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CAPACITY OF A SHARED LANE

RAHMI AKCELIK, Ph.D.(Leeds), M.l.E.Aust., M.I.T.E., Principal Research Scientist,
Ausralian Road Research Board

ABSTRAST

The traditional 'adjustment 
factor' and the new 'lane interaction' methods for estimating the capacity of a shared lane at a

signalised intersection are discussed. The adjustment factor method is needed when the shared lane is comhined with
adjacent lanes into a lane group with the same departure characteristics. The lane interaction methad as implemented in the
SIDRA program employs a direct and erplicit method to predict individual lane capacities without using adjustment factors.
The method allows for dffirences in the departure characteristics of shared lanes (e.9. opposed turns and through traffic) and
the adjacent lanes (e.g. through traffic only) by treating the intenals of lane blockage as effective red (lost time). This
improves the prediction of not only the queue lengths and delays but also the short lane and opposed turn capacities . A
generalised model of lane blockage is employed for predicting the nwnber of departures before being blocked. A full
intersection example is given with output from SIDRA to explain the lane interaction method. Using this example, the
relation between the lane interaction and adjustment factor methods are explained. It is shown that substantial differences in
capacity and performance predictions and timing solutions may resultfrom the simpliJying assumptions used to derive turn
equivalentsladjustment factors . The adjustment factor method has been relevant to the simple manual analysis metfutds of the
past. Computerised analysis techniques have now found widespread use in the traffic engineering profession, and the
method of modelling individual lane capacities explicitLy and directly can be adoptedwithout dfficulry.

INTR,ODUCTION

1. The tradit ional methods of est imating the
capacity of a shared lane at a sigralised
intersection employ various adjustment factors, or
turn equivalents, to allow for different departure
characteristics of different flows in the shared lane
(Webster and Cobbe 1966; Mil ler 1968;
Allsop 1976; Peterson, Hansson and Bang 1978;
Akcelik 1981; Teply 1984; Transportation Research
Board 1985). This paper introduces the term ' Iane

interaction' to describe a new method of modell ing
a shared lane. In this method, a shared lane is
considered to belong to two different movements
that may block each other or depart together at
different times during the signal cycle.

2, The method has been developed for, and
implemented in, the SIDRA program (Akcel ik 1984,

1986, 1987) in response to feedback from practicing
engineers who identified various real-Iife situations
that could not be modeiled efficiently and
accurately using the traditional turn
equivalent/adjustment factor method.

3. Although the SIDRA method has the same
base as the traditional methods, it is significantly
different in terms of the details of formulation and
results. It is a generalised method which can be
applied to simple as well as complicated cases of
shared lane capacity estimation. It models
interactions in a shared lane expl ici t ly without
resort ing to the use of adjustment factors.
Importantly, it is based on a Isne-by-lane method of
capacity estimation as opposed to the traditional
methods that combine various lanes of an approach
road together as a lane group so as to apply various
correction factors to allow for different traffic
characteristics.
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All opinions expressed are solely those of the author.

228 PROCEEDINGS 14th  ARRB CONFERENCE,  PART 2



AKCELIK  -  CAPACITY  OF  A  SHARED LANE

LANE BLOCKAGE

4. At signal-control led approach roads, i t  is
common fo r  two movements  wh ich  share  the  same
lane to have dif ferent signal t iming characterist ics
because they receive r ight of way at dif ferenr rrmes
during the signal cycle, or because one of the
movements has to give way to opposing traff ic or to
pedest r ians .  A  compl ica ted  case is  a  lane shared bv
through and turning traff ic *,here turnine traff i t
can depart freel-r,  rn one green period rpiotected
turns with a green arrow) but has to f i l ter through
the opposing traff ic in another green period
(permissive turns with a green disc) while the
through traff ic can depart freely during both green
periods. ln this case, there is not a clearly defined
green period for the shared lane since the two
movements  w i l l  b lock  each o ther  and w i l l  depar t
together  a t  d i f fe ren t  t imes.  The depa i . tu re  pa t te rn
of such a lane is dif ferent from an adjacent lane
u'hich has, say, through traff ic only (see the
example given later in this paper). In such cases,
the accuracy of the tradit ional method of combining
these lanes together as a lane group which has the
same depar tu re  pa t te rn  i s  l im i ted .

5. The early met.hod described by peterson
et al.  (1978) used the lane blockage method for the
special case of a shared lane with opposed left  turns
(drrving on the r ight).  Hegarty and pretty (19g2)
applied the lane blockage method to the left-turn
sl ip lanes (driving on the left) using a more general
modei compared to Peterson et ai (19?8). The
modell ing of 'capacity due to departures before
being blocked' used in SIDRA is a general ised
applicarion of the model described by Hegarty
and Pretty (1982). The SIDRA method applies to
any shared lane case with any combination of signal
phasing/t iming characterist ics of the two
movements interacting in the shared lane.

6. The SIDRA method treats the intervals of
lane biockage in shared lanes as effect ive red t ime
(lost t ime) unl ike the tradit ional methods which
keep the green t imes unaffected but adjust
saturation f lows down in order to al iow for capaci,uy
losses. The lost t ime method is expected to give
better est imates of queue length and delay. Better
estimation of queue length, in turn, improves the
capacity predict ion for short lanes 0anes of l imited
Iength due to physicat reasons or parking on the
approach road). Opposed turn capacity est imation
is also improved by better modell ing of the
departure patterns of the opposing traf?ic lanes.
With this method, not only the opposed turn cases
(left or right turn) but also the cases of pedestrian
interference and bus stop or parking interferences
can be modelled as effect ive red t imes rather than
as saturation f low reduction factors.

7. On the other hand, when several lanes of an
approach road are combined as a lane group for the
purposes of capacity est imation, the use of through
car equivalents, opposed turn equivalents, r ight*turn
or left-turn adjustment factors, etc. is necessary
since the differences in the effective green and red
times of individual lanes cannot be al lowed for. The
l imitat ions of the method of modell ing shared lanes
using adjustment factors can be better understood
in the light of the lane interaction method described
in this paper.
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8. The discussion applies equally to the
conditions of left-hand and right-hand driving rule
of the road although the intersection example given
in this paper considers the right-hand driving rule as
in the U.S.A. and Europe.

STIARED LANE CAPACITY WTIEN TI{ERE IS NO
DIFFERENCE IN TIMING CIIARACTERISTICS

OF INTERASIING MOVEMENTS

9. The tradit ional adjustment factor/turn
equivalent methods of capacity est imat. ion for
shared Ianes are suitable for the case when the
movements in a lane have no dif ference in signal
t iming characterist ics, i .e. when the effect ive green
and red t imes are the same. The tradit ional method
given in ARR No. t28 (Akcel ik 1981) is explained by
means of an example given in Table L In this
example, the basic ( ideal) saturation f lou, (sr) for a
lane with left-turning and through vehicles l#luding
both l ight (LV) and heavy (HV) vehicles is 1800
through car units per hour (tcu/h). The lcu
equivalent (ei) for vehicie type i ,  converts the basic
saturation f low to saturation f low in vehicles oer
hour :

s i :  s 5 / e 1  ( t )

*1".9 
..i- is the saturation flow for traffic consisting

of vehicle type i  only. In Table I,  the tcu equivalent
for left-turning l ight vehicles is e, = 1.25 icu's per
vehicle. In this case, rhe saturatidn f low of a lane
consisting of left-turning iight vehicles only would
be s t  =  1800 i1 .25  =  1440 veh/h .

10. To f ind the mixed stream saturation f low. a
traff ic composit ion factor (a composite tcu
equivalent) can be calculated as the ratio of a
weighted flow to the total flow from

e c = ( ) e i e l ) / q :  t p i e i

where q is the total f low (= I qi),  qr is the f low of
vehicle type i, and p, is rhe propoitioi of flow type i(pi = qi/q).

The saturation flow of the traffic stream is then

(2)

s : s b i  e c  . 2 a )

For the example in Table I,  s = 1800 I L.228 = 1469
veh/h is found.

11. The lane saturation flow can also be
calculated from saturation headways (hi) weighted
by flow proportions (pi):

h . =  z p r h ,  ( B )

where hi = 3600/si and ho: saturation headway for
the traffic stream (hi and-h. in seconds). Then,

s = 3600 / hs (Ba)

In Table I,  s = 3600 | 2.45 = 1469 vehih is found.

\2. The above relat ionships were explained in
ARR No. 123. Another relat ionship which can be
used to calculate a mixed lane saturation flow is

( 4 )Y = : Y i = : ( q i i s i )
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TABT,N I

A shsred lane with mixed flows (s5 = tggg tcrrt,

Movement

Vehicle type

Arrival flow, q1

tcu equivalent, ei

Weighted f low, eiei

Saturation f low, si

Saturation headway, hi

Flow proport ion, pi

Weighted headway, p1h,

FIow ratio, yi

Left turning

LV HV

200 50

1 . 2 5  2 . 5

250 t25

7440 720

2 . 5  5 . 0

o . 2 0  0 . 0 5

0.50  0 .25

0.1389 0 .0694

Through

LV HV

650 100

1 . 0  2 . O

650 200

1800 900

2 . 0  4 . O

0 . 6 5  0 . 1 0

1 . 3 0  0 . 4 0

0 . 3 6 1 1  0 . 1 1 1 1

Composite

q = 1000

e " : 1 . 2 2 5

:eiqi = 1225

s  =  1469

hs :  2 .45

)P i  =  1 'o

tp ih i  :  2 .45

y  :  0 .6806

where y is the well  known ' f low rat io'  parameter.
This relationship is interesting since it explains the
flow ratio of a lane as the sum of flow ratios of
various flow types in the lane. The saturation flow
for the lane can be calculated from

s : q i  Y : q / : ( q . / s . ) (4a)

where q is the total arrival flow for the lane (:
:  qi).  For the example in Table I,  s = 1000 / 0.6806

= 1469 veh/h .

13. The flow ratio method for the calculation of
shared lane saturation fiow is attractive since it is
based on a direct relat ionship. For example, when
modelling the opposed turns, the opposed turn
saturation f low (s.t  is calculated f irst.
Traditionaily, this has 6een converted to an opposed
turn equivalent (€n). Using the f low rat io method,
the need for e. laiculat ion is avoided, and the
saturation f low for a lane shared by opposed turns
and another movement can be calculated direct lv.

14. The flow ratio method is used in SIDRA to
caicuiate shared lane saturation flows for the
intervals of a green period which are common to the
two movements sharing a iane. An important
aspect of eqn (4) is that it is a general relationship
that appl ies to any traff ic stream, at intersections
or mid-block.

15. Unsigrralised intersections and freeway cases
can be considered to have 100 per cent green, and
hence the capacity is equal to the saturation flow.
For a signai ised intersection lane, the well-known
capacity relat ionship is

Q = s 8 / c

where Q is the capacity (veh/h), g and c are the
effective green and cycle times, and s is the
average saturation flow for the lane. For the
example in Table I,  i f  g = 30 and c = 100 s, the Iane
capacity is Q = 1469 x 30/100 = 441 veh/h.

16. The point to be emphasised here is that the
saturation flow in eqn (5) is not necessarily the
steady-state departure rate used to define 'basic'

saturation flows. As a general relationship, s in
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eqn (5) should be understood as a t ime weighted
average of different saturation flows which operate
at different intervals of the green period. This is
important in the case of a lane shared by
movements with different signal timing
characteristics, which is discussed in the following
section.

SHARED L\NE CAPACrIY WHEN TTIE
INTERACTING i IOVEMEI.ITS HAVE DIFFEREIfI

TIMING CIIARACTERISTICS

77. In real i ty, even the simplest case of a lane
shared by opposed turns and other traffic (e.g.
through) is a case of movements with different
timing characteristics in a shared lane. This is
because the opposed turns will block the through
vehicles in the lane while they are waiting for gaps
in the opposing stream. This interwal corresponds to
the saturated portion of the opposing movement
green period (g") which is effectively red for the
opposed turns. "During the unsaturated portion of
the opposing movement green period (grr), the
opposed turns will depart by filtering through gaps
in the opposing stream. Thus, the latter is a
common green interval during which the opposed
turns and through vehicles in the shared lane wiII
depart together, whereas the former is a 'blockage'

interval during which only some through vehicles
can depart before being blocked by opposed turns.

18. Another case commonly found in practice is
when turning traffic gives way to pedestrians, and
blocks through traffic in the lane for a while, and
then through and left-turning traffic depart
together during a common green interval.

19. A more complicated case is a Iane shared by
through and turning traffic where turning traffic is
opposed (unprotected) in one green period and
unopposed (protected) in another as described
earlier in the paper. This problem is by no means
limited to shared lanes with opposed turns. A
complicated real-life case of shared lanes with no
opposed turns where lane interaction results from
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di f ferent  movements having r ight  of  way tn
di f ferent  s ignal  phases is  g iven in an ear l ier  paper
(Akcel ik  1984).

20. The effect ive t iming characterist ics of such
shared lanes may be very dif ferent from adjacent
exclusive lanes (e.g. through f low only). Thus, i t
may not be possible to combine such lanes into a
single lane group, or i f  done so, i t  wi l l  be at the
expense of a substantial loss of accuracy. Solut ion
to this problem using traditional turn
equivalent/adjustment factor techniques is either
not possible or not accurate enough. The . lane
interaction' method which has been developed as a
genera l  ana ly t i ca l  so lu t ion  to  th is  p .o t l " rn  i s
explained in the fol lowing section.

THE LANE INTERACTION METHOD FOR
SIIARED LANE CAPACITY ESTIMATION

2]-. The lane interaction method is used in the
SIDRA program as part of its lane-by-lane capacity
estrmation method. This method considers the two
movements in a shared lane as two completely
dif ferent movements that interact in a common
lane. In terms of SIDRA input process, the same
lane is specified as belonging to two movemenrs.

22. A simple intersection example is given in
Fig. 1 where right-hand ruIe of driving applies. In
Fig. 1, Movements 3 and 4 interact in the first Iane
of the East approach road, and Movements E and 6
interact in the second lane of the West approach
road (the lanes numbered fr<_rm left to right). The
lane- interaction specification for West approach
road is necessary because Movement 6 is delayed at
the start of green period due to pedestrians. It is
also assumed to have an extra gain at the end of the
same green period for the purpose of demonstrating
the general method (more real ist ical ly, Movement 6
would have been specified with two green periods).

23. In Figs 2@) to 2(c), the relevant sections of
output from SIDRA are shown. In Fig. B, the
application of lane interaction method to
Movements 5 and 6 is shown. It should be noted
that the results given here are the final results
found by SIDRA after many iterations which include
the calculation of lane flows (Akcelik 19g4). The
signal timings have been specified for simplifying
the example.

24. Jhs lens interaction method as implemented
in SIDRA is explained in the fol lowing paragraphs.

25. Firstly, the durations of the first and second'blocked intervals'  (8", grt and the 'common green
interval '  (g,,) are cal iulated. A blocked interval is
determinedJby matching the green periods of the
two interacting movements. It is identified as an
interval during which one movement receives red
signal (blocking movement) and the other receives
green signal (blocked movement). The common
green interval is identified as an interval during
which both movements receive green sigrral, hence
there is no blockage. In Fig. 3, the durations of
these 

_intervals are gx = 10, gy = 15 and g, = 6'
seconcls.
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= M

26. For each blocked interval, the number of
possible departures by one movement before being
blocked by the other (56) is estimated from the
fol lowing formula:

' -  -  
M : l  p i r i , R l r

-  F + l  t  ^ d '
D d  =  P b  i l r  F r i i l r l

p . ,  J * l - j
*  M -M 

^  
r^  

'b  (M+F- - i  )  l'  - ' Y d  
j l r  t M - r ) ! ( F + 1 - i l :

=  M  f o r  p b : 0

there 
p6 and p4 are the proportions of blocking and

DrocKeo rrows- rpd - 1 _ pb), F is the free queue
parameter and M is the niaximum possible value of
blocked departures. The free queue is the number
of vehicles that can queue away from the lane
without blocking the other movement. An example
with a left-turn slip lane is shown in Fig. 4. The
maximum number of blocked departures ii found as
the product of the duration of the blocked interval
(96) and the saturation flow (s;) of the movemen!
which is being blocked, M = {86 *here s4 is in
veh/s. In this notat ion, subscr$t 'd has bedr used
for x in the first blocked interval, and for z rn the
second blocked interval.

27. For the case when F = 0, i .e. the f irst vehicle
to queue in the lane will block the other movement,
the number of possible blocked departures is given
by

56 = rp4/p6l tr  -  p6Ml for Po > o (7)

f o r P O = 0

28. The values of 56 for the case when M = 4 is
shown in Fig. 5 for varfous values of the free queue
parameter, F.

29. The following results are found for the
example in Fig. 3 (using F = O for both
movements). For the first interval.
sd = sx = ss = 0'50 for Movement 5, and

M = sSBx = 0.50 x 10 = 5.0 vehs,
P6 = 

lsl t=.100/150 
= 0.66? and pb = 1 - pd =

0.333, hence
Sx = L.74 vehs is found.

Similarly, for the second interval, sd = sz = s6 for
Movement 6, and

M  =  8 6 9 z = 0 . 3 5 x 6 : 2 . 1  v e h s ,

!a 
= 

^qe 19 
: 50/150 = 0.333 and pO = 0.667, hence

Sz = 0.45 is found.

30. For each blocked interval, the effective
green time corresponding to the blocked departures
is calculated from

f o r P 6 > 0  ( 6 )

(8)
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SIDRA INPUT DATA PREPARATION FORM

Prepared by . Rahmi Akcelik ComPu te r  F i l e  Name  '  L INR I

Date ,  -MaY 1987 Relerence No. :

lntersection Titfe En" trtur"rtion iiu-pt, t (nignt'n"na aririrg)

Run Oescription : Three'Phase Oplq .ll!]spgang Left Turn

INTERSECTION LAYOUT (Descr ip t ion : -  -  )  FLOW COUNT(Uni t  t ime:  6  O )

I n c l u d e  l a n e  d r s c r p l  n e s  s h o r t  a n e  l e n g t h s  q r a d e s  e l c

E n t e r  a  d e s c r i p l l o n  s u c h  a s  e x r s l r n g  o r  p r o p o s e d

Sf GNAL PHASING (Description: Three pltelgt_w\h !eg!!ns1-L,__-

H e a J y  r ' e h r C l e  c o u n t r n g  m e l h o d  _
0  separa le
I  percen lage
2  r n c l u d e d  r n  l o t a l

L V ' s  o n i y

22soT

450

--J+31s

50

S h o w  p e d e s t r  a n  l l o w  d a t a  I  f e c e s s a r y

V e h r c l e  m o v e m e n l  + . - . - , *  P e d e s l n a n  m o v e m e n l  
-  -  -  \ l  O p p O S e d  t u r n s

M O V E M E N T  A N D  L A N E  D E S C R I P T I O N  O T H E R  F E A T U R E S

:l -f .
l - r ' T '

i ; -*2 -3
" - l

U S E  S Y

I F
fl
l r
Y

m o o r s

Lane
I  n te rac t  ro  n

S h o r t  l a n e I s

Saturation flows:
s7=l 800, s g : l  260, s 7 

=1440

-  M o v . 3 :  n r = 7 . 2

All free queues=O

- c=100, F i4,44,74 specified

G.in =l9 (Mov. |  )
t6 (Mov. S)

Spec i ly  env  ronment  c lass  res t f l c ted  lu rns ,
specra l  movement  types ,  e tc

N

t

4 - 4 -
- - -

3 t
- $

l 6
+ r - . +

t

rl
A B c D E F

T
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F€. 1 - Description of intersection data with lnne interaction
between Movements 3 and 4 (Eqst approach road) snd

betveen Movements 5 and 6 (West approach road)
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ARRB S IDRA 3 .10  _  R I JN  ON S8 /05 /13 .
I .ANE INTERACTION EXAHPLE 1 (RIGHT_HAND DRIVING) . .  . . .  *  LINR1
.. . .  THREE_PH.ASE OPTION I{- ITH LEADING LT

CYCLE TIME : 1OO

TABLE S.5 _ MOVE.{ENT OPERATING CHARACTERISTICS

uov
N O -

DISTANCE AVER. TOTAI, AVER. TOTAL STOP
TRAWLED SPEED DELAY DEI.AY STOPS RATE

(VEH_KH/H)  (KH /H)  (VEH-H /H)  (SEC)  (VEH/H)

LONGEST QUE PERF. FmL
PER LANE INDEX RATE

(VEHS )  (M) (ML/re{)

SOUTH
1
2

EAST
J

4

WEST
5
6

APPROACH ROAD
2 4 0 . 0 0  3 5 . 4
1 8 0 . 0 0  5 1 . 9

APPROACH ROAD
4 5 0 . 0 0  4 5 . 8

2 2 5 0 . 0 o  4 9 . 1

APPROACH ROAD
3 1 5 . 0 0  3 8 . 8

5 0 . 0 0  3 8 . 0

2 . 7 7  4 1 . 6
. 4 7  9  . 4

2 . 3 3  1 8 . 7
8 .  3 1  1 3 .  3

2 . a 7  3 2 . 8
. 4 8  3 4 . 7

6 - 7
2 . 3

. 4 7  1 l - . 9

. 6 8  2 I  . L

2 4 4  . 7 7  5 .  1
4 0  . 7 9  3 . 7

4 0  l - 4 . 6 6  1 0 4 . 7
1 4  6 . 2 7  8 8 . 9

7 L  2 0 . s 2  9 4 . 5
1 2 7  9 9 . 8 6  9 1 .  5

3 0  1 7  "  0 0  1 0 0 . 6
2 2  2 . 7 5  1 0 L . 5

2r7
d J

3 9 3
i524

. 9 0

. 4 6

TASLE S.7 _ I.ANE OPERATING CHARACTERISTICS

MOV I.AN
N O .  N O .

1 1

2 L

3 ,  1 ,

4 2

5 1

5 ,  2 ,
6 1

EFFECTIVE RXD AND
GRXEN TIHES (SEC)

R1 G1 R2 G2

7 4 2 2 0 0

4 4 0 4 0 1 6

3 0  4 l  L 7  1 2

ARV
FLO!' CAP DEG.
(vEg (vEH SATN

/ s )  / H )  X

2 4 0  3 t  7  . 7 5 8

1 8 0  7 0 6  . 2 5 5

629  765  . 822

AVER. STOP
DELAY RATE
( sEc )

4 1 . 6  . 9 0

9 . 4  . 4 6

1 8 . 7  . 8 7

1 2 . 8  . 6 6
1 2 . 8  . 6 6

3 1 . 9  . 7 7

3 4 . 7  - 7 9

BACK OF
Q U E U E

(VEHS)  (M)

6 . 7  4 0

2 . 3  1 4

1 1 . 9  7 I

21 .1  127
21.1  L27

s . l  3 0

3 . 7  2 2

SHORT
I^ANE

( H )

3 0  7 0
3 0  7 0

7 5  2 5

7 9  2 L

0
0

0

0

0  1 0 3 6  1 2 6 0  . 8 2 2
0  1 0 3 6  1 2 6 0  . 8 2 2

0  2 1 5  4 5 0  . 4 7 7

0  1 5 0  3 1 s  . 4 7 7

Fig. 2G) - SDRA output for the Example in Fig. 1:
Movement and lgne operating characteristics
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ARRB SrDRA 3.10 -  RIJN ON 88/05/13.
[,ANE INTERACTION EXAHPLE I (RIGET-HAND DRIVING) ... .. * LIT{RI *

. . . .  THREE_PHASE OPTION IJ ' ITH LEADING LT

CYCLE TIME = 100

TABLE S.8 - LANE FLOII AND CAPACITY INFORMATION

MOVffENT NO. 3, 4
SATT'RATION FLOW END TOT

ARV FLOW (VEU/H) CAP CAP DEG. I.ANE
BASIC AVER(VEH) (vEH (VEH SATN UTIL

LEF THRU RIG TOT (TCU) lST 2ND /H) /H) X Z
*

***
*****

* *
* * *

* * * * * * *  * * * * * *  3 ,  450  179  O  629  1440  1524  1168  43  765  .A22  100
* * 4
*

*
**

* * * * * * * * * : r * * * *  4  0  1036 0  1036 1800 1800 0  0  1 .260 .822 100
**
*

*
**

* * * * * * * * * * * * * *  4  0  1036  0  1036  1800  1800  0  0  L260  . 822  100
**
*

MOVE-{ENT NO. 5, 6
SATI]RATION FLOI' END TOT

ARV FLOIi (VEH/H) CAP CAP DEG. I.ANE
BASIC AVSR(VES) (VEH (VE8 SATN IITIL

LEF TSRU RIG TOT (TCII) 1ST zND /H) /H) X I
*
**

* * * * * * * * * : t * * * *  5  0  2L5  0  215  1800  18OO 0  0  450  . 477  100
**
*

*
**

* * * * * * *  * * * * * *  5 ,  0  100 50  150 1260 1501 0  0  315 .477 100
* * * 6
* *

* : t * * *

***
*

Fig. 2(b) - SIDRA output for trhe Erample in Fig. 1:
Lane flow and capacity information
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ARRB SIDRA 3.1-0 _ RI 'N oN 88/05/13.
LANE INTERACTION E:KAUPLE 1 (RIGET-HAND DRIVING) .. ... * LINR1 *
.... TEREE-PEASE OPTION IfITH LEADING LT

CYCLE TIUE : 1OO

TA3LE S.9 - SIGNAL TIUING DIAGMM

DISPI.A,YED (PHASE) GRXEN TIHES

PHASE 1 PHASE 2 PH,ASE 3

4 4 7 4 1 0 0
T

. . . GGGGGGGGGGGGGCGGGGGGGGGGGG. . . . . GGGGGGGGGGGGGGGG. . . . . GGGGGGGGGGGGGG.
5 4 9 7 s

EFFECTIVE (HOVEUENT) GREEN TIUES

MOV. I
I I I I
G . . . . .  . . . G G G G G G G G G G G G G

HOV. 2
I I I I
GG. . .GGGGGGGGGGCGGGGGGGGGCGGGGGG.

3 7

MOV. 3

4 7 87

. . . . . GGCGGGGGGGGGGGGGGGGGGGGGGGG . . . . . . . GGGGGGGGG.
7 4 7 6 5 7 7

MOV. 4
I
. . . . .GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

7

HOV. 5
I

. . . . . .GGGGGGGGGGGGGGGG
51

MOV. 6
I

. GGGGGGGGGGGGG.
61  82

I-I-I-I--I--I--I--I_-I_--r--I->
0  10  20  30  40  50  60  70  80  90  100

T I H E  ( S )

Fig. 2(c) - SDRA output for the Erample in Fig. l:
Signal timing diqgram

0
I

7 7
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c=100 J ':"

T'
Mov.

5 e1=100
sT=1800

ap=50

sg--1260

Shared lane capacity

9rr=2

Extra
gain=l

q=150
s=1501
O=315

4

5,
6

Shared lane
departure pattern

x=15O/315=O.477
I

Oueue pattern

Fig. 3 - Application of the SIDRA lqne interaction method
to Movements 5 and 6 in Fig. 1

where S.1 and s.r are as in eqn (6), and subscript d is
used for-x in tlie first blocked interval, and for z in
the second blocked interval. In Fig. 3:

gxt = L,7410.50 = 3.5 = 4 seconds,
e"" = O'astO.35 = 1.3 = 2 seconds (approximated up
to the nearest integer value).

31. For the common green interval (gr), the
composite saturation flow (sr) is calculatetl using
the flow ratio method (eqn 4, "4a) gs a case when the

236

timing characteristics are the same for both
movements in the lane. Then the number of
departures during this interval is calculated as S" =
sygy. In Fig. 2:

Y S = 1 0 0 / 1 8 0 0 = 0 . 0 5 5 6
V 5 = 5 0 / 1 2 6 0 = 0 . 0 3 9 7
Y = Y5 + Y6 = 0'0953 and
sr, = e/y = 150/0.0953 = 1575 veh/h = 0.438 veh/s
d v = l s
S ; = 0 . 4 3 8 x 1 5 = 6 . 5 ? .
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Fig. 4 - Ttre free queue parameter in f[s lans interaction model
(example of a left-tura slip lane for driving on the left).

Average
numbor ot
blocked
d6partures,
56 (vehs)

32. The total lane capacity per cycle is
calculated as the sum of the capacities in the g*, g],
and gz intervals:

s = s x + S r + s ,  ( 9 )

and the total effective green time for the lane is
found as the sum of the effective green times:

9 = g x r * E y * 8 r , (10)

This means that, effectively, (g" - 8"r) is added to
the start lag (a), and g?r is added ti;- the end gain
(b). FinaIIy the averartb saturation flow for the
shared Iane is found from

s = s/g = (sx + s, + s")/(B*" + gy + gz) (11)

PROCEEDINGS 14th  ARRB CONFERENCE'  PART 2

Proportion blocking, pg

Fig. 5 - Average number of blocked departures as a function of the
proportion of btocking flow, p6, and the free queue, F, for

marimum blocked departurea, U :4.0

The following results are found for the example in
Fig. 3:

S = 1.?4 + 6.57 + 0.45 = 8.76 vehs,
g = 4 + 15 + 2 = 21 seconds and
s = 8.76121 = O.4L7 veh/s = 1501 veh/h.
Start lag, a ='7 + (10 - 4) = 13,
End gain, b = 2 + 2 = 4, hence
L o s t t i m e ,  z = 6 - b = 9 a n d
Effective green t ime, g = Fn - Fo - 0 =74 - 44 - I
= 21 seconds (as found aboveJ.
Lane capacity, Q = 1501 x 211100 = 315 veh/h
(eqn 5).

33. For the lane performance calculations, the
shared lane saturation flow and effective green and
red time valueg as calculated above are used. These

1 2 _Lane

Y( 

Number

/Movomenl

@ O----'-.- Number

Mov.
No.

10

1 1

Lane Lane
No. Dis.

1 L

Adj. Free
Mov. Queue*

1 1  2

The third left-turner will block
the right-turning flow;
the second right-turner will block
the loft-turning flow.

Maximum blocked departuros = 4.0
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values are different from the adjacent lane of the
West approach road which has through traffic only
(see Figs 1, 2(a) and 2(b) for detailed data). These
different performance values are taken into account
in the opposed turn calculations for Movement 3
from the East approach road where a more
complicated (two-green) case of Iane interaction
exists. The results for this approach road are also
seen in Figs 2(a) to 2(c).

34. The formulation of a very general method of
lane interaction is rather complicated, but this has
been achieved in the algorithms of SIDRA
program. The complications arise from many
possibilities of matching the green periods of
interacting movements including the cases of
movements with two green periods per cycle.
Possibility of zero 9.,, values also complicates the
algori thm.

35. A further complication arises for lane
interaction in a short lane. The shared lane
capacity calculated by the lane interaction method
must be checked against the possible short lane
capacity and the smaller value chosen for the lane.
The short lane capacity method of SIDRA is to be
reported elsewhere.

36. One further step in the lane interaction
method is to split the shared lane saturation flow
into saturation flows for the interacting movements
according to the contribution of each movement to
the lane capacity. This is only necessary for signal
timing calculations since all capacity and
performance estimates are calculated on a lane-by-
lane basis in SIDRA. These calculations and other
aspects of the lane interaction method are to be
given in a more detailed report on the subject.

RELA'IION BEjIWEEN TEE I,ANE INTERACTION
AND AIIIT]STMENT FACTOR METEOM

37. The tradit ional methods use adjustment
factors, e.g. opposed turn equivalents, to allow for
the effects of reduced saturation flows for turning
movements. These methods usually assume that the
effective green time is not affected in spite of any
loss t ime. In ARR No. 123. a ' lost t ime method'
which adjusts the effective green time for opposed
turns is described, but it applies to exclusive turning
traffic Ianes only. The lane interaction method
described in this paper extends the lost
time/effective green time adjustment method to
shared lanes.

38. It is possible to convert the Baturation flow
calculated using the lane interaction method to a
'turn equivalent' that can give the same capacity
estimate. For example, using the flow ratio method
(eqn 4), it can be shown that the turn equivalent for
Movement 6 in Figs 1 to 3 is given by

lanes into one lane group (this is the main
movement green t ime, e.g. Movement b in Figs 1
to 3). Using the values shown in Fig. 3, q = 1b0,
ag = 50a 

1t1'. :9.50 
veh/s, S = 8.76 vehs, and ga = 25,

eR =  Z .ZU lS  lounO.

39. It is seen from eqn (12) that the turn
equivalent is affected by many factors including the
turning flow proportion, relative saturation flows
and green times for the through and turning traffic,
and the parameters influencing shared lane
saturation flows (including the strong influence of
signal timings).

40. Various aspects of the relation between the
lane interaction and adjustment factors are
discussed in the following paragraphs using the
example of Movements 6 and 3 in Figs 1 to 3.

4L. When the right-turn flow (Movement 6) is
increased to 150 veh/h, q = 172, qp = 150 and
S = ?.31 in the shared lane, and hence"ep = 1.81 is
found. I f  aR: 250 is specif ied, then ndihru f low
uses the same lane. i.e. the lane turns into an
exclusive right-turn Iane. Still using ga = 25,
eR: 1.70 is found, but unequal Iane uti l isat ion
needs to be taken into account before combining the
lane saturation flows in this case. The importance
of lane-by-Iane calculations to identify any
'effective' (or 'de facto') exclusive lane cases
cannot be overemphasised (e.g. see Dunn 1982).

42. Instead of the specified timings in Figs 1 to 3
(c =' 100, F j  :  0,44,74), SIDRA determines c = 90 and
Fi = 0,44,65 (cycle4tiqe and phase change times).
This gives q = 134[ q, ,50, S = 4.62 and g = 12 for
the shared lane. $.r i i {  g" = 16 (Movement 5 green
time), eg : 2.96 is found. 

- 
i  ,  \
/  1 . . .

43. I f  el l  = 2.28 Qs for the condit ions in Fig. 3) is
specif ied with Movements 5 and 6 combined as one
lane group (go = 2il, the same lane flows and lane
capacity, antl hence the same lane degree of
saturation are found by SIDRA. However, the
performance results differ, e.g. shared lane delay is
predicted to be 32 seconds instead of 3b seconds.
Because of the change in the performance of the
shared lane, the capacity of Movement 3 which is
opposed by Movements 5 and 6 is also changed.
Fig. 6 illustrates the steps involved in applying the
SIDRA opposed turn and lane interaction methods in
this case (two green periods per cycle for
Movement 3). The performances of both

AKCELIK - CAPACITY OF A SHARED LANE

(L2\

Movements 3 and 4 are affected as a result. For
example, the estimated capacity of the lane shared
by Movements 3 and 4 is changed from ?6b to
828 vehlh, and the estimated delay is changed from
19 seconds to 13 seconds.

44. The left turn equivalent for Movement 3 in
Figs 1 to 3 which has opposed plus unopposed green
periods is calculated from eqn (10) as eL = 1.90
using a single green period which is the same as
M o v e m e n t 4  g r e e n  ( g o = 7 0 ,  S = 2 1 . 2 b ,  q = 6 2 9 ,
e1 = 450). However, 

- 
under the conditions of

para. 43, ey: L.77 is found (go = 20, S = 2B.OO,
q = 668, Q1,-= 450). For comparis6n, the 198b U.S.
Highway Capacity Manual predicts a saturation flow
adjustment factor which is equivalent to eL = 1.Bg
for this case, but it varies only with the oipposing
volume.

45. . When ep = 2.28 is specified for Movement 6
as rn para. 43, and the corresponding etr = 1.?Z is

PROCEEDINGS 14th  ARRB CONFERENCE.  PART 2

*  q -  , t T  
* u  

-  , . ,
q R D

where q, Qe = total and right-turn flows in the
shared lane, b.r, = through movement saturation flow
in veh/s, S = total lane capacity per cycle estimated
by the lane interaction method, and ga = the green
time used for combining the shared laile with other
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I  s = 1 8 0 0

51 61.2

1 3
rs=1501

4

q=1 50

44

-

I

Phase change t imes

q=215
-  

s=1800

Opposing movement
{ L a n e  1 )

departure pattern

---'+ q=150
?  s = 1 5 0 1

Opposing movement
(Lane  2 )
departure pattern

2

s=1440

78

3

-  ^ r =  t .

r1 65 77
l +
l r l

%tt 
- 

nri l

I  Extra
' f  gain=1

-  
q r=179

r qr=450

Shared lane
capacities

Shared lane
departure pattern

Oueue pattern

Fig. 6 - Application of the SIDRA lane interaction and opposed
turn methods to Movements B and,t in Fig- f

(the case of two green periods per cycle)_

-  s t=1800

Interacting movement
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specif ied for Movement 3 with Movements 3 and 4
combined as one lane group (g = ?0), the same lane
flows, capacity and degree of saturation are found
by SIDRA. The shared lane delay is est imated as
14 seconds which is close to 13 seconds found under
the condit ions of para.43. On the other hand,
queue length is changed from 63 metres to
81 metres because of the single green effect (one
long red interval instead of two short red intervals).

46 .  When ep -  2 .28  and ey-  1 .77  are  spec i f ied
as in para. 45, SIDRA determines c :  80 and
Fi = 0,11,56. These are substantial ly dif ferent from
the t imings found by SIDRA when capacit ies are
determined by the lane interaction method
(para.42). Under these t imings, the shared lane
delays are 11 seconds for Movements 5 and 6, and
20 seconds for Movements 3 and 4, whereas the
corresponding delays under para. 42 are 25 and
42 seconds.

CONCLUSION

47. The results for the example given in this
paper demonstrate that the turn equivalents
(saturation f low adjustment factors) est imated
under one set of condit ions are hardly appl icable
under another set of condit ions. Substantial
dif ferences in capacity and performance predict ions
and t iming solut ions are seen to result from
simpli fying assumptions used to derive turn
equivalents /ad just ment factors.

48. Better expressions could be derived for turn
equivalent/adjustment factors for specif ic cases,
but a very general expression which can cope with
aII combinations of ' lane interactions' would be
either too complex or impossible to derive. In fact,
the turn equivalent/adjustment factor method has
been relevant to the man'ral snnlysis methods using
Iane groups. With computerised analysis methods, it
is an unnecessary simpli f icat ion since an expl ici t
and direct modelling approach such as the lane
interaction method used in SIDRA is expected to
give more accurate results.

49. An additional advantage of the explicit
modelling of lane capacities and flows is the
identification of the cases when shared lanes turn
into 'de facto'exclusive lanes. I t  is important that
sigral designer is aware of such cases so that steps
can be taken for better lane utilisation (Dunn 1982).

50. The equal flow ratio method for finding lane
flows is suitable when the green time is the same
for aII lanes, as assumed in the case of adjustment
factor method. On the other hand, the Iane
interaction method produces different effective
green times for different lanes when there is lane

AKCELIK  -  CAPACITY  OF  A  SHARED LANE

blockage in a shared lane. In this case, the lane
flows are calculated according to the equal degree
of saturation method which was explained in ARR
No. 123 and implemented in the SIDRA program.
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