HCS2000: Signalized Intersections Release 4.le

Znalyst: RGR

S—

Inter.: LAKE/ET{

LSIDE

Agency: METRO Area Type: All other areas
Date: 03-02-06 Jurisd:
Period: AM Year 2005
Project ID: GRAYSLAKE HIGH SCHOOL
E/W St: HILLSIDE AVE. N/S St: LAKE ST.
SIGNALIZED INTERSECTION SUMMARY
|  Eastbound i Westbound !  Northbound t  Southbound I
| L T R | L T R [ L T R [ L T R l
| I ! I |
No. Lanes | 1 0 1 | 0 0 0 | 1 1 0 | 0 1 0 |
LGConfig | L : R | i L T i TR [
Volume |48 43 i 188 167 i 356 118 |
Lane Width |11.0 11.0 | £11.0 11.0 | 11.0 !
RTOR Vol [ 0 f - [ 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left A | NB Left A A
Thru | Thru A
Right )y | Right
Peds | Peds g
We Left | 8B Left |
Thru | Thru A
Right I Right A
Peds | Peds
NB Right |"ER  Right
SB Right | WB Right
Green 28.0 10.0 57.0
Yellow 4.5 3.0 4.5
All Red 1.5 0.0 1.5
Cycle Length: 110.0 secs
Intersection Performance Summary
Appr/ Lane aAdj Sat Ratios Lane Group  Appreach
Lane Group Flow Rate
Grp Capacity (s) v/c g/C Delay LOS Delay LOS
Eastbound
L 436 1711 0.12 0.25 31.6 C
31.6 C
R 397 1561 0.11 0.25 31.6 C
Westbound
Northbound
L 485 1711 0.19 0.64 9.6 A
T 924 1783 0.19 0.52 14.3 B 12.6 B
Southbound
TR 895 1728 0.56 0.52 18.7 B 18.7 B
Intersection Delay = 18.3 (sec/veh) Intersection LOS

EXHIBIT

AN 11 |

G




HCS2000: Signalized Intersections Release 4.le

dap
metro

Phone:
E-Mail:

N

-

Fax:

OPERATIONAL ANALYSIS

Analyst:
Agency/Co.:
Date Performed:
Analysis Time Period:
Intersection:

Area Type:
Jurisdiction:
Analysis Year:
Project ID:

RGR |

METRO

03-02~06

AM o
LAKE/HILLSIDE
211 other areas

2005

GRAYSLAKE HIGH SCHOCL
Fast/West Street
HILLSIDE AVE.

LAKE ST.

VOLUME DATA

North/South Street

Eastbound

.
| L T
I

R

Northbhound
L T R

Westbound
L T R

Southbound
L T R

Volume |48

% Heavy Veh|2
PHF |G.985
PK 15 vol 13
Hi Ln Vol |
% Grade
Ideal Ssat
ParkExist
NumPark

No. Lanes
LGConfig

| 0
!
|
I
!
I
Lane Width J1
[
I
|
[
I

1200

1 0
L
1.0
RTOR Vol
2Adj Flow
%$InSharedln
Prop LTs
Prop RTs
Peds Bikes| 0
Buses |0
$InProtPhase
Duration 0.

51

25

43
0

0.95

11

1900

11.0

45

1.000

Ares

8 167
3
G6.985
3 44

0
1900

176

1.000 0.000
0.000

0.0

I
!
i
|
I
!
|
I
I
I
}
I
I
I
I
I
I
|
I
I
|
I
|
T All other areas

ype:

OPERATING PARAMETERS

356 118
3 2
0.95 0.95
94 31

0
1900

TR
11.0

499

0.000
0.248

Fastbound
R

Northbound
I T R

Westbound
L T R

Southbound
L T R

!
I
f
Init Unmet |
Arxiv., Type|
Unit Ext. [
I Factor i
Lost Time |
Ext of g [

1.000

wwo

[N A

o O

o O

l I
I I
I |
I 0.0
| I

| [3.

I I

{ |

E I

(]
NN Ww O
o

2.0
2.0
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Ped Min g | 3.2 | 3.2 I | 3.2

= PHASE DATA e
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left A | NB Left A A
Thru | Thru A
Right A | Right
Peds | Peds
WB Left | SB Left
Thru | Thru A
Right | Right A
Peds | Peds
NB Right | EB Right
| .
SB Right | WB Right
[
|
Green 28.0 10.0 57.0
Yellow 4.5 3.0 4.5
All Red 1.5 0.0 1.5

Cycle Length: 110.0 secs

VOLUME ADJUSTMENT AND SATURATION FLOW WORKSHEET

Volume Adjustment
Southbound

| Eastbound | Westbound }  Northbound 1
| L T R | L T R { L T R I L T R | .
J I f I I
Volume, Vv |48 ' 43 I f88 167 | 356 118 |
PHF [0.95 0.95 | |0.95 0.95 | 0.95 0,95 |
Ad) flow 151 45 | 193 176 | 375 124 |
No. Lanes | 1 G 1 | 0 0 0 I 1 1 0 | 0 1 0 |
Lane group | L R | | L T | TR
Adj flow [51 45 | |93 176 [ 499 |
Prop LTs | I 11.000 ©0.000 | 0.000 ]
Prop RTs I 1.000 | [ 0.000 | 0.248 I
Saturation Flow Rate (see Exhibit 16-7 to determine the adjustment factors)
Eastbound Westbound Northbound Southbound
LG L R L T TR
So 1900 1900 1800 1900 1900
Lanes 1 0 1 0 o 0 1 1 0 0 1 0
W 0.967 0.967 0.967 0.967 0.967
£Hv 0.980 1.000 0.980 0.971 0.973
fG 1.000 1.000 1.000 1.000 1.000
fp 1.000 1.000 1.000 1.000 1.000
fBR 1.000 1.000 1.000 1.000 1.000
b2\ 1.000 1.000 1.000 1.000 1.000
LU 1.000 1.000 1.000 1.000 1.000
fRT 0.850 1.000 0.966
fLT 0.950 0.950 1.000 1.000
Sec. 0.335
fLpb 1.000 1.000 1.000 1.000
fRpb 1.000 1.000 1.000
S 1711 1561 1711 1783 1728

Sec. 603
: : CAPACITY AND LOS WORKSHEET




Capacity Analysis and Lane Group Capacity

' A Adj sat

Floww~ate Flow Rate
(v) (s)

Flow
Ratio

(v/s)

Appr/ Lane
Mvmt  Group

Gre( —--Lane Group--
Ratw Capacity v/¢
(g/C) {c) Ratio

Eastbound
Prot
Perm
Left
Prot
Perm
Thru
Right R

Westbound
Prot
Perm
Left
Prot
Perm
Thru
Right

Northbound
Prot
Perm
Left
Prot
Perm
Thru
Right

Southkound
Prot .
Perm
Left
Prot
Perm
Thru
Right

51 1911 $# 0.03

45 1561 .03

93

93

T 176 1783

TR 498 1728 # 0.29

.25 436 0.12

.25 397 .11

0.091
0.545
0.64

156
329
485

. 60
.00
.19

.52 524 .19

0.52 895 .56

Sum of flow ratios for critical lane groups, YC

0.37

Sum {(v/s)

Total lost time per cycle, L = 18.00 sec
Critical flow rate to capacity ratio, Xc = (Yc) (C)/(C~L) = 0.45
Control Delay and LOS Determination
Appr/ Ratios Unf Prog Lane Incremental Res Lane Group Approach
Lane Del  Adj Grp Factor Del  Del :
Grp v/c g/Cc di Fact Cap k d2 d3 Delay LOS Delay LOS
Eastbound
L 0.12 0.25 31.5 1.000 436 0.11 0.1 0.0 31.6 C
- 31.6
R 0.11 0.25 31.5 1.000 397 0.11 0.1 0.0 31.6 C
Westbound
Northbound
L 0.19 0.64 9.4 1.000 485 0.11 0.2 0.0 9.6 A
T 0.19 0.52 14.2 1.000 924 11 0.1 0.0 14.3 B 12.6

Southbound



TR 6.56 0.52 18.0 1.000 8895 0.15 0.8 0.0 18. B 18.7 B
. \v
Intersection delay = 18.3 (sec/veh) Intersection LOS B
SUPPLEMENTAL PERMITTED LT WORKSHEET
for exclusive lefts
. Input
EB WB NB SB

Opposed by Single(S) or Multiple (M} lane approach 3
Cycle length, C 110.0 sec
Total actual green time for LT lane group, G (s) 706.0
Effective permitted green time for LT lane group, g{s) 60.0
Opposing effective green time, go (s) 57.0
Number of lanes in LT lane group, N 1
Number of lanes in opposing approach, No 1
Adjusted LT flow rate, VLT {veh/h) 93
Proportion of LT in LT lane group, PLT 1.600
Proportion of LT in opposing flow, PLTo 0.00
Adjusted opposing flow rate, Vo (veh/h) 499
Lost time for LT lane group, tL 6.00
Computation
LT volume per cycle, LTC=VLTC/3600 2.84
Opposing lane util. factor, fLUo 1.000 1.000
Opposing flow, Volc=VoC/{3600(No)fLUo] (veh/in/cyc) 15.25
gf=Glexp(- a * (LTC ** b))l-tl, gf<=g 0.0
Opposing platoon ratio, Rpo (refer Exhibit 16-11) 1.00
Opposing Queue Ratio, gro=Max[l-Rpo(go/C),0] .48
gq, (see Exhibit C16-4,5,6,7,8) 18.16
gu=g-gq i1f gg>=qgf, or = g-gf if gg<gf 41.84
n=Max (gyg~gf)/2,0) 9.08
PTHo=1-PLTo 1.00
PL*=PLT[1+ (N-1)g/ (gf+qu/EL1+4.24) ] 1.00
ELl (refer to Exhibit C16-3) 2.08
ElL2=Max{ (1-Ptho**n)/Plto, 1.0)
fmin=2 (1+PL) /g or fmin=2{1+Pl)/g 0.07
gdiff=max (gg-g£f,0) 0.00
fn=[gf/g]l+[gu/g]l/[1+PL(EL1~1}], (min=fmin;max=1.00) 0.34

flt=fmﬂ[gf/g}+[gu/g]/{1+PL(EL1—1)]+[gdiff/g]/[1+PL(EL2—1)],(fmin<=fmé=l.00)

or flt=[fm+0.91L (N-1)]/N**
Left-turn adjustment, £fLT

0.335

For special case of single-lane approach opposed by multilane approach,

see text.

¥ Tf P1>=1 for shared left-turn lanes with N>1, then assume de-facto

left-turn lane and redo calculations.

** For permitted left-turns with multiple exclusive left-turn lanes, flt=fm.
For special case of multilane approach opposed by single-lane approach

or when gf>gqg, see text.

SUPPLEMENTAL PERMITTED LT WORKSHEET

for shared lefts

Input
EB

Opposed by Single(S) or Multiple(M) lane approach
Cycle length, C 110.0 sec
Total actual green time for LT lane group, G (s)
Effective permitted green time for LT lane group, g(s)
"Opposing effective green time, go (s)

WB

NB

SB



Number of lanes in LT lane dgroup, N

‘Number of lanes in oppc 'ng approach, No

Adjusted LT flow rate, =T (veh/h) R

Proporticn of LT in LT lane group, PLT 0.000 0.000
Proportion of LT in opposing flow, PLTo

Adjusted opposing flow rate, Vo (veh/h)

Lost time for LT lane group, tL

Computation
LT volume per cycle, LTC=VLTC/3600
Opposing lane util. factor, fLUo 1.000 1.000

Opposing flow, Volc=VoC/[3600 (No)fLUo] (veh/ln/cyc)
gi=Glexp(~ a * (LTC ** b))i-tl, gf<=g

Opposing platoon ratio, Rpo (refer Exhibit 16-11)
Opposing Queue Ratio, gro=Max[l-Rpo{go/C),0]

gq, {see Exhibit C16-4,5,6,7,8)

gu=g-ggq if gg>=gf, or = g-gf if gg<gt

n=Max (gg-gf}/2,0) '

PTHo=1-PLTo

PL*=PLT[1+ (N-1)g/ (gf+gu/EL1+4.24)]

EL1l (refer to Exhibit Cl16-3)

EL2=Max ({1-Ptho**n) /Plto, 1.0)

fmin=2 (1+PL) /g or fmin=2(1+Pl)/g

gdiff=nax (gg-gf,0)

fm={gf/gl+{gu/g}/[1+PL(ELL~1)], (min=fmin;max=1.00)
flt=fm=[gf/gl+[gu/g]/[1+PL(EL1-1) ]+ [{gdiff/q]/[1+PL(EL2~-1)], (fmin<=Ffm<=1.00)
or flt=(fm+0.91 (N-1}]/N**

Left-turn adjustment, fLT

For special case of single-lane approach opposed by multilane approach,

see text.

* If P1>=1 for shared left-turn lanes with N¥>1, then assume de-facto
left~turn lane and redo calculations.

** For permitted left-turns with multiple exclusive left-turn lanes, flt=fm.

For special case of multilane approach opposed by single-lane approach

or when gf>gg, see text.

SUPPLEMENTAL PEDESTRIAN—BICYCLE EFFECTS WORKSHEET

Permitted Left Turns

EB WB NB SB
Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped {(p/h)
Pedestrian flow rate, Vpedg (p/h}
OCCpedyg
Opposing gueue clearing green, ggq (s)
Eff. ped. green consumed by opp. veh. gueue, gg/gp
OCCpedu
Opposing flow rate, Vo (veh/h)
OCCr
Number of cross—-street receiving lanes, Nrec
Number of turning lanes, Rturn
ApbT
Proportion of left turns, PLT
Proportion of left turns using protected phase, PLTA
Left-turn adjustment, fLpb
Permitted Right Turns
Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped (p/h)
Conflicting bicycle volume, Vbic (bicycles/h)
Vpedg
OCCpedyg
Effective green, g (s)



Vbicg

OCCbicg i
OCCr |
Number of cross-street rece1v1ng lanes, Nrec

Number of turning lanes, Nturn

ApbT

Proportion right-turns, PRT

Proportion right-turns using protected phase, PRTA
Right turn adjustment, fRpb

SUPPLEMENTAL UNIFORM DELAY WORKSHEET

EBLT WRLT NBLT SBLT
Cycle length, C 110.0 sec
Adj. LT vel from Vol Adjustment Worksheet, v 93
v/c ratio from Capacity Worksheet, X 0.19
Protected phase effective green interval, g (s) 10.0
Opposing queue effective green interjal, aq’ 18.16
Unopposed green interval, gu 41.84
Red time r={(C-g-gg-qgu) 40.0
Arrival rate, ga=v/ (3600 (max[X,1.0])) 0.03
Protected ph. departure rate, Sp=s/3600 0.475
Permitted ph. departure rate, Ss=s(ggtgu)/{gu*3600) 0.24
XPerm 0.15
XProt 0.27
Case 1
Queue at beginning of green arrow, Qa 1.03
Queue at beginning of unsaturated green, Qu 0.47
Residual queue, Qr 0.00
Uniform Delay, di 9.4
DELAY/LOS WORKSHEET WITH INITIAL QUEUE
: Initial Dur. Uniform Delay Initial Final Initial Lane
Appr/ Unmet Unmet. Queue  Unmet  Queue Group
Lane Demand Demand Unadj. Adj. Param. Demand Delay Delay
Group g veh t hrs. ds dl sec u Q wveh d3 sec 4 sec
Eastbound
Westbound
Northbound
Southbound
Intersection Delay 18.3 sec/veh Intersection LOS B

[ L IR RO (A I



BACK OF QUEUE WORKSHEET

Eastbound Westbound Northbound Southbound
LaneGroup |L R i | L T { ] TR
Init Queue [0.0 0.07 | 0.0 0.0 “= | 0.0
Flow Rate |51 45 { {93 176 i 499
So 11900 1900 | [1900 1900 | 1900
No.Lanes i1 0 1 | O 0 0 |1 1 0 |0 1 0
SL 1711 1561 | |761 1783 | 1728
LnCapacity [436 397 | [485 924 | 895
Flow Ratio [0.03 0.03 | (0.12 0.10 | 0.29
v/c Ratio (0.12 0.11 | |0.19 0.19 | 0.56
Grn Ratio {0.25 0.25 | . [0.64 0.52 | 0.52
I Factor | 1.000 | | 1.000 | 1.000
AT or PVG |3 3 I 13 3 | 3
Pltn Ratio [1.00 1.00 | {1.00 1.060 | 1.00
PF2 11.00 1.00 | [1.00 1.00 | 1.00
01 [1.2 1.1 | 1.1 2.9 | 10.3
kB (0.5 0.4 | (0.5 0.7 | 0.7
Q2 j0.1 0.1 | (0.1 0.2 | 0.9
Q Average (1.3 1.1 | it.2 3.0 [ 11.2
Q Spacing |25.0 25.0 | 125.0 25.0 ! 25.0
Q Storage [0 0 | {0 0 | 0
Q S Ratio | [ | |
70th Percentile Output:
fB% |1.2 1.2 | f1.2 1.2 | 1.2
BOQ [1.5 1.3 | 1.4 3.6 | 13.2
QSRatio | [ | f
85th Percentile Output: ‘ '
fB% {1.6 1.6 | 1.6 1.6 . ! 1.5
BOQ [2.0 1.8 | (1.9 4.8 i - 1le.9
QSRatio | | [ |
90th Percentile Output: '
fB% {1.8 1.8 | 1.8 1.7 | 1.6
BOQ (2.2 2.0 | 2.1 5.3 | 18.3
QSRatio | | | f
95th Percentile Output:
fB% (2.1 2.1 | 2.1 2.0 i 1.8
BOQ (2.6 2.3 | 2.4 6.1 i 20.5
QSRatio i [ | |
98th Percentile Output:
fB% |2.6 2.6 | (2.6 2.5 { 2.1
BOQ 3.3 2.9 | t3.1 7.6 I 23.8
QSRatio | | | {

ERROR MESSAGES

No errors tc report.



HC32000: Signalized Intersections Release 4.1le

Analyst: RGR Inter.: LAKE/HILLSIDE
Agency: METRO Area Type: Al] ther areas
Date: 03-03-06 e Jurisd: Rt
Period: PM ' Year 2005
Project ID: GRAYSLAKE HIGH SCHOOL
E/W St: HILLSIDE AVE. N/S St: LAKE ST.
SIGNALIZED INTERSECTION SUMMARY
| Eastbound i Westbound Northbound | Southbound |
| 1L T R | L T R L. T R i L T R }
I I | |
No. Lanes | 1 0 1 | 0 0 8] 1 1 0 | 0 1 ¢]
L.GConfig | L R | L T | TR
Volune [63 17 | 64 597 | 244 54 |
Lane Width [11.0 11.0 | 11.0 11.0 ] 11.0
RTOR Vol | 0 ! : ! e |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left A | NB Left A A
Thru | Thru A
Right A | Right
Peds o | Peds
WB Left - | SB Left
Thru | Thru A
Right | Right A
Peds [ Peds
NB Right | EB Right
SB Right | WB Right
Green 28.0 8.0 59.0
Yellow 4.5 3.0 4.5
A1l Red 1.5 0.0 1.5
Cycle Length: 110.0 secs
Intersection Performance Summary
Appr/ Lane Adj Sat Ratios Lane Group  Approach
Lane Group Flow Rate
Grp Capacity (s) v/c g/C Delay LOS Delay LOS
Fastbound
L 436 1711 0.15 0.25 32.0 C
32.2 C
R 397 1561 0.20 0.25 32.5 C
Westbound
Northbound
L 588 1711 0.11 0.64 8.4 A
T 856 1783 0.66 0.54 19.9 B 18.8 B
Southbound
TR 935 1743 0.34 0.54 14.6 B 14.6 B
Intersection Delay = 19.4 (sec/veh) Intersection LOS = B




HCS2000: Signalized Intersections Release 4.1le

dap
metro

Phone: Fax:
E-Mail:
OPERATIONAL ANALYSIS

Analyst: RGR .
Agency/Co.: METRO
Date Performed: 03-03-06
Analysis Time Period: PM
Intersection: " LAKE/HILLSIDE
Area Type: 211 other areas
Jurisdiction:
Analysis Year: 2005
Project ID: GRAYSLAKE HIGH SCHOOL
East/West Street North/South Street
HILLSIDE AVE. LAKE ST.

VOLUME DATA

Northbound
L T R

Westbound
L T R

Scuthbound
L T R

Eastbound
1. T R

64 597
2 3
0.95 0.95
17 157

244 54
3 2
0.95 0,85
64 14

Volume ‘ 63 77
% Heavy Veh|2 0
PHF §]

PK 15 Vol 1
Hi Ln Vol
% Grade ¢

I

I

!

I

I

10.95 0.95
|

f

|

Ideal Sat (1500 1300

|

I

!

I

I

I

I

I

I

I

7 20

0
1900 1900

0]
1900
ParkExist
NumPark

No. Lanes
LGConfig
Lane Width
RTOR Vol
Adj Flow
$InSharedLn
Prop LTs
Prop RTs
Peds BRikes| 0

Buses |0 0
ZInProtPhase
Duration 0.25 Area

1 0 1 1 1
T
.0 11.0

I
I
I
|
I
I
f
I
|
I
|
!
I
L R | TR
1.0 11.0 | 11.0

|

!

I

!

I

I

I

I

T

!—'t"

1 1

7 628

)]

66 81 314

1.000 0.000
0.000

¢.000

1.000 0.182

0 0
0.0
ype: All other areas

|
|
I
|
[
I
I
|
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I

OPERATING PARAMETERS

Northbound
L T R

Westbound
L T R

Easthound
L T R

Southbound
L T R

.0

j=)

Init Unmet .0

| I

| |

! [

|0 I
Arriv. Typel3 I

13 I

|

|2

12

0
3
3

ww o

.0

o

Unit Ext.
I Factor
Lost Time
Ext of ¢

1.000 |
[2.0

2.0

.0

I
I
I
|
|
I
|
!
.0 |

0

3
0 3.0

1

2

2

MBS
oo



Ped Min g | 3.2 3.2 f 3.2
PHASE DATA
Phase Combination 1 v 3 4 | 5 " g 7 8
EB Left A | NB Left A A
Thru | Thru A
Right A | Right
Peds i Peds
WB Left | SB Left
Thru | Thru :
Right | Right A
Peds | Peds
NB Right | EB Right
I ;
SB Right | WB Right
I
I
Green 28.0 8.0 59.0
Yellow 4.5 3.0 4.5
All Red 1.5 0.0 1.5
Cycle Length: 110.0 secs
VOLUME ADJUSTMENT AND SATURATION FLOW WORKSHEET
Volume Adjustment :
| Eastbound- | Westbound | Northbound |  Southbound |
I L T R | L T R | L T R | L T R |
I I | | |
Volume, V |63 77 | 164 597 [ 244 54 [
PHF |0.95 0.95 | 10.95 0.95 | 0.55 0.95 |
Ady flow | 66 81 I |67 628 | 257 57 |
No. Lanes | 1 0 1 i 0 0 0 i 1 1 0 | 0 1 0 |
Lane group | L R | [ L T | TR {
aAdj) flow | 66 81 | | 67 628 | 314
Prop LTs | | [1.000 0.000 | 0.000 |
Prop RTs | 1.060 | | 0.000 i 0.182 |
Saturation Flow Rate (see Exhibit 16-7 to determine the adjustment factors)
Eastbound Westbound Northbound Southbound
LG L R L T TR
So 1900 1900 1900 1900 1300
Lanes 1 0 1 0 0 0 1 1 -0 0 1
iw 0.967 0.967 0.967 0.9%67 0.967
fHV 0.980 1.000 0.980 0.971 0.973
G 1.000 1.000 1.000 1.000 1.000
ip 1.000 1L.000 1,000 1.000 1.000
fBB 1.000 1.000 1.000 1.000 1.000
fa 1.000 1.000 1.000 1.000 1.000
fLU 1.000 1.000 1.000 1.000 1.000
fRT 0.850 1.000 0.975
LT 0.950 0.950 1.000 1.000
Sec. 0.457
fIpb 1.000 1.000 1.000 1.000
fRpb 1.000 1.000 1.000
3 1711 1561 1711 1783 1743
Sec. B23

CAPACITY AND LOS WORKSHEET




Capacity Analysis and Lane Group Capacity
Adj Adj Sat Flow Green --Lane Group--
Appr/ Lane Flow Rate Flow Rate Ratio Ratio Capacity v/c
Mvmt Group S (s5) (v/s) {g/7 (c) Ratio

R -

Eastbound
Prot
Perm
Left L 66 1711 - 0.04 0.25 436 0.15
Prot
Perm
Thru .
Right R 81 1561 # 0.05 0.25 397 0.20
Westbound
Prot
Perm
left
Prot
Perm
Thru
Right
Northbound
Prot 67 1711 # 0.04 0.073 124
Perm 0 823 0.00 0.564 464
Left L 67 0.64 588
Prot
Perm
Thru T 628 1783 # 0.35 0.54 956 .66
Right
Southbound
Prot
Perm
Left
Prot
Perm .
Thru TR 314 1743 g.18 0.54 935 0.34
Right

.54
.00
11

o OO

Sum of flow ratiocs for critical lane groups, Yo = Sum (v/s) 0.44
Total lost time per cycle, L = 18.00 sec

Critical flow rate to capacity ratio, Xe = (Yc) (Q)/(C-1) 0.53

I

Control Delay and LOS Determination

Appr/ Ratios Unt Prog Lane Incremental Res Lane Group  Approach

Lane Del rdj Grp Factor Del Del
Grp 'v/c g/C dl Fact Cap Xk d2 d3 - Delay LOS Delay LOS
Eastbound
L 0.15 0.25 31.8 1.000 436 0.11 0.2 0.0 32.0 C :
32.2 C
R 0.20 0.25 32.2 1.000 397 0.11 0.3 0.0 32.5 C
Westbound
Northbound
L 0.11 o0.64 8.3 1.000 588 0.11 0.1 0.0 B.4 A
T 0.66 0.54 18.3 1.000 956 0.23 1.7 0.0 19.9 B 18.8 B

Southbound



TR 0.34 0.54 14.4 1.000 935 0.11 0.2 0.0 l4.6 B 14.6 B
Intersection ¢ iy = 18.4 (sec/veh) Intex :tion LOS B
SUPPLEMENTAL PERMITTED LT WORKSHEET
for exclusive lefts
Input
EB WB NB SB
Opposed by Single(S) or Multiple (M) lane approach 5
Cycle length, C 110.0 sec
Total actual green time for LT lane group, G (s) 70.0
Effective permitted green time for LT lane group, ¢{s) 62.0
Opposing effective green time, go (s) 59.0
Number of lanes in LT lane group, N 1
Number of lanes in opposing approach, No 1
Adjusted LT flow rate, VLT (veh/h) 67
Proporticn of LT in LT lane group, PLT 1.000
Proportion of LT in opposing flow, PLTo 0.00
Adjusted opposing flow rate, Vo (veh/h) 314
Lost time for LT lane group, tL 6.00 o
Computation
LT volume per cycle, LTC=VLTC/3600 2.05
Opposing lane util. factor, flUo 1.000 1.000
Opposing flow, Volc=VoC/[3600(No}fLUoc] (veh/ln/cyc) 9.59
gf=G[exp(- a * (LTC ** b}))]-tl, gf<=g 0.0
Opposing platoon ratio, Rpo (refer Exhibit 16-11) 1.00
Opposing Queue Ratlo, gro=Max[l-Rpo(go/C),0] 0.46
gq, (see Exhibit Cl6-4,5,6,7,8) 12.25
gu=g-gq if gg>=gf, or = g-gf 1if gg<gf 49.75
n=Max (gg~gf) /2,0) 6.12
PTHo=1-PLTo 1.00
PL*=PLT[1+(N-1)g/ (gf+qu/EL1+4.24) ) 1.00
EL]l (refer to Exhibit C16-3) 1.76
ELZ2=Max { (1-Ptho**n) /Plto, 1.0)
fmin=2 (1+PL) /g or fmin=2(1+Pl)/g 0.06
gdiff=max{gg-gf, 0) 0.00
fn=[gf/gl+igu/g]/{1+PL(EL1-1)}, (min=fmin;max=1.00) 0.46

flt=fm=[gf/gl+[gu/g]/[1+PL(EL1-1) ]+ [{gdiff/g)/[1+PL(EL2-1)], (fmin<=fm<=1.00)

or £lt=[fm+0.91(N-1)}/N**
Left-turn adjustment, fLT

0.457

For special case of single-lane approach opposed by multilane approach,

see text.
* If Pl>=1 for shared left-turn lanes with N>1,
left-turn lane and redo calculations.

** For permitted left-turns with multiple exclusive left-turn lanes,

then assume de-facto

flt=Ffm.

For special case of muitilane approach opposed by single-lane approach

or when gf>gqg, see text.

SUPPLEMENTAL PERMITTED LT WORKSHEET

for shared lefts

Input

EB WB
Opposed by Single(S) or Multiple{M} lane approach
Cycle length, C 110.0
Total actual green time for LT lane group, G {s)
Effective permitted green time for LT lane group, ¢g{s)
"Opposing effective green time, go (s)

sec

[ A

NB SB



Number of lanes in LT lane group, N

Number of lanes in opposing apprecach, No

Adjusted LT flow rate, VLT (veh/h) _

Proportion of LT in LT . Ye group, PLT B 0.000 0.000
Proportion of LT in oppo¥ing flow, PLTo . -

Adjusted opposing flow rate, Vo {veh/h)

Lost time for LT lane group, tL

Computation
LT volume per cycle, LTC=VLTC/3600
Opposing lane util. factor, fLUo 1.000 1.000

Opposing flow, Volc=VoC/[3600 (No)fLUo] (veh/ln/cyc)
gf=G[exp (- a * (LTC ** b))]-tl, gf<=g

Opposing platoon ratio, Rpo (refer Exhibit 16-11)
Opposing Queue Ratio, gro=Max[l-Rpo(go/C),0]

gq, (see Exhibit C16-4,5,6,7,8)

gu=g-gq if ggr=gf, or = g-gf if gg<gf

n=Max {gg-gf} /2, 0)

PTHo=1-PLTo

PL*=PLT[1+(N-1)g/ (gf+gu/EL1+4.24)]

ELl {(refer to Exhibit Cl6-3)
ELZ=Max ( (1-Ptho**n)/Plto, 1.0)

fmin=2 (1+PL) /g or fmin=2(1+Pl)/g
gdiff=max{gg-gf,0)

fm=[gf/gl+lgu/g]/[1+PL(EL1-1)], (min=fmin;max=1.00)
flt=fm=[gf/gl+[gu/g]/[1+PL(EL1-1) 1+ [gdiff/qg]/[1+PL{EL2~1)], (fmin<=fm<=1.00)
or flt=[fm+0.91(N-1)]/N**

Left-turn adjustment, LT

For special case of single-lane approach opposed by multilane approach,

See text.

* If Pl»=]1 for shared left-turn lanes with N>1, then assume de-facto
left-turn lane and redo calculations.

** For permitted left-turns with multiple exclusive left-turn lanes, flt=fm.

For special case of multilane approach opposed by single-lane approach

or when gf>gq, see text.

SUPPLEMENTAL PEDESTRIAN-BICYCLE EFFECTS WORKSHEET

Permitted Left Turns

EB WB NB SB
Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped (p/h)
Pedestrian flow rate, Vpedg (p/h) ‘
OCCpedg
Opposing gueue clearing green, gq {(s)
Eff, ped. green consumed by opp. veh. queus, gg/gp
OCCpedu
Opposing flow rate, Vo {veh/h)
OCCr
Number of cross-street receiving lanes, Nrec
Number of turning lanes, Nturn
ApbT
Proportion of left turns, PLT
Proportion of left turns using protected phase, PLTA
Left-turn adjustment, fLpb '
Permitted Right Turns
Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped (p/h)
Conflicting bicycle volume, Vbic (bicycles/h)
Vpedy
OCCpedg
Effective green, g (s)
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Vbhicg

OCChicg

OCCr .

Number of cross-street . @iving lanes, Nrec

Number of turning lanes, vdturn o
ApbT

Proportion right-turns, PRT
Proportion right-turns using protected phase,
Right turn adjustment, {Rpb

PRTA

SUPPLEMENTAL UNIFORM DELAY WORKSHEET

EBLT WBLT NBLT SBLT
Cycle length, C 110.0 sec
adj. LT vel from Vol Adjustment Worksheet, v 67
v/c ratio from Capacity Worksheet, X 0.11
Protected phase effective green interval, ¢ (s) 8.0
Opposing gueue effective green interval, ggq’ 12.25
Unopposed green interval, gu 49.75
Red time r={C-g-gg-gu) 40.0
Arrival rate, qa=v/ {3600 (max{X,1.0]}) 0.02
Protected ph. departure rate, Sp=s/3600 0.475
Permitted ph. departure rate, Ss=s(ggtgu)/(gu*3600) 0.28
XPerm 0.08
XProt 0.23
Case 1
Queue at beginning of green arrow, Qa 0.74
Oueue at beginning of unsaturated green, Qu 0.23
Residual queue, Qr 0.00
Uniform Delay, dl 8.3
DELAY/LOS WORKSHEET WITH INITIAL QUEUE
Initial Dur. Uniform Delay Initial Final Initial Lane
bppr/ Unmet Unmet Queue Unmet Queue Group
Lane Demand Demand Unadj. Adj. Param. Demand Delay Delay
Group Q wveh t hrs. ds dl sec u Q wveh d3 sec d sec
Eastbound
Westbound
Northbound
Southbound
Intersection Delay 19.4 sec/veh Intersection LOS B

< [REE |



BACK OF QUEUE WORKSHEET

Eastbound Westbound Noxrthbound Southbound
LaneGroup |L R | iL T | TR
Init Queue |0.0 0 .l 10.0 0.0 . | 0.0
Flow Rate |66 gl | |67 628 ~ | 314
So [1900 1900 | 11800 1900 | 1900
No.Lanes 11 0 1 0 0 0 |1 1 0 [0 1 0
SL j1711 1561 | |924 1783 ! 1743
LnCapacity 1436 397 | [588 956 i 935
Flow Ratio [0.04 0.05 | |0.07 0.35 l .18
v/c Ratic [0.15 0.20 | [0.11 0.66 ! 0.34
Grn Ratio [0.25 0.25 | . 10.64 0.54 ] 0.54
I Factor | 1.000 | | 1.000 | 1.000
AT or PVG |3 3 | |3 3 | 3
Pltn Ratio |1.00 1.00 | {1.00 1.00 | 1.00
PF2 |1.00 1.00 | [1.00 1.00 | 1.00
Q1 (1.6 1.9 | (0.8 13.7 | 5.4
kB {G.5 G.4 | fo.6 0.8 ; 0.7
Q2 j0.1 0.1 | 0.1 1.4 | 0.4
Q Average |1.6 2.1 | j0.8 15.1 | 5.8
Q Spacing 125.0 25.0 | 125.0 25.0 | 25.0
Q Storage |0 0 | [0 0 | 0
Q S Ratio | ! i l '
70th Percentile Cutput:
fB% 11.2 1.2 | 1.2 1.2 | 2
BOQ 12.0 2.5 | [1.0 17.7 | 6.9
QSRatio f | | |
85th Percentile Output:
£B% [1.6 1.6 | l.¢ 1.5 | 1.5
BOQ 12.6 3.3 | 1.3 22.4 ! 9.0
QSRatio ] | I . [
90th Percentile Output:
fB% j1.8 1.8 | 1.8 1.6 | 1.7
BOQ 2.9 3.6 | 11.5 24.0 | 9,9
QSRatio I | i |
95th Percentile Output:
fB% 12.0 2.0 | [2.1 1.8 | 1.9
BOQ [3.4 4.2 | [L.7 26.6 [ 11.2
QSRatio I ! I I
98th Percentile Output:
fB% [2.6 2.6 | 2.6 2.0 | 2.3
BOQ 14.3 5.3 | }2.2 30.5 | 13.6
QSRatio | | | |

ERRCR MESSAGES

No errors to report.
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