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to make an initial determination of whether
left-turn movements need to be protected. Do
not include compound phasing in preliminary
signal timing; this may be tried as part of a
more comprehensive intersection analysis later.

Convert all left-turn and right-turn movements to
equivalent through vehicle units (tvu’s) using the
equivalents of Tables 18.1 and 18.2, respectively.

Draw a ring diagram of the proposed phase
plan, inserting lane volumes (in tvu’s) for each
set of movements. Determine the critical path
through the signal phasing as well as the sum of
the critical-lane volumes (V) for the critical
path.

Determine yellow and all-red intervals for each
signal phase. ‘

Determine lost times per cycle using Equations
18-5 through 18-7.

Determine the desirable cycle length, C, using
Equation 18-11. For pretimed signals, round up
to reflect available controller cycle lengths. An
appropriate PHF and reasonable target v/c ratio
should be used.

Allocate the available effective green time with-
in the cycle in proportion to the critical lane vol-
umes for each portion of the phase plan.

. Check pedestrian requirements and adjust sig-

nal timing as needed.

""l;:'xample 18-1: Signal-Timing Case 1: A Simple Two-Phase Signal

Consider the intersection layout and demand volumes shown

in Figure 18.13. It shows the intersection of two streets with

one lane in each direction and relatively low turning volumes.

Moderate pedestrian activity is present, and the PHF and tar-
get v/c ratio is specified.

- Solution:

Step 1:

Develop a Phase Plan

Given that there is only one lane for each approach, it is
not possible to even consider including protected left
turns in the phase plan. However, a check of the criteria
of Equation 18-1 shows that no protected left turns are
required for this case:

*« EB:Vir = 10 < 200

xprod = 10*315/1 = 3,150 < 50,000
© WB: Vi = 12 < 200

xprod = 12*420/1 = 5,040 < 50,000
. NB VLT =10< 200

xprod = 10*400/1 = 4,000 < 50,000

« SB: Vi = 10 < 200
xprod < 10#375/1 = 3,750 < 50,000

Il

A simple two-phase signal, therefore, will be adopted
for this intersection.

Step 2:
alents

Convert Volumes to Through- Vehicle Equiv-

—

J Figure 18.13: Signal-Timing Case 1

Moderate Pedestrian
Activity
PHF =092
12 Target v/c = 0,90
All lanes = 15 ft
Avg. speed = 30 mi/h
(all approaches)
12 Level grades
Crosswalks = 10 ft
Driver reaction time
=1.0s
Deceleration rate
=10 ft/s?
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Table 18.4: Computation of Through Vehicle Equivalent Volumes for Signal Timing Case 1

Volume Equivalent Volume Lane Group Vol Vol/Lane
Approach Movement (Veh/h) |Tables 18.1, 18.2| (tvwh) (tvu/h) (tvu/h/In)
EB L 10 3.94 39
T 420 1.00 420 470 470
R 8 1.32 11
WB L 12 5.50 66 : .
T 315 1.00 215 397 397
R 12 1.32 16
NB L 10 5.00 50
T 375 1.00 375 433 433
R 6 1.32 : 8
SB I 10 4.69 47
L 400 1.00 400 454 454
R 5 1.32 7

(454 tvu/h), so this is the critical movement for Phase
B. The sum of the critical-lane volumes is, therefore,
470 + 454 = 924 tvu/h,

The conversion of volumes to tvus is illustrated in Table
18.4. Equivalent values are taken from Tables 18.1 and
18.2, and are interpolated for intermediate values of op-
posing volume. Note that all through vehicles are equiv-
alent to 1.0 tvu.

Step4: Determine Yellow and All-Red Intervals

Step 3: Determine Critical-Lane Volumes Yellow and all-red intervals are found using Equations

o

S I

The critical path through the signal phase plan is illus-
trated in Figure 18.14. As a two-phase signal, this is a
relatively simple determination. For Phase A, either the
EB or WB approach is critical. As the EB approach has
the higher lane volume, 470 tvu/h, this is the critical
movement for Phase A. For Phase B, either the NB or
SB approach is critical; SB has the higher lane volume

18-2 and 18-3. The average approach speed for all ap-
proaches is 30 mi/h. Thus, the Sgs =30 +5=735
mi/h, and the Sy5 = 30 — 5 = 25 mi/h. As there are
moderate numbers of pedestrians present, the all-red in-
terval will be computed using Equation 18-3b, which al-
lows vehicles to clear beyond the far crosswalk line. The
distance to be crossed during the all-red clearance interval

Ringl Ring2

]

F

-

470 4 | w37 470 or 397
pA |
. < VCA = 470 tvu/h
§ | A
o V, = 470 + 454 = 924 tvw/h
iy 454 433
e 454 or 433
§ $B A I T A
P N V. = 454 tvw/h
i

igure 18.14

. Determination of Critical Lane Volumes—Signal-T iming Case 1
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is the sum of two 15-ft lanes and a 10-ft crosswalk, ‘or
P =15+ 15+ 10 = 40 ft. Then:

147 Sis
2a + (64.4%0.01G)

0 1.47%35
' (2*10) +.(0)
3.6s

P+L _40+20
14785 1.47%25

~
Il

ar = 1.6s
Because both streets have the same width, crosswalk

width, and approach speed, the values of y and ar are
the same for both Phases A and B of the signal.

Step5: Determination of Lost Times

Lost times are found using Equations 18-5 through 18-7.
In this case, the recommended 2.0-s default values for
start-up lost time (€;) and extension of effective green
into yellow and all-red (e) are used:

Y=y+ar=36+16=525
fy=Y—-e=52-20=32s
=6 +46,=20+32=52¢

As both phases have the same value, the total lost time
percycle, L,is 5.2 + 5.2 = 10.4 s. Note that in all cases
where the recommended default values for £ 1(20s)ande
(2.0'5) are used, lost time per phase (tr) is the same nu-
merical value as the sum of the yellow and all red inter-

vals (¥).

Step 6: Determine the Desirable Cycle Length

Equation 18-11 is used to determine the desirable cycle
length:

L
Cde.s = : ( Vc )
1,615% PHF *v/c
B 10.4
L ( 924 )
1,615%0.92+0.90
10.4
= —" =335
03] Aoas

Assuming that this is a pretimed controller, a desirable
cycle length of 35's or a 40 s would be used. For the
purposes of this signal timing case, the minimum value
of 35 s will be used.

Step 7:  Allocate Effective Green to Each Phase

Given a 35-second cycle length with 10.4 s of lost time
per cycle, the amount of effective green time to be allo-
cated is 35.0 — 104 = 24.6's. The allocation is done
using Equation 18-13:

V. 7
84 = gTor*(—cé> = 24.6*(2) =125s

V. 924
ch) (454)
8B = Eror <Vc 924 12.1s

The cycle length may be checked as the total of effec-
tive green times plus the lost time per cycle, or
12.5 + 12.1 + 10.4 = 35.0 5. Effective green times
may be converted to actual green times using Equa-
tion 18-14:

Gi=gt = Yy bty = 125~ 58+ §3.= j4 45
Ge=gp—Ya+1p=121-52+52=1215

Again, note that when default values for start-up lost
time (2.0 s) and extension of effective green into yellow
and all-red (2.0 s) are used, the actual green time is nu-
merically the same as effective green time.

Step 8:  Check Pedestrian Requirements

Equation 18-15 is used to compute the minimum pedes-
trian green requirement for each phase. Because both
streets have equal width and equal crosswalk widths
and because pedestrian traffic is “moderate” in all
crosswalks, the requirements will be the same for each
phase in this case. From Table 18.2, the default pedes-
trian volume for “moderate” activity is 200 peds/h. The
number of pedestrians per cycle (Nyea) is based on the
number of cycles per hour (3,600/35 = 102.9, say 103
cycles/h). The number of pedestrians per cycle is then
200/103 = 1.94, say 2 peds/cycle. Then:

L
Goup =32 + (?) + (0.27N,04)
P

30
=32+ (== + (027%2) = 11.
2 (4_0) (0.27%2) = 1125

A Ty

oy o in <
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For this signal to be safe for pedestrians:
G, <G+7Y
Gpa =112 <125+ 52 = 17.7s OK
Gpp=112< 121 +52 = 17.3s OK

The signal safely accommodates all pedestrians, No
changes in the signal timing for vehicular needs is re-
quired.

Ega-mp[e_ 18-2: Signal Timing Case 2: Intersection of Major Arterials

Figure 18.15 illustrates the intersection of two four-lane arte-
rials with significant demand volumes and exclusive left-turn
lanes provided on each approach.

Step 1: Develop a Phase Plan

Each left-turn movement should be checked against the
criteria of Equation 18-1 to determine whether or not it
needs to be protected:

+ EB: Vi = 35 < 200
xprod = 35%(500/2) = 8,750 < 50,000
No protection needed.

»s WB:Vy;p =25 < 200
xprod = 25%(610/2) = 22,875 < 50,000
No protection needed.

e NB: Vi = 250 > 200
Protection needed.

e SB: Vpr = 220 > 200
Protection needed.

Given that the NB and SB left turns require a protect-
ed phase, the next issue is how to provide it. The two
opposing left-turn volumes, 220 veh/h (NB) and 250
veh/h (SB), are not numerically very different.
Therefore, there appears to be little reason to sepa-
rate the NB and SB protected phases. An exclusive
left-turn phase will be used on the N-S arterial. A
single phase using permitted left turns will be used
on the E-W arterial.

Step 2: Convert Volumes to Through Vehicie Equiva-
lents '

Through-vehicle equivalents are obtained from Tables
18.1 and 18.2 for left and right turns, respectively. The
computations are illustrated in Table 18.5. _

Note that exclusive LT lanes must be established
as separate lane groups, with their demand volumes sep-
arately computed, as shown in Table 18.5. The equiva-
lent for all protected left turns (Table 18.1) is 1.05.

354

Figure 18.15: Signal-Timing Case 2

1745_]1]_:230

800
; 610 —>
55 ft m

ziﬂTlTss »

PHF = 092
Target v/c ratio = 0.90
Driver reaction time = 1.0s
Ped walking speed = 4.0 fps
Speed limit = 45 mi/h
(all approaches)

N Moderate pedestrian volumes
Level grades
Deceleration rate = 10 ft/s?
Crosswalk width = 10 ft
Default £; =2.0s
Defaulte = 2.0s

{50

~— 500

R
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Table 18.5: Computation of Through Vehicle Equivalent Volumes for Signal-Timing Case 2

TVolume Equivalent Volume Lane Group Vol/Lane
Approach Movement (Veh/h) Tables 18.1, 18.2 (tvu/h) Vol (tvu/h) (tvu/h/In)
EB L 35 400" 140 140 140
T 610 1.00 610 702 351
R 70 1.32 92
WB L 25 5.15% 129 129 129
T 500 1.00 500 566 283
R 50 1.32 66
NB L 220 1.05 231 231 231
T 700 1.00 700 944 472
R 185 1.32 244
SB L 250 1.05 263 263 263
T 800 1.00 800 1,031 516
R 175 1.32 231

*Intcrpolated by opposing volume.

Step 3:  Determine Critical Lane Volumes

As noted in Step 1, the signal phase plan includes an ex-
clusive LT phase for the N-§ artery and a single phase
with permitted left turns for the E-W artery. Figure
18.16 illustrates this and the determination of critical
lane volumes.

Phase A is the exclusive N-S LT phase. The heavi-
est movement in the phase is 263 tvu/h for the SB left turm.
In Phase B, the heavier movement is the SB through and
right tumn, with 516 tvwh. In Phase C, both E-W left-tun
lane groups and through/right-turn Jane groups move at the
same time. The heaviest movement is the EB TH/RT lanes,
with 351 tvwh. The sum of critical-lane volumes, V.., is,
therefore, 263 + 516 +351 = 1,130 tvwh.

Note that each “ring” handles two sets of move-
ments in Phase C. This is possible, of course, because it is
the same signal face that controls all movements in a
given direction. The left-turn lane volume cannot be aver-
aged with the through/right-turn movement as there are
lane-use restrictions involved. All left turns must be in the
left-turn lane; none may be in the through/right-turn lanes.

Step4: Determine Yellow and All-Red Intervals

Equation 18-2 is used to determine the length of the
yellow interval; Equation 18-3b is used to determine the
length of the all-red interval. As a speed limit—45 mi/h—
is given rather than a measured average approach speed,
there will be no differentiation between the Sgs and §5.

Ring 1 Ring 2
231 263+ ]
N 231 or 263
¢ W L V4 = 263 tvw/h
472 516* V.=
472 or 516 ¢
B . _ 263 + 516 + 351 =
.\ T.,.Yr A l VCB 516 tvuw/h 1=130 tvu/h
140y | ~.283 )
" 140,351,283, or 128
¢C = | e Ve =351 tvwh
351% 128

Figure 18.16: Determination of Critical-Lane Volumes—Signal—TIming Case 2
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b . o | .
i i As the speed limits on both arteries are the same, the Using Equation 18-13, the effective green time is allo-
o yellow intervals for all three phases will also be the same: cated in proportion to the phase critical lane volumes:
i it :
1.47 %45 _ (263 ) _
T = 1. —|—»ﬁ——————=4,3 = 03 % = 21.6s
h yane = 1LOF 100y ¥ (0) s & 1,130
iy The all-red intervals will reflect the need to clear the gp = 93% ( 516 ) = A5
; it : full width of the street plus the width of the far crosswalk. 1,130
:‘ ‘.f Af The width of the N=S street is 55 ft, while the width of the 351
i E_W street is 60 ft. The width of a crosswalk is 10 ft. Dur- ge =93 *(T@) =289s
J ' ing the N-S left-turn phase, it will be assumed that a vehi- : .
cle must clear the entire width of the E-W artery. Thus, for The cycle length is now checked to ensure that the
Phase A, the width to be cleared (P) is 60 +10 = 70 ft; for sum of all effective green times and the lost time equals
Phase B, it is also 60 +10 = 70 ft; for Phase C, the dis- 110 s: 21.6 + 42,5 + 289 + 17.0 = 110 OK. Not
tance to be cleared is 55+10 = 65 ft. Thus: " that when the default values for €; and e (both 2.0 s) are
used, actual green times, G, equal effective green times, g
70 + 20
WAB= 47045 1.4s Step 8: Check Pedestrian Requirements
65 + 20 Pedestrian requirements are estimated using Equation 18
——— =13s 15. In this case, note that pedestrians will be permitted t

arc = #
1.47%45 cross the E-W artery only during Phase B. Pedestrian

will cross the N-S artery during Phase C. The number ¢
pedestrians per cycle for all crosswalks is the defan
pedestrian volume for “moderate™ activity, 200 peds/h, d
vided by the number of cycles in an hat

where 20 ft is the assumed length of a typical vehicle.

Step 5: Determination of Lost Times

Remembering that where the default values for €; and e (3600/110 = 32.7 cycles/h). Thus, Np.g = 200/32.
are both 2.0 s, that the lost time per phase, ¢z, is the same — 6.1 peds/cycle. Required pedestrian green times an
as the sum of the yellow plus all-red intervals, ¥:
60
Yap =trap =43+ 14=5Ts , Gpp =32 + (E) + (027*6.1)
Yo =tc=43+13=156s =32+ 150 + 1.6 = 1985
Based on thlS the total lost time per cycle, L, is B 2
57 +57+56=170s. Gpo= 32 + 10 + (027*6.1)

=32+ 138 + 1.6 = 1868

Step 6: Determine the Desirable Cycle Length
The minimum requirements are compared to the sum

The desirable cycle length is found using Equation 18-11: the green, yellow, and all-red times provide Aol

17 17
Cles = = = 109.7 Gpp
o ( 1,130 ) 0.155 ° d
1,615%0.92%0.90

1985 < G + ¥y = 425 + 5.7

482s OK
GpC = 1865 < GC + Y= 28.9 + 5.6

Il

Il

e ; this i . .
ssuming that this is a pretimed signal controller, — 3455 OK

a cycle length of 110 s would be selected.
Therefore, no changes to the vehicular signal timing i

. Step7: Allocate Effective Green to Each Phase required to accommodate pedestrians safely.
B
, In a cycle length of 110 s, with 17 s of lost time per For major arterial crossings, pedestrian sign
& cycle, the amount of effective green time that must be would normally be provided. During Phase A, all ped
R allocated to the three phases is 110 — 17 = 93s. trian signals would indicate “DON'T WALK.” Dur
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Phase B, the pedestrian clearance interval (the ﬂaéhing counting from the end of ¥: 48.2 — 15.0 = 33.2 ¢, ; §
DON’T WALK) would be L/S‘[J or 60/4.0 = 15.0 5. The During Phase C, L/S, is 55/4.0 = 13.8s, and the .“:
WALK interval is whatever time is left in G + Y, WALK interval would be 34.5 — 13.8 = 20.7 S. 1
[Example 18-3: Signal-Timing Case 3: Another Junction of Major Arterials 3 A
. - L i
Figure 18.17 illustrates another junction of major arterials. In this . SB: Vir = 30 veh/h < 200 veh/h -11 :
case, the E~W artery has three through lanes, plus an exclusive i il
LT lane and an exclusive RT lane in each direction. In effect, Xprod =.30(300/2) . ; ki i
each movement on the E-W artery has its own lane group. The = 7,500 < 50,000
N-S artery has two lanes in each direction, with no exclusive LT Protected phase not needed. 7

lanes. There are no pedestrians present at this intersection. ; i
or RT P P The results are fortunate. Had protected phasing been

required for the NB and SB approaches, the lack of an e
‘exclusive LT lane on these approaches would have b
caused a problem. o
The E-W approaches have LT lanes, and protect- g
ed left-turns are needed on both approaches. As the LT
volumes EB and WB are very different (300 veh/h vs.
150 veh/h), a phase plan that splits the protected LT ‘
phases would be advisable. A NEMA phase plan, uti- e
lizing an exclusive LT phase followed by a leading
green for the EB direction, will be employed for the -
E-W artery.

Step 1:  Develop a Phase Plan

Phasing is determined by the need for left-turn protec-
tion. Using the criteria of Equation 18-1, each left turn
movement is examined.

* EB: Vir = 300 veh/h > 200 veh/h
Protected phase needed.
* WB: Vi = 150 veh/h < 200 veh/h
xprod = 150* (1200/3)
= 60,000 > 50,000

Protected phase needed. Step2: Vol to Throngh-Vehicls Bau
« NB: Vyy = 50 veh/h < 200 veluh 16;}: + Lonvert Volumes to Through-Vehicle Equiva-

d = 50* (400 ‘ -
A= fg ég </25) o Tables 18.1 and 18.2 are used to find through-vehicle |

= 10,0 0, equivalents for left- and right-turn volumes respectively.
Protected phase not needed. Conversion computations are illustrated in Table 18.6.

[y

L

(=)
T, T

[E

150 PHF = 0.85

Target v/e = 0.90

E-W Avg. speed = 50 mi/h

N-S Avg. speed = 35 mi/h
96 ft  Deceleration = 10 ft/s?

Level grades

Driver reaction time = 1.0s

Default £; = 2.0s

Defaulte =2.05s

R o T T e e 2 e

1200 ———

‘ 100

L
o
—_—
LN
o

40 £t 3

| Figure 18.17: Signal-Timing Case 3 v




b
¥
,

‘!

532 CHAPTER 18 FUNDAMENTALS OF SIGNAL TIMING AND DESIGN
Table 18.6: Computation of Through Vehicle Equivalent Volumes for Signal-Timing Case 3
Volume Equivalent Volume Lane Group Vol./Lane
Approach Movement (Veh/h) | Tables 18.1, 18.2 (tvu/h) Vol. (tvu/h) (tvu/h/ln)
EB L 300 1G5 315 315 315
T 1,200 1.00 1,200 1,200 400
R 100 1.18 118 118 118
WB L 150 1.05 158 158 158
T 1,000 1.00 1,000 1,000 334
R 250 1.18 295 295 295
NB L 50 3.00 150
T 500 1.00 500 697 349
R 40 1.18 47
SB L 30 4.00" 120
T 400 1.00 400 591 296
R 60 1.18 71
* Interpolated by opposing volume.

Note that the EB and WB approaches have a sep- the choice is simpler, as there are no overlapping phases.
arate lane group for each movement, while the NB and Ring 2, serving the NB approach, has the critical-lane
SB approaches have a single lane group serving all volume of 349 tvwh. The sum of all critical-lane vol-
movements from shared lanes. umes (V) is 649 + 349 = 998 tvu/h.

. ; s Note also that overlapping phases have a unique
Step3: Determine Critical-Lane Volumes characteristic. In this example, for overlapping Phase A,
Figure 18.18 shows a ring diagram for the phase plan the largest left-turn movement is EB and the largest
discussed in Step 1 and illustrates the selection of the through movement is EB as well. Because of this, the
critical-lane volumes. overlapping phase plan will yield a smaller sum of crit-

The phasing involves overlaps. For the combined ical lane volumes than one using an exclusive left-turn
Phase A, the critical path is down Ring 1, which has a phase for both left-turn movements. Had the largest
sum of critical-lane volumes of 649 tvu/h. For Phase B, left-turn and through movements been from opposing

Ring 1 Ring 2 _‘

J15*% 158
1 ‘ bAl J ¥ 315 + 334 = 649
‘ or

N 158 + 400 = 558 v, =
= PA2 i =
--------- w | s RO
'&..\ 295 |
334%
1 4B Aa"t‘.x ‘wr.__:t,..r 296 or 349
- . 349% V.5 = 349 tvu/h
Figure 18.18: Determination of Critical-Lane Volumes—Signal-Timing Case 3
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approaches, the sum of critical-lane volumes would be
the same for the overlapping sequence and for a single
exclusive LT phase. In other words, little is gained by
using overlapping phases where a left turn and its op-
posing through (through plus right turn) movement are
the larger movements.

Step 4. Determine Yellow and All-Red Intervals

Equation 18-2 is used to determine the appropriate
length of the yellow change intervals. Note that the sig-
nal design is a three-phase signal and that there are three
transitions in the cycle. Because of the overlapping se-
quence, the transition at the end of the protected EB/WB
left turns occur at different times on Ring I and Ring 2.
For simplicity, it is assumed that left-turning vehicles
from the EB and WB approaches cross the entire width
of the N--S artery. All-red intervals are determined using
Equation 18-3a, as there are no pedestrians present.

Percentile speeds are estimated from the meas-
ured average approach speeds given:

Sgsew = 50 + 5 = 55 mi/h
Sisew = 50 — 5 = 45 mi/h
Sgsws = 35 + 5 = 40 mi/h
Sisns = 35 — 5 = 30 mih

Then:
1.47*55
Yara243 = L. m =50s
1.47 %40
STR . S
i (2¢10) + (0)  >°°
_0+20
ara1,42,43 ———1_47*45 =009s
_%6+2
8 147%30

where 20 ft is the assumed average length of a
typical vehicle.

Step 5:  Determination of Lost Times

As the problem statement specifies the default values of
2.0 s each for start-up lost time and extension of effec-
tive green into yellow and all-red intervals, the total lost
time in each phase, #;, is equal to the sum of the yellow
and all red intervals, ¥. Thus;

travaz = Ya42 = 5.0 + 0.9 = 595
tas =Yy =50+09=59¢
tip=Ys =394+ 26=65%

Note from Figure 18.18 that the first phase transi-
tion occurs at the end of Phase A1, but only on Ring 2.
A similar transition occurs at the end of Phase A2, but
only on Ring 1. The two other transitions, at the end of
Phases A3 and B, occur on both rings. Thus, the total
lost time per cycle, Lis 5.9 + 5.9 + 6.5 = 18.3 s, and
the phase plan represents a three-phase signal.

Step 6:  Determine the Desirable Cycle Length

The desirable cycle length is found using Equation
18-11:

18.3

C =
des i ( 998 )
1,615*0.85*%0.90
18.3
= 61—95 =0953s

Assuming that this is a pretimed controller, a cycle
length of 100 s would be selected.

Step 7. Allocate Effective Green to Each Phase

A signal cycle of 100 s with 18.3 s of lost time has
100.0 — 18.3 = 81.7 s of effective green time to allo-
cate in accordance with Equation 18-13. Note that in
allocating green to the critical path, Phases Al and A2
are treated as a single segment. Subsequently, the loca-
tion of the Ring 2 transition between Phases A1 and A2
will have to be established.

315
= 817+( 22 ) = 25
gar+a2 = 817 (998) 258s
334
=81.7%( — | = 27.
o3 & (998) L
349
= 817 2= ) = 2.
8r 77&(998) 28.6

The specific lengths of Phases Al and A2 are deter-
mined by fixing the Ring 2 transition between them.
This requires consideration of the noncritical path
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through combined Phase A, which occurs on Ring 2.

The total length of combined Phase A is the sum of

gai+4z and ga3, or 25.8 + 27.3 = 53.1s. The Ring 2

transition is based upon the relative values of the lane

volumes for Phase Al and the combined Phase A2/A3, or:
158

= 531 —2—) =15,
8a1 *(158+400> b

By implication, Phase A2 is the total length of combined
Phase A minus the length of Phase A1 and Phase A3, or:

g =531—-150-273 = 10.8s

Now, the signal has been completely timed for vehicu-
lar needs. With the assumption of default values for
€,(2.0's) and e (2.0 s), actual green times are equal to

Example 18-4: 'Signai-ﬁﬁiiﬁg-’basg 4 A_T?interséciiot}

Figure 18.19 illustrates a typical T-intersection, with exclu-
_ sive lanes for various movements as shown. Note that there is
:%’, only one opposed left turn in the WB direction.

Step 1: Develop a Phase Plan

In this case, there is only one opposed left turn to check
i for the need of a protected phase. As the WB
left turn > 200 veh/h, it should be provided with a pro-
tected left-turn phase. There is no EB or SB left turn,
and the NB left turn is unopposed. The standard way of
providing for the necessary phasing would be to utilize
a leading WB green with no lagging EB green.

effective green times (numerically, although they do not

* occur simultaneously):

GAI =15.0s
GAZ = 108s
Y142 = 598
Gpz =273s
YA3 =59s
Gg = 28.6s
Yp =655
C = 100.0s

There is no Step 8 in this case, as there are no pedestri-
ans at this intersection and, therefore, no pedestrian re-
quirements to be checked.

&

Step 2: Convert Volumes to Through-Vehicle Equiv-
alents

Table 18.7 shows the conversion of volumes to
through vehicle equivalents, using the equivalent val-
ues given in Tables 18.1 and 18.2 for left and right
turns respectively.

Note that the NB left turn is treated as an opposec
turn with V, = 0 veh/h. There are different approache:
that have been used to address left turns that are unop
posed due to one-way streets and T-intersections, rea
sons other than the presence of a protected left-tur

|

L 394t

Figure 18.19: Signal-Timing Case 4

PHF =092

Target v/c ratio = 0.95

Low pedestrian activity

Driver reaction time = 1.0s
Deceleration rate = 10 ft/s?

Speed limit, all approaches = 35 mi/h
Default for €; =2.0s

Default fore =208

Level grades

Crosswalk width = 10 ft
Pedestrian walking speed = 4.0 ft/s
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Table 18.7: Computation of Through-Vehicle Equivalent Volumes for Signal-Timing Case 3

Volume Equivalent Volume Lane Group Vol./Lane
Approach Movement (veh/h) Tables 18.1, 18.2 (tvu/h) Vol. (tvu/h) (tvu/h/In)
EB T 700 1.00 700 821 411
R 100 1.21 121
WB L 380 1.05 399 399 399
T 700 1.00 700 ~ 700 700
NB L 300 1.10 330 330 330
R 250 1.21 303 303 303

phase. Such a movement could also be treated as any
protected left turn and an equivalent of 1.05 applied. In
some cases, particularly unopposed left turns from a
one-way street, the movement is treated as a right turn,
using the appropriate factor based on pedestrian inter-
ference.

Step 3. . Determine Critical-Lane Volumes

Figure 18.20 shows the ring diagram for the phasing de-
scribed in Step 1 and illustrates the determination of the
sum of critical-lane volumes.

In this case, the selection of the critical path
through combined Phase A is interesting. Ring 1 goes
through two phases, while Ring 2 goes through only
one. In this case, the critical path goes through Ring 1
and has a total of three phases. Had the Phase A critical
path been through Ring 2, the signal would have only
two critical phases. In such cases, the highest critical-
lane volume total does not alone determine the critical

path. Because one path has an additional phase and,
therefore, an additional set of lost times, it could possibly
be critical even if it has the lower total critical-lane vol-
ume. In such a case, the cycle length would be computed
using either path, and the one yielding the largest desir-
able cycle length would be critical. In this case, the path
yielding three phases has the highest sum of critical-
lane volumes, so only one cycle length will have to be
computed.

Step4: Determine Yellow and All-Red Intervals

Both yellow and all-red intervals for both streets will be
computed using Equations 18-2 and 18-3a (low pedestri-
an activity) and the speed limit of 35 mi/h for both
streets. As a measured average speed was not given, the
85th and 15th percentile speeds cannot be differentiated.
For Phases Al and A2, it will be assumed that both the
left-turn and through movements from the E-W street
cross the entire 39-ft width of the N-S street. Similarly,

Ring 1 Ring2
399%
bA1 Vs 700 399 + 411 = 810 tvwh
or =
) 700 tvwh ffo + 330;
140 tvu/
411+ _ ,
e i, V., = 810 tvuh
"y
330+ | 303 | 3300r303
4B
V.p = 330 tvu/h

. Figure 18.20: Determination of Critical Lane Voiumes—Signal-Timing Case 4
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in Phase B, it will be assumed that both movements cross
the entire 48-ft width of the E-W street. Then:

Yapae = 1.0+ % =368
39 + 20
araLa2 = a7%35 =11s
43 + 20
arg T 147%35
Step 5: Determination of Lost Times

Once again, 2.0-s default values are used for start-up lost
time (£;) and extension of effective green into yellow and
all-red (e), so that the total lost time for each phase is equal
to the sum of the yellow plus all-red intervals:

Yy = tpar = 3.6 + 1.1 =47s
Yoo =tran = 36 +1.1=47s
Yy =tz = 3.6+ 1.3 =49s

The total lost time per cycle is, therefore, 4.7 +
47+49 = 143s.

Step 6: Determine the Desirable Cycle Length

Equation 18-11 is once again used to determine the de-
sirable cycle length, using the sum of critical-lane vol-
umes, 1,140 tvu/h:

14.3 4.3
c = S =45
S ( 1,140 ) 0.192 :
1,615%0.92%095

For a pretimed controller, a cycle length of 75 s
would be implemented.

Step 7: Allocate Effective Green to Each Phase

The available effective green time for this signal is
75.0 — 143 = 60.7 s. It is allocated in proportion to
the critical-lane volumes for each phase:

1 ' 399)
it = 60.7*( —— | =212
I8 ' gal 60 (1140 2123

411
g = 607*(1140) =219s
330

— | —— | =
£4:3 60.7 (1140) 1765

As the usual defaults for €; and e are used, actual
green times are numerically equal to effective green
times.

Step 8: Check Pedestrian Requirements

While there is low pedestrian activity at this intersec-
tion, pedestrians must still be safely accommodated by
the signal phasing. It will be assumed that pedestrians
" cross the N-S street only during Phase A2 and that
pedestrians crossing the E-W street will use Phase B.
The number of pedestrians per cycle in each crosswalk
is based on the default volume for “low™ activity—S50
peds/h (Table 18.2)—and the number of cycles per
hour—3,600/75 = 48. Then, N,.q in each crosswalk
would be 50/48 = 1.0 ped/cycle. Equation 18-15 is
used to compute minimum pedestrian requirements:

39
Gpaz = 32 + (4—0) + (0.27*1.0) = 1325

48
Gpp =32+ (2-6) + (0.27*%1.0) = 1555

These requirements must be checked against the
vehicular green, yellow, and all-red intervals:

Gp:‘u =132s < Ggp + Y2
=219 + 47 =266s0K
GpB =155s< G+ ¥ = 17.6 + 4.9

22.5s 0K

Pedestrians are safely accommodated by the ve-
hicular signalization, and no changes are required.
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