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Contraflow Left-T

* [t provides
additional
left-turn
capacity by
making use of
the opposing
lanes
dynamically
through
appropriate
traffic signal
control.
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First implemented in china in 2014. After that, it has been
widely implemented in more than 21 different cities in China by

2018 (Zhao et al., 2018).
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Traffic simulation



Real World CLL intersection

o

VS ey 45




P TV

Benefits

* [t increases intersection left-turn capacity,
thereby reducing traffic delay and
congestions at the intersections

* [t can be easily implemented without
modifying the intersection in a way that
requires major constructions.

* It can also be easily converted back
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Safety Concerns

* The potential conflicts
between the left-turn
vehicles trapped on the
CLL and opposing
through vehicles

e Several movements
conflicting with
contraflow left-turn
vehicles
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Signal Timing and Geometric
Design Requirements
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Signal timing requirements

e Sufficient clearance time for clearing the left-turn
vehicles on the CLLs at the end of the pre-signal phase
(end-clearance time).
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» S, is the average vehicle storage length

> tan 1s the saturation discharging headway
> L is the start-up lost time



Signal timing requirements (Cont.)

e Sufficient clearance time for clearing the conflicting
left-turn vehicles from the cross street on the right side
before starting the pre-signal phase (pre-clearance

time)

Lerr:
e -
J—1 1.47V15%

> CT;_yr IS the pre-clearance time for clearing

the conflicting left-turn movement j from the
CLL before starting the pre-signal phase i’,

» Ly, is the length of CLL

> Viso, is the 15th percentile approach speed
or speed limit
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!!ignal timing

requirements
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* lead-lead protected LT only =
& It can’t work with the lagging 9 I
left-turn phase (Limitation): U
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Geometric Design Requirements

* Enough received lanes for the left-turners

/
L |
| JEH- = Pre-signal
5
I 1 3
2
414 7
_______ 1!’: -
= D
T _{.'f[-ﬁulamlm 5k | FE:I ! -
= = pa— 1 I
> ] Sl - ¢
: : - 1: Je=b . — =1 F~ 1 Contraflow Lare o
2 w—p :
L = S, === ==

Main signal *

Pre-signal




| HL |
| ezt -
g
4147 7
IL L
—\
2
— " Cogtraflow lane 5 __f
5' 5 el
_- 2=
_ . _ 2=P‘_‘
2 .%:i\/

Pre-signal

Main signal -

Geometric Design Requirements (Cont.)

* Pavement channelization markings for Right turners
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eometric Desigh Requirements
e Number of CLLs per approach
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eometric Design Requirements (Cont.)
® U-turn at CLL intersections should be prohibited
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Geometric Design Requirements (Cont.)
* Appropriate length of the CLL

Q. is the total left-turn queue backup length.

Np; 7 is the number of conventional LTLs.
N¢;p is the number of CLLs; and
Spc 1s the average vehicle storage length
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Key Deignh Elements: Signal Timing and the
CLL Length

CLL Utilization
Rate

Pre-signal
timing

Signal Timing Left-turn CLL Length
at Main Int. Queue length

Guo, R., Liu, J., Zhao, Q., & Qi, Y. (2021). Signal timing and geometric
design at contraflow left-turn lane intersections. International Journal of
Transportation Science and Technology.



Input intersection traffic volumes
and geometric conditions

STEP 1
Develop the
Initial Signal

Timing Plan for
the Main signal

Treating CLL as regular left-turn lanes, assuming
that N /(Ng  +Ng 1) % of LTswill use CLL

v
Estimate the signal phase P
splits at the main signal b Iy

Only considering the regular left-
turn lane(s) and the LT volume
using the regular left-turn lane(s)

Calculate the average back of left-turn

gueue according to the estimated left-

STEP 2 turn phase time (HCS Method)
Estimate the v
Gl (g Estimate the CLL length(in vehicles)
, according to the Balanced queue
! length assumption
[
:'"'""""""""""""'ir """""""""""""""""""""""""""""""""
! Calculate the minimum required clearance Increase the left-turn phase time
’ time of for LTs on CLL (CT*) to the minimum CT* requirement
STEP 3
Determine the Estimated the LT volume using
initial signal Check if the regular left-turn lane(s)
timing plan CT* < left-turn No y
for the pre- phase time _ ]
signals Calculate the pre-clearance time for clearing the
left-turners from the right side cross street
i Yes {
: Determine the pre-signal left-turn phase time according to Figure 3-1 |
|
S |

STEP 4 Check
the assumption
given in Step 1

Check if the pre-signal phase
time is long enough for entering
the assumed amount of LTs

Estimated the number of LTs can
enter CLLs per cycle

Output final signal timing
plan and CLL length
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A Case study |

To redesign the signal timing and CLL
lengths for a existing CLL intersection by
using the proposed method
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Intersection Layout and Traffic Conditions
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Existing Signal Timing Plan

15 42' 45" 25 90" 3]
Pre-
signal 1 cﬂ 3"
I
15 76" 4 27" |3‘ 90 3
_ 4
signal 3
l T
Main L s =D &= 6
signal 8
53 38 4 27" 3 90 3
Pre- = 5 7'&>
signal
157 42' 45' 25' 90" 3
Time



Traffic Simulation

Reference line B
L

.‘—_
Reference line C

Distance, 2225ft

Reference line A

Distance, 2225ft ————— »

Refe?ence line D

Observed (s)

Simulated (s)

Relative error (%)

Travel time from C to D

178.7

171.1

-4.3%

Travel time from Ato B

135.2

129.3

-4.4%




Developed Signal Ti

ming Plan
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Estimated CLL length

* Estimated CLL length of WB is 175ft (the exiting
length is 165ft)

* Estimated CLL length of EB is 225ft. (the exiting
length is 197ft)

 Estimated CLL length of NB is 125ft (the exiting
length is 165ft)

* Estimated CLL length of SB is 325ft (the exiting
length is 197ft)
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Comparison of Operational

Performa nce
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Estimated
CLL length of
SB is 325ft
(the exiting
length is
197ft)
Increase it
from 225 ft
to 425 in 50
ft increments
(5 scenarios)

\

Average Travel Time (s/veh)

Average Travel Time (s/veh)

185 1 183.07 133 7 132.41
180 1 -
175 - 132 - ~<131.65 131.50
.. 130091 131.01 -
170 . SJggr LR
165
160 4 130 4
155 4 —e— SB Left-turn ==e=- [ntersecti...
150 : : : : N R ST T o
25ft 275f 325ft 375t 425t e 275f 3251ft 375 >
Length of SB CLL Length of SB CLL
Average Delay (s/veh) Average Delay (s/veh)
07 7
66.32
175 o 1216 -
120 - 66 1 TS 6556 65.43
151 Seo_ 6483 6491 ___=
110 A 65 R~ N
103 4 @’
100 4 64 A
95 1 —e— 5B Left-turn === |ntersect...
()(‘) T T T T 1 ()3 T T T T 1
22500 27500 325ft 3751 4250 225ft  275ft  325ft  375ft  425ft
Length of SB CLL Length of SB CLL
Average Q Length (ft) Average QQ Length (ft)
. 102 -
300 7 276.79 99.80
280 - 267.8 100 { 99.03 .-
260 T .-_‘— \\
240 98 ~97.3% 9697 97.05
220 A T — o
. ) 9 -
200 4 —e—SB left-turn ——e—- Intersec..
18() T T T T 1 94 T T T T 1
225ft 2750 825T 375 425 225 275ft 325t 375 425h
Length of SB CLL Length of SB CLL

(a) Operational Performance for the EB Left-turn

(b) Operational Performance for the Entire Intersection
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FINDINGS

* The redesigned CLL intersection outperforms the
existing CLL intersection in terms of the average traffic
delay, average vehicle travel time, and average queue
length

* The redesign signal timing considered both types of
clearance times ( pre-clearance and end-clearance
time) in the CLL signal timing design. Thus, it will
reduce the risk associate with the use of CLLs.



Question: Can Contraflow Left-turn

Lanes be used at Signalized
Intersections with Split Phasing ?

* Split phasing: assign the right-of-way to all
movements of a particular approach, followed by all of
the movements of the opposing approach

o | T L IL | & [ 2

me

Split Phasing
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* Split phasing is necessary under certain intersection
geometry conditions, such as

» No space for an exclusive left-turn lane, but have heavy
left-turn traffic

» The opposing left-turn paths overlap because of
intersection geometry layout

* Split phasing is recommended under certain
intersection traffic conditions
> Balanced left-turn and through traffic from same

approach (left-turn vehicles/lane are approximate to
through vehicles/lane)

» Unbalanced total traffic from the two opposing
approaches




!!ignal timing

requirements
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* lead-lead protected LT only =
& It can’t work with the lagging 9 I
left-turn phase (Limitation): U
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%o%lems — ;

* CLL design cannot be
directly used at the
intersections with split
phasing
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Basic Idea

* an innovative signal

timing strategy
called

Counterclockwise

Split Phasing (CSP)

signal timing

.....




Counterclockwise Split Phasing (CSP) signal timing




Given peak hour traffic volume
and intersection geometric layout

Procedure for _ - 1

Developing the
CSP Signal Time rasesottn

Calculate cycle length
and signal phase splits

Plan for a CLL Develop an iniiit:I;) s}gnal time plan
Intersection W Slit I

for the main intersection signal
a Determine the initial signal timing plan
a S I ng for the pre-signals according to Figure 4

and Equation (2)

Step 3
Check the minimum
clearance time requirement

Length of Phase; > min _CT;,

Guo, R., Liu, J., & Qi, Y. (2021).
An Innovative Signal Timing
Strategy for Implementing
Contraflow Left-Turn Lanes at
Signalized Intersections with
Split

Phasing. Sustainability, 13(11), ~e

Step 4
Check the maximum pre-
signal time requirement
Length of Phase;, > Length of Phase;

6307
. Adjust the length of Phase;,= Length of Phase;

Final signal
timing plan
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A Case study li

To demonstrate the benefits of using the
proposed the CSP signal timing at a
hypothetical intersection where split
phasing is recommended
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Hypothetical intersection With CLL design
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Hypothetical intersection With CLL design

Option B: Using the conventional
lead-lead protected left-turn phases

Option A: Using the proposed CSP

signal timing strategy for the CLL design
28s 20s 30s 20s 2s
Pre- Cﬂ
1
Pre. 30s 225 28s 20s signal L1 3 _|
signal 7'@ %' CTs an T * |CT-F3 CTs
= 21s 21s 23s
CT3 CTsr CcT? CTu
Main 4 7 Main 2 ==
whtl =liill=2 ] =
2
3 8 L
23s 23s 21s 21s Main h 6
CTor CTi CTes CTs signal
Pre-
Sigllﬂl 1 5 —r 21s 21s 23s
CcT? CT35 CTS: |C117
d 22s 30s 20s 24s
Time Pre- 3 5 7-&{)
signal
28s 22s 28s 22s

Time




Traffic Simulation in VISSIM

e Simulation Scenarios

A. Scenarios wit.

N varied

| intersection traffic volume

B. Scenarios wit!

N varied

| left-turn traffic volume

(C. Scenarios with variec

| levels of unbalanced traffic

volume conditions




Results |

e Scenarios with m
varied levels of
intersection traffic
volume

120.0 A 116.8 118.7 ] l_]‘..8.7
1150 1 5 Ugl--- T16.7
110.0 4
105.0 4
1023 ) ) :
99.1 _ - Split Phasing without CLLs
100.0 4 .
983 & 100.7—e— CSP with CLLs
95.0 96 9 - -& - Lead-lead Protected Left-turn Phase with CLLs
100% 110% 120% 130% 140%
Intersection traffic volume percentages
a) Average Travel Time
70.0 1 66.5
6501 61.3
59.2 ‘ 60.0
60.0 — -
sso0{ AT 289
50.0 A
450 A ﬂé@
- Split Phasing without CLLs
4001 350 —e— CSP with CLLs
350 - —a- - | ead-lead Protected Left-turn Phase with CLLs
100% 110% 120% 130% 140%

Intersection traffic volume percentages

b) Awverage Delay
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Results Il ..

105.0

s/veh

® Scenarios
with varied
levels of left-
turn traffic
volume

100.0

95.0

90.0

65.0

60.0 A

55.0

50.0

s/veh

45.0

40.0 A

35.0

30.0

Split Phasing without CLLs 116.5

—o— CSP with CLLs

1 - -a& - Lead-lead Protected Left-turn Phase with CLLs
1101
J 107.9
104.1
1 102.6 102.9 -
100.9
99.1 .
J 98— - &
983 &, =-—-=—~~"~ &
| 969 97.0
100% 110% 120% 130% 140% 150%

Left-turn traffic volume percentages

a) Average Travel Time

Split Phasing without CLLs 59.4

—o— CSP with CLLs
- -& - | ead-lead Protected Left-turn Phase with CLLs

53.0

50.8

100%

110% 120% 130% 140% 150%
Left-turn traffic volume percentages

b) Average Delay
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135.0
Results IIl =
e Scenarios with _ 1200
2 ® 1150
varied levels of I
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volume conditions  '%°°-
i 95.0
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300 540

Split Phasing without CLLs
—o0— (CSP with CLLs
- —-& - | ead-lead Protected Left-turn Phase with CLLs

130%

WB traffic volume percentages
a) Average Travel Time
#— Split Phasing without CLLs
1—o0— CSP with CLLs

- —&- - | ead-lead Protected Left-turn Phase with CLLs  63.3

:

T 56.7 58.2

_4A

» _- -

488 __--"" 482

130% 160%

WB traffic volume percentages
b) Average Delay



Findings

* Use of the proposed CSP signal timing can
combine the advantages of the split phasing and
the CLL design, thereby achieving more
operational and safety benefits at the
intersections where split phasing is
recommended or required.
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Conclusions and Recommendations

* CLL design can reduce the traffic congestion at the
signalized intersections with heavy left turn traftic

* It should be carefully design by considering all the
design requirements, especially the signal time

requirements to reduce the risk associate with the
use of CLLs

e CSP signal timing is good solution for using CLL
design at the intersections where split phasing is
needed

* Adequate pavement marks and traffic signs are
important for this new design.
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