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SIGNALIZED INTERSECTIONS

EXAMPLE PROBLEM 1

The Intersection The intersection of Third Avenue (NB/SB) and Main Street (EB/WB)
Is located in the central business district (CBD) of a small urban area. Intersection
geometry and flow characteristics are shown on the Input Worksheet.

The Question What are the delay and peak-hour LOS of this intersection?

The Facts
v EB and WB HV = 5 percent,
3 NB and SB HV = 8 percent,
+ PHF = 0.90,
v Two-phase signal,

v NB-SB green = 36 s,

v EB-WB green = 26 s,

Y Yellow=4s,

Third Avenue has two lanes, one in each direction,
Main Street has four lanes, two in each direction,
No parking at intersection,

Pedestrian volume = 100 p/h, all approaches,
Bicycle volume = 20 bicycles/h, all approaches,
Movement lost time = 4 s, and

Level terrain.

L2 2L 222

Comments
v Assume crosswalk width = 3.0 m for all approaches,
v Assume base saturation flow rate = 1,900 pc/h/In,
v Assume E; = 2.0,
' No buses, and
v 70.0-s cycle length, with green times given.



General Information Site Information

Analyst Wil Intersection Third Averue/Main Street

Aqency or Company CH Area Type £ CBD 3 Other
Date Periormed 4/12/89 Jurisdiction

Analysis Time Period -6 PV Analysis Year 1999

Intersection Geometry

gade=_ 0% pALm
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Volume and Timing Input

WB MNB SB
LT RT! TH RT1 TH RT? TH
Violume, V' (veh/h) 65 35 JOO | 20 370 | 20 H10
% heavy vehicles, % HV & V& & 8 8 '8
Peak-hour factor, PHF ' 090! ' 090’ ' 090! ' 0.90
Pretimed (P) or actuated (A) , , P P P
Slﬂﬂ-”p lost ime, |'| (s) | | | | | | | |
Extension of effective green time, e (s) | | | | | | | |
Arrival type, AT | | 7 |3 | I |
Approach pedesirian volume,? v_, (p/h) 00 10 100
Approach bicycle volume,? v, (bicycles/h) 20 20 20
Parking (Y or N) N
Parking maneuvers, N, (maneuvers/h) o 0 0
Bus stopping, Ny (buses/h) o o 0
Min. timing for pedestrians,® G, (s) 1.2 14. ] 14.7
Signal Phasing Plan
D @ . az @3 04 05 a7 28
| -
.II-I|| ¥ -l ™
G A - *
R i 4‘
A |
M
- - G:,-"'_I G: |:_I|_ G: G: G: G: G: G:
Tming |y _\ o Y= 4 ¥ = Y- ¥ = Y- ¥ = Y =
__#  Protected ums R Cyde lengih, C = _70.0's
MNotes

1. RT volumes, as shown, exclede RTOR.

2. Approach pedestrian and bicycle volumes ame those that conflict with right turns from the subject approach.

1. Reler o Equation 16-2.
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1. Pedestrnians/cycle.

100 *

h S;EDDS

*70s=1944p

2. Minimum effective green time G,=32+ L 0.27N,,

required for pedestrians (use

Equation 16-2).

GD (Main)

G, (Third) = 3.2 +

1.2

=32 +%+D.2Tl{’1.944} =11.2s

13.2
1.2

+ 0.27(1.944) =147 s

3. Compare minimum effective
green time required for
pedestrians with actual

effe

ctive green.

Gp (Main) =26 s, whichis =112s
Gp (Third) = 36 s, which is =14.7 s

4. Proportions of left and right

Proportions of left- and nght-turm trafiic are found by

turns. dividing the appropriate turning volumes by the total
lane group volume.
P r(EB)= 0> = 0.090
65+ 620 + 35
Lane fly= vgf{vg1 N) Vg = unadjusted demand flow
utilization rate for the lane group,
veh/h
In_general: Vg = unadjusted demand flow | f (EB) = 620+65+35/[( 620/2)+65]*2
_ _ rate on the single lane in
I:Iu =1.00 when N=1 the lane group with the
= 0.95 when N= 2 highest volume
— 0.90 when N= 3 N = number of lanes in the

lane group
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General Information

Project Description

Example Problemn 1

Volume Adjustment

E8 We NE SB
—— : J— I
T ¢ TH ; RT | LT , TH . RT | LT « TH i RT | LT i TH i RT
1 1 | | 1
S - — —
Volume, V (veh/h) 65 162035 |30 ;700:20 |30 1370120 | 40 1 5101 50
] - — N
Peak-hour factor, PHF + 090! 0.80 | 090 | | 0.90)
' | ! ' o | £ey) e
Adjusted flow rate, v,, = V/PHF (vehh) | 72 689139 |33 778 122 | 33 140 |22 | 44 | 567} 56
T T I 1 1 1
i X ! I I ]
Lane group A | & F\V’.’ : /i\i
N e B il B
Adjusted flow rate in lane group, v (veh/h) v 800 i 8§33 466 | | 667,
Proportion” of LT or RT (Piyor Pg)  |0.080, - [0.048|0040;, - 10027 00711 - 10.048{0068 - 10.083
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SATURATION FLOW RATE WORKSHEET

Saturationm Flow Rate (see Exhibit 16-7 to determine adjustment factors)

Right-turn ped/bike adjustment factor, fgg,

Adjusted saturation flow, s (wveh/h)

Base saturation flow, s, (pc/h/in) 1900 | 1900 ! L 1900 i 1900
Numiber of lanes, N 2 2 A b
Lane width adjustment factor, i, 0.9&7 D.?.ir;e'i E L.o0 i E L1oo i
Heavy-vehicle adjustment factor, fyy, 0.952| 0.9521 | 0,926 | 0.926)
Grade adjustment factor, f, 1.000 | 1LOOO | 000 | H 1.000 !
1 : \ T : T
Parking adjustment factor, f, 1.000 | LOO00 OO0 | | 1.000 |
Bus blockage adjustment factor, Ty, 1000 ! Nolalek 1000 1 | 1.000!
: : : : : :
Area type adjustment factor, 1, 0.900, SO0 YaX=lo's] Nok=lo's
' . ' i i i
Lane wtilization adjustment factor, fy,, 0.950 0.950] 000 ! | 1.000!
i 1 1 H ;
Left-turn adjustment factor, fy; '0.716 0.900! 10,937 | 0.951!
1 1 1 ; ;
Right-turn adjustment factor, fgy 0.593 0.996 '0.994 ' 0580
Left-turn ped/bike adjustment tactor, f 0.997 0.9 0.555 | 0.998!

1

0.9 Xl

i

1

1

1

'5='EDHI.-IH1'I t,g tFITI:thIILL' fLTTRTfLFbTRFt

Motes

1. Py = 1.000 tor exclusive lefi-turn lanes, and Pgy = 1.000 for exclusive right-turm lames. Otherwise, they are eqgual to the proportions

of rning volumes in the lane group.
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CAPACITY AND LOS WORKSHEET

General information

Project Description

Example PFroblemn 1

Capacity Analysis

Phase numiber

| | £ oL
Phase type I
2= VLA
Lane group —;: ?-— i\T -
Adjusted flow rate, v (veh/h) 8O0 | 833 | 466 | 667
Saturation flow rate, s (weh/h) 103 2665 1614 | 1625
Losttime, f (). 4 =l + ¥ —e 4 4 4 4 | l,=start ud lost time [ e = gxtensgion _time

Etfective green time, g (s). g=G +Y -1

g
26.0

26.0 |36.0 |360

Green ratio, g/C

0.371

Q370514 (0514

Lane group capacity,’ ¢ = s(g/C), (veh/)

780

980 | 830 | 835

mmmmm

viC ratio, X .02 084210561 10753
Flow ratio, w's 0.380 0410
Critical lane group/phase () y W

Sum of flow ratios for critical lane groups. Y,
¥, = X (critical lane groups, w/s)

0./90

Total lost time per cycle, L (s)

)

Lt

Critical flow rate to capacity ratio, X;
A = (Y HCWC - L)

oaaz =(0.79*70)/(70*8)




Lane Group Capacity, Control Delay, and LOS Determination

EB . WB . NB | . SB

A i 1 L] i [ i i

Lane group e \ A | ."\‘I,f’*f »:-/fﬁ“‘ |

N e T il

Adjusted flow rate,? v (veh/h) 800 | ' 833 ' 466 | | B67

Lane group capacity.” ¢ (veh/h) 780 | \ 989 | 830 | L 835

wic ratio.2 X = vic LOPE:! '0.542: ' 0.561 ' 0,794

Total green ratio,” g/C 0.371; O30T 0514 y 0.5 |

. 0.50 C 1 - e [ vy g e

Unitorm delay. dq = 1_[,“1,“{ %";:’Pé' (sfveh) 22,015, 120134 1.617 14.025
Incremental delay calibration,® k 0.5 0.5 | 0.} o5

Incremental delay,* d,

dp = Q00T - 1) +/ (X -1)2 + B ] (s/veh) 3901 ' BG4 7 ' 27340 ' 7.884
- i ] ] ] I 1 i
Initial queue delay, d; (s/veh) (Appendix F) a g 0 : L
Unilorm delay, d, (s/veh) (Appendix F) : ; ; ; : | :
Progression adjustment tactor, PF 0.926 LI ' 1000 F LOOO
Delay, d = d4(PF) + d; + d3 (s/veh) 594 ! 310 | L 14.4 ' 219 !
LOS by lane group (Exhibit 16-2) Eo v O v B v O
Delay by approach, dy = =W (siveh) 59.4 310 14.4 219
LOS by approach (Exhibit 16-2) I C B C
Approach flow rate, v, (veh/h) 800 833 166 GE7
- v
Intersection delay, d; = ~(Qaita). (siven) a4 o intersection LOS (Exhibit 16-2) c

Motes

For permitted left turns, the minimum capacity is (1 + Py )(3600/C).

Primary and secondary phase parameters are summed to obtain lane group parameters.
For pretimed or nonactuated signals, k = 0.5. Otherwise, refer to Exhibit 16-13.

T = analysis duration (h); typically T = 0.25, which is for the analysis duration of 15 min.
| = upstream filtering metering adjustment factor; | = 1 for isolated intersections.

v
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=
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1— [min{ﬂ,}{)%]

O.SO(FO_OW1T— O.37F1)=2

T (EB) = 11— 0O 37 1LO0)

=222 D15 s/ wekbhn

l.x
d2 =900T [(x—1) + \[(x— 1)2 +8.k.ﬁ

1.026
1.026 — 1)2 + 8% 0.5 * 1
( e T

d2 =900 * 0.25 [ (1.026 — 1) + *0.25 |
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lane group capacity <l de gane 42 C
D= d1+PF+d2+d3

D(EB)= 22.015*0.926 + 39.011+ 0 = 59.4 sec
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TYPE ARRAIVAL (AT) Upeagl (K sl Jin
AT-6 AT-5 AT-4 AT-3 AT-2 AT-1 | ‘glC" Y
0.750 0.833 1.00 1.00 1.007 1.167 0.2
0.571 0.714 0.986 1.00 1.063 1.286 0.3
0.333 0.555 0.895 1.00 1.136 1.445 0.4
0.000 0.333 0.767 1.00 1.240 1.667 0.5
0.000 0.000 0.576 1.00 1395 | 2.001 0.6
0.000 0.000 0.256 1.00 1.653 2.556 0.7
1.00 1.00 115 1.00 0.93 1.00 Fop 4ol
2.000 1.667 1.333 1.00 0.667 | 0.333 Rp il
4 3 12 16 12 3 m

PF = (l - P)pr/(l - g/C)

Tabulation is based on default values of fp, and Rp.
P =R, *g/C (may not exceed 1.0).

PF may not exceed 1.0 for AT 3 through AT 6.

d1 bl &0)Y( DF ) meseatl) Jeleg (1) sl Al (13-5) Jyaal




EXHIBIT 16-13. k-VALUES TO ACCOUNT FOR CONTROLLER TYPE

Degree of Saturation (X)

Unit Extension (s) < 0.50 0.60 0.70 0.80 0.90 =1.0

<20 0.04 0.13 0.22 0.32 0.41 0.50

2.5 0.08 0.16 0.25 0.33 0.42 0.50

3.0 0.1 0.19 0.27 0.34 0.42 0.50

3.5 0.13 0.20 0.28 0.35 0.43 0.50

40 0.15 0.22 0.29 0.36 0.43 0.50

4.5 0.19 0.25 0.31 0.38 0.44 0.50

5.0 0.23 0.28 0.34 0.39 0.45 0.50

Pretimed or 0.50 0.50 0.50 0.50 0.50 0.50
nonactuated movement

Mote:

For a given unit extension and its k. value at X=05k=(1- Ehmi"][l -0.5) + k K=k . andk<0.5.

a. For unit extension > 5.0, extrapolate to find k, keeping k < 0.5.



AT 16-2. 05 CRITERIA FOR SIGNALIZED ITERSECTIONS

103 Conirl Delayper Vehice (sheh)
| <Al
3 > 10-0
Z > 105
) > 30-5h
: > 5000
M
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