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Examination of Shared Lane Operations

J. A. BoNNnsoN, C. ]. Mnssun, AND D. B. Feunno

The shared use of a single traffic lane by through and left-turn
movements is one of the more complex operations that can
occur at signalized intersections. A closed-form solution for
evaluating the effect of shared lane use is described in the
Highwøy Capacity Manuøl (HCM). This paper investigates the
methodology of the HCM shared lane analysis. It also extends
that methodology to recognize the operational interdependence
of saturation flow rate and lane use on opposing approaches.
This exúension is in the form of an iterative modification wherein
the saturation flow rate and lane use on opposing approaches
are incrementally updated. Using the modiflred methodology,
several investigations were undertaken to determine the behav-
ior of shared lane operations. These investigations included
comparing the modiflred methodology with the original HCM
methodology; studying convergence trends; evaluating the effects
of various timing and volume conditions; isolating a maximum
volume threshold; and identifying the shared versus de facto
left-turn lane regime. As a result of this examination, it was
found that the HCM methodology consistently estimated slightly
lower saturation flow rates than the final flow rate converged
upon. A major outcome of the sensitivity analysis and evalu-
ation study was a graphical technique for estimating the oper.
ational nature of a shared traflic lane.

The operation of traffic in a lane shared by left-turning and
through vehicles is difficult to describe both in general and
mathematical terminology. Other authors (1, 2, 3, 4) have
described the complex combination of events that occur in
shared lanes. However, the sensitivity of shared lane opera-
tions to various timing and volume conditions has yet to be
adequately described or understood. This paper offers another
Iook at opposed, shared lane operations at traffic signals.

The recent publication of the Highway Capacity Manual
(HCM) (5) has heightened the need for a better understanding
of shared lane operations. Chapter 9 of this manual presents
a methodology for estimating the saturation flow rate of an
intersection approach having a shared lane. Although this
methodology has been well documented in the HCM, a basic
understanding of the effects of each of the input variables
(e.9., volume and signal timing) is still greatly needed. In
essence, without understanding the trends and tendencies of
the methodology, the analyst cannot be confident of the results
or their implication.

One goal of this paper is to examine the theoretical sen-
sitivity of shared lane operations (as modeled by the HCM
methodology) to changes in several control variables. Another
goal is to examine the interdependent relationships among
operations on opposing approaches. Finally, the realm of de
facto left-turn lane operation (i.e. , a shared lane operating as

exclusive left-turn lane) will be quantified and described in
terms of the conditions that induce its occurrence.

Texas Transporlâtion Institute, Texas A&M University System, Col-
lege Station, Tex. 77843.

APPROACH

An intersection having two opposing, two-lane, shared lane
approaches was considered to be the typical shared lane sit-
uation. This intersection, shown in figure L, has two lanes on
each approach; the inside lane could be shared by through
and left-turn vehicles, while the outside, or curb, lane would
be used exclusively by through vehicles. The intersection is
served by a two phase signal, that is, one phase for each street.
For the sake of simplicity, neither cross street nor right-turn
traffic volumes were considered.

The variables considered for their effect on shared lane
operation are shown in table 1. They include the approach
volume (%), the opposing approach volume (V,), the pro-
portion of approach traffic that turns left (P.r), the proportion
ofopposing traffic that turns left (P"ro), the cycle length (C),
and the total green plus yellow time (G). These variables were
selected because they were felt to have the greatest influence
on shared lane operation.

Each variable was independently varied over a range of
typical values to determine its effect on the overall operation
of a shared lane. The measures used to monitor these vari-
ational effects were the lane group saturation flow rate (S")
and the proportion of left-turns on the inside lane (Pr). For
each of the variables studied, a pair of figures was generated
to illustrate the trends and sensitivities of S" and P.. These
figures are included below in the discussion of sensitivity
analysis.

It should be noted that one variable affecting shared lane
operation, the saturation flow rate for through traffic (Sr),
was not varied in this study. Although it is recognized that
this variable could have a significant effect on shared lane
operations, it was reasoned that investigation of the other
variables would be more pertinent and relevant to the goals
of this paper. The saturation flow rate used for this study was
Iess than the ideal rate of L,800 vehicles per hour of green
time per lane (vphgpl). This was deliberately done to illustrate
the effects of a less-than-ideal saturation flow rate on shared
lane operations.

SHARED LANE MODELS

As noted above, several models have been offered for the
analysis of shared lane operations. All of these models are
based on a probabilistic approach wherein the opportunities
for left-turn or through movement departures are quantified
in terms of expected or average rates. This type of model has
the advantage of providing both a logical and tractable solu-
tion, but the disadvantages of being both complex and iter-
ative, by nature of its dependency on opposing lane opera-
tions. Of these models, the shared lane methodology identified
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FIGURE I Typical shared lane configuration.

in chapter 9 of the HCM was selected for this evaluation for
two reasons: its publication in the HCM makes it the more
popular methodology, and its simplicity with respect to other
probabilistic models provides a reasonable balance between
theory and practicality.

HCM Model

The HCM methodology should theoretically provide a good

estimate of shared lane operations. As shown in figure 2, the

TABLE 1 STUDYVARIABLES

c v",v""
P' GIC (sec) (uph) P'r,P.rou

Sr"
(vphgpl)
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Study Vaniables

Approach Volume, vph

0pposi ng Vol ume, vph

Proportìon of left-
turns 'i n Va

P. -^= Prooort'ion of left-Llu turns in v
0

C = Cycle Length, sec.

G = Green + Yellow Time, sec.

process has been reduced to a series of intermediate calcu-
lations. The final result is a factor that can be used to calculate
the approach saturation flow rate.

The HCM model evaluates shared lane operation in terms
of three components. These components, as they occur from
the commencement of green, are

o Period i-an initial portion, wherein some through vehi-
cles can proceed before the first, blocking left-turn vehicle
arrives at the head of the queue,

o Period 2-an interval subsequent to the clearance of the
opposing queue wherein both through and left-turn vehicles
can depart, and

. perio¿ 3-a final period wherein left-turn vehicles clear
the intersection before the injtiation of the,crqss street phase.

Several authors have proposed the existence of other capac-

ity compenents (1, 2). The contribution of these components,
however, is generally small. As a result, the.increased com-
plexity of calculation of these components dqes not appear
to be justified, given the overall accuracy of ¡he process.

The HCM method should provide agood estimate of shared
lane operations. However, thecalculated saturation flow rate
can only be taken as an estimate, due to several assumptions
and simplifications embedded in the methodology. In partic-
ular, assumptions are embedded in the equations for calcu-
lating the opposing saturation flow rate (S,r) and the pro-
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through their entire range.
'Saturation flow rate was not varied.



SUPPLEMENTAL WORKSHEET FOR LEFT-rURN ADIUSTMENT FACTOR, flr

INPLTT VARIABLES E8 WB NB SB

Cycle Længth, C (sec) 70 70 70 70

Effective Green, g (sec) 27 27 37 37

Number of L¿nes, N 2 2 1 1

Total Approach Flow Rate, v. (vph) 800 833 466 667

Moinline Flow Rote, v" (vph) 800 o22 433 623

l.eftTum Flow Rate, v., (vph) 72 22 44

Proportion of lJf, P., 0. 09 0. 04 0. 0? 0. 07

Opposing [¿nes, N,, 2 2 1 7

Opposing Flow Role, v^ (vph) 8.1.1 800 62.3 ¿73

Prop. of LT in Opp. Vol., Prro
0. 04 0. 09 0. 07 0. 07

COMPUTATIONS EB WB NB SB

S.n : 1800 N,,

t*P¡.¡1, t"ffi1 301 2 1.698 1648

Y.,-v,,/s,,, 0. 250 0. 288 0. 367 0. 263

s,: (B - cY.,) / (l - Y,,) L2.67 1L.42 17 .87 25.24

f.: (87s - 0.62s v,,) / 1000 0. 354 0.375

P.-P,, fr*ttl-tle1
I f,g, + a.s J 0.360 0. 163 0.070 0.070

&:8 - C, 14.33 LÞ.58 19. L3 LL.76

Pr-l-Pr- 0.640 0.837 0. 930 0. 930

t,:r l[r -n.,0'ss.] 3.41 7.70 13.29 o It

Er: 1800 ,r (1a00 - v,,) 2 1t 3. 00 2. 32 L.86

c:8t+8"
88

21r+n.¡
a 0.490 0. 690 0.859 0. 950

frr:(f-+N-t)/N 0.7 5 0.85 0. 86 0.95

Bonneson et al.

FIGURE 2 Shared lane analysis worksheet (5).

portion of left-turn vehicles in the left lane (Pr). In both of
these equations, estimates must be made regarding shared
lane operations on the opposing and subject lane groups before
the evaluation can be completed.

Other assumptions inherent in the formulation are the use
ofideal saturation flow rates (1.e., 1,800 vphgpl) in the equa-
tions for the initial portion of green time (g), left-turn equiv-
alency (E ), opposed saturation flow rate (S"r), and the left-
turn factor (f^). It will be shown later that the use of ideal
saturation flow rates tends to yield conservative estimates of
shared lane capacity. This was an intentional adjustment in

recognition of the closed-form computational approach rec-
ommended by the HCM.

Iterative Model

Recognizing the limitations of the aforementioned assump-
tions in the HCM formulation, a modification was proposed
and investigated for its effect on the calculated saturation flow
rate. This modification was directed towards an iterative
approach wherein the values of Soo and P, were recalculated
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based on previous results, or iterations. This procedure has

the advantage of being able to incorporate better estimates

of S"o and P, during each iteration, which is particularly
important in those instances where the opposing approach
also has shared lane operations. The proposed model is

described below as a sequence of calculation steps.

. Step t. Y" : V" I S"p(i-l)

. Step 2. g" : G - C * Y") I (l - Y")

. Srep 3. PL: Prr*11 + (N - t) lf^(i-l)l
oStep4.gq:G-5")
o Step 5. B¡: 2.0 - [(1 - Pr) lP.] x [1 - Q - P')

* (gn * S' 3600)l
o Step 6. EL : Sr I (1400 - V.)
o Step 7.f^<¡t = lg, + 8,1(7 + PL* (8" - 1)) + 3600

* (1 + P¿) lSrllg
o SteP 8. f', : (f^<,> t N - 1) /N
o Step 9. S,<o : .S? * /¿r * N

where

C : cycle length, sec.

E¿ : through-vehicle equivalent for opposed left-turns.

f^ç¡ : lef.t-turn factor for the shared Iane (Note:

'/-<o<1'o)'
I : effective green time, sec.

Br : duration of initial portion of green phase, sec.

go = portion of green phase blocked to left-turning
vehicles by the clearing of an opposing queue of
vehicles(:S-g,),sec.

g, : portion of green not blocked by the clearing of
an opposing queue, sec.

i : current calculation sequence.
N : number of lanes on approach.
P, = proportion of left-turn vehicles in shared lane.

Pr, : proportion of left-turn vehicles on the approach.
So1,¡ : saturation flow rate for subject lane group, vphg.

Sop(j- 1) : saturation flow rate on opposing approach taken
from the previous calculation, vphg.

Sz : through-vehicle saturation flow rate on subject
approach (: 1800 " f* * fr, * f, * f,), vphgpl.

I/" : opposing flow rate, vPh.
Y" : flow ratio on the opposing approach.

As shown in the preceding steps, the proposed model adopts

the same format and sequence of calculation as that of the
HCM methodology. The only deviations are the use of infor-
mation from preceding calculations and the use of a less-than-

ideal saturation flow rate where ideal values had previously
been assumed.

In recognition of the iterative nature of the proposed pro-
cedure, the methodology was programmed in BASIC to auto-
mate the analysis process. The function of this program was

to make an initial calculation using the original HCM meth-
odology and to use the modified methodology for second and

subsequent iterations.
For this study, a fairly strict convergence criterion was selected

such that the nature of the solution process could be fully
explored. In fact, a solution was said to have "converged"
when the difference between approach saturation flows for
two successive iterations was less than 0.5 vphg. While the

allowable deviation for the final calculations was quite small,
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experience with the procedure indicates that the likelihood
of arriving at a convergence solution is almost certain.

Using this criterion, the number of iterations was found to
range from one to thirty iterations. Convergence was com-
monly achieved, however, in less than ten iterations for the
conditions ofthis study. In general, two iterations beyond the
initial HCM solution would typically yield a saturation flow
rate that was very near the convergence flow rate.

Two conclusions were drawn from this study of conver-
gence. First, it appeared that the HCM methodology would
generally yield a conservative estimate of the saturation flow
rate for a shared lane. This tendency is consistent with the
intent of its formulation. However, it should also be noted
that for some near-capacity conditions the HCM solution was
found to overestimate the shared lane saturation flow rate.
Second, the saturation flow rate from the first (HCM) iter-
ation was almost always found to be within 5Vo of the final
solution.

SENSITIVITY ANALYSIS

This section examines the sensitivity of shared lane operations
to variations in volume and signal timing. For each of the
variable combinations identified in table 1, an iterative anal-
ysis was performed which included an initial calculation of
saturation flow using the original HCM methodology. All
subsequent calculations used the modified methodology wherein
information from the last iteration was used as a better esti-
mate of actual conditions. The iterations were stopped when
the approach saturation flow rate (S,) between two successive

calculations did not change by more than 0.5 vphg. It should
be noted that the results reported in this paper reflect under-
capacity conditions for all approaches.

Left-Turn Percentage

The sensitivity of the shared-lane methodology to variation
in left-turn percentage was investigated for this analysis. As
shown in figure 3, the effect of an increase in left-turn per-
centage caused a reduction in saturation flow rate for the
subject approach. In particular, the flow rate varied between
3,300 vphg and 2,400 vphg for a left-turn percentage in the
range of IVo and30Vo,respectively. It should also be noted
that when the percentage of left-turns was increased, lane use
on the interior, shared lane approached that of an exclusive
left-turn lane (i.e.,P" : 1.0). This result is reasonable and
consistent with general expectation.

Concerning the first (HCM) solution versus the final (con-
vergence) solution, the trends in convergence-noted above
in the discussion of the modified methodology-were well
illustrated. Not only did the HCM and final solution "track"
one another, but it appeared that the HCM solution would
yield a conservative, or lower, estimate of saturation flow
rate.

Cycle Length

For this investigation, a range of typical of cycle lengths was

considered to determine the effect of cycle length on shared-
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FIGURE 3 Effects of left-turn percentage.

lane operations. As shown in figure 4, the convergence trends
appear to be consistent with those found in the investigation
of left-turn percentage. In particular, the HCM solution again
yielded a slightly lower value of saturation flow rate than the
convergence solution. In addition, a positive relationship was
again found to exist between the two solutions regarding their
general agreement with trends in the changes in cycle length.

One of the more interesting results of this sensitivity anal-
ysis was the lack of any significant change in flow rate with
cycle length. This result implies that the duration of the cycle
length has a minimal effect on the operation of shared lanes.
This can be explained as the result of two secondary effects.
One is the increase in capacity per cycle during period 2 with
an increase in cycle length. Vehicular capacity per cycle during
this period is a direct function of the amount of unsaturated
green time (9") available. This green time increases almost
linearly with cycle length when the green-to-cycle-length
(GIC) ratio is held constant.

The other secondary effect is the lower number of cycles
and hence, clearance opportunities that can occur each hour
when cycle length is increased. These two effects tend to
cancel one another and thereby minimize the influence of
cycle length on saturation flow. It should be noted that the

capacity of period 1 was not found to vary significantly with
cycle length.

Green-to-Cycle-Length Ratio

For this analysis, the effects of a change in the green time for
a given cycle length were investigated. As shown in figure 5,
changes inthe GIC ratio were found to have an effect on the
operation of the shared lane approach. This was evidenced
by the wide variation in saturation flow rates for G/C ratios
of less than about 0.40. In addition to this wide variation,
there also appeared to be a deviation from the expected con-
servative nature of the HCM methodology.

Further investigation of the conditions that created the
observed anomalies revealed that as GIC varies from larger
to smaller ratios, the volume-to-capacity ratio (v/c) of the
approach neared 1.0. In fact, for G/C ratios less than 0.35,
both approaches were found to be over capacity. Hence, it
appeared that, for some near-capacity conditions, the satu-
ration flow rate found using the HCM methodology could be
greater than the iterated solution (i.e., not conservative). It
was also noted that, f.or GIC ratios greater than 0.40, the
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FIGURE 4 Effects of cycle length.
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Ieft-tum proportion were examined for their effect on approach

saturation flow rate. This approach was taken to ensure a

consistency with the preceding analyses.

Figure 6 illustrates the results from this analysis. Based on
these results, it was concluded that combinations of high lefr
turn and entering volumes would have a definite adverse effect
on the saturation flow rates of two opposing shared lane
approaches. This conclusion is intuitively reasonable, since

the demand on a shared lane approach indirectly affects the
capacity of the approach opposing it.

One trend observed in this analysis was that the HCM
methodology did give conservative results under a wide range
of volume conditions. In the few situations where the HCM
solution was not conservative, it was found that the vlc ratio
of the left-turn or through movement was near 1.0. This trend
was consistent with that observed during the sensitivity anal-
ysis of the GIC rctio.

An explanation of the HCM solution's conservative results
lies primarily in its formulation. Several major effects interact
within the HCM methodology and result in a lower estimation
of saturation flow rate for the shared lane. The first effect is

embedded in the equations for Soo and P, (see Figure 2). The
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effect on saturation flow rate did not appear to be as

significant.

Entering Volume and Left-Turn Percentage

The investigation of entering volume presented many possible
combinations of opposing and subject approach volumes.
Moreover, it was resolved that a thorough examination should
consider effects of changes in both through and left-turn vol-
umes. In recognition of the need for variation in these vol-
umes, it was felt that a balanced volume condition would be
the most reasonable compromise. Hence, for all volume con-
ditions reported in this section, the volumes and left-turn
proportions on each approach were held equal throughout all
analyses.

As a result of equalizing the volumes and left-turn pro-
portions, the investigation \ryas reduced to an analysis of sym-
metric supply and demand conditions. In other words, the
operation of the shared lane on either side of the intersection
was identical given the same geometry, volume, and timing
conditions. For each value of entering volume, five values of
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(1.e., period 3). However, the ultimate indirect factoring of
this capacity component by the other saturation flow rate
adjustment factors tends to overcompensate for the effect of
an overestimated P, and typically results in a net conservative
estimate of period 3 capacity. It should be noted that the
capacity of this period has traditionally been calculated as the
number of vehicles clearing at the end of the cycle which is
totally independent of the saturation flow rate experienced
during the green phase.

SHARED LANE RELATIONSHIPS

Based on the preceding sensitivity analysis, it appeared that
the four dominant variables (with respect to shared lane oper-
ations) were proportion of left-turns (P..), opposing propor-
tion of left-turns (P..o), approach volume (V.), and opposing
volume (Iz,). Green time and cycle length were found to have
a limited effect on shared lane operations.

In an attempt to understand better the interaction of the
dominant variables, figure 7 was generated using the modified
methodology. in this figure, each axis represents an inde-

Green /
.6

Cycle Rotio

equation used to estimate S", will almost always yield a higher
value than that found in the final iteration. This implies an
expectation of higher estimates of unsaturated green time (g,)
and hence, a greater shared lane capacity during period 2.
However, this is not generally found because of the effect of
another factor, Pr. The equation used to estimate P, typically
overestimates the proportion of left-turn vehicles in the inside,
or shared, lane. The implication of this approximate proce-
dure can be found in a lower estimate of through vehicle
capacity during period 1.

The effect of overestimating P, explains some of the con-
servative nature of the HCM's saturation flow rate estimate.
In contrast, the effect of overestimating S,o (and thereby g")
suggests a more liberal flow rate estimate. However, the com-
bination of P. and g, in the equation used to calculate the
left-turn adjustment factor Ç) tends to offset the çffects of
Soo. As a result, period 2 capacity is also conservatively esti-
mated in most instances.

Another effect worthy of consideration is the calculation
of capacity during period 3. As noted above, the HCM meth-
odology generally overestimates the magnitude of P. and results
in an overestimate of capacity dur-ing the clearance inierval
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FIGURE 6 Effects of left-turn percentage and entering volume.

pendent variable, while the dependent variablé is represented
as a shaded region. In general, these variables were chosen
to illustrate their interrelated effect on capacity and lane use.

As might be expected, opposing and approach volumes were
found to have a significant impact on intersection capacity.
Similarly, opposing volume and approach left-turn percentage
were found to have the greatest influence on approach lane
use.

Results of Specilic Analyses

Using the modified HCM methodology, the volume-to-capac-
ity (vlc) and shared-exclusive lane relationships shown in fig-
ure 7 were developed. The sloping lines shown on each figure
represent the unique combination of independent variables

such that either the vlc ratio or the proportion of left-turns
in the left-lane (Pr) would equal L.0. These threshold values

were selected because they describe a boundary between
operational states (i.e., over-under capacity or shared-exclu-
sive lane use).

As suggested by figure 7a, a range of maximum approach

and opposing volume combinations was found such that one

of the opposed approaches operated at its capacity. Obviously,
any combination of approach volumes that had the same pro-
portion of left-tums and intersected below this threshold should
experience a vlc rutio less than 1.0.

Two capacity thresholds (P", : 0.01 and 0.30) are shown
in figure 7a. For the case where Pr. equaled 0.30, it was

found that the combinations of V" and V" that produced a

vlc eqrual to 1.0 were less than those found when Prr equaled
0.01. This trend is intuitively reasonable considering the
degrading effect that left-turn vehicles have on the capacity
of an approach.

Figure 7b illustrates the effect of left-turn proportion (Prr)
and opposing volume (%) on lane usage. The line A'-A-B
identifies the threshold combinations of P.r and I/" that would
cause the inner lane to operate an exclusive, or de facto, left-
turn lane for an approach volume of 800 vph. Likewise, the
line A'-B identifies the exclusive lane threshold for an approach

volume of 200 vph. This threshold can be described as an

equilibrium condition wherein the volume-to-capacity ratios
of the through and left-turn movements are equal and the
proportion of left-turn vehicles on the interior lane is 1.0.
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V" and Prro explain the triangular region A'-A-B wherein
the threshold condition was found to vary.

Formulation of General Case

Based on concepts introduced in the preceding section and
supplemented with additional analyses, figure 8 was generated
to illustrate the basic shared lane relationships. This figure is
presented in a general form with only unique points and
boundaries described. The intent of the general format was
primarily to identify the sensitivity of shared lane use to changes
in certain variables. However, it was assumed that the iden-
tification of all unique points or boundaries on each figure
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FIGURE I Shared lane relationships: general case.

It is reasonable to assume that the equilibrium condition
describes the threshold where lane selection becomes move-
ment specific on a sharedlane approach. The essence óflhis
assumption is predicated on the inherent nature of motorists
to base their lane selection on minimum travel time. This
capacity equilibrium concept is embedded within the for-
mulation of the shared lane analysis methodology.

As shown in Figure 7b, there was a left-turn proportion
below which the approach always operated as a shared lane,
regardless of opposing volume. For left-turn proportions above
this minimum value, operation of the approach was found to
be primarily afunction of opposingvolume. However, approach
volume (V") and opposing left-turn proportion (Prro) were
also found to affect the location of the equilibrium threshold
(i.e.,line A'-A-B vs. A'-B). In fact, the secondary effects of
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and geometric conditions. Each of these points and bound-
aries is defined below.

7*.*r-This is the capacity of two through lanes of traffic
having no left-turn vehicles.

V^*z= (N*S'.ÍG - Il)lC (1)

where

N : number of lanes on the approach.
S, : through saturation flow rate, vphgpl.
G : total green plus yellow time, sec.

/ : lost time, assumed : 3.0 sec.
C : cycle length, sec.

Using the values from figure 7a (i.e., G : 35 sec., Sz:
1650 vphgpl, C : 70sec., N = 2),

V^ *z = (2 * L650 * [35 - 3]) I 70 : 1509 veh/hour.

I/-"*r-This represents the capacity of one lane of through
traffic plus the number of left-turn vehicles clearing the inter-
section during the clearance interval (l.e., sneakers).

V^u*l : fV^^*z* (N - /)/Nl + [S" -3600/C] (2)

where

V^*z : maximum through lane capacity for N lanes, vph.
N : number of lanes on the approach.
S, : maximum number of left-turns during the change

interval, assumed equal to two under maximum
volume conditions.

C : cycle length, sec.

For this example, Y*u*, can be calculated as

V^^*t = [tSOg . (2 - I) I 2] + 12. 3600 /701

: 857 veh/hour.

P..*.*-This value represents the threshold proportion of
left-turn vehicles. Any proportion of left-turn vehicles less

than this value would theoretically guarantee shared lane
operation.

Ptr^* = (S" x 3600 I C) lV^^*1 (3)

where

V^^*t : maximum capacity of one lane plus sneakers, vph.
S, : number of left-turns during the change interval.
C : cycle length, sec.

For this example,

PLT^^* : (2.0 * 3600 / 70) I 857 : 0.t2.

V, : 1400 vph-This constant is identified in figure 8

because it represents the opposing volume that would theo-
retically have insufficient gap size to permit the filtering of
left-turn vehicles. Thus, when the opposing volume exceeds
1,400 vph, the only left-turn capacity available would be as

sneakers during the clearance interval.
P¿z : 0.50-This proportion represents the upper bound-

ary value for shared-lane operation. Theoretically, any left-
turn proportion exceeding 0.50 would have exclusive use of
the inside lane.

In figure 8a, three separate capacity threshold lines are
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shown. These lines represent three different combinations of
left-turn proportion: 0.0, PLr^.*, and 0.50. Of these, 0.0 and
0.50 represent lower and upper boundaries, respectively, on
the region of shared lane use. 'fhe Prr^* line is also shown
because it is related to the shared-exclusive lane threshold
and because it can be located using Ç"*r.

The left-turn proportions described in figure 8a are equal
for both the subject and opposing approaches. This "sym-
metric" situation was chosen for two reasons. The first reason
was that it more nearly represented the typical intersection
where both approaches have roughly the same left-turn pro-
portions. The other reason was based on the results of several
analyses, from which it appeared that the symmetric case
represented a worst-case combination. Thus, with respect to
figure 8a, any volume combination that intersects below the
capacity threshold (i.e., vlc < 1.0) for a given symmetric left-
turn proportion should also be under capacity when one
approach has a lesser left-turn proportion. For example, if
the proportion of left turns on one approach was 0.05 while
the proportion of left-turns on the opposing approach was
0.15 and their volume combination intersected below the P..
: Ptro : 0.15 threshold, then it could be concluded that
both approaches will operate at a vlc of less than 1.0. In
summary, the symmetric left-turn proportion threshold should
conservatively predict the under-capacity situation.

When considering figure 8a, it must be remembered that
only one left-turn proportion line can describe the capacity
threshold. The line chosen should equal or exceed the larger
left-turn proportion of either the subject approach or its
opposing approach. One of the three threshold lines shown
in figure 8a could be used as the capacity threshold or another
threshold couìd be located by interpolation. In recognition of
the limitation of the shared lane methodology, the Pn :
PLro : 0.50 threshold probably represents a practical bound-
ary for conservatively estimating the volume-to-capacity con-
dition of two, two-lane, opposing approaches.

Figure 8b represents the general relation between the
approach left-turn percentage (Pr.) and the volume opposing
it (V").In particular, the line A'-A-B represents the boundary
between shared and exclusive lane operation on the subject
approach. If the approach left-turn proportion and opposing
volume combination intersect below the line A'-A-8, then
the subject approach should operate as a shared lane. If the
intersection is beyond line A'-B, then the approach should
operate as an exclusive lane.

The triangular region A'-A-B bounds the combinations of
P* and Vo that may or may not cause an exclusive lane
operation. The location of the exact threshold boundary
between point B and a point on line A'-A is a function of
approach volume (%) and opposing left-turn proportion (Prro).
The reason for this secondary influence is somewhat complex,
but is based primarily on the capacity of period 2. In those
situations where either the approach volume (Iz,) or the
opposing left-turn proportion (Pr.o) is light, there is a max-
imum likelihood of unused green time (ç). This usually results
in a maximum left turn capacity. Conversely, if both V^ and
Prro are large, then it is probable that g" is small. Obviously
if g, equals zero, then period 2 capacity is also zero.

Based on the results of the preceding examination, it was
possible to make the following generalization: If the left-turn
proportion (Pr.) and volume (%) of an approach are less

than P..-.* and V-u*r, respectively, then that approach will
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operate below its capacity and its inner lane will be shared
by left and through traffic.

In those cases where P* and V" are greater than Prr-u*
and I/-*,, but less than 0.50 andV^^*r, respectively, the oper-
ation of the approach must be determined using figures 8a
and 8b or by analysis using the HCM methodology (i.e., sup-
plemental worksheet).

Comparison With HCM De Facto Lane Procedure

HCM equation 9-6 (5, p. 9-9) describes a simple procedure
for determining the operation of a shared lane approach.
When the appropriate volume conditions are satisfied, the
inside lane can be considered a de facto left-turn lane, and
the HCM recommends it be analyzed as such.

The equation 9-6 procedure is compared, in figure 8b, with
the threshold curves previously described. As indicated by
the dashed curve, there is a general agreement in both shape
and orientation. This agreement is particularly good for those
situations having low to moderate approach volumes or low
opposing left-turn proportions. However, it is also apparent
from figure 8 that there are some combinations of opposing
volume and left-turn proportion where the simplified proce-
dure could incorrectly predict exclusive or shared lane
operation.

CONCLUSIONS

Based on a comparison of the original (HCM) approach and
the modified, iterative approach, it was concluded that the
saturation flow rate calculated using the HCM methodology
would almost always be less than the final, convergence flow
rate. In general, the HCM solution was found to be within
5Vo of. the final saturation flow rate.

As a result of the examination of the shared lane sensitivity,
several tendencies were noted. One of the more obvious trends
observed was the dramatic reduction in saturation flow rate
with small increases in the proportion of left-turns. Con-
versely, the sensítivity of shared lane operations to the mag-
nitude of cycle length or GIC ratio was slight.

The combined effects of the study findings were incorpo-
rated into figure 8. Using this figure, it is possible to describe,
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or predict, the nature of any shared lane operation. By inspec-
tion of figure 8, the following generalities were formulated:

1. Only when left-tum percentage is very small does approach
capacity near that of two through lanes.

2. When there is a moderate number of left-turn vehicles,
the effective number of lanes are reduced from four to roughly
two. In other words, the combined maximum volume of two
opposing, two-lane approaches, both having a moderate amount
of left-turn vehicles, can be conservatively estimated as equal
to about 90% of the capacity of two through lanes.

3. If the left-turn percentage and volume of an approach
are less than Prr** and y-oi, respectively, then that approach
will operate below its capacity, and its inner lane will be shared
by left and through vehicles.

The results of this research were based entirely on the
assumption of reasonableness of the HCM methodology, Fr-rr-
thermore, these results are limited by the assumptions imbed-
ded in the formulation of the HCM methodology. In recog-
nition of these limitations, it is recommended that field studies
be conducted to verify the reasonableness of the HCM meth-
odology and, thereby, the results of this paper.
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