering, Vol. 38, No. 6, Dec. 1968. 

13. Parker, M. R. Design Guidelines for Raised and Transversable Me
dians in Urban Areas. Virginia Highway and Transportation Research 
Council, Charlottesville, Dec. 1983. 

14. Mukherjee, D., et al. Choosing Between a Median and a TWLTL for 
Suburban Arterials. /TE Journal, Vol. 63, No. 7, July 1993, pp. 25-
30. 

15. Wooten, C. V, H. G. Meuth, N. J. Rowen, and T. G. Williams. A Me
dian Study in Pleasanton, Baytown, and San Antonio, Texas. Bulletin 
Nos. 29, 30, and 31. Texas Transportation Institute, College Station, 
Aug. 1964. 

16. Harwood, D. and J.C. Glennon. Selection of Median Treatment for 
Existing Arterial Highways. In Transportation Research Board Rec
ord 681, TRB, National Research Council, Washington, D.C., 1978. 

17. Mulinazzi, T. E., and H. L. Michael. Correlation of Design Charac
teristics and Operational Controls and Accident Rates on Urban Ar
terials. Joint Highway Research Project, Purdue University, Lafayette, 
Ind., Dec. 1967. 

18. Sawhill, R. B., and D.R. Neuzil. Accidents and Operational Charac
teristics on Arterial Streets with Two-Way Median Left-Turn Lanes. 
In Highway Research Record 31, HRB, National Research Council, 
Washington, D.C., 1963. 

19. Thakkar, J. S. Study of the Effect of Two-Way Left-Turn Lanes on 
Traffic Accidents. In Transportation Research Record 960, TRB, Na
tional Research Council, Washington, D.C., 1984, pp. 27-33. 

20. Burritt, B. E., and E. E. Coppola. Accident Reductions Associated 
with Continuous Two-Way Left Turn Channelization. Arizona De
partment of Transportation, Phoenix, July 31, 1978. 

21. Babcock, W. F., and R. Foyle. Urban Street Design for Traffic and 
Land Service. North Carolina State University, Raleigh, March 1978. 

22. Billion, C. E., and N. C. Parsons. Median Accident Study-Long Is
land, New York. Bulletin 308, HRB, National Research Council, 
Washington, D.C., 1962. 

23. Lalani, N. Road Safety at Pedestrian Refuges. Traffic Engineering and 
Control, Vol. 18, No. 9, Sept. 1977. 

24. Knoblauch, R. L., and K. L. Crigler. Model Pedestrian Safety Pro
gram. FHWA, U.S. Department of Transportation, McLean, Va., 1987. 

25. Walton, M. C., T. W. Horne, and W. K. Fung. Design Criteria for 
Median Turn Lanes. FHWA, U.S. Department of Transportation, 
March 1978. 

26. McCoy, P. T., J. L. Ballard, and Y. L. Wijaya. Operational Effects of 
Two-Way Left-Turn on 1\vo-Way 1\vo-Lane Streets. In Transporta
tion Research Record 869, TRB, National Research Council, Wash
ington, D.C., 1982, pp. 49-54. 

27. Stover, V G ., W. G. Adkins, and J. C. Goodknight. NCHRP Report 
93: Guidelines for Median and Marginal Access Control on Major 
Roadways. HRB, National Research Council, Washington, D.C., 
1970. 

28. 1\vo-Way Left-Turn Lanes. Highway Design Manual. Washington 
State Department of Highways, Olympia, Aug. 1976. 

29. Walton, M. C., and R. B. Machemehl. Accident and Operational 
Guidelines for Continuous 1\vo-Way Left-Turn Median Lanes. In 
Transportation Research Record 737, TRB, National Research Coun
cil, Washington, D.C., 1979. 

30. Van Winkle, S. N. Raised Medians vs. Flush Medians. /TE Journal, 
Vol. 58, No. 4, April 1988. 



188 

31. Highway Design and Operational Practices Related to Highway 
Safety, 2nd ed. AASHTO, Washington, D.C., 1990. 

32. Bretherton, M. W., et al. One Suburban County's Policy for Selecting 
Median Treatments for Arterials. 

33. Cribbins, P. D., J. W. Horn, F. V. Besson, and R. D. Taylor. Median 
Openings on Divided Highways: Their Effect on Accident Rates and 
Level of Service; In Highway Research Record 188, HRB, National 
Research Council, Washington, D.C., 1967. 

34. Ballard, J. L. and P. T. McCoy. Operational Effects of Two-Way Left
Turn Lanes on Two-Way, Four-Lane Streets. In Transportation Re
search Record 923, TRB, National Research Council, Washington, 
D.C., 1983, pp. 54-57. 

35. Ballard, J. L., and P. T. McCoy. Computer Simulation Study of the 
Operational Effects of Two-Way Left-Turn-Lanes on Urban Four-Lane 
Roadways. In Transportation Research Record 1195, TRB, National 
Research Council, Washington, D.C., ·1988. 

36. McCoy, P. T., J. L. Ballard, D.S. Eitel, and W. E. Witt. Two-Way 
Left-Turn Lane Guidelines for Urban Four-Lane Roadways. In Trans
portation Research Record 1195, TRB, National Research Council, 
Washington, D.C., 1988. 

37. McCoy, P. T., J. L. Ballard, D.S. Eitel, and W. E. Witt. Cost
Effectiveness Methodology for Two-Way Left-Turn Lanes on Urban 

TRANSPORI'AT/ON RESEARCH RECORD 1445 

Four-Lane Roadways. In Transportation Research Record 1197, TRB, 
National. Research Council, Washington, D.C., 1988. 

38. Dunn, R. C. Unsignalized Pedestrian Crossings: New Zealand's Tech
nical Recommendations. /TE Journal, Vol. 59, No. 9, Sept. 1989. 

39. Templer, J. Development of Priority Accessible Networks-An Imple
mentation Manual. FHWA-IP-80-8. FHWA, U.S. Department of 
Transportation, 1980. 

40. Earnhart, G., and L. Simon. Accessibility for Elderly and Handi
capped Pedestrian-A Manual for Cities. FHWA-IP-87-8. FHWA, 
U.S. Department of Transportation, McLean, Va., Oct. 1987. 

41. Zegeer, C. V., and S. F. Zegeer. NHCRP Synthesis of Highway Prac
tice 139: Pedestrians and Traffic Control Measures. TRB, National 
Research Council, Washington, D.C., 1988. 

The conclusions and opinions expressed in this paper are those of the 
authors and do not necessarily represent the viewpoints, programs, or 
policies of the U.S. Department of Transportation or any state or local 
agency. 

Publication of this paper sponsor(?d by Committee on Operational Effects 
of Geometrics. 


