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Opposed Turns ql Signqlized
Interseclions: The Austrqliqn
Method
BY RAHMI AKQELIK

I he 1985 Highwuy Capacity Manual
I  (HCV) '  b roughr  the  U.S.  and Aus-

tral ian methodologies' " for signal ized
intersections closer together. An impor-
tant element in this methodology is the
techniques used for the estimation of op-
p o s e d  ( p e r m i s s i v e )  t u r n  s a t u r a t i o n
flows. Although the basic modeling phi-
losophies of the HCM and Austral ian
methods are similar, there are signif icant
differences in the proccdures used and
there fore  in  the  resu l ts  f rom the  two
methods. In part icular, the latest meth-
o d o l o g y  e m p l o y e d  i n  t h e  S I D R A
softwaret ? has el iminated the use of op-
posed turn adjustment factors for lane
groups and adopted an expl ici t  and di-
r e c t  m e t h o d  o f  m o d e l i n g  i n d i v i d u a l
lanes. The purpose of this paper is to
hring these new methods to the attention
of the U.S. researchers since i t  is under-
s tood tha t  e f fo r ts  a re  be ing  made to
improve the 1985 HCM method. The in-
tention is also to dispel any misunder-
standing about the Austral ian opposed
turn models that may have resulted from
statements in some U.S. papers.

A 1987 paper by Roess explaining the
development of procedures for the anal-
ys is  o f  s igna l i zed  in te rsec t ions  in  the
HCM includcs the fol lowing statement:

Thc most dramatic change from source ma-
te r ia ls  invo lved permi t tcd  or  opposed le f t
turns. Previous materials dcvcloped in Aus-
tral ia. England and the United States have
always assumed that permitted left turns filter
through the opposing flow at a calibrated rate
for the entire period of the green phase.s

After explaining the HCM model, the

paper goes on to state that this model

was adopted

after it was clear that no simpler methodology
would c l iminate the overpredict ion of  lef t -
turn capacity, which results from assuming fil-
tration for the entire green phase.

The only Australian reference in the pa-

per is the ARRB Research Report ARR
No. 123.' However, the statement also
relates to the early Austral ian modele r 'r ' r l

since it forms the basis of the opposed
turn model in ARR No. 123. In both
cases ,  the  s ta tement  i s  no t  va l id :  the
Austral ian methods have never assumed
that  permi t ted  (opposed)  tu rns  f i l te r
through the opposing flow for the entire
length of the green period.

It  is hoped that this art icle wil l  explain
the similari t ies and dif ferences between
the HCM and the Austral ian opposed
turn models and dispel any misunder-
standing that may have resulted from
earlier statements by others. The discus-
sion is relevant to opposed turn model-
ing in general and will be useful towards
e x p l a i n i n g  t h e  H C M  o p t i o n  i n  t h e
SIDRA program.r '" In this discussion,
various l imitat ions of the HCM model
wil l  also be pointed out.

The discussion in this art icle is l imited
to the case of a single opposed (permit-
ted) green period only. The treatment of
the more complicated case of "protected
plus permitted phasing" (two green pe-
riods per cycle) in the HCM has further
l imitat ions, as pointed out in earl ier pa-
pers using an example from the HCM.'o
A recent U.S. paper analyzed the same
example and recommended some revi-

sion of  HCM. ' '  The model ing of  op-
posed turns with protected and permit-
ted phasing is fully implemented in the
SIDRA program in a general way that
appl ies to both exclus ive and shared
lanes. IFor an example of the shared lane
case, see Figure 6 in cited reference 7.1

The Bosic Model
The basic opposed turn model used in
Austral ia is shown in Figure l .  Str ict ly
speaking, the model appl ies to the case
of opposed turns in an exclusive lane,
but i t  is also useful to explain the basis
o f  the  mode l  fo r  opposed tu rns  in  a
shared lane.  The fo l low ing  mode l  as-
sumptions are seen in Figure l :

.  Opposed turns cannot f i l ter during in-
te rva l  I  (b locked-no gap accep-
tance), which corresponds to the sat-
urated part of the opposing movement
green period,

. Opposed turns can only f i l ter during
interval 2 (departures by gap accep-
tance), which is the unsaturated part
of the opposing movement green pe-
riod, and

. The departures after the green period
are included in interval 3.

The notation in Figure I is as ftrllows:

( '  :  cycle t ime.
t i  I  :  opposing movement effect ive

rcd and green t imes.
q, s = opposing movement arr ival and

saturation flow rates,

9,, 9,,  :  saturated and unsaturated por-
t ions  o f  the  oppos ing  move-
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ment green period (9. + g" :

8 ) ,
s,.  :  opposed turn saturation f low

during g,,,  and
nt :  number of vehicles that depart

after the end of green period.

All traditional capacity models employ
the simplifying assumption shown in Fig-
ure 1 as "Approximate Model l" in or-
der to be able to derive opposed turn
equivalents (or adjustment factors) for
use  in  the  pred ic t ion  o f  capac i t ies  o f
shared lanes and lane groups with op-
posed turns. The basis of this approxi-
mation is the use of an average satura-
tion flow, s.,, which applies for the whole
of the opposed turn green period (with
no change in the capacity est imate):

.r,. : (.r,, 9,, + n)/g (l)

This assumption was used in the early
A u s t r a l i a n  m o d e l " ' r  a n d  r e t a i n e d  i n
ARR No. 123' for shared lanes only. For
opposed turns in exclusive lanes, "Ap-
proximate Model 2" shown in Figure I
was introduced in ARR No. 123 as a
more accurate model, which treats inter-
val l  as part of the lost t ime-i.e.,  as
effect ively red. Essential ly, the same op-
posed-turn capacity is obtained from thc
two approximate models shown in Fig-
ure l. However, Model 2 predicts queue
lengths and delays better, which has ad-
vantages for predicting short lane capac-
it ies also. This model was subsequently
extended to shared lanes in the SIDRA
program.'

The reason for the earl ier reported
statement* that in the Austral ian method
"permitted left  turns f i l ter through the
opposing flow . . . for the entire period
of green phase" may be related to the
assumption of the "Approximate Model
l" shown in Figure l. However. this as-
sumption is also used in the derivation
of the HCM opposed-turn adjustment
factors, as will be explained below. It
should be noted that an even earl ier U.S.
paper  incor rec t ly  p resented  the  ear ly
Australian model as if the model pre-
dicted the "left-turn" capacity as s,.g/c
(1200 f  in  tha t  paper 's  Equat ion  2  i s
equivalent to s,,  in the original model). ' r
I t  may be that this is the basis of the
statement that permitted left  turns f i l ter
through the opposing flow for the entire
period of green phase in the Australian
Method.* On the other hand, another
U.S. paper had stated the early Austra-
lian model correctly, and found very fa-
vorable results in a field evaluation of the
mode l . 'o

Opposed Turns in o
Shored lone
For shared lanes, the capacity character-
istics of opposed turns and other traffic
need to be mixed. The term "opposed
turn" usually appl ies to left  turns in the
United States (driving on the r ight) and
right turns in Austral ia (driving on the
l e f t ) .  G e n e r a l l y ,  t h e  t e r m  " o p p o s e d
turn" also applies to left  turns in Aus-
tral ia. or to r ight turns in the United
States (turning from a sl ip lane or turn-
ing on red), or giving way to opposing
right turns according to the Victoria and
New Zea land ru le .  Aga in ,  genera l l y
speaking, opposed turns in shared lanes
may mix with through, left-,  or r ight-
turning traffic, as the case may be. Al-
though the following discussion applies
generally, it will be presented in terms of
"opposed le f t  tu rns"  and " th rough"
traffic in shared lanes since the HCM
model is expressed specifically in these
terms.

The assumptions involved in deriving
the  HCM equat ions  fo r  shared lanes
with opposed left turns and through traf-
fic can be seen in Figure 2. Importantly.
the model divides interval I  (when op-
posing traffic is at saturation) into two
parts:

. During the first part of interval l. a
number of through vehicles can depart

Opposing
movemenl

departure pattern

Opposed turn
departure paltern

Deoartures after
lhe green period

Approximate Model 1

S o 9 = S r 9 r + n t

Approxlmate Model 2

s u g o = s u g u + n f

Start loss End gain

Departures by
gap acceptance

S,

o

Figure l. Basic opposed turn model. Souncn: Appendix F in cited reference 2.
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before the f irst left-turning vehicle ar-
r ives at thc stop l ine and blocks the
lane. The length of this period is g, and
the number of through vehicles that
can depart is .1, : .srgr. where sr. is
through traffic saturation flow

. During the rest of intcrval 1 (g, - g,),
no through or lcft- turning traff ic can
depart (the HCM notation for g, is g.,).

In  in te rva l  2 ,  opposed le f t  tu rns  and
through traff ic depart at a mixcd satu-
rat ion f low rate of .r , .  The total number
of departures is S, - s,g,, .  In interval 3,
S. vehicles depart,  which is cquivalent to
n, in Figurc I for the numbcr of depar-
tures after the end of thc green period.

The HCM gives the fol lowing left-rurn
factor. 1,,,, for a single excltrsive or shured
lane (HCM Equation 9-16):

r r l
r  - &  * 8 , .  1  rr n '  g  g  l l + p ,  1 E , - l ' 1 1

)
+  =  ( l +  p , )  ( 2 )

where  gr .  9 , , ,  and g  are  as  exp la ined
above, p,.  is the proport ion of left  turners
in the lane (p, :  r l  , . lq where q, and q
are the left-turn and total f low rates),
and E,. is a through-car equivalent for
left  turns (which applies during g,, period
only). The HCM ftrrmulas tirr g, and Er.

g,  =  2Pt  6 -o1 ' r ,7  (3 )

-  lu {x )
f '  =  

t + t x l - , ,  
( 1 )

wherc p, is the proport ion of through
vehiclcs in thc sharcd lane (p, :  I  -

p ,  ) .  anc l  y , ,  i s  the  oppos ing  f low ra te
(vch /h) .

For an cxclusivc left-turn lanc, p, :
1.0 and g, :  0. 

' l 'hcrcfore. 
Equation 2

can be rcwrit ten as

t " , , , - l (+ 'o)  ( .s)r " '  
I \ E ,  |  

' ' '

An analysis of Ecluations 2 to .5 shows
that the HCM opposcd-turn model em-
ploys thc basic assumption of the tradi-
t ional "Approximate Modcl l"  shown in
Figurc l- that is, i t  uses an average sat-
u ra t ion  f low ra te  th roughout  thc  op-
poscd grccn period. This is explaincd
below (rcfer to Figurc 2). For the pur-
pose of this discussion, the HCM satu-
rat ion f low equation (HCM Equation 9-
8) can be writ tcn as

s : .s,Nf, f ,  ,  (6)

whcre

.s, - ideal saturation f low per lane (s,,
i n  t h e  t l C M  n o t a t i o n ) .  u s u a l l y
It i00 through car units per hour
(  tcu /h  ) ,

f  ,  :  thc product of acl justment factors
used to al low for the effccts of
l a n e  w i c l t h ,  g r a d c ,  a r e a  t y p e .
b u s e s ,  a d j a c e n t  p a r k i n g .  h c a v y
vch ic les .  and r igh t  tu rns
(-.f", f , ,  f  , , , ,  f  , , f  , , ,  f , , ,),

N  :  n u m b e r  o f  l a n e s  i n  t h e  l a n e
group, and

l, , : adjustment factor for left turns in
thc lane group.

For a single lane, N : I  and f, ,  :  f , , , ,
where f, ,  is given by Equation 2 or 5.
Putt ing f.  :  1.0 for ideal condit ions. thc
saturation flow for a single lane case is

r : s,.f" (7)

An important aspect of the derivation of
lcft- turn factors given in the HCM is that
all through-traffic ffows are assumed to
have ideal saturation f lows: s,.  :  J, :
IU(X) tcu/h : 0.5 tcu/s (1, :  1.0). Thus.
s :  0.51,,,  is obtained from Equation 7
as a basis for single-lane opposed-turn
saturation f low

Derivolion ot lhe HCM
Equolions
The derivation of the HCM adiustment
factor for opposed left turns in a single
lane. 1,,  (Equation 2), and i ts extension
to the case of opposed turns in a lane
group, f ,  ,  (HCM Equation 9-17), are
discusscd here in reference to capacit ies
in various intervals shown in Fieure 2.

Interval la

Thc average number of through vehicles
per cyclc that can depart before being
blocked by the f irst left  turner to queue
in  thc  lane is  S ,  :  s , .6 , .  Pu t t ing . i r  :  s ,
- 0.-5 vch/s and using g, from Equation

. s ,  -  l J  ( l - l ' l ' - , )  ( t r )'  
t ) ,

The general form of Equation 8 uses s,g.
instead of 0.5 9,. which is the maximum
number of through vehicles that can de-
part during B, (s, :  s, :  0.-5 veh/s in
Equation 8). as discussed in more detai l
la te r  in  th is  a r t i c le .

Interval 2

The shared lane saturation f low. s,,  dur-
ing interval 2 (of length g,,) can be found
by mixing the through and opposed left-
turn saturation f lows (.r,  and .r,) .  Using
the method described in Akgelik ' .  this
can be expressed as

q/s , :  q , , / s ,  I  q r l s ,  (9 )

l ls, :  p,. ls,,  + p,/s, (9a)

where q, r7,.  and q/ are the f low rates

s " 9 = S r 9 , + s y  9 r * S "

S , = s 1  g 1

"  I  1 b
91 

-f- 
9"- 91

Figure 2. The opposed turn model for shared lanes (the HCM model approximation
is indicated by the shaded area).
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f trr  total.  lcft- turn. and through traff ic,
and p, an<J p , are the proportions of left-
turn and through traff ic in the lane.

The left-turn saturation f low can be
cxpressed in terms of through traff ic sat-
urat ion f low. .1,,  and through car equiv-
alent for lcft  turns, E,, as

s , . :  s r / E ,  ( 1 0 )

In interval 2, s,.  :  s,.  where .r, .  is the f i l ter
(opposed) turn saturation f low. Using
thc ideal saturation f low for through traf-
f ic (.s, :  s,),

E ,  :  s , l s , ,  ( 1 1 )

is t i rund. Comparing Equations 4 and l l .
i t  is seen that the HCM method uses s,
: 1tt00 vch/h and

s,, :  l4(X) - v.,  (12)

where y.,  is the opposing f low in veh/h.
Putt ings, :  s, l  E, ands, :  .r ,  in Equa-

t i o n 9 a n d s u b s t i t u t i n g  p t :  |  -  p , , t h e
average saturation f low during interval 2
is found as

s,s ' :  r i / r ;  - t  ( l r )

Thercforc, the numbcr of vchicles that
can depart during 9,, is found as

.S, : s,9,,

- s'8" ( 14)
|  + p , ( E ,  -  l )

Interval 3

E,quation 2 implics that the number of
dcpartures after the end of the green pe-

Rahmi Akgelik is
a  p r inc ipa l  re -
search scientist al
t h e  A u s t r a l i a n
Road Research
Board .  He is  a
Memher  o f  ITE,

tlrc Institution of Engineers (Australia),
'fRB 

Tiaffc Signal Systems Committee,
and ITE Tbchnical Committee 5B'27-
Left-Turn Lane Storage Length Design
(lriteria. AkE'elik is the author ry' Traffic

Signals: Capacity and Timing Analysis,
one of the best-sel l ing ARRB publica-
rions. He is also the author of the SIDRA
pa<'kagc, which is nom' in use by about

120 orpanizations in l8 <'ountric.s.

r iod is a function of the proport ion of
left  turners in the lane, as given by

S . : l + p ,  ( 1 5 )

Thus. the HCM model assumes that ^!
changcs betwcen I for thc casc of a fcw
lcft  turners in the lane and 2 for the case
of an exclusive left-turn lane.

Average Saturation Flow for the
Entire Green Period

For the shared lanc, the total capacity
(number of departures) per cycle is the
sum of capacit ies in intervals la, 2, and
3 (no capacity in interval lb):

S : Sr + .S" + ,S,. (16)

where Sr, S,, and S,. are given by Equa-
t ions 8, 14, and l-5. As shown in Figure
2, an average saturation flow. s,,. ftrr the
entire grccn period, g, to yield the same
shared lane capacity as S can be found
from .s,, 8 : S. The avcrage shared lane
s a t u r a t i o n  f l o w  c a n  b e  e x p r e s s e d  i n
terms of through traffic saturation flow
as.r,,  :  1,, ,s,.  Using the ideal saturation
flow for through traffic. s, : .r,, and put-
t ing s.,  :  Sig where S is as in Equation
16, the left-turn adjustment factor for a
single lane is found as

f,,, : sts,g

: (.t/ + .S, + S.)/.r,9 (17)

using S,, S,, and 5',. from Equations tt. 14,
and 15 and setting sr : 0.-5 veh/s. the
HCM formula for f,,, given by Equation
2 is found. In other words. the HCM
method uses an average saturation flow
of

.s , ,  :  0 .5 / , ,  ( l7a)

which applies to thc cntirc grecn period.
o

Opposed Turns in a Lane Group
For opposcd turns in a lane group, the
HCM mcthod makcs a further approxi-
mation. Tb dcrive thc opposed left-turn
adjustmcnt facbr, f , . , .  for a lane group
of N lanes. i t  assumes that al l  lanes ex-
cept the shared lane has the ideal satu-
rat ion f low s,. and hence a capacity of
(N - l)  s,g. The capacity of the shared
lane is .r , [ , ,9 (from Equation 17). There-
forc. thc total capacity per cycle for the
lane group is

S' - (N- l)ss + .rl,,s (lt3)

Tb dcrive.f,  , ,  average the total capacity
per cycle (S') ovcr thc entire green pe-
r iod  (L ) :

s '
.s, , ,  :  :_ = (N_ |  *  f , , , )  s,  ( t9)

o

where .r',, is the average saturation flow
for a lane group of N lanes.

Putt ingf :  I  in Equation 6 for ideal
condit ions, .s :  s,N/,. ,  is obtained. Put-
t ing.s :  .r ' , ,  the HCM adjustment factor
for opposcd left turns in a lane group of
N lancs is found as

f  ,  _  , , ,  +  (N_ l )  
(20)J t  I  

N

ln othcr words, the HCM opposed left-
turn adjustment factor is based on the
use of an average lane group saturation
flow of

.s , , ,  :  0 .5 / , ,  N  (20a)

which applies to the entire green period.

Comporison wifh lhe
Recenf Ausfrolion Model
The opposcd tu rn  mode l  in  the  ear ly
Austral ian modelrr used an E^, factor
that was derived in a similar way to the
explanation given above. The only im-
provement in the HCM modcl over this
early Austral ian model is the capacity in
interval |  (departures being blocked).
This aspect of the HCM model is further
discusscd below.

'fhe 
opposed turn adjustment factor

En, method was adopted in ARR No.
123. '  but i ts use was l imited to shared
lanes only. A lost t ime method was in-
troduced in ARR No. 123 for opposed
turns in exclusive lanes (approximate
Model 2 in Figure l) .  As explained in
detai l  elsewhere. '  the latest Austral ian
m e t h o d  i m p l e  m e n t e d  i n  t h e  S I D R A
package" '  has  en t i re ly  e l im ina ted  the
use of opposed turn adjustment factors.
and i t  uses opposed turn capacit ies in a
direct way. The method is equivalent to
using S : S/ + .t, + .t,. directly without
nced frrr ohtaining an average saturation
flow .r,, (see Figure 2). Furthermore. it
trcats the blocked time (9, - g,) as ef-
fect ive red t ime, thus extending the lost
t ime method of ARR No. 123 to shared
lanes. This method has advantages over
the adjustment factor method in terms
of capacity and performance predict ion.
Other important dif ferences between the
opposed turn model of SIDRA and the
HCM model are discussed below.

Blocked Departures

As discussed previously. the l i rst term of
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t h e  H C M  l e f t - t u r n  f a c t o r  f o r m u l a
(Equation 2) relates to through traff ic
departures before being blocked by left
turners, Sr, as in Equation 8. The use of
this capacity component in thc Swedish
capacity manual was reported a decade
ago. ' '  The Swedish capacity manual gave
two formulas for the cases of one or two
vehicles to queue before blocking the
lane ("blocking queue"). Hegarty and
Pretty appl ied this method to opposed
le f t  tu rns  in  s l ip  lanes  ( in  Aus t ra l ia ) . ' "
Their paper gave a general formula for
departures befrrre being blocked, which
uses the "blocking queuc" as a general
parameter. They also gavc a lbrmula for
t h e  c a s c  o f  a  b l o c k i n g  q u e u c  o f  o n e ,
which is the same as the HCM formula
except that the ideal saturati()n flow. s,
- 0.5 veh/s. is used to calculate the max-
imum number of dcpartures in the HCM
f o r m u l a  r a t h e r  t h a n  t h e  e s t i m a t e d
through traffic saturation flow, sr..

Although ARR No. 123 did not model
d c p a r t u r e s  b e f o r e  l a n e  b l o c k a g e  i n
shared lanes. the SIDRA method em-
p loys  a  vcry  genera l i zed  shared lane
mode l  tha t  p red ic ts  capac i t ies  be fore
lane blockage using the general form of
the model givcn by Hcgarty and Pretty.rn
The "lane interaction" modcl has now
bccn used in SIDRA for a long t ime'and
a detai led discussion on thc topic can be
found elsewhere. '  An important l imita-
t ion of the HCM formula is that i t  ap-
pl ies only to the case of a blocking queue
of one (or a "free queue" of zero using
the SIDRA definit ion). Thc parameter
affects the results signif icantly (see Fig-
ure 5 in cited reference 7).

Filter Tirrn Saturation Flow
' I 'he 

f i l ter turn saturation f low rate, s., ,  in
the HCM method is given by Equation
12. This corresponds to the gap accep-
tance formula used in ARR No. 123.
Appendix F. The HCM formula and the
ARR No. 123 gap acceptance fcrrmula
d o  n o t  t a k e  t h e  n u m b e r  o f  o p p o s i n g
lancs into account. In SIDRA. thc fol-
lowing gap acceptance formula (see Thn-
ner, ' '  and Gipps, '* and Tioutbeckre rr ')  is
used to  es t imate  . r , ,  tak ing  ind iv idua l
lane f lows into account:

Ioe  .a  r / l

s " :  
r  -  e r *

(21\

where o is the acceptcd cri t ical gap in
seconds,  p  i s  the  min imum depar tu re
headway in seconds (maximum opposed

turn saturation f low in veh/h is s,, , , , , , ,"  :

360(yB), A is the minimum headway in
an opposing traff ic lane in seconds. and
the parameters tr and 0 are calculated
from

te r ing is more dif f icult .  and therefore the
gap acceptance parameters a and p wil l
i nc reasc ,  resu l t ing  in  lower  s , ,  va lues .
However. there may not be a direct re-
lat ion bctween the number of opposing
traffic lanes and the gap acceptancc pa-
rameters .  V is ib i l i t y ,  oppos ing  t ra f f i c
speed, grades, the actual crossing dis-
tance (wh ich  cou ld  be  more  than the
sum of opposing lane widths), and so on
are  expec ted  to  a f fec t  the  gap accep-
tance parameters. In SIDRA. the uscr
can specify o and B parameters for each
opposed turn and can model specif ic si t-
uations more closely.

For the HCM option in SIDRA. the
default parameters in Equation 2l have
been cal ibrated against Equation l2 tbr
the one-lane case (c - 4.0, 36(XYg :
l4 (X) ,  A  :  2 ,6  -  1 .0 ) .  As  seen in  F igurc
3, thc results from the two equations are
close for this case, but SIDRA may pre-
dict signif icantly higher .s,,  values in the
case of mult i lane opposing f lows, part ic-
ularly for heavy opposing flows.

The HCM method implies that var-
ious adjustment factors (product / ,  in
Equation 6) mult ipl ies the opposed turn
saturation flow. .r1,,, (see Equations 7 and
l7). Therefore, i f  a direct and expl ici t
modeling approach were used, Equation
12 would be used ass,, :  ( laf i)  -  u,,)/ ,
and Equation 15 would be used as S,. :

x:>3c
0 - f l ( l - L q , ) (22)

where the summation and mult ipl icat ion
arc for lanes I -  I  to N, g, is a bunching
factor (proport ion of unbunched vchicles
in l th opposing traf l ic lane ),4, is the f low
rate in l th opposing traff ic lanc, and A is
as in Equation 21. Figure 3 shows s,. val-
ues from thc HCM model (Equation l2)
and the  SIDRA mode l  (Equat ion  2 l )
w i th  o  :  4 .0 ,  B  -  36(XYl400 :  2 .57
s e c ,  A  :  2 s e c a n d 0  :  1 . 0  ( n o  b u n c h -
ing). Equal lane f lows are assumed for
the two- and three-lane opposing f low
cascs in Figure 3. In the case of unequal
lane f lows, Equation 2l gives smaller .r , ,
va lues .  As  the  lane u t i l i za t ion  ra t i ( )  in -
creases, s,,  decreases, and i t  approachcs
the one-lane .r. .  value when one of the
lane f lows approaches the  to ta l  f low
value. Thus. thc SIDRA model has the
advantage of sensit ivi ty to the number of
opposing traff ic lanes as well  as the lane
uti l izat ion in opposing traff ic lanes.

It  may be considered that when the
number of opposing lanes increase, f i l -

Figure 3. Opposed turn saturation flow rate (s") during the unsalurated part of the
opposing movement green period as a function of the total opposing flow rate (the
HCM and SIDRA models).
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( l  +  p , )  f , .  
' l ' h is  

means tha t  the  HCM
method adjusts the opposed turn f i l ter
rate (hasical ly a gap acceptancc process)
and the number of departures at the end
of the green period by al l  the factors that
go into /,  ( including lane width, grade,
area type, adjacent parking, heavy ve-
hicles, etc.).  While the correctness of
t h e  s e  a d j u s t m e n t s  i s  d c b a t a b l e .  t h c
SIDRA method can emulate the HCM
opposed turn fbrmula by using default
values of the fol low-up hcadway as 36(X)/
p : l4(X) / ,  and the nunrbcr of depar-
tures after the grcen period as .S,. :  (  I
+  p , ) f , .

Departures After the End of the
Green Period
In relat ion to interval 3 in Figurc l ,  the
use of thc S. valuc needs to be clari f ied.
In the "Approximatc Model l"  of Figure
I. and in the HCM moclcl shown in Fig-
ure 2, 9,,  includes the encl gain since g,.
is dcf ined as (g g,) whcre g is thc ef-
fect ive green t imc (g : displayed green
time plus end gain less start loss). Thcre-
fore, S. (or n, in Figure l)  is used as
"dcpar tu res  a f te r  thc  end o f  e l fec t i ve
g r e  c n  p e r i o d . "  I f  t h i s  p a r a m e t e r  i s
c o u n t c d  a s  t h c  n u m b e r  o f  d c p a r t u r e s
dur ing  the  ye l low and a l l - red  in te rva ls ,
that is. after the end of the displayed
grcen period, this methocl wi l l  double
c o u n t  a  s m a l l  a m o u n t  o f  d e p a r t u r e s
(equal to s,,b for cxclusive turns. where
D is  the  end ga in ) .  In  S IDRA,  th is  i s
taken int<t account by using this param-
cter as the number of departures (per
lanc) after the end of the displayed green
pcriod.

The Use of Estimated Saturation
Flows

In contrast with the FICM method. thc
SIDRA method uses  the  cs t imatcd  (ad-
justcd in the HCM technology) satura-
t ion  f low (s , )  ra thcr  than the  idea l  sa tu-
ration flow (.r, : lll(X) vch/h) for

.  U n o p p o s e d  t r a f f i c  i n  s h a r e d  l a n e s
when mixing the opposed and unop-
posed (e.g.. left  and through) traff ic.

.  The opposing traff ic to determine the
g,. and g, pcriods. and

. Calculat ing the maximum possible de-
partures as a parameter frrr thc for-
mula to predict number of departures
before bcing blocked.

Schorr and Jovanis found that the op-
posing traf l ic saturation f low is the most

scnsit ive and important parameter in the
opposed turn model, akrng with the op-
posing f low volume.' '  The fol lowing ex-
ample demonstrates this point clearly.

Cons ider  a  s ing le  exc lus ive  le f t - tu rn
lane where left  turns are opposed by a
single-lanc traff ic stream consist ing of
through and r ight turning vehicles. The
opposcd left turn volume is flO veh/h and
the opposing traffic volume is 600 veh/h
(40o/o right turns). The following satu-
ration flow adjustment factors apply to
both streams:

. Thc intersection is in a central business
distr ict area (1, :  0.90),

.  Lane widths are l0 f t  ( /-  :  0.93), and

. Heavy vehicles consti tute 87a of total
traff ic (f , ,  :  0.96).

For the opposing stream a r ight-turn ad-
justrnent factor of f , , ,  :  0.94 applies.
Thcrefore. the combined correction fac-
t o r  f o r  t h e  o p p o s i n g  s t r e a m  i s  / .  :

. fu f* f  , , ,  f  u, - 0.75-53, and the satura-
tion flow is s,,,, : l8(n x 0.7-553 : 1360
veh/h. For the opposed left  turns,.f .  :

f  . J * f  , , ,  :  0 . t t03-5 .  and the  sa tura t ion
flow is s : 1800 x 0.U035 f,,, : 1446 f,,,.

Assume that the cycle t ime and green
time are 120 sec and -57 sec, respectively
(S4lc - (1.475). The rcsults for the HCM
model and the SIDRA model are sum-
marizcd in Thble l .  The fundamental dif-
ference betwcen the two models for this
cxample is that the HCM model uses the
i d c a l  s a t u r a t i o n  f l o w  { 1 8 0 0  v e h / h ) .
whercas the SIDRA model uses the es-

t imatcd  sa tura t ion  f low (s l igh t ly  l css
t h a n  1 3 6 0  v e h / h )  f o r  t h e  o p p o s i n g
stream. As a result,  the predicted g,. val-
ues are very different (25.5 sec versus 7.1
sec). The HCM method predicts J,,  :
0.269 and s : 1446 x 0.269 : 3U9 veh/
h. As shown in Thble I this is equivalent
kr a capacity of 6.153 veh/cycle or 1ll5
veh/h. The c<lrresponding SIDRA values
a r e  m u c h  l e s s  b e c a u s e  g , ,  i s  m u c h
smaller. I t  is seen that the HCM model
wil l  grossly underpredict the degree of
saturation and delay (level-of-service C
versus F) in this case.

Conclusion
In conclusion, neither the old"- 'r  nor the
newt t Austral ian methods assume "f i l -
trat ion for the entire green period."" The
HCM method,'  as in the early Austra-
l ian methods, implies the use of a satu-
ra t ion  f low averaged over  the  en t i re
green period and converted to an ad-
justment factor. The latest Austral ian
method (SIDRA) has el iminated the use
of opposed turn adjustment factors.r ' '  l t
employs a direct and expl ici t  approach
to model individual lane capacit ies, and
then simply adds lane capacit ies to ob-
tain the btal capacity for a lane group.
By contrast, the use of adjustment fac-
tors means that the capacit ies are f irst
converted to adjustment factors (with
loss of accuracy result ing from inevitable
general izat ions) and then converted to
capacit ies again.

Toble'1. An Exomple lo Compore the HCM ond STDRA Opposed furn Modets

HCM SIDRA

Opposing soturotion flow, soo
Unsoturoled porl of opposing green

period, g,
Opposed lurn solurolion flow, s,,

during g"
Deportures otler lhe green period, n,
Copocity per cycle, $ = (s"9"/3600) +
nl

Effective green time, g
Averoge soturotion llow, s = 5/g
Copocity per hour, O = s9lc = 3600 S/c
Degree of solurofion
Averoge slopped deloy

uniform lerm, d,
overflow ferm, d"
l o t o l , 4 = d " * d "

Level of service

1800 veh/h

25.5 sec

643 veh/h
'1.6 veh

6.'153 veh
57 sec

389 veh/h
185 veh/h

0.433

15.8
1 . '
16.9
c

'1358 veh/h

7.{ sec

661 veh/h
1.6 veh

2.909 veh
I sec

{309 veh/h
87 veh/h

o.9'17

42.8
48.8
91.6

F
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Ihc mode l ing of capacit ies by the ad-

lustment factor method was necessary
for thc simple manual methods of the
past. This is no longer necessary with the
widespread use of computerized meth-
ods by the traf{ ic engincering profession.
l ' h e  d i r e c t  m o d e l i n g  m e t h o d .  w h i c h
treats the blockcd intervals as lost t ime.
al lows for various dif ferenccs in individ-
ual lanes to be identi f ied. This improves
performance prediction signilicantly. For
e x a m p l e .  s h a r e d  l a n e s  w i t h  o p p o s c d
turns can have longer cffect ive red t imes
than adjacent lanes This has clear ad-
v a n t a g c s  i n  t h c  p r e d i c t i o n  o f  q u e u e
lengths for turn bay storagc capacity cal-
culat ions. The morc complex cases of
'protected plus permittcd" phasing, op-

posed turns with two lcvels of priori ty
(e .g .  tu rns  f rom s l ip  lancs ,  o r  the  V ic -
toria and New Zealand priori ty rules).
the  cases  when the  oppos ing  anc l  op-
posed traffic have right of w:ry at differ-
ent t imes. de facto exclusivc lanes, r ight
tu rn  on  red  (U.S. ) .  and so  on  can be
modeled direct ly. This obviatcs the need
to develop a mult ipl ici tv o[ increasingly
complicated and incrcasingly lcss accu-
rate adjustment factor formulas to cope
w i t h  m a n y  c o m p l e x  s i t u a t i r t n s .  T h e
r e a d e r  i s  r e f e r r e d  t o  t h e  a r t i c l c  b y
Akqelik fbr a more dctai led discussion
on sharcd lane capacitv models in gen-
cral and thc SIDRA shared lane capacitv
model in part icular.
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