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Capacity of Shared-Short Lanes at Unsignalised Intersections

Ning Wu

ABSTRACT

The calculation procedures in recent highway capacity manuals do not exactly treat shared/short lanes
a unsignalized intersections in an exact manner. The capacity of individual streams (left turn, through
and right turn) are calculated separately. If the streams share a common traffic lane, the capacity of the
shared lane is then calculated according to the shared lane procedure from Harders (1968), i.e., the
lengths of the short lanes are considered either as infinite or as zero. The exact lengths of the separate
short lanes cannot be take into account. Therefore, the capacity computed from conventional methodsis
overestimated, whereas that from the shared lanes formula (as in Chapter 10 of the 1994 Highway
Capacity Manual) is underestimated. This paper presents an analytical procedure, based on probability
theory, for estimating the capacity of this combination of shared and short lanes. This procedure
combines the existing procedures for estimating the capacity of shared and short lanes. It was tested by
smulations in the style of the KNOSIMO simulation, and it can be used for arbitrary lane
configurations. For simple shared/short lane configurations, explicit equations are derived for
estimating the capacity. For complicated shared/short lane configurations, iteration procedures are
given. As a specia case, the so-caled flared minor approaches are treated according to the theory

derived.
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INTRODUCTION

Unsignalized Intersections (cross-roads and T-junctions), where traffic is regulated by traffic signs, are
the most commonly used intersections in traffic management. The right-of-way regulated by traffic
signs presupposes that a driver makes the decision to pass through if he is at the first waiting position
directly at the stop line or if no other vehicle is waiting in front of him. The calculation procedures
developed for this situation, which are aso used in numerous manuas (1,2,3), are standard for
calculating the capacity of unsignaised intersections. The two best known and simplest procedures are

these from Harders (4) and Siegloch (5).

The calculation procedures in recent manuas (1,2,3) assume that traffic streams that must give way
have their own traffic lanes at the intersection. The capacity of the individual streams (left turn, through
and right turn) are calculated separately. If the streams share a common traffic lane, the capacity of the

shared lane is then calculated according to the shared lane procedure from Harders (4).

The procedures for considering the lane distribution at unsignalized intersections are based on the
assumption that left-turn and/or right-turn streams have either infinitely long exclusive lanes or no
exclusive lanes at dl. In redlity, however, thisis not the case. If an approach with short traffic lanes
(Figure 13a) for the left-turn and/or right-turn streams is calculated, the capacity is either overestimated

(length of the exclusive lanes as infinite) or underestimated (length of the exclusive lanes as zero).

In this paper, a procedure is derived, with which the length of the turn lanes can be considered exactly
for calculating the capacity of the shared lane. The precision of this calculation procedure is tested

through simulations.

The following symbols and indices are used:

Symbols:
m = number of sub - streams [-]
C = capacity [vph]



Ning Wu 3
q = traffic flow [vph]
X = degree of saturation [-]
n = length of queue space in number of vehicles [veh]
Ps = probability that a point on the street is occupied by traffic [-]
k = factor for estimating the capacity of shared lane = 1/ Xgreal [-]
Xnrea = real degree of saturation of shared lane = gy, / Cq, [-]
Cs = capacity of shared lane [vph]
O = traffic flow of shared lane [vph]
Xeh = agpparent degree of saturation of shared lane [-]

Indices for systems with arbitrarily many sub-streams:

shl

sh2

index for the i-th sub-stream

index for the i-th sub-stream of the level 1
index for the i-th sub-stream of the level 2
index for the j-th step of iterations

index for shared lane

index for shared lane of the level 1

index for shared lane of the level 2

Indices for systems with three sub-streams:

LT

TR

index for left-turn streams and their traffic lanes

index for through streams and their traffic lanes

index for right-turn streams and their traffic lanes

index for shared streams consisting of a left-turn and a through stream and their
traffic lanes

index for shared streams consisting of a through and a right-turn stream and their

traffic lanes
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MATHEMATICAL DERIVATIONS

In Figure 1a the possible combinations of short traffic lanes are presented. The short traffic lanes at
unsignalized intersections have usualy two basic forms:
1. All three direction streams divide at a point (Figure 1b, type 1)

2. The streams divide one after another at two points (Figure 1b, type 2 and 3)

Mathematical derivations are given in this paper for both basic forms of short traffic lanes.

Figure 1a. Possible queues at the approaches of unsignalised intersections

L TR L T R L TR
| J IA/ V|
Type 1l Type 2 Type3

Figure 1b. Combination forms of short traffic lanes
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First, a generalized system with m sub-streams, which all develop at the point A from one shared lane
(Figure 2), is considered. The sub-stream i is described by the parameters g (traffic flow), C
(capacity) and x; (degree of saturation). The capacity C; and the degree of saturation x; = ¢ / C; are
consdered under the assumption that there are infinite queue places for the subject stream i.

Accordingly, the shared lane has the parameters gg, Cs and Xsn.

M »l Ou C1, Xt
Oshy Cany X
shs Cshy Xeh A/( ) >| U, o, %o
N;

>| g, Gi, i

i =]  Gn Cm Xm

Figure 2. Relationship between a shared lane and its sub - streams
For point A, the following fundamental state condition holds:
Paint A is equally occupied from the left (shared lane) and from the right (all sub-
streams) by waiting vehicles.
That is, the probability that point A is occupied on the side of the shared lane is equal to the probability

that point A is occupied on the side of the sub-streams. It follows that
P = Ri t Rt AR+ 4R = é. P «y
i=1

The probability that point A is occupied by a sub-stream is equal to the probability that the queue length
in this sub-stream is larger than the length of the queue space (section from the stop line to point A), i.e.,

for the sub-stream i,

Ri =Pr(N>n;) 2
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The distribution function of queue lengths in a waiting stream at unsignalized intersections can be

represented approximately by the following egquation (see also Wu (6) ):
F(n)=Pr(N£n)=1- x® 3)
with
a, b = parameters
Accordingly one obtains

Ps,i = Pr(N > ni) =1- F(ni) = Xia(bni e (4

The M/M/1-queuing system also offers good approximation for the queuing system at unsignalized

intersections (seeadso Wu (6) ). Inthiscaseonehas a=1andb=1. Thus,
P :Pr(N>ni):Xini+l ®)

For further derivations, the queuing system at intersections without traffic signals is considered as an

M/M/1-queuing system. The resulting deviation can be considered negligible (see also Wu (6) ).

If one considers point A as a counter in the sense of queuing system, then the probability that point A is

occupied on the side of the shared lane is equal to the degree of saturation of the shared lane, i.e.,
Pe=Pr(N>0)= Xsh0+1 = Xqn (6)

Inserting Equations (6) and (5) into Equation (1), one obtains

Poo = é. X" "= Xsh (7)

i=1

Here, however, x4, is only the apparent degree of saturation of the shared lane. That means,
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and accordingly one has dso

m
o]

as
C 1 qsh —_i=1
s Xsh 6n n+1
ax

i=1

The establishment of these inequalities lies in the fact that no linear relationship exits between the traffic
flow and the degree of saturation in the shared lane as a result of the exponents of x. The capacity of

the shared lane can be determined only in other ways.

For estimating the capacity of the shared lane, the following definition is made:
The capacity of the shared lane is the traffic flow at which the merge point A on both

sidesis occupied 100%

That is, F’s’sh’max = Xepmax = é X, =1.

As a rule, the traffic flows q; (existing or predicted) do not describe the complete saturation of the
shared lane. The capacity of the shared lane is generally greater than the sum of ¢ (in case of under-
saturation by existing ;). In this case, the traffic flows at the subject traffic stream would approach the
limit of the capacity if the g valuesincrease. In general, each g; value could have different increases. It
is assumed, however, that an equa increase factor k can be applied for these fictional increases of
existing traffic flows. Thus, k is that factor by which all traffic flows on the subject approach has to

increase to reach the maximal possible traffic flow: the capacity.

By multiplying the degree of saturation of all sub-streams by this factor k and postulating

(k)" =1 €)

Qog

Ps,sh,max = Xsh,max =

one obtains the capacity of the subject shared lane

Csh:k>q$h:kxé.qi 9)

i=1
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Accordingly , the real degree of saturation of the shared lane becomes

Osn

1
X === 10
sh,real Csh k ( )
Thereby k is determined implicitly by Equation (8). Forn;=n,=. .. =n =. .. =nyp=n, that is, al
sub-streams have the same length of queue space, resulting in
1
Klaipon = — = (11)
. o] Xin+1
i=1
and
g
aa
Csh Iallni =n— — (12)

4
N+ a Xin+1
i=1

For n; with genera values the Equation (8) cannot be solved explicitly for k. The solution for k can be
found, however, according to the Newton method iteractively and numericaly. The iteration procedure

is
K,=k -——— (=012,..; k=1

with (13)

Fk)= & (ko)™ - 1

i=1

The iterations are convergent for al k> 0.
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Nge1 Ol Connt X

Osn2s Cenz, Xsh2 /{ Ngn2  Gsn12 Cenn2, Xent2

{ - 2Ok

n .
Li2 | Oui2, Cuiz, X,i2

Nenai2 Osnaizs Cantiz, Xsniiz

>| 2.2, Cojizy X2,i2

Qiiz1, Gijiz, Xiji2

Omi2 G2y Xmai2
Neume  Oshimes Cshyma, Xshime

»( OB

Figure 3. Relationship between shared lanes and their sub- and sub-sub-streams

If a sub-stream again consists of several sub-sub-streams, this sub-stream must be considered as a
shared stream itself (Figure 3). Accordingly, andogoudly to Equation (1), for the merge point A one

obtains

m2
Puw=a P (14)

i2=1
And for the sub merge points B;,, one obtains

.,
Pz = A Pz (15)

i1=1

If one considers the queuing systems in al sub-streams and sub-sub-streams as M/M/1-queuing systems

respectively, then for the sub-sub-stream with index i1, i2, one obtains

12t

Pz = Xil,izn (16)
for the sub merge point with index B;, (section between point A and B;,)
ml,, ml,,
— — 3 — 3 Nigiz+1
Ps,shl,iz = Xquiz = A Ps,il,iz =a X2 (17)

i1=1 i1=1
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for the sub-stream with index i2

.. Ngnpiptl Ny iztl

O
— N1 +1 Ngypiztl Mg *¥lY
Ps,iz = Xgi2 e sshl|2 e g 5|1|2 ga Xizi2 He (18)
i1=1 7] i1=1
and for the merge point A
2 2 Mo o1 m O”gmz*l
- I 1 +1
Ps,shZ - XshZ 5|2 g 5|1|2 ga X|1|2 H2 . (19)
|2-1 i2=1%i1=1 i2=1%i1=1

Multiplying the degree of saturation of all sub-sub-streams by a factor k and postulating

mg ém‘ N i+l
N +1U !
Ps,shz,max Xshz max = a ea (k xXIlIZ) l;l = 1 (20)
i2=1&1=1 u
the capacity of the total shared stream becomes
m2 m]12
C _Cshz _k>QShZ _kxa aqmz (21)
i2=1i1=1

The Equations (20), (21), and (22) are the generalized forms of Equations (7), (8), and (9). Setting ml;,

or m2 equal to 1, one obtains here the Equation (7), (8), and (9) again.

For niz,iz and ngy 2 With general vaues the iteration procedure for solving k becomes

f(k
k'+1 =k, - ﬁ (J = O, 1, 2,, kozl)
J J f ((kj)
with
w2 éTg*Z nmzﬂunsm,iz*l
fl=aa (ox,,)" g -1 (22)
i2=161=1 U

Analogously, one can also treat systems with an arbitrarily number of levels of sub-sub-streams.
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PRACTICAL APPLICATIONSOF THE THEORY

Type 1 lane combinations (see Figure 1b and 4)

i = O, C, X
Oshy Cehy Xsn /( M
A\< B or, Cr, X7
= = Or Cr Xr
Stop line

Figure 4. Parameters for Type 1 of short traffic lanes

Settingm2 =1andil =L, T, Rin Equations (19), (20), and (21), one obtains the following equations

for estimating the capacity of the shared lane for Type 1 short lanes at unsignalized intersections:

n +1 ny+1

Pa |type1: é. R = é. P(N>n,) :é. X" H= X, W X + XRnR+1 (23)

Py nma lyper™ Xemae = @ (K39G)™™ = (koo )" + (Koot )™ + (Koot ) =1 (24)

S

Ca bypa= K0y, =KX, + 0 + ) (25)

In generad, the three streams (L, T, and R) must stop and wait at the same stop line. This means that the
numbers of available queue places are equal for al three streams. In this case, setting N = ny = ng=n,

one obtains

1 1
K |ypes = = (26)

[o]
nv/a Xin+1 nJr\Jl/ XLn+1 + XT n+1 + XRn+1

and

+0 +
Cshlfypel:klrypél%qL-'-qT-'-qR):nV/ ﬂLl &~ Do — (27)

n+l
XL + XT + XR

At n =0, onegets
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I
C = ——T R (28)
shltypet, 0 XL+XT+XR

That is exactly the well-known shared-lane formula from Harders (4).

For n., nr, and ng with genera vaues, the iteration procedure for solving k (see aso Equation (13) )

yields

(kJ XXL)nL+1 +(kJ ><XT)nT+1 + (kJ ><XR)nR+1 _ 1
(N + 1) x(k; 3¢ )™ xX + (N + 1) X(K; 26G)™ 306+ (Mg +1) X(K; XX )™ *Xq

kj+1 Irypc—ﬁL: kj

(=0,1,2,..; k=1) (29)

With this equation, the Newton iteration method is to be used for determining the subject k. The

capacity of the whole approach can then be obtained according to Equation (9).

Type 2 lane combinations (see Figure 1b and 5)

ng

Jshy Ceny Xeh /[n
TR~ N1
O—CO - Or, Cr, Xt
A B n
,\ R
Or Crs Xr

Stop line

- O, Cu, XL

Figure 5. Parameters for Type 2 of short traffic lanes

Settingi2 =L, TRand il = T, R in Equations (19), (20), and (21), one obtains the following equation

for estimating the capacity of the shared lane for Type 2 short lanes at unsignalized intersections:

—, 1 ny +1 ng+1 1
Ps,sh ItypeZ_XL - +(XT +XR i )nTR+ (30)

n + + NL+ R+l!
Py hoper = Xenmae (K30 )™+ [(ko00x, )+ (Koocg) = =1 (31)

S

Can bypee= K0, =KX, + G + ) (32
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Also in this case, the three streams must generally stop and wait at the same stop line. The following

relationships exist between the available queue places:

where nrr is the common number of queue spaces for left-turn and through streams.
According to these relationships one obtains

—y N+l nrr+l Nt r*+1\ng+1
Ps,sh IrypeZ,nT =ng,N =NRr+Nr g =X + (XT + X ) " (33)

Ps,sh,max Itypez,nT =NR.NL=Mr+N1 R Xsh,max

=(ho%, )™ oo ) oy

1 NRPr g tMr+Nr g1

’

é nT,R*+1 ’
:(k ><XL)nL+1 + 6 XTnT'R+1 + XRnT'R+1) >4(l:|
€ u
e u
é 1 RFr g0 +L
nT R+1 -
:(k ><XL)nL+1 + 6 XTnT'R+1 + XRnT'R+1) >4(l:|
€ u
e u
|
=1
(34)
Setting
X =X,
p =N
1
N g+l Ny g+l TRt
X, = (XT fT X R ) (35
Ny =N Xy g Nt N r
=N gt
one obtains for the postulate (Equation (34) )
|
— — n +1 n,+1_
Ps,sh,max ItypeZ,nT:nR,nL=nTR+nTVR - Xsh,max _(k ><XI ) T (k ><XII ) =1 (36)
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This means that under the marginal condition that all three sub-streams stop and wait at the same stop
ling, the shared-lane system with three sub-streams can be simplified in a shared-lane system with only

two sub-streams.

Furthermore, the capacity under this conditionis

(q. +or +0g)

Csh ItypeZ,nT:nR,nL:nTR+nTVR =k >(qL + qT + qR) = (37)
Xsh,real
For n., nr, and ng with general values, the iteration procedure for estimating k yields
K =k - —2 (=012, k=1) (39)
i1 TN b+ cxd ’ = VU l,z4,..., Ko—

with
a = (k, )"+ (K, 06 )+ (ko) - 1
b=(n, +1)xKk,™ »xx )™ xx_
¢= (M + 1) 40K, 206 + (K, 29¢)™ ™

d = |(ny +2) 2k, 29)™ 2% + (g +1) MK, Xe)™ g

Type 3 lane combinations (see Figure 1b and 6)

O, Cu, XL
or, Cr, Xt

=  OrCr Xr

Jshy Ceny Xeh

Stop line

Figure 6. Parametersfor Type 3 of short traffic lanes
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Type 3 short lanes is symmetricaly to Type 2 short lanes. Exchanging index L (left-turn) and R (right-
turn) in the equations for Type 2 short lanes yields the corresponding equations for Type 3 short lanes.

For example, analogoudy to Equations (30), (31), and (32), one obtains here

_ n_+1 ny+1 1 ng+1
Ps,sh Itype3_(XL ot XT )nLT+ + XR ¢ (39)

nr+l

Ps,sh,max Itype3: Xsh,max :[(k ><XL)nLJrl + (k ><XT )nT+1] + (k XXR)nRJrl.:]' (40)
Ca |type3:kxqsh =kXq, +0; +0g) (41)

Flared lane at minor approaches

Right flared lane at minor approaches (see Figure 7)

Figure 7. Right flared approach

A specia application of Equations (31) and (40) is the so-caled flared lanes (Figure 7). For the right
flared approach (right-turn stream passes by the left-turn/through stream), the following relationships

arevdid:

n=mn= 0
NLT = NR = NErignt

Accordingly, one obtains the postulate

|
—_ —_— ri 1 n, T +1l_
Ps,sh IF,right_ Xsh.max _[(kF,right ><XL) + (kF,right ><XT )]nF, ot +(kF,right XXR) o _1
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Solving this equation for Ke rign, One obtains

1
kF right = (42)

nF,right+ X + X nF,right+1 + X nF,right+1
L T R

and

— 2 — . +0r t0g
CF,right - kF,right ><a. qi - - e ot Py (43)
i Jright F,right
Ok e
For neign: = 1, it becomes
9. G *0r o S e
CF,rechts |npv,ech,s= (44)

1: =
B + X)X R+ X)X

Left flared lane at minor approaches (Figure 8)

m HY

Figure 8. Left flared approach

Anaogoudly, for the left flared approach (left-turn stream passes by the right-turn/through stream,

Figure 8), one obtains

C - qL + qT + qR (45)
Fleft NE et Ng et +1 N e +1
\J/XL ' +(Xp + Xg)
and for ng e = 1
qL + qT + qR (46)

Cr et |an|¢,=1: 2 2
2% 2+ (% + %)
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For ng = 0 the Equations (43) and (45) yield

C I _C I — qL+qT+qR — qL+qT+qR _qL+qT+qR
F.right Ing =0~ “F left Ing =07 - -
F right F left 0*\7/(XL + XT)0+1 + XR0+1 OV/XLOH +(XT + XR)0+1 X, X + Xy

Again, one obtains the shared lane formula from Harders (4).

Mixed flared lane at minor approaches (see Figure 9)

Figure 9. Mixed flared approach

Figures 7 and 8 show the two possibilities a flared approach can be used by vehicles. However, it is not
easy to forecast how real-world vehicles would use the flared approach. Here, only the behavior of the
drivers in the through vehicles is decisive for the calculation because the right- and left-turn vehicles
always pass by each other at aflared approach. The decision of athrough driver (whether he passes by
awaiting left-turn vehicle or by a waiting right-turn vehicle) determines the configuration of the flared
approach. If athrough driver passes on the left of a waiting right-turn vehicle, the approach is a right
flared approach (because the left-turn vehicles must pass by the waiting right-turn vehicle also). If a
through driver passes on the right of a waiting left-turn vehicle, the approach is a left flared approach
(because the right-turn vehicles must pass by the waiting left-turn vehicle also). If a through driver
arrives while another through vehicle is waiting on the stop line, the approach could aso be considered a
right flared approach (because in this case only the right-turn vehicles may drive by on the right). Asan
approximation, one can assume that the probabilities (whether the approach is used as a left or right
flared approach) are proportional to the corresponding degree of saturations of the traffic streams.

Accordingly, an equation for estimating the capacity of the flared approach with mixed configuration,
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which treats the approach both as a left flared approach and a right flared approach, can be represented

by (see Figure 9)
X X, + X
Crmix =Cejen *o——+Cp T~ (47)
, , Jright
X+ X +Xg X+ X+ Xg
according to the degree of saturations, respectively.
Inserting Equations (42) and (45) into Equation (47) and Setting Ne et = Nk right = NE, ONE Obtains
C — qL+qT+qR v XL + qL+qT+qR v XT+XR
F.mix — " N . N "
nFJ'\J/XLnF ! +(Xp + X)) XX X e \J/(XL + %)+ xS X F X Xg
e 0
=C X + Xp + Xg 4. t0 t Qg
gnFJr\J/Xanﬂ +(X-|- + XR)nF+1 nFJr\?/(XL +XT)nF+1 +XRnF+1 B XL +XT + XR
ae 0
_c X, N X + Xg et
+ + + + i1 =~ n=0
X 06 X)) T
(49)
where
C - qL + qT +qR
OX X+ X
is the capacity of the shared lane for the case n = O (corresponding to Harders formula (4) ).
For ng= 1, the Equation (48) yields
& X, X tXe 20+ +a,
Ce rix bhe=2= Coly 2 > 2o T X FX FX
e\/xL + (% +Xg) \/(XL+XT) X g LT TR )

5
X, X + X e

-G +
2 2 =
gz\/XL +(Xp + XR)2 2\/(XL + XT)2 X g

x

n=0

Figure 10 presents a comparison of capacity increases caused by the flaring of the approach. For this

comparison the north bound approach of a standard intersection is calculated. The capacities of the



Ning Wu 19

Separate traffic streams are obtained according to the German Highway Capacity Manual (2). The
traffic flow of this intersection is shown in Figure 11. The caculation yields the parameters x_ = 0.33,
xr = 0.46, and Xz = 0.05 for the subject approach. These parameters characterized qualitatively most of

the red traffic conditions at approaches to unsignalized intersections.

Factor of capacity increase k [-]
1,8
1,6
1,4
1,2 P
"
0,8
0,6 x.=0.33 —— left flaring T
0.4 XG=0.46 —8- mixed flaring L
—&-right flaring —
0,2 Xr=0.05
0
0 1 2 3 4
length of flared area n [veh]

Figure 10. Increases of capacity caused by flaring
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Figure 11. Traffic flow of the test examplein [vph]
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Clearly one can recognize that the left flaring causes a much greater capacity increase compared with
theright flaring. For the left flaring, the example has a capacity increase of 38% at Ng e = 1 compared
to neiet = 0. For the right flaring, it is barely 6%. The mixed use of the flared area, which is more
realistic than the pure left and/or right flaring, delivers approximately 18% increase in capacity. The
value of the mixed flaring corresponds very well to the measurements in the technical report from Kyte

et a. (8) (seethere, Figure 8.7).

TESTING THE THEORY BY SIMULATION

To test the derived theory, different combinations of shared/short lanes are simulated in the style of
KNOSIMO (7). Altogether, 95 traffic-flow and lane variations were simulated. The simulation results
are presented in Figure 12, together with the theoretical values. The key statistical values of this
comparison are assembled in Table 1, which shows that the relationships between both parameters are

narrowly correlated. Accordingly, the correctness of the derived theory is verified.

Calculated capacity [vph]

1000

900

800 -

A

700 ey

600 =

500 2

400 S

300

200

100

0

0 100 200 300 400 500 600 700 800 900 1000
Simulated capacity [vph]

Figure 12. comparison of calculated and simulated capacities
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Multiple correlation coefficient [-] 0.993

Certainty [-] 0.985

Adjusted certainty [-] 0.985

Standard errors [vph] 24.42
Observations [-] 95

Table 1. Key statistical values of the comparison

SUMMARY

The theory derived here delivers a general approach for estimating the capacity of shared/short lanes at
unsignalized intersections. This theory considers the length of short lanes and fills a gap in the current

calculation procedures for unsignalized intersections.

The derivation of this theory presumes that the queuing systems at unsigndized intersections can be
approximately considered as M/M/1-queuing systems. This could lead to a minor deviation of the
results from reality. The simulation results, however, show that this deviation is negligible and not

statistically significant.

For practical applications, Equations (43), (45), and (48) are most important. With these three
equations, the capacity of minor approaches at unsignalized intersections with left, right, and mixed

flaring can be determined in the simplest and most exact way.

For shared/short lanes with arbitrary lane combinations, a general implicit equation for estimating the
capacity is given (Equations (20) and (21) ). For the solution of the implicit Equation (20), the Newton
iteration method can be used (Equation (22) ). With this procedure, al possible shared/short-lane
combinations at unsignalized intersections can be determined without large expenses. |If a worksheet

program is available, one can also use the so-called SOLVER (by Excdl) to solve the Equation (20).

As a summary, all possible configurations of shared/short lanes and their solutions are assembled in

Table 2. More examples for the theory can be seen in the work from Wu (9).
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For estimating the capacity of shared lanes, it is presupposed that the traffic flows of al sub-streams
increase proportionally to their origina traffic flows. All sub-streams were multiplied by the same
factor k. It is also possible, however, to determine the capacity of a particular sub-stream by using

fixed traffic flows for all other sub-streams.

The theory should be expanded to intersections with traffic signals



Ning Wu

Table 2. Capacity of shared - short lanes Cq,

Case Figure Equation for k” Notation
1 Equation (13), iteration | Generalized case
1, Cu, Xt procedure. with one level of
% C2, X sub-streams
For dl n=n,
o Equation (11),
% G x explicit?.
gm: Cimy Xm
2 s oo Equation (22), iteration | Generalized case
Qo Cazxor (" ws o Can s procedure. with two levels of
. : sub-streams
N qshl.\ | q o Cl“z X
Ishl,i2 I Gz Cz‘\z, Xeiz
G2t Ciizy X,
. Gmize Crizs Xmai2
Nee  Gshzmzs Cshime, Xshime
3 Equation (29), iteration
G, et Xen K(:LT—> qu, Cu, X procedure.
A o qr, Cr, Xt
—E—— & Cr For ni=n, Equation
[sovie | (26), explicit?.
4 Equation (38), iteration
R :LT . Cux procedure.
- qr, Cr, xr
A B R
Jr Cr, Xr
Stop line
5 Equation (42), Right flared lane
explicit?.
6 Equation (45), Left flared lane
explicit?.
7 Equation (48), Mixed flared lane
explicit?.

VC, =kxqy, =k*Q ¢ , ?Cq isdirectly available
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