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SIGNALIZED INTERSECTIONS
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EXAMPLE PROBLEM 3

The Intersection The intersection of Fifth Avenue (NB/SB) and Twelfth Street
(EB/WB) is a major CBD junction of two urban streets.

The Question What are the delay and LOS during the peak hour for lane groups,
approaches, and the intersection as a whole?

The Facts

v Twelfth Street HV = 5 percent, Y Fifth Avenue is a four-lane street,

v Fifth Avenue HV = 2 percent, + Twelfth Street is a four-lane street,

v Twelfth Street PHF = 0.85, + Twelfth Street parking, 5 maneuvers/h,

£

Fifth Avenue PHF = 0.90,
Actuated signal,

=

Twelfth Street pedestrian volume = 120 p/h,
Fifth Avenue pedestrian volume = 40 p/h,

<
<

v Yellow =40 s, il Movement lost time = 4 s,
v Level terrain, *u'_ Armnival Type 3,
v 3.0-m lane widths for EB/WB, v No bicycles, and

Mo buses.

el
=

Pedestrian signals exist,
v 3.6-m lane widths for NB/SB,

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; =20,
v No overlaps in signal phasing,
v 90.0-s cycle length, with green times given, and
Y Assume a unit extension of 2.5 s for all phases.
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Pedestrian Button

Lame= Width
Through
Right

Ledt

Through + Right

Left + Throuwgh

Left + Right

Left + Throawsgh + Right

Volwme and Timiing Tt

EB WE NB 5B
TH RT! LT TH RT TH RT? LT TH RT!
Violume, WV (vedu'h) . = . HTO S0 480 a0 75 840 A0
%4 heavy wehicles, 3¢ HW 5 = , =
Peak-hour factor, PHF : 0 an : ; 085 : : a7 : ; 2,907 :
Pretimed (P) or actuated (A} A \ A ; ; ; ! A
Start-up lost time, 14 (s) | | | | | | l l
Extension of effective green time, e (s) [ [ [ [ [ I I I
Arrival type. AT | 3 I = I I I ] I
Approach pedestrian volume, v__; (p/h) 120 20 O 410
Approach bicycle wolume,? w;_ (bicycles/h) & & 0
Parking (Y or N) v v A
Parking maneuvers. N, (manewvers./h) .
Bus stopping., Ny (busesiT) J J i
Min. timing for pedestrians,* G, (s) 19.0 9.0 1.0 1.0
Signal Phasing Plam
D 21 a2 24 i a5 ey a8
I
A L\L - - i b -"""' %
R & - -
A ‘-\\I . F '3‘ r..-"'
M ¢ [}
— G = 5.1 G = O G=5HL7F G= 197 G = G = G =
Timing Y — 40 Y — 3 O Y=a0 ¥ = A7 W = ¥ = W =
A Protected turmns — - Permitied turns Cyde length, C = 900 s




VOLUME ADJUSTMENT AND SATURATION FLOW RATE WORKSHEET

General Information

Prl:!jEﬂ DE"EEriFlil}ﬂ .I xample |!-"|_I'_1i1|'f_"|'.'I ‘1'

Volume Adjustment
ER WEB NE S8
LT «+ TH |, RT LTETHIRT LT!THiHT T + TH
: l | | T :
Violume, V (veh/h) 60 270 '90 100 K10 120 |120 (M80, 80 | 175 | B40
i 1 1 | | |
| - ' oo | LA Lo
Peak-hour factor, PHF 0.85 :D.E:":: ED. G0 | 1 0.80
| : ' I | :
Adjusted flow rate, v, = VIPHF (vehvi) 11318 006 |18 600 24 133 1644 1 85 | 194 ' 633
. i | | |
' i : ! I |
Lane group PR A YV
-’ :TE Voo ‘F\I ixl lTﬂ L‘*i "
Adjusted flow rate in lane group, v (veh/h) | /T 424 8 | 624 133 : iu;?-;": 1594 :
Proportion’ of LT or RT (Py; or Py) 1000, ED.E‘:’:D 1000 - 0.038/1000, 0051 1000!




Pedestrians/cycle. 1202 _1h 90.0s =3 p (12th St.)
h 3,600s
40P+_ 1N +90.05=1p (5th Ave))
h 3,600s
I"u’linir_num effective green time G,=32+ SL + 0.27Npoq (for Wg = 3.0 m)
required for pedestrians (use p
Equation 16-2). G, (12th) =32 + '!]Bé[’ +027(3)=19.0s

21.0
1.2

G, (5th)= 3.2+ +027(1)=210s

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

g(12th) =192 s whichis=190s
g(oth) =50.7 s, whichis =210 s

Proportion of left tums and
right turns.

Proportions of left- and nght-tum traffic are found by
dividing the appropriate turning flow rates by the total
lane group flow rate.

P, 1 for exclusive LT lane is 1.000

Lane width adjustment factor
(use Exhibit 16-7).

(W —3.6)
fo =1

f,,(NB/SB)=1+ ‘3'5;3'53’ _ 1.000
f,(EB/WB)=1+29=36) g ga3

9




6. Heavy-vehicle adjustment Foo_ 100
factor (use Exhibit 16-7). Y 7100 + % HV(ET — 1)
f (NB 7/ SB) = 100 =0.980
100+2(2.0-1)
f (EB /WB) = 100 =0.952
100 +5(2.0-1)
7. Percent grade adjustment 0% grade, f; = 1.000
factor (use Exhibit 16-7).
8. Parking adjustment factor N— 01— 18N,
(use Exhibit 16-7). fo— ' 2600
p =
M
fp = 0.938 for EB and WB through/right lane groups
9. Bus blockage adjustment No bus stopping, f,,, = 1.000
factor (use Exhibit 16-7).
10. Area type adjustment factor For CBD, 1, = 0.900
(use Exhibit 16-7).

11. Lane utilization adjustment MNo specific data are given. Use default of f, |, = 1.000

factor (use Exhibit 10-23). for exclusive LT. Use 0.950 for shared LT.

12. Left-turn adjustment factor. The left tum is permitted. A special procedure is
used. All approaches are opposed by multilane
approaches. The supplemental worksheet for
multilane approaches is used to determine the factor.

13. Right-tum adjustment factor. For all shared-lane approaches: fg+ = 1.0 — 0.150Pg+

Where Pg+ is the proportion of right turns in lane
group, fo+ (EB) = 1.0 — 0.150(0.250) = 0.963




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

1900 1 1800 11800

'5='5|:,H l,quTngThblarmTu IEl'Tl.[IJ Iﬂm

Base saturation flow, s,, (pc/hvin) 1900 iraﬂoé 1900 E?:GDDE 1900 i rﬁﬂoi 800 i |
Number of lanes, N .f .f'- riri;s- riri;?
Lane width adjustment factor, f, D??D’?? 0933 D’?? rJrJrJi DDDE.‘DDD .’.DDDE r.DDDiu‘.DDD
Heavy-vehicle adjustment factor, fyy, ~ |0.952 50.5:}?5 0952 0.95 ; 0. Wd: 0. Wd: 08800 ’Ed D’Edl 0.98¢
Grade adjustment factor, 1, .000 |DDDE |.DDD,|.DDD§ F.DDDE r.DDD;r.DrJrJ F.DDDi r.DDDEF.DDD
Parking adjustment factor, f, 1.000 D’?E‘ IDDDED.EEEJE r.rjrjrji r.rjrjrjér.rjrjrj F.DDDE r.DDDiu‘.DDD
Bus blockage adjustment factor, fy, 1000 ! |DDD: 1000 .rjr:@E rﬂﬂoirﬂooimoo FDDDE r.DDDiu‘.DDD
Area type adjustment factor, f, D.EﬂD: D.:.fDEﬂI D.:.fDD: 0900 iﬂq 0. ’@D 0800 0 ’fr:d: D.f@rjf 0.90¢
Lane utilization adjustment factor, fy,  |1.000 D’Cﬂ E.DDDED.:?:}DE |DDD' 100010850 000 f.DC‘DéD.Il‘,C
Left-turn adjustment factor, f,y D.?r:@é r.rjrjrjé 0.343 r.DDDi D.JLC: DHDD 1.000 D’C: DD?E 1000
Right-tum adjustment factor, fg; 1000 0 mﬁé 1000} 0994 |C'C'C" |DDD 0.992 |.DDD§ r.ocﬂéo.ﬁﬁs
Left-tum ped/bike adjustment factor, f,y, |0.951 Erﬂﬂoi 092111000 |DDD'D ’q .000 roooi ?DDD:?DDD
Right-turn ped/hike adjustment factor, fg,s | 1000 ED.Q:M; 000! 0.994 000! .DDDED |DDDI .Dr:rjlrj.::s
i _ - . ] . . | .
Auseg ssaton o, s Len) 300 fw 480 1267 1582 133 I?. 5 (1592 : 122 ésrm
L . | V|




CAPACITY AND LOS WORKSHEET

General information

Project Description Example Problem 3
Capacity Analysis
Phase number | | 4 4 4 4 5 5 5 5
Phase type
L
- | « * | d —_— —_

N T =
Lane group . | . L il- / —T .
Adjusted flow rate, v (veh/h) 133 |43 |0 733 |51 on | 7 4124 (118 | 624
Saturation flow rate, s (vehvh) 1592 | 1592 | 335 | 3155 |122  |3M40 | 300 | 2497 | 480 | 2675
Lost time, t (s).t, =k +Y-e 40 (40 |40 |40 [40 (40 |40 |40 (40 [40
Effective green time, g (s}, g=G+Y -1 a1 Bl o4 7 (507 |54.7 (5007 | 182 (192 |182 | 192
Green ratio, g/C Q020 00201 0608|0563 (0608|0563 02131043 | 0213 | 0213
Lane group capacity,! ¢ = s(g/C), (veh/h) 143|143 |24 |I7Te | 74 (1768 | 64 | 532 |12 [ 570
v/c ratio, X Q930 1.000 | 0000|0976 0682 (0.572 | 1109 | 0.797 | LI57 | 1.025
Flow ratio, v/s 0.020 0.549 0.246
Critical lane group/phase () J Y 1.'
Sum of nm_ ratios for critical lane groups, Y, o SB £ (el Adkaaiall A8, s
Y. =¥ (critical lane groups, w/s) e j
Total lost time per t-FElE. L [-5] 121 194 (= Y2 143 (Vp) 50153l Jaxa KEY|
Critical flow rate to capacity ratio, X, 1] 143 55 sl de sene daw O 5S
X = (Y ICHIC - L)




Lane Group Capacity, Control Delay, and LOS Determination

. EB . " WB . NB | SB
I I | I I I
| i - Ik [ | i
Lane group /“‘T: | ‘e ™ b \. |
R A <
Adjusted flow rate,? v (veh/h) o4 18 6 33 11733 ! 94 o0 |
Lane group capacity.Z ¢ (ven/) I 1532 0z + 570 37 176 | 27 1768
vic ratio,” X = vic 1109 10797 157 1 1095 0.383 1 0.976, 0.894 1 0572 |
Total green ratio,? g/C 023 10213 02131 0213 ! 0.698 ' 0563 0.698! 0563
; 050 C[1- 2 i ' ! | ' i i
Uniiorm delay, d = 1:'_[m|[n[1,§¢g:§r!] ISAN) 35 415! 33571 33415035415, 6582 ,19.075! 25,957, 12676
Incrementl delay calibration,? k 050010329 1 050010.500 1 0.080 10480 041 10M0
Incremental delay,* d, | | : : b |
45509 B0O34! 3748) 166241 D54 95966 336990380
dp = 900T[X - 1) ,/ (X = 1)2 « 2K }(siyeh P e S |
Initial queue delay, d, (s/veh) (AppendixF) (0 O ! o, 0! 0, 0 o o
Unitorm delay, dy (sfveh) (Appendix F) : I I : ! : |
Progression adjustment factor, PF 1000 + 1000 1000 1000 ! 1000 ! 1000 1000 * 1000 !
Delay, d = dy(PF) + dy + dy (s/veh) 609, 416 17291 1017 71 v 350, 5970 131
|05 by lane group (Exhibit 16-2) f oo ForF A 'C . B
Delay by approach, d, - EWM (s/veh) 6L6 130 330 06
LOS by approach { Emmma E] ; : C C
Approach flow rate, vg (veh/h) 4G 742 1866 1205
- _ 2ld . - .
ntersection delay, dy= <10 (sfveh 16¢ Intersection LOS (Exhibit 16-2) D



19. Determine critical lane group
In each timing phase.

Critical lane groups:
Phase 1: SB protected left tum

Phase 2: NB through + night
Phase 3 WB left tum

20. Flow ratio of crfical lane
groups

43

VS(SBLT) =720 =000

VIS(NBTHRT) :%: 0.049

18

i (WBLT) = =024

21. Sumof cntical lane group vis
ratios.

Y. =0.090+0.949 + 0246 = .88




22 Critical flow rate to capacity Y. C
ratio. c _C — L
0.885(90.0) _

Xe ="@0.0—12 - 1021

23. Uniform delay. 2
0. 50{3[ 1— %J

d, = _ g
1— [mln{’L}(]E]

0.50(90.01—0_21 3}2
T1T— (0. 213X 1L0O)
Since MNB and SB left tums are contained in bwo

phases, a supplemaental uniform delay worksheet is
used.

d{(EBLT) = = 39.415 s/veh

24 Incremental delay. do = QUUT[{}{ — 1)+ (- )]
d5(EBLT) = 900(0. 25)[(1.109 — 1)+ +/(___} ] =
145 509 s/veh

25. Progression adjustment PF = 1.000
factor (use Exhibit 16-12).
26. Lane group delay. d =d,PF + d, + d; (d; is assumed to be 0 for the first
iteration)
d (EBLT) = 34 415(1.000) + 145 509 = 180.9 siveh
27 . Approach delay. da = > (d)}wv)
W
(180.9*"F1)+{41.6*424)
d. (EB) = — 61.6 s/veh
A (EB) (71+ 424) Ve
28. Intersection delay. d, — 2 (da Xva)
2V

A998 18+ (7427 1130+ (1866 " 33.0)+ (1205 20.6) |
(495 + TA2 + 1866 +1205)

oy

466 sfveh

29. LOS by lane group, LOS (EBLT) =F
approach, and intersection. LOS (EB) = E
L OS Intersection = D
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