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IN T R O D U C T IO N
A passing lane is an added lane provided in one or both  directions 

of travel on a conventional tw o-lane highw ay to im prove passing oppo r
tunities. T his definition includes passing lanes in level or rolling terra in , 
clim bing lanes on grades, and  short four-lane sections. T he length of the 
added lane can vary from 1,000 feet as m uch as 3 miles. Figure 1 illustrates 
a plan view of a typical passing lane section.

F IG U RE 1. Plan View o f  Typical Passing Lane Section
M any of the traffic operational problem s on ru ra l two-lane highways 

result from  the lack of passing opportun ities due to lim ited sight distance 
and heavy oncom ing traffic volum es. Passing lanes provide an effective 
m ethod for im proving traffic operations on tw o-lane highways by p ro 
viding additional passing opportun ities at a low er cost than  required  for 
the construction of a four-lane highw ay. T his lower-cost approach  is ap 
propriate because there is a grow ing backlog of ru ral roads requ iring  im 
provem ent and the funds are simply not available to four-lane every two- 
lane highw ay tha t experiences poor levels of service.
F U N C T IO N S  O F  PA SSIN G  LA N ES

Passing lanes have two im portan t functions on tw o-lane ru ra l roads:
1. T o  reduce delays at specific bottleneck locations, such as steep 

upgrades where slow-m oving vehicles are present; and
2. T o  im prove overall traffic operations on two-lane highways by break

ing up traffic platoons and reducing delays caused by inadequate pass
ing opportunities over substantial lengths of highw ay.

T he first function, to reduce delays at bottleneck locations, has been 
recognized for some tim e, and  guidelines for the provision of clim bing
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lanes on grades have been established. T he second function, to im prove 
overall traffic operations, has evolved m ore recently , particularly  as a 
result of the lack of funds for m ajor road im provem ents. In practice, m any 
passing lanes perform  both functions, and it is often difficult to draw  a 
clear traffic operational d istinction betw een the two. The distinction is 
im portan t, how ever, in p lanning  and design. T he evaluation of a clim b
ing lane considers only the bottleneck location, w ith the objective of im 
proving traffic operations at the bottleneck to at least the same quality  
of service as adjacent road sections. For passing im provem ents, on the 
o ther hand , the evaluation  should consider traffic operations for an  ex
tended road length, typically 5 to 50 miles. F urtherm ore , the location 
of the passing im provem ent can be varied  and the selection of an  ap 
propria te  location is an  im portan t design decision.
O P E R A T IO N A L  E F F E C T IV E N E S S

T he operational effectiveness of passing lanes on tw o-lane highw ays 
has been evaluated extensively in A ustralia, C a nada  and  the U n ited  
States. T he results of the recent evaluation of passing lanes in the U nited  
States are sum m arized in the following discussion to provide guidance 
on w here passing lanes should be used and  w hat operational benefits 
should be expected. In ternational research has also dem onstrated  the ef
fectiveness of passing lanes. A ustralian  research has developed m in im um  
volum e w arrants for passing lanes based on average daily traffic volum es 
and percent of the highw ay length providing passing opportunities over 
the previous 2 to 6 m iles.1 C anad ian  research has developed a concept 
based on the percentage of highw ay length w ith “ assu red”  passing op
portun ities to determ ine w here passing lanes are needed .2,3 Sum m aries 
of these results have also been presented  by H oban  and M orra ll4 and 
by H arw ood and  H o b a n .5

T he research approach used in the U nited  States has focused on ty 
ing the operational effectiveness of passing lanes to the levels of service 
for tw o-lane highw ays used in C h ap te r 8 of the 1985 Highway Capacity 
Manual (H C M ).6 These levels of service, illustrated in Table 1, are defined 
in term s of the percentage of travel tim e spent delayed, i.e ., travelling 
in platoons behind o ther vehicles. T he  percent tim e delay was chosen 
as the m easure of service for the 1985 H C M  because it is m ore sensitive 
to variation  in flow rate  than  other candidate  m easures, such as vehicle 
speeds.7 O n  steep grades, the average upgrade speed serves as an  ad d i
tional criterion  to define the levels of service.

T he operational effectiveness of passing lanes in the U nited  States 
was previously evaluated  based on field data  by H arw ood and St. J o h n 8 
and H arw ood, St. Jo h n , and  W a rre n .9 T his field evaluation com pared 
the quality of traffic operations (level of service) upstream  and dow nstream  
of passing lanes. Field evaluations cannot com pare the quality of traffic
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TA BLE 1. L evel o f Service C riteria for T w o-L ane H igh w ays6
A verage U pgrade Speed

Level of Service
Percent T im e Delay 

on G eneral Segm ents
(m i/hr) on Specific 

G rades
A <  30 >  55
B <  45 >  50
C <  60 >  45
D <  75 >  40
E >  75 >  25-40
F 100 <  25-40

operations on a highway section with and w ithout passing lanes, bu t com 
parisons of this type can be m ade w ith a com puter sim ulation m odel. 
Therefore, sim ulation m odeling of passing lanes was recently conducted  
w ith a com puter m odel know n as T W O P A S ,10 which is a m odified v er
sion of the T W O W A F  m odel used in the developm ent of C h ap te r 8 of 
the 1985 H C M .

Figure 2 presents a conceptual illustration  of the effect of a passing 
lane on traffic operations on a tw o-lane highw ay. T he solid line in this 
figure shows the norm al fluctuation of platooning on a tw o-lane highw ay 
w ith the availability of passing sight d istance. W hen a passing lane is 
added, the percentage of vehicles following in platoons falls dram atically  
and  stabilizes at about half the value for the tw o-lane road. Because p la
toons are broken up in the passing lane, its “ effective len g th ”  extends 
for a considerable distance dow nstream  of the passing lane. T h us, the 
installa tion  of passing lanes on parts of a tw o-lane highw ay can im prove 
traffic operations on the en tire  highw ay. T he next section o f the paper 
illustrates the determ ination  of the effective length of passing lanes for 
different lengths and  flow rates based on com puter sim ulation  results.

F IG U RE 2. Example o f  the Effect o f a Passing Lane on Two-Lane 
H ighway Traffic Operations
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E F F E C T IV E  L E N G T H  O F  A PA S SIN G  LA N E
T he concept of effective length is needed for analysis purposes to 

determ ine the overall effect of a passing lane on level of service over an 
extended highw ay section. T he effective length of a passing lane can vary 
from  3 to 8 miles depending  on passing lane length, traffic flow and com 
position, and  dow nstream  passing opportunities. T he effective length of 
a passing lane will tend  to be closer to 3 m iles on highways with high 
flow rates, high truck  percentages, relatively short passing lanes, and 
lim ited dow nstream  passing opportunities.

In  some cases, the effective length of a passing lane is constrained 
by other road features, such as small towns, four-lane sections, or add i
tional passing lanes a few miles dow nstream . In  these situations, the 
distance from the beg inn ing  of the passing lane to the dow nstream  con
strain t should be used as the effective length for analysis purposes, if this 
is less than  the unconstra ined  estim ate of effective length.
E F F E C T IV E N E S S  O V E R  A N  E X T E N D E D  R O A D  S E C T IO N

Figure 3 illustrates the effectiveness of passing lanes of various lengths 
in im proving  traffic operations on tw o-lane highways, based on results 
ob tained  w ith the T W O P A S  sim ulation m odel. T he curves presented  in 
Figure 3, for passing lanes of varying lengths, represent their effectiveness 
in increasing traffic speeds and  decreasing the percen t of tim e vehicles 
spend delayed in platoons on a tw o-lane highw ay in m oderately rolling 
terra in . T he vehicle speed and  platooning m easures in Figure 3 are 
averages over an  8-m ile highw ay section w ith the passing lane located 
at the beginning; thus, these curves represent the com bined effects of im 
proved traffic operations in the passing lane and dow nstream  of the pass
ing lane. F igure 3 illustrates that passing lanes produce relatively small 
increases in vehicle speeds, bu t can dram atically  decrease vehicle 
platooning.

An 8-mile highw ay section is used in F igure 3 because the “ effective 
len g th ”  of a passing lane includes both  the passing lane itself and the 
dow nstream  section of tw o-lane highw ay w here p latooning  is lower than  
it would have been w ithout the passing lane. T able 2 presents the 
estim ated reductions in percent tim e delay for three different effective 
lengths — 3 ,5  and  8 miles — as well as for different lengths of passing 
lane.

T he selection of the design length of a passing lane is discussed in 
the following sections. O nce the design length and  the effective length 
used for analysis are determ ined , T ab le  2 can be used to predict the p e r
cent time delay and, hence, the level of service on a highway section which 
includes a passing lane.

It should be no ted  tha t the base values of percent tim e delay for a 
no rm al two-lane highw ay in T able 2 are higher than  those specified in
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F IG U R E  3 . C om puter S im u la tion  R esu lts  f o r  O pera tio n a l E ffectiveness 
o f  P assin g  L a n es10

the H C M  (see Table 1) for ideal conditions. This is because the simulated 
results were derived for non-ideal conditions of terrain, no-passing zones, 
and traffic composition. Since these conditions can vary from one case 
to another, it is recommended that Table 2 be entered using a given base 
value of percent time delay, rather than the traffic flow. In other words, 
the estimated two-lane highway percent time delay should be used to select
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TA B LE 2. Effect o f Passing Lanes on Percent T im e D elay O ver an 
E xtended Road Length

Effective 
L ength  

(m i) 

P E R C E N T  T IM E  D ELAY
Passing Lane L ength  (mi)

0 0.25 0.50 0.75 1.00 1.50 2.00
O ne-w ay Flow R ate = 100 veh /h r

3 33 30 20 17 17 17 17
5 33 31 25 22 19 17 17
8 33 32 28 26 24 22 20

O ne-w ay Flow R ate = 200 veh /hr

3 50 39 29 25 25 25 25
5 50 44 37 31 29 25 25
8 50 46 42 38 37 33 30

O ne-w ay Flow R ate = 400 veh /h r

3 70 67 57 49 43 35 35
5 70 68 62 57 54 49 38
8 70 69 65 62 60 57 50

O ne-w ay Flow R ate = 700 veh /h r

3 82 79 69 63 55 45 41
5 82 80 74 71 66 60 52
8 82 81 77 75 72 68 63

the appropria te  row of T able 2, regardless of traffic flow. L inear in te r
polation in T ab le  2 is acceptable.
O P T IM A L  D E S IG N  L E N G T H  F O R  PA S SIN G  LA N ES

T he optim al design length for a passing lane can be determ ined  
th rough  a cost-effectiveness analysis. T his can be illustrated by the cost- 
effectiveness data  in T ab le  3. This table presents the percent tim e delay 
over an effective length of 8 miles for passing lanes o f various design 
lengths, the difference betw een the percent tim e delay for each design 
length and a conventional two-lame highway and the ratio of this difference 
to the design length. T his ratio  represents the effectiveness of passing 
lanes in reducing vehicle platooning per un it length. T he use of design 
length in the denom inato r of the cost-effectiveness ratio  represents the 
cost of constructing  passing lanes, which can vary widely depending  on 
terra in . T he passing lane lengths shown in T ab le  3 were increased by
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600 feet, ha lf of the com bined length  of typical lane addition  and  lane 
drop tapers, in the cost-effectiveness com putation  to account for the cost 
of constructing  these transition  areas.
TA B LE 3. R eduction in  Percent T im e D elay Per U n it L ength of 
Passing Lane

O ne-W ay Flow 
R a te  (veh/hr)

Passing L ane Length  (m i)*
0.25 0.50 0.75 1.00 1.50 2.00

100 2.8 CM00 8.1 8.1 6.8 6.2
200 11.1 13.1 14.0 11.7 10.6 9.5
400 2.8 8.2 13.1 9.0 8.1 9.5
700 2.8 8.2 8.1 9.0 8.7 9.0

* Unit length of passing lanes increased by 600 ft to account for cost of constructing lane 
addition and lane drop tapers.

T he optim al design lengths for passing lanes, based on the d a ta  in 
T ab le  3, are tabulated  in T able 4. For flow rates of 200 veh /h r or less 
in one direction  of travel, the highest cost-effectiveness per un it length 
is ob tained  for passing lanes with design lengths betw een 0.5 and  0.75 
mile. Passing lanes shorter than  0.5 mile o r  longer than 0.75 m ile are 
not as desirable at this flow rate  because they provide less operational 
benefit per un it length. As flow rate  increases above 200 veh /h r, the op
tim al design length for a passing lane also increases. At a flow rate  of 
400 veh /h r in one direction of travel, the optim al design length for a pass
ing lane is 0.75 to 1.0 mile. At very high flow rates, such as 700 veh /h r 
in one direction of travel, the optim al design length of passing lanes ranges 
from  1.0 to 2.0 miles. H ow ever, the use of passing lanes longer than  1.0 
mile in length m ay not be desirable, even for highw ays w ith peak flow 
rates of 700 veh/hr in one direction of travel, because longer passing lanes 
wold be suboptim al th roughou t the rem ainder of the day w hen traffic 
volum es are lower.
TA B LE 4. O ptim al D esign  Lengths for Passing Lanes

O ne-W ay FLow R ate O ptim al Passing Lane
(veh/hr) Length (m i)

100 0.50
200 0.50-0.75
400 0.75-1.00
700 1.00-2.00

Cost-effectiveness analysis indicates that short passing lanes are u su 
ally m ore effective per un it length, and therefore per dollar spent on con
struction , than  long passing lanes. T hus, the overall level of service on
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a highw ay can often be im proved m ore by constructing  three 0 .5 -mile 
passing lanes spaced at intervals than  by constructing  one 2-mile pass
ing lane. T he optim al design length for passing lanes on a specific sec
tion of tw o-lane highw ay could be based on the highest hourly  flow rate 
tha t occurs frequently  (e .g ., on a daily basis) on tha t specific highw ay 
section. T he design ho u r volum e, which occurs in only a few hours out 
of each year, m ay be too high to serve as the basis for the choice of a 
cost-effective passing lane length. It m ay be useful to evaluate traffice 
operations for several design hours, especially w hen the com position of 
traffic differs betw een weekdays and  weekends.
SA FETY  E F F E C T IV E N E S S

Safety evaluations have shown tha t passing lanes and  short four-lane 
sections reduce accident fates below the levels found on conventional two- 
lane highways.

T ab le  5 com pares the results of two before-after evaluations of pass
ing lane installation. A C alifornia study by R in d e 11 at 23 sites in level, 
rolling, and m oun tainous terra in  found accident ra te  reductions due to 
passing lane installa tion  of 11 to 27 percent, depend ing  on road w idth. 
T he accident rate  reduction  effectiveness at the 13 sites in level or rolling 
te rra in  was 42 percent. In  da ta  from  22 sites in four states, H arw ood 
and  St. J o h n 8 found the accident rate  reduction  effectiveness of passing 
lanes to be 9 percent for all accidents and  17 percent for fatal and injury  
accidents. T h e  com bined data  from  both  studies indicates tha t passing 
lane installa tion  reduces accident rate  by 25 percent.
TA B LE 5. A ccident R eduction E ffectiveness of P assing Lanes

Total Percen t R eduction
R oadw ay No. of Fatal and

Type of W idth Passing All In jury
Source T erra in (ft )a Lane Sites Accidents A ccidents
R in d e11 Level, rolling 36 4 11 —

and  m o u n  40 14 25 —

tainous 42-44 5 27 —

Level and 
rolling sites 
only

36-44 13 42

H arw ood 
and  St. 
J o h n 8

Level and 
rolling

40-48 22 9 17

C om bined  Totals for Level and 
R olling  T erra in

35 25 —

a Total roadway width includes both traveled way and shoulders.
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H arw ood and St. J o h n 8 found no indication  in the accident d a ta  of 
any m arked  safety problem  in either the lane addition  or lane drop tra n 
sition areas of passing lanes. In  field studies of traffic conflicts and  e r
ratic m aneuvers at the lane drop transition  areas of 10 passing lanes, lane 
drop transition  areas were found to operate sm oothly. O verall, 1.3 p e r
cent of the vehicles passing th rough  the lane drop  transition  area  created 
a traffic conflict, while erratic m aneuver rates of 0 .4  and 0.3 percent were 
observed for centerline and shoulder encroachm ents, respectively. T he 
traffic conflict and  encroachm ent rates observed at lane drop transition  
areas in passing lanes were m uch  sm aller than  the rates found in lane 
drop transition  areas at o ther locations on the highw ay system , such as 
in w ork zones.

An evaluation of cross-centerline accidents involving vehicles traveling 
in opposite directions on the highway found no safety differences between 
passing lanes with passing prohibited in the opposing direction and passing 
lanes w ith passing perm itted  in the opposing direction w ehre adequate 
sight distance was available.8 T he provision for passing by vehicles travel
ing in the opposing d irection does not appear to lead to any safety p ro 
blem s at the types of sites and  flow rate  levels (up  to 400 veh /h r in one 
d irection of travel), w here it has been perm itted  by the highw ay agen
cies tha t partic ipated  in the H arw ood and St. Jo h n  study. Both types 
of passing lanes had  cross-centerline accident rates lower than  those of 
com parable sections of conventional tw o-lane highway.

A safety evaluation of n ine short four-lane sections in three states 
found a 34 percent lower total accident rate  and  a 43 percent lower fatal 
and injury accident rate on the short four-lane sections than  rates on com 
parab le  sections of conventional tw o-lane h ighw ays.8 T hese differences, 
a lthough substantial, were not statistically significant because of the 
lim ited nu m b er of sites available. T he cross-centerline accident rates for 
the short four-lane sections were generally less than  ha lf the rates for the 
com parable tw o-lane sections.
S U M M A R Y

Passing lanes have been found to be effective in im proving overall 
traffic operations on tw o-lane highw ays, and  they provide a low er cost 
alternative to four-laning extended sections of highw ay. Passing op po r
tunities on two-lane highways can be increased by the installation of pass
ing lanes in level and rolling terrain , of climbing lanes on sustained grades, 
and  of short sections of four-lane highw ay. T he  traffic operational effec
tiveness of passing lanes can be predicted  as a function of flow rate, pass
ing lane length, and  the percentage of traffic traveling in platoons using 
the procedure presented  above. T h e  installa tion of a passing lane on a 
two-lane highway reduces accident rate by approxim ately 25 percent. F u r
ther guidance on the effective use of passing lanes and  o ther low-cost
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m ethods of im proving traffic operations on two-lane highw ays (such as 
tu rnou ts , shoulder driving sections, intersection tu rn  lanes, and  center 
two-way left-tu rn  lanes) is provided by H arw ood and  H o b a n .5
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sent the views of the Federal H ighw ay A dm inistration .
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