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EXHIBIT 16-5. TYPICAL LANE GROUPS FOR ANALYSIS
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Critical-Lane Volumes I NNAT]

Single Lane Example

Assume that each approach of an intersection has three lanes. 1.e., one for the left-turn vehicles.

one for through vehicles. and one for the right-turn vehicles. The saturation discharge headway

at the intersection is 2.0 seconds. This intersection is designed to have the following three phases
with 3.0-second lost time for each phase:

[ ¢ Phase A: left-turn movements trom the EB and WEB approaches J

e Phase B: through and right-turn shared movements from the EB and WB approaches
e Phase C: all movements from the NB and SB approaches

1) Draw the phase plan diagram.

2) What's the total eritical volume, ¥7?

3) If the capacity is fully utilized. what's the
minimum cyele length (Cpip) of the intersection

wh oLz
u/h 06t

- Narth
given the phase plan? :c‘:’
4) If the capacity is desired to be 90% utilized (i.e.. 5
v/e = 0.90), what’s the desirable cyele length 4 -
(Caes) of the intersection given the phase plan +——600vh
(PHF = 0.92)? oo uh 170vh 4 ¥ 190 vih
e —

220 vin

v é
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420 vih




Given: hmm = 2.0 sec. tz = 3.0 sec/phase
(1) The phase plan diagram is drawn here
4 250 vh =
=3
e 220vh ¥ 600 vin < .
170 vih 4 37,8
560 v/h o <
Phase A Phase B I =
£ W £
A 3
ollle
(2) Sum of critical volumes, ¥, =190+ 600 + 490 = 1280 v/h e £ e
Nxt, 3x3.0 Phase C §
B)C.= = : =31.2seconds
; 4 1 (1280 ]
13600/ A, 3600/2.
Nxt :
4) C,. =— < —= 2 =63.75. or say 65 sec
o v, 1 g 1280
(3600/ b, )< PHF x (v/e) (3600/2)x0.92x0.90
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Min & Desirable Cycle Length cn\fcn}& o

. Minimum Cycle Length Approach
- Assume that the intersection is 100% utilized (at capacity)

C. - Nxt,

min 1_( I/L j
3600/ h

N: # phases in the cycle; t;: lost time for each phase (sec); Vc: maximum
sum of critical-lane volumes (veh/hr); h: saturation headway (sec).

. Desirable Cycle Length Approach
- Assume that the intersection is utilized at a certain degree (e.g. 80% of the
capacity)

Nxt,

Cdes =

v
1- c
(3600/ h) x PHF x (v/c)]

- PHF': Peak Hour Factor; v/s: volume to saturation ratio




Critical-Lane Volumes e NAT]

* Demand intensity per lane for each approach or lane group:

Vg = left-turn volume in through-vehicle equivalents, tvu/h
Vgrg = right-turn volume in through-vehicle equivalents, tvu/h

* Total equivalent volume and equivalent volume per lane in each
approach or lane group:
Viq = Vire t Ern + Vree
VioL = Vio/ N
Where,
Vgq = total volume in a lane group or approach, tvu/h
Vgqu = total volume per lane in a lane group or approach, tvu/h/In
N = number of lanes

In general, left and right
turns are converted to
equivalent through
vehicle units by turning
factors affecting the
intensity (Tables 21.1 &
21.2).




Critical Lane Grouping N CINNAT]

* Lane groups must be defined or identified at first.

* Various lane groups may have traffic flow in several
phases of the signal

 Critical Lane Volumes are then identified.
* The path having the highest of v/s ratio is the critical path.
* Rules for Overlapping Phases:

—  Excluding lost times, one critical lane group must be moving at
all times during the signal cycles.

— At no time in the signal cycle may more than one critical lane
group be moving (one critical lane group moves at one time).

—  The critical path has the highest sum of v/s ratios.

Critical Lane Grouping Oniersiy ofl@
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EXHIBIT 16-8. CRITICAL LANE GROUP DETERMINATION WITH PROTECTED LEFT TURNS

«  Two phases Lane Groups (v/s ratios)
e Phase 1: NB and SB lane SBUIR | (0.25)
groups = critical is the NI
lane group with highest 0.: L) D)
vis BL WB TR
*  Phase 2: overlapping leadi (030 ) R B LK’W
and lagging green phases - \}/
(0.30) | NBLAR

two possible paths

Signal Phasing

Path 1 Path 2 (0.308°
(0.25p (0.2 m\
t L

............................................................................ (0.30) (.1
(0.25)
0.30 0.15
Phase 1 Phase 2A Phase 28 Phase 2C

HNote:
a  Critical v/s. 10




Critical Lane Grouping T &

CINCINNATI
. Path 1: Path 1 Path 2
EB left (protected) + WB T/R
=0.25+0.25 = 0.50 0.25 \ 025

¢« Path2: 030 \ ﬂ;

EB T/R + WB left (Protected)
=0.30+0.15=0.45

[e» | [we ]

« Path 1 serve more traffic than
path 2, so the Critical Lane
Group is in Path 1

Critical Lane Grouping o ofl@
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EXHIBIT 16-8. CRITICAL LANE GROUP DETERMINATION WITH PROTECTED LEFT TURNS

Lane Groups (v/s ratios)

Lost times: N
— Phase 1, critical NB is s Wiﬁm
initiated - lost time t, is
1 (0.25) (0.25)
applied ——/;3 L WBTA

— Phase 2A, critical EB WBL ————
left-turn is initiated > 030} e 1R (015)
lost time ¢; is applied (0.30) | NB LR

— Phase 2B, critical WB - -
T/R is initiated = lost Signal Phasing

time t; is applied (0307
— Phase 2C, critical WB @
T/R but is not initiated;

'WB left-turn is initiated

but not critical > no los 3 0 P
time is applied {0.30) {€.30) (0.15)
— Phase 1& 2: L=3t, 0%
Phase 1 Phase 24 Phase 2B Phase 2C
Note:
@ Critical v/s, 12




In general, left and right
turns are converted to
equivalent through
vehicle units by turning
factors affecting the
intensity (Tables 21.1 &
21.2).
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Pedestrian Signal Requirements e INATI

Minimum green time for pedestrian (Highway Capacity Manual 2010)




Pedestrian Signal Requirements  uvnversiy tl(‘r
CINCINNATI

Npe
WALK,,;, = 3. 2+(2. 7 x v;;;’) for Wy, > 10 ft
WALK pyin = 3.2+(0.27 X Npeq) for W <10 ft

Requirement:
G,<G+y+ar,OR
G,<G+y; OR
G, <G

Where,

G, = minimum green time (s),

L = crosswalk length (ft),

S,= average speed of pedestrians (ft/s),

W, = effective crosswalk width (ft),

3.2 = pedestrian start-up time (s), and

N,cq = number of pedestrians crossing during an interval (p).

-15

Resulting from methods for vehicular phase timing

Green Time Yellow + All  Lost Time ' Pedestrian J University of L&-—
G(s) Red Y (s) t.(s) Requirement G(s) CINCINNATI

40.0 5.0 40 20.0
15.0 5.0 4.0 30.0 Example

* Demand intensity per lane for each approach or lane group
Gpn =20 <G, +Y,=40.0+5.0=45.0 > OK
G,p = 30> Gy + Yp = 15.0 + 5.0 = 20.0 > Not Good

Effective green times for Phases A and B: gfroeivey = G +Y - 1,
Zagniy = 40.0 +5.0 - 4.0 =41.0 sec

€n(iniy = 15.0 + 5.0 - 4.0 = 16.0 > Since Gp+Yp should at least 30 sec
Zanew) = (GptYp) - tg=30.0 - 4.0 =26.0 sec.
Za(mew)/EBmew) = EA(ini) /EB(ini) 2 BAmew)/ 26.0 =41.0/16.0 > g,y = 66.6 sec
Actual green times for Phases A and B:
G,=606.6—-5.0+4.0=065.6;
G =26.0-5.0+4.0=25.0;
Cycle length changes from 65 s (=40+15+5*2) to 100.6 s (=65.6+5%2+25)
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Three Typical Cases of Relationship between Vehicular and l@

University of

Pedestrian Phases CINCINNATI

Assuming Wi <10 ft

a. Gp =G+Y

b.G,<G+Y

(ie., 3.2+0.27N, 4+ LIS, <
G+Y)

C. Gp >G+Y

(Pedestrian push-button
must be provided)
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Ring Diagram Method for Phasing Design . tl@j

Phase Number

4  Pedestrian Phase
< Permissive Phase

- Protected Phase
* A‘ring” of a controller generally controls one set of signal faces

» While a phase involving two opposing through movements would be shown in one
block of a phase diagram, each movement would be separately shown in a ring

« Informative to overlapping phase sequences 1




Basics of Phasing Design

University of-l@

CINCINNATI
Signal Phasing 1.
— NEMA Dual-Ring, 5 —l
A — —— Ring 2
8-Phase, Quad-Left x &£ @ e
*  One Phase ON Per Ring
«  ON Phases Must be on Barrist
Same Side of the Barrier ‘7
* Both Rings Cross
Barrier at Same Time
PL I
[oJ— I
L
38
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(a) Intersection Layout

(b) Phase Diagram

Exercise: Draw the “ring” diagram
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’1 L i ) ’ Example University of-l(
P Phase Number b iers
= ! v ey / e
A F = == 7 |
e T s 1 2 |3 4
g '\’ }’4 . Ring 1, — > | v L |
o % 5 RS 8 ,
: o (a) Intersection Layout Ringz -+ _ « 47 a ‘ : ™y
Ll B
“y
‘ Ring 1
Lol v ~ |
Where is the T ’ e
“Barrier”? v ~ ’
T I ~a [
Ring 2
I ®B ®A3 | DA2 | @Al I
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Basics of Phasing Design (Ohio) University tl(‘r

Signal Phasing
— Phase Diagram

CINCINNATI

G/Iajor

Street

N

O/ Mimor

Street

MSE\DJ\AGRAM /

11



Basics of Phasing Design —

CINCINNATI

Signal Phasing
— Single Ring

Im A o ﬁ?l & AR M\
I 3 e o
N — 4 —z
g _ s g
OLD NOMENCLATURE NEMA & Ff;'AS'E

NOMENCLATURE
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Basics of Phasing Design CINCINNATI

» Timing Chart

SIGNAL TIMING IN SECONDS
WE LT EB NE LT 3B EB LT
# $2 #3 #4 #5

SB LT
@7

Lk
3|&

TIMING INTERVAL

MINIMUM GREEN
ADDED INITIAL (SEC/ACT)
MAXIMUM _INITIAL
PASSAGE TIME
TIME BEFORE REDUCTION
MINIMUM GAP
TIME TO REDUCE
MAXIMUM GREEM I
MAXIMUM GREEN 11
YELLOW CHANGE
ALL RED CLEARANCE
WALK
FOW e [‘PEDESTRIAN CLEARANCE
RECALL
MEMORY




