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ABSTRACT
Turning movements at signal-controlled intaersections congiderahly affect
the approaches' capacities. Capacity of gshared left-turn lane (i.e where
gtraight-ahead and left-turning vehicles ghare the same lane width) with
opposing flow is greatly influenced by a number of traffic and geometric
parameters at signal-controtled junctions. This is particularly important for
normal two-phase controlled intersection where all left-turners (or
right-turners in U.K.} have to face conflict with the opposing flow gince both
of them have to share the same green phase.
Different models have been developed recently for capacity calculation of
shared left-turn lanes. These models are based on diversity of agsumptions
and each has some limitations when applied in practice. The main objective of
this paper is to check these models and compare their results with capacities
obtained from field observations. At last., conclusions regarding their

accuracy and to what extent they can represent the actual capacity of sghared
left-turn lanes are prasented.

[1] INTRODUCTION

It is of great importance for the practicing traffic engineers to have
the ability of predicting the approach capacity. The most common apnd
traditional methods for predicting the capacity of lanes of oppoged turning
movements (e.g left-turn when assuming the right hand passing rule on road or
vice versa) by means of either a through car equivalence coefficient {1] or a
composite saturation flow [2].

Although for those lanes having high proportion of left-turners it is
racommended to dedicate a separate lane in order to segregate the conflicting
traffic movements, but due to the limited road widths at some intersections
number of traffic movements have to share the same lane width and the same
green stage with the opposing flow [3]. Therefore it is very important and
recommended to be able to estimate quantitatively the effect of turning
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movaments on shared lane capacity at signal-contralled :ntersecticns.

case of dedicated left—-turn lane the through traffic can procaed contin
without interruption or much delay baing held by left-turning venicles
right-turning in the U.K). On the other band, the shared left-turn lane has
negative side effect since the cverall intersectiom capacity decreases an
total delay increases because of the portion of the cycle time taken to
accommodate the opposed movemant and lost time due to sxtra infergreen periods,
z1.

Several thearetical modsls have been developad which can be used for
calculating the capacity of sharad left-turn lanes at signalized
intersections. These thearet:cal models take aczount of the different factors
affecting the lane capacity such as storage raoom capacity, intensity of
oppasing traffic, and percentage of left—turning vehicles on the subject lana.
In fact igncring these factors in the derivation of the traditional methods
usually resulted in underestimating the capacity of sharsd left-fturn lanes.

in this paper, the prablem addressed is to what extent these theoratical
models are capable of predicting the right capacity of shared laft-turn lanes.
Therefore data collection on a numper o sites have been carried out and then
comparison was made between the observed values and the estimated valuss
resulted from using these models, Fipally statistically analysis was carried
out on both estimated and observed results in order to know which of these
mogdel gives slose agreement with the fisld abservations.

{21 Theoretical Models For Shared Left-Turn Lane Capacity

Traditional methods agcount for left-turnars 9y means aof a weighting
factors to convert them inka eguivalent through car unit (T.C.UY. These
methods ignare the possibility of having number of spaces where laft-turning
vehiclas can be stored without impeding the following straignt-ahead vehicles.
Also they do not take account of the distribution of the laft-turners within
the vehicle gueue and the gap acceptance characteristics at such situation
when leff-turners wait for acceptable gap and then clear the {ntersection.

Recantly, some models have been develaped for shared lett-turn iane
capacity prediction which take account of storage room cspacity and  cther
geometric and traffic parameters. From practical experience and limited +ield
measuraments it was coacluded that a primary source af errar 1n applying the
common mefhods was inadegquats fNandling ar zonflicts between left-turning
vehicles and opposing vehicles on two-way strzets. These recent models are
expected to give hetter results than other zgnmon nethods. In this  study
number of recent models have been considered and their results were comparad
to field observations.

Firstly, Bang (I] approached the aspect of capac:ty calculation in the
Swedish Dapacity Manual in which he defined the saturation flow "s" as the
highest stable flow in veh./hour of green {vphg) during existing condition., He
developad the following two equations.

N-1 . N
N, = PZ ig? + Ng - (2~1)
3 =t
- N=2 ] N-1 N
Moo= p7 I g Ji*D 4+ pg NIN-D) - Ng (2-2)
=1
where 1 N, is the number of through (or right-turning) vehicles that can be

discharged from the lane during the saturated portien (Ekl gf the

opposing flow green period,/ .
N is the maximum number of vehicles that can be discharged during

.

~

-

-

A

graen period {g} f(i.e during the saturated plus the unsaturated ™
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parts of the opposing stream green period). This is equal to (Gxs)
assuning no blocking occurs, and

p and q are respectively the proportions of left turners and thrcugh

traffic in the stream under consideration.
. Equation (2-i) yields the number of straight-through wvehicles  that can
pass the intersection before the first left-turner arrives and blocks the

lane. Equation (2-2) accounts for one left-turner queueing without blocking
the lane.

This method seems to have two drawbacks, namely i1-

i} It accounts anly for a storaga room capacity of elther zero or one within
the intersection without blaocking the lane.

1i) During the unsaturated green period for the opposing stream the capacity
is computed as if only left-turners exist (41 since only the number of
gaps accepted is evaluated using the following equation i1-

—oq .
s, =[ e 1! ] ‘ (2-3)
1 - a9y

where :Su the saturation flow during the unsaturated green period of the
opposing stream,

ay is the opposing movement flow rate ( veh./sec)

a is the accepted critical gap (sec),
{3 is the minimum departure headway for cpposed turners {aec).

Secondly, the H:gHway Capacity Manual (H.C.M 1983 (5] has benefitad _from
the previous work {(Bang 1978 and Akcelik 1981} and gave an adjustment factor
fm for a shared lane capacity calculation, The grocedures for cal:ulatlng

shared left-turn lane capaclty are illustrated 1in detall {n H.C.M 1985,
Becausa the computational process is reascnably complex, a speclal work shaet

for its calculation can be found in ref. t5]. The following equation gives only
the adjustment factor f .

_ Gf . Gu { 2 ]
fa *7G *‘G—[t FFE - D ]"’s"‘“"?L] (2=

. N
G 1s the effectiva green tiwve in seconds
Gf is the duration of the greern time phase during which through vehicles may

move in the shared lane until the first left-turning vehicle arrives and

blocks those behind it. This means a starage raoom capacity of zero, This
is given by the follawing equationi-

2P 0.5 : '
6. = g—[1-p 9 (2~8)
T PL T

whera :- PL is the left-turners proportion in tha shared lane,

PT is the through traffic proportion in the shared lane,
EL is the approwimate through vehiclia equivalent for an

left-turner and is given by the follaowing aquation :-

opposaed

I
_ _18on |
L * Tagov (2-6)



c*37 El- sayed A . M . Shawaly

Vo is the opposing flow rate { Ua < 1399)

qq 2 5§ - Gu : (2-7
& is the unsaturated part of the green stage and is given by :-
S-th Y 2 6/C
G, = : o ° - 12-8)
L I £y, =z 6/C

C s the cycla time in seconds

Ya is the flow ratio for the opposing approach

Thirdly, a semi-empirical formula based on results obtained by computer
simulation and calibration using field data, the Transport and Road Research
Laboratory {(T.R.R.L) has proposad a model which 1Is well documented in the
R.R.&7 {&]1. This model has been developed by Kimber, McDonald and Hounsell
(198&) at Southampton University. They assumad a shifted negative exponential
distribution for the opposing flow arrival pattern and a lognormal
distribution of gap acceptance. The storage capacity for the left-turners
within the intersection varied from zero to three spaces. The semi-empirical
mode] arrived at is given by the following series of eguationsi- .

S=5 + S {2-9)
g c

where 1~ Sg= (Sa - 2300 / (1 + (T-1)F) {2-1%)
s=pct+N ) t6,x 9% 3800/nc (2-11)
[ =4 k) o
Te1+lS5/r vt/ b, (2-12)

2 -
€= 12 X2 / (1 + 0.6U-F)Ns) L (213
2

t2= 1 - (on)

The notations for the above equations being as followsi-

5 saturation flow (pcu/hr)
S

g gaturation flow in lanes of oppased mixed turning traffic during the
gffective green period (pcu/hr)

g saturation flow in lanes of opposed mixed turning traffic after the

=
effective green period (pcushr or veh./hr according to utilisation !

o gaturation flow par lane for opposite entry (pcu/hr)
T.C.U (through car unit) factor of a turning vehicle in 2 lare of
mixed turning traffic. Each turning vehicle is equivalant to "T"
straight—ahgad vehicles. )

f proportion of turning vehicles in a lane

P =1+ I o= 1) Pi (2-13)

a is the pcu value of vehicle type i
Pi is the proportion of vehicles of type i in stream

N number of storage spaces available inside the intersection which
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left-turners can use without blocking following straight ahead
vehicles. )
X degree of saturation of opposing arm {i.e the ratic of the flow on the

opposing arm to the capacity of that arm),

A proportion of the cycle which is effectively green for the phage
under consideration

c cycle time in seconds

r radius of curvature of vehicle path (metres)

Fourthly, and more recently Brahimi (7] proposed a new model in which the
conflict occurs at the shared left-turn lane can be broken down into three
basic consecutive stages. These stages are represented graphically in Fig. (i},
Number of assumptions have been made concerning the derivation af this aodel
and can be referred to in ref.[3]. The stages of this model and its equations
are as given below 1~
1) The number of the straight ahead wvehicles "D" passing through the

intersection before the blacking occurs

ko . N-1 o d
p = £ pet-p M N-d NCi* o e G e g YR
i=a =k

C (2-18)

k

2} Also the number of vehicles waiting to turn left +¥, by the end of the
discharge of the opposing queue is given by the following equation i-

) N-1
pb - N Lo oY s

4] J k

o
y (37K17 (217

Therefore the total number of vehicles crossing the stopline T (T = D4+W }
during g is obtained by summing up the above two equations (l.e. equationg
(2-1&) and (2-17}).

k s , N-1 .
T= £p t-m My Nci P L T I TN TRIP SR bl c, (2-18)
i=o i=k
where
| N Joo o d
G "ITTN T and v O R

It is apparent that this model can be used for any storage capacity (l.e
any value for kj and in all cases, D =(1~p)T and W =p T.
3} After the opposing queue has dissipated, gaps are available during the
second stage of conflict for any waiting left-turning wvehicle to cross and
clear the junction. Assuming o and 3 as previously defined in equation (2-3),
the discharge rate of the waiting left-turners can be calculated using
equation (2-3)., Subsequently the average time interval between successive
left-turning vehicles is therafore 1/su and during that time the expectad

number of vehicles able to cross the stopline from the subject lana is
determined from eguation ( 2-3) with k=0. In the case of N =0.5/Su (agsuming

ong vehicle every 2 seconds across the stopline) the resultant number *U* of
left-turning vehicles through gaps and also straight-ahead vehicles during the
sacond stage of the conflict is therefore given by the eguation belawy-
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0.3/9
u

U= (g -gy) §, [1~ (1-p) 1 /p (Z-19)

With regard to the intergreen time period, the waiting left-turning
vehicles have already been included in T in eguation (2-18) and all these are
assumed to turn left during the intergreen period. The total number of
vehiclaes entering the intersection per cycle (s therefore T + U, which when
multiplied by the number of cycles per hour givee the shared lane capactty,

[31 Data Collection and Analysis

Number of sites of different layouts and gqeometric characteristics has
been chosen for field observations in the G&Gheéfield urban asrea. +tha main
conditions upon which the decision of retaining a site were based ot & varying
proportions of left-turners (l.e right-turning in U.K) in the oppesed
movements and different storage room capacities (K= 0, | and ) fur opposed
left-turners at different sites. Five approaches have been retained for field
observations at four junctions . These junctions are shown in Fig.(2) through
Fig (5). Two approaches were two-lane entries with the off-side lane either
exclusively dedicated to right-turning traffic ( Papistone Road Fig. (3) ) or
shared with straight-ahead traffic { Greenland Road Fig (4) }, The other three
approaches were only one lane entry with differsnt storage room capacities
depending on the entry width and the flare at tfie stopline. The proportions of
the right-turners varies from 8.6 % to 48.3 % on different occasions.

Concerning the signal settings at these sites they were operating on
fixed cycle time bases except only one site which was operating on fixed time
with an early-cut-off phase that occurred as the demand for left-turn
appreciably increased.

The author has carried out some other data using the videotape recording

technique in order to supplement the available data in the department during’

his stay in the U.K, The equipment used in data collection consisted of the
NY-MS Panasonic Camcorder sited on a tripod. The Camcorder was positioned an
the roof of an adjacent building which: is overlooking the junction under
consideration, '

From the films taken, thirty five recordings gave accaeptable sample of
real time not less than 30 minutes. These films were analysed in the traffic
laboratory of the Civil and GStructural Engineering in the University of
Sheffield. Counts of vehicles types and their turning movements (i.e
gtraight-through or right and left-turn) were recorded. Also, the time the
vehicles crossed the stopline were registered for wach cycle by the aid of the
tiag~base written on the filmed tapes. Different categories of vehicles were
converted to p c u's using the RR &7 equivalent factors (Kimber, Mc Donald and
Hounsell {41 ). 1t should be smphasized that the same canversion factors have
usad throughout this study.

It was necessary also to measure o and /3 values in arder to calculate the
predicted saturation flows. Therefore direct measurements were carried out
during the data analysis from the filmed tapes to obtain the mean values of
both o« and 3 for substitution in the gredictive models.

{41 Observed Versus Predicted Resulis

Since Bang {2] clearly stated that the Swedish model was designed for
storage room capacities of either zero or one, therefore it can not be used in
calculating the saturation flows of some approaches where k is more than one.
Although the H.C.M. B85 model has been deduced considering that on the arrival
of the first left-turning vehicle, the lane is blocked for thase wvehicles
wanting to proceed straight-ahead, it did not restrict the use of the formulae
but on the contrary recommended them for all situations. Therefore it has been
decided to mse all above stated theoretical models [axcept Bang's) for

N
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calcuiations and to test their resulis against the observed values.

Tables (1), (2}, (3) and (4} prasant the data summary for the studied
gites as well as the chserved and calculated shared lane saturation flows for
different storage room capacities of zera , | and 2 respectively. Also rigures
(3), (4) and (5) show observed against calculated saturation flows when H.C.M
8% , AR &7 and Brahimi and Ashworth’s models respectively are used. Each group
of points represent site with specific storage room size. It is worth noting
that each point on these plottings represents the nean wvalue for the whole
period of observation ( up to 74 minutes gn scme occasions). It is clear from
these rigures to what extent the theoretical modeis can predict the actual
observed values of shared lane capacities. It is apparent from these figures
that both H.C.M. 85 and RR &7 maodels seem to underestimate the shared
left-turn lane capacities, in particular, for those sites of lower capacities.
While on the cther hand Brahimi and Ashwarth's model does give good agreement
with chserved saturation flows for this range 2f capacity, MNeverthelegss,
noticeable differences can be seen between observed and predicted saturatiaon
flows using the same model for higher values {e.g saturation flaows 2 1300
peu/hr}.

{51 Statistical Analysis of Results

In order to test the validity of the theoretical models previocusly stated
in Sectiaon [2], one needs to verify their ctalculated results against actually
observed values of saturation flows coliected in the course of this study. The
paired "t" test was performed. to check whether the differences obtained
between cbserved and calculated values for saturation flaws are significant or
not. Calculations necessary for this statistic test were carried out and
included in table (3} for 3% and 1% level of significance. The results of the
taest showed that the null hypothesis is rejected at 5% lavei +or all models
predictions while it is actepted for only two models namely H.C.™. 35 and
Brahimi and Ashworth’s models when- 1% level of gignificance was used.

[6] Conclusions and Recommendations

In relation to the agreement between the observed and predicted
saturation flows of shared left-turn lane at signal-controlled intersections,
the following conclusions can be drawn :-

1) Both H.C.M. 8% and RR 47 maodels seem to underestimate the saturation £1ows
when comparison was made with the field abservation undertaken at three
different sites in Sheffield urban area.

2) Btatistical anaiysis indicated that the theoretical model proposed by
Brahimi and Ashworth gives fair agreement with the coserved saturation flows.
Although the statistical analysis smowed that at 1 % leve! nof slonifirasce - re
null hypothesis is accepted, nevertneless, the differences -oung between
observed and predicted values from all models considered in this study are not
tco different from each other.

3) In order to give an answer to the question af which of these modsls gives
the most reliable estimate of the capacity of shared left-turn lane, it is
necessary to carry out much more extensive observations at several sites of
varigus storage sizes. Alternatively a simpulation study can be performed
though the thearetical madels can be tested over a wider range of parameters,
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Table (1) Data Summary on Turning Movements and Observed and Zalculated
Shared Lane Capacity for Cricket Inp Road/ Hernard Rcad Junction.
(k=0)
date % signals right turn| observed {Eglculated calculated |calclate
time of settings |[percentage| sat. flow| sat. flow [ sat. flow| sat.flow
observn C/G 4 pcu/hr H.C.M R.R.&7 Eq. 2-18
24/%/88Bpm | &0/9+11 13.4 1840 1691 1477 1754
&0/8+10 10.4 1945 1744 1737 1840
23/5/880m |  60/9+%1 1.9 1sla i 1707 iSa3 1798
&3/8+10 11.3 1843 1728 1560 1820
27/5/88p l &0/9+11 | 11.5 18583 1723 1560 1812
Table (2) Data 3ummary on Turning Movemants and Observed ang Calcul ated
Shared Lane Capacity faor Penistone Road / Rutland Road Junction.
(k= 1)
ridate Y signéls right turn| observed | calculated calculated&calclated
time af sgtﬁlgg percentage| sat. flow| sat. flow isat. flow |sat.flaw
observn % pocu/hr H.C.M RR &7 Eg. .’-'.‘—184J
27/6/86pm| 74/41 100 378 283 <08 299 |
J0/&/86pm| T3/30 106 357 276 207 291
I0/6/36pm) 34748 100 384 7 205 338
30/6/86am| S&/30 160 389 328 263 340
Z0/4/Bbpm| F0/51 100 350 228 195 32
30/6/Bépm| 73I/42 100 87 214 194 22
30/6/8Bépm| 78/43 100 3432 253 193 268

-
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out = sl Obsar ved and Galrulated

Teble (31 fats Fmmary on furiepd fen ,
gharrd | ane Capacity fou fir womn]wnd Rnag ¢ Staniforth Foad Junction.
L3
tk=at)
dats ™ signalstright turn) obser sed [calculated |calcelated|catclated
time of |setting|percentage| sat. flow| sat. flow sat. flow| sat.fiow
v nbgervn | T / G )4 peu/hr H.C.H R.R. &7 Eq. 2Z-19
- 2/7/37pm| KE/TR 13.% 1514 15677 1R&7 1743
S/7/A7pm) SRR 5.7 17RT 154 {444 14631
7/¥/87pm| &R/7R 17.50 {360 1451 1413 1722
3/7/87pm) AB/TR 3.0 1317 1704 lé-SE‘ 1743
* 22/5/87pm| SRR A. 50 15AZ 1450 1595 16B4
TRIFTpm | HBSTR .80 s 1708 1&a7 1727
“/7/9%7pm| TR/7A 7.4n 17457 1707 1hAT 1723
TT/RTam| TSR 48,70 L1 8ts TH 1028
3/7/837pm | TT/IR 8.2 140z L4872 . 1At 1471
7/7/R7pm] TR/7H 18,450 LS50 131t 1453 L6235
2/7/3Tpm) TSR (4.50 518 1524 1447 1647
TU/5/8Tpm| TR 700 1784 1703 1666 1704
2%/%/A7am| 73078 19.00 1547 1444 1401 J 1657
L.

Tablae (4Y Data Summary on Turning Movements and Observed and Calgulakted

Sharrd Lane Capactty for Frookes Road ¢ Witham Roag Junckion,

\ date % zigralsfright turn| rbserved [calculated [calculated |calclated
timp of pereentage| sat. flow] sat. flow sak, flow| sat,flow
nhsarvn [P % poushr H.C.p R.R.&7 Egq. 2-18
5 BT T Y - ] 15,00 1572 1380 330 1588 |
32/77 19,00 138" 44 1034 1343
B/2/90sm| RTS8 13.00 1407 1444 1588 1&73
Az/2A/ 19,00 t1RA 33 1031 1324
15/72/7%0am| S0/17 1%.50 145] 1244 1707 1808
LT 23, (TR 1147 [ h=r 1384
16s7/30am| 0,17 17 582 1268 1657 1745
sn17 22,00 1734 Tl 118z 1358
14/2/%0am| RT/IE 13.00 1S54 1543 1440 (596
972/79 12.50 1380 137 1167 J .’.BL‘

»
Tablae (3] Paired "t" Test Summary on Diffarences Setween Obsarved
* and Predicted Yalues of Saturation Flows
- Cages Obzerved Observed Obasrvad
& & -1
- Parameters HLCM R R 67 Eq. 2-18
Sample gize a3 a3 35
Ditferences -2316 3128 2217
g - —-Qifterance 56.17 39.31 §3.34
SD'._l 163.62 170.37 164.31
Degree of [readom 14 34 34
0 »n
£ > ———a -2.39 .10 2.28
D
Foat .03 £ 2.03 +2.03 b 2.03
1
taoat 01 + 1277 L 277 +2.77 l
I }
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