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53921345: MAJOR: ENGINEERING TECHNOLOGY; M. Eng. (ENGINEERING
TECHNOLOGY)
KEYWORDS: IMPROVING SIGNALISED INTERSECTION/ PHASING/ LEVEL OF
SERVICE
SOMDEJ SOPONDIRAKRAT: THE STUDY OF SIGNALISED INTERSECTION
MANAMENT BY REDUCING THE RIGHT-TURN MOVEMENT PHASES: CASE STUDY
AT BANG KHLA INTERSECTION, CHACHOENGSAO. ADVISORY COMMITTEE:

NOPAKUN BUTHKATOA, PH.D. 116 P. 2018.

This independent study is aimed to improve operational performance of signalised
intersections by restricted right-turn movement at the intersection. Right-turn traffics require to
make left-turn and then make a turn at the proper geometric designed Median U-Turn. The
proposed improvement is to change the number of signal phases from four to two phases and to
make the movements at intersection remain only the through traffics.

The intersection of Highway No. 344 and Highway No. 3121 KM 89+232 (Bang Khla
Intersection) was selected to be the case study. The existing intersection geometry and traffic data
during the peak hours were collected. The comparison of performance measures between before
and after both geometric and signalised enhancement is conducted using SIDRA intersection, one
of the most widely-used software tool for signalised analysis. The major measurement parameters
are Degree of Saturation, Control delay, Queue length and Level of Service (LOS). As the results
of the study it was found that the overall operational at the intersection is improved dramatically
by reducing the degree of saturation at the intersection from 4.446 to 0.814, shortening the queue
length from 578 vehicles to 30 vehicles and also improving the Level of service from level F to B
resulting from reducing average control delay from 1571.3 to 10.6 seconds.

The study has suggested that this intersection enhancement concept can be implemented
in suburban or rural highway with 80 meters right of way (R.O.W.). In addition, the proposed
concept can be applied to different configuration of intersections, which incurs less construction
costs and construction durations, when compared to conventional practice such as underpasses

and overpasses.
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FOR DECELERATION AND ACCELERATION MOVEMENTS

Total deceleration length V1 to V2

—
15008 —z —
Thréugh Traffic \
Lane Width

Besign Speed V1
—

Desirable 3.7 m.
“Taper Length based on 1 m/s lateral shift for V1" Minimum 3.1 m.
Absolute Min.2.4 m.
Length of deceleration lane to be the greater
of the two alternative criteria
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Total acceleration length V2 to V1
Turni Roadway 4\
Design d V2

Lane Width “Taper Length based on 0.6 m/s lateral shift for v2”
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Length of acceleraticn lane to be the greater
of the two alternative criteria
V = Speed expressed in km/h

Acceleration Lane
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A1519% 2-12 Minimum acceleration lengths for entrance terminals with flat grades of

two percent or less (AASHTO, 2004)
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Acceleration length, L. (m) for entrance curve design speed (km/h)

Highway Stop 20 30 40 50 60 70 80
condition

Design Speed

speed,  reached, and initial speed, V’a (km/h)
v Va 0 20 28 35 4 51 63 70

(km/h) (km/h)
50 37 60 50 30 - - - - -
60 45 95 80 65 45 - - - -
70 53 150 130 110 90 65 - - -
80 60 200 180 165 145 115 65 - -
90 67 260 245 225 205 175 125 35 -
100 74 345 325 305 285 255 205 110 40
110 81 430 410 390 370 340 290 200 125
120 88 545 530 515 490 460 410 325 245

Note: Uniform 50 : 1 to 70 : 1 tapers are recommended where lengths of acceleration lanes exceed 400 m.



@1519% 2-13 Minimum deceleration lengths for exit terminals with flat grades of

two percent or less (AASHTO, 2004)
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Deceleration length, L (m) for design speed of exit curve V (km/h)

Highway Speed Stop 20 30 40 50 60 70 80
Design reached, condition
speed, V Va For average running speed on exit curve, V’a (km/h)
(km/h) (km/h)
0 20 28 35 42 51 63 70
50 47 75 70 60 45 - - - -
60 55 95 90 80 65 55 - - -
70 63 110 105 95 85 70 55 - -
80 70 130 125 115 100 90 80 55 -
90 77 145 140 135 120 110 100 75 60
100 85 170 165 155 145 135 120 100 85
110 91 180 180 170 160 150 140 120 105
120 98 200 195 185 175 170 155 140 120

Note: V = design speed of highway (km/h)
Va = average running speed on highway (km/h)
V,, = design speed of exit curve (km/h)

V’a = average running speed on exit curve (km/h)
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A151990 2-14 uuhaNyAIRIMIE S UNARe) (AASHTO, 2004)
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Pavement Width (m)

Radius on Class I Class I1 Class I1I
inner One-lane, one-way One-lane, one-way Two-lane
edge of operation-no provision operation-with provision for operation-either
pavement for passing passing a stalled vehicle one-way or
R (m) a stalled vehicle two-way
A B C A B C A B C
15 5.4 5.5 7.0 6.0 7.8 9.2 9.4 11.0 13.6
25 4.8 5.0 5.8 5.6 6.9 7.9 8.6 9.7 11.1
30 4.5 4.9 5.5 5.5 6.7 7.6 8.4 9.4 10.6
50 42 4.6 5.0 53 6.3 7.0 7.9 8.8 9.5
75 39 4.5 4.8 52 6.1 6.7 7.7 8.5 8.9
100 3.9 4.5 4.8 5.2 5.9 6.5 7.6 8.3 8.7
125 3.9 4.5 4.8 5.1 5.9 6.4 7.6 8.2 8.5
150 3.6 4.5 4.5 5.1 5.8 6.4 7.5 8.2 8.4
Tangent 3.6 4.2 4.2 5.0 5.5 6.1 7.3 7.9 7.9
Width modification regarding edge treatment
No stabilized None None None
shoulder
Sloping curb None None None
Vertical curb :
One side Add 0.3 m. None Add 0.3 m.
Two sides Add 0.6 m. Add 0.3 m. Add 0.6 m.
Stabilized Lane width for conditions Deduct shoulder width ; Deduct 0.6 where
shoulder,one or B & C on tangent may be minimum pavement width as shoulder is 1.2 m.
both sides reduced to 3.6 m. where under Case I or wider

shoulder is 1.2 m. or wider

Note: A = predominantly P vehicles, but some consideration for SU trucks.

B = sufficient SU vehicles to govern design, but some consideration for semitrailer combination trucks.

C = sufficient bus and combination-trucks to govern design
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B site: Existing

New Site

Signals - Fixed Time  Gycle Time = 225 seconds (User-Given Phase Times)

All Movement Classes

Los

1N

South  East MNorth West | Intersection
F F F F F

Reference Phase

Phase Change Time (sec)
Green Time (sec)

ellow Time (sec)

AlFRed Time (sec)

Phase Time (sec)

Phase Split

Phase A

Sout
Yes No No
0 120 160
1158 35 35
3 3 3
2 2 2
120 40 40

53 % 18 % 18 %

Phase B

alr
JIL

No
200

1%

JIL

alre

alre

Phase C

JIL

JJL

b

alr
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20
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Movement Capacity and Performance Parameters
Site:Existing

Intersection ID: 1
Fixed-Time Signals, Cycle Time = 225 sec (Sum of User-given Phase Times)

MOVEMENT CRPACITY PARAMETERS

Mov Turn Mov Arv Satn Flow Flow Ratio Total Prac. Prac. Deg.

ID Cl. Flow Cap. Deg. Spare Satn
lst 2nd lst 2nd Satn Cap.

veh/h Gzn Gzn Grn Grn veh/h xp L] ®

South: South

1 L2 E 200 1732 0.115 1732 0.98 743 0.115

2 T1 2 483 1814 0.255 1€l 0.90 -&3 2.871

3 R2 H 120 1544 0.078 137 0.%0 3 0.874
East: East

4 L2 $ 100 1732 0.058 1732 0.98 1597 0.058

5 T1 2 2455 3549 0.69%2 552 0.90 -80 4.446*

€ Rz E 587 12381 0.4585 201 0.80 -89 2.922

Neorth: Nerth

7 L2 2 20 1732 0.012 1732 0.98 28387 0.012
8 T1 £ 41e 1533 0.271 235 0.90 -48 1.744
9 R2 £ 200 1087 0.184 169 0.90 =24 1.182

West: West

10 L2 £ 250 1732 1817 0.000 0.000 1243 0.90 350 0.200
11 T1 B 2667 308€0 0.871 1s€4 0.90 -47 1.708
12 Rz 2 €7¢ 905 0.747 463 0.%0 -38 1.4€l1

* Maximum degree of saturation
# Combined Movement Capacity parameters are shown for all Movement Classes.

DEGREE OF SATURATION

Ratio of Demand Volume to Capacity (vic ratio)

B site: Existing - Lag-Optimum

Hew Site

Signals - Fixed Time  Cycle Time = 110 seconds (Optimum Cycle Time - Minimum Degree of Saturation)

All Movement Classes

South East Norh  West  Intersection
Degree of Saturation 1.28 1.82 194 1.88 1.82

JIL

Morth

J i
= — L e

-

g
153
East

3

South

1.88
012 I .59

o s
[=08] [06-07] [0.7-0&] [08-0.8] [0.8-10] [=10] Confinuous

Colour cede based on Degree of Saturation

AN 4-13 AN Degree of saturation Y8I3UuVUN 1



MOVEMENT PERFORMANCE

Mov Turn Total Total Aver. Eff. Total Perf. Tot.Trav. Tot.Trav. Aver.
ID Delay Delay Delay Stop Stops Index Distance Time Speed
(veh-h/h) (pexs-h/h) (sec) Rate (veh-km/h) (veh-h/h) (km/h)

South: South

1 L2 0.42 0.51 7.6 0.€0 120.5 3.67 206.3 3.1 €€.2

2 T1 234.89 281.87 1826.4 2.17 1003.7354.83 475.9 240.8 2.0

3 R2 4.27 5.13 128.1 0.89 107.1 15.01 122.7 5.9 20.8
East: East

4 L2 0.21 0.25 7.6 0.60 60.3 1.83 103.1 1.6 66.2

§ T1 2223.16 26€7.79 3260.0 2.84 ©6963._5vvevewe 2506.1 2254.5 s

€ R2 311.26 373.51 1%08.9 1.87 1096.1463.73 $99.9 319.2 1.9
Noxrth: North

7 L2 0.04 0.05 7.6 0.60 12.1 0.37 20.¢6 0.3 6.2

8 T1 95.23 114.28 824.1 3.9% 793.9179.57 427.¢ 100.¢6 4.3

S R2 20.33 24.40 36¢6.0 1.16 231.9 47.35 204.5 23.0 8.9
West: West

10 L2 1.20 1.44 17.3 0.70 174.4 10.53 2585.9 4.6 §8.7

11 T1 558.25 €69.90 753.5 2.34 6227.8872.24 2722.5 §92.3 4.6

12 R2 109.78 131.74 584.7 1.42 957.2231.7% €90.9 118.9 5.8

DELAY (CONTROL)
Average control delay per vehicle, or average pedestrian delay (seconds)
B site: Existing

New Site
Signals - Fixed Time  Cycle Time = 225 seconds (User-Given Phase Times)

All Movement Classes

South East Morh West Intersecton

Delay (Control) 11015 20041 6544 6705 15713
LOS F F F F F
386.0 l 7.6
5241
Morth

IA 17.2 :_- \\— 1QDS.BL

3260 0 {—

- 7.8 lL:I

£ l
g
in
1s30
S
[y
East

South
1826.4
76 I 1281
Colour code based on Level of Service
[ s R [ e—
Loz A LoSE LosSC LosD LOSE LOSF  Confinuous

Level of Service Method: Delay (HCM 2000)
ZSIDRA Standand Delay Model iz used. Control Delay includes Geometric Dalay.

= ! ' 9 A4a X A @
NNN 4-14 A1ANUAET (Delay) T/I!ﬂﬂ"llug‘]JLLUU‘VI 1 ﬁﬂTWﬂ‘ﬂi}UN
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INTERSECTION SUMMARY
B site: Existing
New Site V2

| 4
Signals - Fixed Time | Cycle Time = 225 seconds (User-Given Phase Times)

Intersection Performance - Hourly Values

Performance Measure Vehicles
Travel Speed (Average) 2.3 km/mh
Travel Distance (Total) 8335.9 veh-km/h

Travel Time (Total) 3664.9 veh-h/h
Demand Flows (Total) 8154 veh/h
Percent Heavy Vehicles (Demand) 0.0 %
Degree of Saturation 4445
Practical Spare Capacity -79.8 %
Effective Intersection Capacity 1834 veh/h
Control Delay (Total) 3559.05 veh-h/h
Control Delay (Average) 1571.3 sec
Control Delay (Worst Lane) 32721 sec
Control Delay (Worst Movement) 3260.0 sec
Geometric Delay (Average) 1.9 sec
:> Stop-Line Delay (Average) 1569.4 sec
Idling Time (Average) 1549.1 sec
Intersection Level of Service (LOS) LOSF
95% Back of Queue - Vehicles (Worst Lane) 578.1 veh
95% Back of Queue - Distance (Worst Lane) 4046.7 m
Queue Storage Ratio (Worst Lane) 496
Total Effective Stops 17749 veh/h
Effective Stop Rate 2.18 per veh
Proportion Queued 094
Performance Index 4802.2
Cost (Total) 111605.90 S/h
Fuel Consumption (Total) 5294.7 Lh
Carbon Dioxide (Total) 124426 kgh
Hydrocarbons (Total) 1.470 kg/h
Carbon Monoxide (Total) 9.265 kg/h
NOx (Total) 2.188 kg/h

Level of Service (LOS) Method: Delay (HCM 2000)
Intersection LOS value for Vehicles is based on average delay for all vehicle movements.
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay.

dl a 4 d' @
MA 4-15 agilwamsdaszimatengduuuin 1 aamilagiv

Persons
23 km/h
10003.1 pers-km/h
4397 8 pers-h/h

9785 pers/h

4270.86 pers-h/h
1571.3 sec

3260.0 sec

21298 persih
2.18 per pers
094

48022

111605.90 S/h
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Intersection ID: 1
Fixed-Time Signals, Cycle Time = 110 sec (Optimum Cycle Time)

MOVEMENT CAPACITY PARAMETERS

Mov Turn Mov Arv Satn Flow Flow Ratio Total Prac. Prac. Deg.

ID Cl. Flow —— Cap. Deg. Spare Satn
1st 2nd 1lst 2nd Satn Cap.

veh/h Gzn Grn Gzn Gzn veh/h xp % x

South: South

2 200 1732 0.115 1732 0.98 749 0.115
2 11 £ 463 1570 0.235 233 0.%0 -55 1.s988*
3 Rz H 120 1732 0.0869 205 0.90 54 0.586

East: East

4 L2 2 100 1732 0.088 1732 0.98 1597 0.058
5§ T1 2 2455 3452 0.711 1349 0.%0 -51 1.819
6 R2 2 587 1673 0.351 335 0.9%0 -43 1.788

North: North

7 L2 £ 20 1732 0.012 1732 0.98 8387 0.012

8 I1 b 41€ 1970 0.211 215 0.%0 -53 1.935

3 Rz 2 200 1732 0.115 189 0.%0 =15 1.088
West: West

10 L2 2 250 1732 1905 0.000 0.000 1058 0.%0 281 0.236

1 T 2 2667 3435 0.77€ 1343 0.%0 -85 1.98¢6

iz Rz 3 676 173z 0.33%0 346 0.90 -54 1.881

* Maxirmum degree of saturation
§ Combined Movement Capacity parameters are shown for all Movement Classes.

DEGREE OF SATURATION

Ratio of Demand Volume to Capacity (v/c ratio)

B site: Existing - Lag-Optimum

New Site

Signals - Fixed Time Cycle Time = 110 seconds (Optimum Cycle Time - Minimum Degree of Saturation)
All Movement Classes

South East North West Intersecton
Degree of Saturation 1.0 182 194 190 1.60

JIL

0.01

North

024 :I—J Li 1,75L
100 1 1.82 {—

1.85 0.06 l!

L

1sap

East

J

South

1.99
0.12 I 0.5¢
—=

Colour code based cn Degree of Saturation
[ R ——— ] /0
[<08] [06-07) [0.7-08] [08-08) [00-10] [>10] Continuous

MWA 4-17 Degree of saturation Y83UuvUN 2



MOVEMENT PERFORMANCE

Mov Turn Total Total Aver. Eff. Total Perf. Tot.Trav. Tot.Trav. Aver.
iD Delay Delay Delay Stop Stops Index Distance Time Speed
(veh-h/h) (pexs-h/h) (sec) Rate (veh-km/h) (veh-h/h) (km/h)
South: South
1 12 0.42 0.51 7.6 0.60 120.5 3.67 206.3 3.1 €6.2
2 T1 122.96 147.55 956.1 2.63 1217.3210.12 475.9 128.9 8.7
3 R2 1:96 2.3¢ 58.9 0.80 96.6 7.93 222:% 3.6 34.2
East: East
4 L2 0.21 0.25 7.6 0.60 60.3 1.83 103.1 1.6 €6.2
§ T1 548.52 6€58.22 804.3 3.42 8385.3814.52 2506.1 §79.8 4.3
€ R2 122.94 147.S3 754.0 2.22 1300.4222.83 599.9 130.9 4.¢6
Noxrth: North
7 L2 0.04 0.05 7.6 0.60 12.1 0.37 20.¢6 0.3 6.2
8 T1 104.97 125.96 908.4 2.52 1049.0181.61 427.¢ 110.3 3.9
9 R2 7.83 9.39 140.9 1.22 243.4 23.05 204.5 10.5 15.4
West: West
10 12 1.15 1.38 16.¢6 0.72 181.2 8.86 255.9 4.5 56.3
11 T1 708.11 845.73 955.8 3.65 9728.8%wwwww 2722.5 742.1 3.7
12 R2 174.59 209.50 929.7 2.39 1612.6299.79 €90.9 183.7 3.8

DELAY (CONTROL)
Average control delay per vehicle, or average pedestrian delay (seconds)
B site: Existing - Lag-Optimum
New Site
Signals - Fixed Time Cycle Time = 110 seconds (Optimum Cycle Time - Minimum Degree of Saturation)
All Movement Classes

South East North West Intersection
Delay (Control) 576.3 7608 638.7 8858 7018
Los £ F £ F F

J1L

1409
208.4

North

L

J 16.6 —I 754.0 L

—) 0555 § 1 [— E 304.3 (u—
ﬂ 0207 - ~ 78 IF
South
856.1

ullx

(s R se— |
LOSA Lose Losc LOSD LOSE LOSF  Continuous

Level of Service Method: Delay (HCM 2000)

SIDRA Standard Delay Model is used. Control Delay inciudes Geometric Celay.

Colour code based on Level of Service
o D -

A ) d4a & A
NINN 4-18 ANUAIHT (Delay) ‘Vllﬂﬂ‘llugﬂllﬂﬂ‘ﬂ 2
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INTERSECTION SUMMARY
u Site: Existing - Lag-Optimum

New Site ¥y
Signals - Fixed Time | Cycle Time = 110 seconds (Optimum Cycle Time - Minimum Degree of Saturation)

Intersection Performance - Hourly Values

Performance Measure Vehicles Persons
Travel Speed (Average) 4.4 km/m 4.4 km/h
Travel Distance (Total) 8335.9 veh-kmv/h 10003.1 pers-km/h
Travel Time (Total) 1899.5 veh-h/h 2279 .4 pers-h/h
Demand Flows (Total) 8154 veh/h 9785 persih
Percent Heavy Vehicles (Demand) 0.0 %

I:> Degree of Saturation 1988
Practical Spare Capacity 547 %
Effective Intersection Capacity 4101 veh/h
Control Delay (Total) 1793.70 veh-h/h 2152 44 pers-h/h
Control Delay (Average) 791.9 sec 7919 sec
Control Delay (Worst Lane) 959.0 sec
Control Delay (Worst Movement) 956.1 sec 956.1 sec
Geometric Delay (Average) 1.9 sec
Stop-Line Delay (Average) 790.0 sec
Idling Time (Average) 752.5 sec
Intersection Level of Service (LOS) LOSF
95% Back of Queue - Vehicles (Worst Lane) 375.4 veh
95% Back of Queue - Distance (Worst Lane) 26250 m
Queue Storage Ratio (Worst Lane) 322
Tolal Effective Slops 24006 veh/h 28808 pers/h
Effective Stop Rate 2.94 per veh 294 per pers
Proportion Queued 0.95 095
Performance Index 2788.7 27887
Cost (Total) 58657 23 Sh 58657.23 $h
Fuel Consumption (Total) 3234.8 Lih
Carbon Dioxide (Total) 7601.9 kg/h
Hydrocarbons (Total) 0.884 kgh
Carbon Monoxide (Total) 6.385 kg/h
NOx (Total) 1.781 kg/h

Level of Service (LOS) Method: Delay (HCM 2000)
Intersection LOS value for Vehicles is based on average delay fer all vehicle movements.
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay.
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MOVEMENT TIMING
B site: New Design - Optimum

New Site
Signals - Fixed Time Cycle Time = 75 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Two-Phase

Input Sequence: A, B

Output Sequence: A, B

DISPLAYED SIGNAL TIMING - PHASES

Phase A Phase B
L L
S i | A=

24l

al al

2N 4-20 JUuuvveImaen tazseudyaa Ivses jluuni 3
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Movement Capacity and Performance Parameters
Site:New Design - Optimum

Intersection ID: 1
Fixed-Time Signals, Cycle Time = 75 sec (Optimum Cycle Time)

MOVEMENT CAPACITY PARAMETERS

Mov Turn Mov Arv Satn Flow Flow Ratio Total Prac. Prac. | Deg.
ID Cl. Flow Cap. Deg. Spare | Satn
1st 2nd 1st 2nd Satn Cap.
veh/h Grn Gzn Grn Gzrn veh/h xp % x
South: South |
1 L2 2 320 1732 0.185 1732 0.98 430 0.185
2 T1 £ 4€3 3941 0.117 §78 0.90 12 0.801

East: East
4 L2 2 776 1732 0.448 1732 0.98 118 0.448
s§ T1 £ 3242 5911 0.548 4256 0.%0 i8 0.762

North: North
7 L2 2 220 1732 0.127 1732 0.98 €72 0.127
8 T1 2 416 3941 0.106 5§78 0.90 25 0.720

West: West
10 L2 E 837 1732 0.483 1732 0.98 103 0.483
11 T1  $ 3483 §911 0.586 4256 0.%0 11 0.811{ =

* Maximum degree of saturation
¢ Combined Movement Capacity parameters are shown for all Movement Classes.

DEGREE OF SATURATION
Ratio of Demand Volume to Capacity (vic ratio)
B Site: New Design - Optimum

New Site
Signals - Fixed Time  Cycle Time = 75 seconds (Cptimum Cycle Time - Minimum Delay)
All Movemnent Classes

South East Norh West Intersecton
Degres of Saturation 080 o078 072 081 0.81

o
Ho“ = | 7 0.7¢6 {u—
— 0 1 g ! p | w ‘”’«lf
|
South
080

Colour code based on Degres of Saturation
[ ____J L e se—
[<08] ([08-07] [0.7-08] [08-08] [08-10] [>10] Connuous

AN 4-21 Degree of saturation YIFUUVVT 3




MOVEMENT PERFORMANCE

Mov Turn Total Total Aver. Eff. Total Perf. Tot.Trav. Tot.Trav. Aver.
ID Delay Delay Delay Stop Steops Index Distance Time Speed
(veh-h/h) (pers-h/h) (sec) Rate (veh-km/h) (veh-h/h) (km/h)
South: South
1 12 0.€7 0.81 5 0.60 192.8 5.87 330.1 5.0 €6.2
2 T 4.95 5.94 38. 0.92 425.¢€ 18.93 477.5 10.9 43.7
East: East
4 L2 1.64 1.97 7= 0.60 467.3 14.25 800.4 12.1 €6.1
S T1 6.27 7.52 e 0.63 2030.3 73.99 3320.8 47.8 €9.5
Noxth: Noxth
7 L2 0.4¢ 0.56 P 0.60 132.6 4.04 226.9 3.4 66.2
8 T 4.15 4.99 36 0.87 360.7 16.35 429.0 9.8 45.1
West: West
10 L2 1.78 2.13 Y 25 0.60 504.0 15.37 8€3.3 313:2 66.1
2y T2 8.70 10.44 G 0.70 2438.9 84.93 3547.2 §3.0 €6.9
DELAY (CONTROL)

Average control delay per vehicle, or average pedestrian delay (seconds)

B site: New Design - Optimum

Mew Site

Signals - Fixed Time  Cycle Time = 753 seconds (Cpfimum Cycle Time - Minimum Delay)

All Movement Classes

Delay (Contral)
LO

Colour code based on Level of Senvice
—

LOS A

LOSB

South
25.8
c

LoscC

LOSD

Level of Service Mathod: Delay (HCM 2000)

SICRA Standard Delay Model is used. Conirol Delay includes Geometric Delay.

MW 4-22 AN (Delay) i

P
=<

NAYU 3

L

North

South

al

(===
LOSE

v 3

Morth  ‘West Intersection
26.1 8.8 10.6
c B

LOSF

| —]

Continuous
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INTERSECTION SUMMARY

B site: New Design - Optimum

New Site g
Signals - Fixed Time | Cycle Time = 75 seconds (Optimum Cycle Time - Minimum Delay) |

Intersection Performance - Hourly Values

Performance Measure Vehicles Persons
Travel Speed (Average) 64.6 km/h 646 km/h
Travel Distance (Total) 9995.1 veh-km/h 11994.1 pers-km/h
Travel Time (Total) 154.8 veh-h/h 185.8 pers-h/h
Demand Flows (Total) 9737 veh/h 11684 pers/h
Percent Heavy Vehicles (Demand) 00 %
I:> Degree of Saturation 0514
Practical Spare Capacity 106 %
Effective Intersection Capacity 11966 veh/h
Control Delay (Total) 28.64 veh-h/h 34.36 pers-h/h
Control Delay (Average) 10.6 sec 10.6 sec
Control Delay (Worst Lane) 38.5 sec
Control Delay (Worst Movement) 385 sec 385 sec
:> Geometric Delay (Average) 1.7 sec
Stop-Line Delay (Average) 8.9 sec
Idling Time (Average) 56 sec
|:> Intersection Level of Service (LOS) LOSB
95% Back of Queue - Vehicles (Worst Lane) 29.9 veh
95% Back of Queue - Distance (Worst Lane) 2095 m
Queue Storage Ratio (Worst Lane)
Total Effective Stops 6552 veh/h 7863 pers/h
Effective Stop Rate 0.67 per veh 0.67 per pers
Proportion Queued 0.58 058
Performance Index 2337 2337
Cost (Total) 4970.87 S/ 4970.87 Sh
Fuel Consumption (Total) 960.2 Lh
Carbon Dioxide (Total) 2256.4 kg/h
Hydrocarbons (Total) 0.256 kg/h
Carbon Monoxide (Total) 4.380 kg/h
NOx (Total) 0.885 kg/h

Level of Service {LOS) Method: Delay (HCM 2000)
Intersection LOS value for Vehicles is based on average delay for all vehicle movements.
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay.

A a L4 A
NINN 4-23 ﬁ?‘]JNﬁﬂﬁ’JLﬂﬁgTWINLLEJﬂ g‘iJLL‘U‘]J‘VI 3

a 4 3’/ { 1 [ [
VINNANIIATITHNT 3 UL (113199 4-22) e NVNMIUTVIBUTINIL
Ty Ilvses Iddeandesiuiffinassios lunaazfemeaugduuui 2 sz ld
v 9 = 13 o [l A a
AnuamasueInaenana uanda luansaizud luilgminmsassusnamaien
Y o Y a = v Y o ¥ =
uaz Intszaums s msneonsnld nazmsud lvdymasesuinumaendoguuun
o Y 1Y A =Y [ Y A ] @
3 M ldanuaiuInamwenanaaulszaums Iusmsegluszau B
a J & 4
2. aydwadinsizrifSouiaunans 3 euly
1 . I~ VoA a A Y1 v A
91nA1 Degree of Saturation (Huanenninszylszaninmuoaniauen 1416l
~ Y a Y A =\ a v A A Y a Y o 1
anuensonz1duims ldwse Tanmumsasesaatamnuniiez 19uims 14 duaasm

5281 Degree of saturation gagaNeausy1d lua15197 4-1
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A1519N 4-1 M Degree of saturation

Intersection type Maximum practical degree of saturation
Signals 0.90
Roundabouts 0.85
Sign-Controlled 0.80
Continuous lanes 0.98

@2UA1 Level of service (LOS) M99 A13zaUms 1HUI Msvosnatenngousy 1

' o ] dal ~ I A ] A A
THINDDNATUANHUSUVDIDUY Lla3L!,U\°IWu1/]'0@ﬂlﬂu%WQLlﬂﬂﬂﬁ]giuWﬁlN@ﬁ LASNNULINNDY

U

[ J { o Y {
u@ﬂﬁlﬁlﬁ@ﬁ ANLLEANAT LOS ﬁﬂﬂﬂiﬂqﬂﬁ1ﬂﬁ151ﬂ‘ﬁ 4-2

~ ' A @ Y A
137191 4-2 A1 LOS ‘1/1fJE]m‘uVl@mmﬂ*szmwmamuuiummnm

Road Street
Arterial road Sub arterial road Collector street Local street
= 5 5
N 1 - - - S @
&) E T E $ E 2 8 2 £ 2 S S 2 o
= L L 5 b= = b= = 1) 1>1 @ »
o0 k= T E =~ 5 = & & £ i . s ]
= <« < & FH =2 o = S = S =4 S 3
g s O B 2 = = g & -
= =
Minimu C C C C C D D D D D
m LOS
per Leg
A ' ~ o P A A A
A1 19N 4-3 A1 LOS ‘wtJ'e'mi°u"l,ﬂmmﬂizmmmaaauuiuwuwuammmum
Crterion Arterial Traffic distributor Minor collector Access
street

Minimum LOS per Leg B B C D
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Control delay per vechicle (S)

Level of service Signals Roundabouts Stop and Giveway/

Yield signs

A d<10 d<10 d<10

B 10<d<20 10<d<20 10<d<15

C 20<d <35 20<d<35 15<d <25

D 35<d<55 35<d <50 25<d<35

E 55<d <80 50<d<70 35<d<50

F 80 <d 70<d 50<d

a 4 a A 2’,
NNANITAATIEHUTLANTMNVINLENNT 3 ETJL!‘U‘U ﬁjﬁﬂjﬂillﬂﬂ\l Sidra

o A I o W ~ A a Aa A o
ANNINN 4-11 Llagﬁ?].]‘l]i&ﬂuﬁWﬂﬂJiu@Wi’Nﬂ 4-5 LW'E)L‘LEfJ‘]JL‘VIﬂUﬂﬁ&’ﬁﬂ‘ﬁﬂTWﬂl@\iﬂWiﬁ]ﬂﬂ?ﬁ

9 v
NILLYNNI 3 3‘]JLL‘]J‘]J AININD 4-25



SITE OUTPUT COMPARISON

Comparison of Intersection Summary Statistics

ﬂ Site A: Existing

E Site B: Existing - Lag-Optimum

Intersection Performance (Vehicles Only) - Hourly Values

Performance Measure

Units

Difference

94

% Difference

Travel Speed (Average)
Travel Distance (Total)
Travel Time (Total)

Demand Flows (Total)

Percent Heavy Vehicles (Demand)
Degree of Saturation

Practical Spare Capacity

Effective Intersection Capacity

Control Delay (Total)

Control Delay (Average)

Control Delay (Worst Lane)
Control Delay (Worst Movement)
Geometric Delay (Average)
Stop-Line Delay (Average)

Idling Time (Average)

Intersection Level of Service (LOS)

95% Back of Queue - Vehicles (Worst Lane)
95% Back of Queue - Distance (Worst Lane)
Queue Storage Ratio (Worst Lane)

Total Effective Stops

Effective Stop Rate

Proportion Queued

Performance Index

Site A - Hours per Year: 480
Site B - Hours per Year: 480

Performance Measure

Demand Flows (Total)
Delay

Effective Stops
Travel Distance
Travel Time

Cost

Fuel Consumption
Carbon Dioxide
Hydrocarbons
Carbon Monoxide
NOx

SIDRAINTERSECTION 6.0.22.4722

km/h
veh-km/h
veh-h/h

veh/h
%

%
veh/h

veh-hih
sec
sec

veh

veh/h
per veh

vehly
veh-hly
vehly
veh-km/y
veh-hly

Sty
Ly
kaly
kaly
kaly
kaly

23
83359
3664.9

8154
0.0
4.446
-79.8
1834

3559.05
15713
32721
3260.0

19
1569.4
15491
LOSF

578.1
4046.7
4.96
17749
218
0.94
48022

3,913,920
1,708,346
8,519,293
4,001,254
1,759,135

53,570,850

2,541,468
5.972,449
706
4447
1,050

44
83359
1899.5

8154

0.0
1.988
-54.7
4101

1793.70
791.9
959.0
956.1

19
790.0
7525

LOSF

3754
2628.0
322
24006
2.94
0.95
2788.7

3,913,920
860,976
11,523,100
4,001.254
911,767

28,155.470
1,552,721
3,648.894

424
3.065
855

Copyright © 2000-2014 Akcelik and Associates Pty Ltd

wwv.sidrasolutions.com

8001492, BURAPHA UNIVERSITY, NETWORK / Enterprise

~ = a 4 ~ o A
MR 4-24 nlseumeuransunszd Juuun 1 Augdunui 2

Site B - Site A
21

0.0

-1765.3

0

0.0
-2.458
250
2267

-1765.35
-775.4
-23131
-2304.0
0.0
-779.4
-796.6
NA

-202.7
-14187
-1.74
6258
077
0.00
-20135

Difference
Site B - Site A

Diff / Site A

% Difference
Diff / Site A

0 0.0

-847,370 -496

3,003,807 353

0 0.0

-847,368 482

-25.415,380 474

-988,747 389

-2,323,556 389

-281 339

41,382 311

-195 186
SIDRA

INTERSECTION 6

929
0.0
-48.2

0.0
0.0
-553
-314
1236

-49.6
-49.6
-70.7
-70.7

0.0
-49.7
-514

NA

-35.1
-351
-35.1
353
353
05
-419

Intersection Performance (Vehicles Only) - Annual Values




SITE OUTPUT COMPARISON

Comparison of Intersection Summary Statistics

Site A: Existing - Lag-Optimum
E Site B: New Design - Optimum

Intersection Performance (Vehicles Only) - Hourly Values

Performance Measure

Units

Difference
Site B - Site A

% Difference
Diff / Site A

Travel Speed (Average) km/h 44 646 60.2 1370.9
Travel Distance (Total) veh-km/h 8335.9 9995.1 1659.1 19.9
Travel Time (Total) veh-h/h 1899.5 154.8 -17447 -91.8
Demand Flows (Total) veh/h 8154 9737 1583 194
Percent Heavy Vehicles (Demand) % 00 0.0 00 0.0
Degree of Saturation 1.988 0.814 -1.175 -59.1
Practical Spare Capacity % 547 106 653 -119.4
Effective Intersection Capacity veh/h 4101 11966 7865 191.8
Control Delay (Total) veh-h/h 1793.70 28.64 -1765.06 -88.4
Control Delay (Average) sec 791.9 10.6 7813 -98.7
Control Delay {Worst Lane) sec 959.0 385 9205 -96.0
Control Delay (Worst Movement) sec 956.1 385 9176 -96.0
Geometric Delay (Average) sec 19 1.7 03 -134
Stop-Line Delay (Average) sec 790.0 89 7811 -98.9
Idling Time (Average) sec 7525 56 -746.9 -99.3
Intersection Level of Service (LOS) LOSF LOSB NA NA
95% Back of Queue - Vehicles (Worst Lane) veh 3754 299 -3455 -52.0
95% Back of Queue - Distance (Worst Lane) m 2628.0 2095 -24185 820
Queue Storage Ratio (Worst Lane) 3.22 0.26 -2.96 -92.0
Total Effective Stops veh/h 24006 6552 -17454 -72.7
Effective Stop Rate per veh 2.94 0.67 227 771
Proportion Queued 0.95 0.58 -0.37 -39.0
Performance Index 2788.7 233.7 -2555.0 916

Intersection Performance (Vehicles Only) - Annual Values

Site A - Hours per Year: 480
Site B - Hours per Year: 480

Difference

Site B - Site A

Demand Flows (Total) vehly 3,913,920 4,673.760 759,840 19.4
Delay veh-hly 860,976 13,746 -847,231 -98.4
Effective Stops vehly 11,623,100 3,145,159 -8,377 941 127
Travel Distance veh-kmly 4,001,254 4,797 640 796,386 19.9
Travel Time veh-hly 911,767 74323 -837,445 -91.8
Cost Sly 28,155,470 2,386.018 -25,769,460 -915
Fuel Consumption Ly 1,552,721 460.874 -1,091,847 -70.3
Carbon Dioxide kgly 3,648,894 1,083,053 -2,565,841 -703
Hydrocarbons kgly 424 123 -301 -71.0
Carbon Monoxide kgly 3,065 2,102 -962 314
NOx kgly 855 425 -430 -50.3
o Copyri_gm ® 20_00—2014 Akcelik and Associates Pty Ltd S | D RA

DRAINTERSECTION 6.0.22.4722 wwv/.sidrasolutions.com

INTERSECTION 6

8001492, BURAPHA UNIVERSITY, NETWORK / Enterprise
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Fnwauzinaly
sruumanen Ui 1 snuufi 2 gduwuii 3
ANHUTNLYN 4 1on 4 1eM 4 1gn
(ﬁ'm(gmmm)
vz dyanaIieias 225 UM 110 3119 75 30
HAMTIATILT]
Degree of saturation 4.446 1.988 0.814
Control delay (Average) 1571390 79193 10.6 3w
Control delay (Worst movement) 3,260.0 BITREL 956.1 3N 38.5 U0
Geometric Delay (Average) 1.9 2119 1.9 3110 1.7 3
Intersection Level of Service (LOS) F F B
95% Back of Queue-Vehicles (Worst lane) 578.1 A1l 375.4 AU 29.9 AU
95% Back of Queue-Distance (Worst lane) 4,046.7 1UNT 2,628.0 LUAT 209.5 13
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Nnlu il ana. 55.29%
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Nnnsluu BT aseN 81.69%
Nnsluulia 2 anay 55.29%
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NN 4-26 1WTsuneu Degree of saturation 114 3 NI

A A 1 . U A [ Y ~
(9915 UIA1 Degree of saturation YBINLEN WU 1MoLV aAIeg UL 2
d‘d [ [ <3 1 [ .
nimsdSulyanmzsevvesdynaWas19s 921HUA1 Degree of saturation YBINILLEN
X 9 [N} . 4 % 1 a
ANRID1N 4.446 11100 1.988 Feanadosaz 55.29 UAAT Degree of saturation N 1.988 §aliAnn
1o . . P~ A 1% Y =
17171 Maximum degree of saturation 91 0.90 tazilonaaaunsliulyamanenalegunun
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nastuuiil 1 aaad 49.60%
Nnsduuui 1 anag 99.33%
NngluuLi 2 anaY 98.66%
LOS D-E-F
LOS A-B-C

suuuui 2 suuuun 3

dl = ! g}l =
7 4-27 1WSeuneun Control delay (Average) YBINLLYN N 3 NI
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11§oW15041A1 Control delay (Average) Yoan19ien WU elSulyamegluuni

A [ o ] R
2 nlimsdivljaunmeseuvesdyaim 1195195 921911181 Control delay (Average)

a a % 9 [
VINNLINAADNN 1,571.3 ’TLH‘IT] L'Vi'ﬁ’é] 791.9 ’J“Lﬂﬁ “?\‘]ﬁﬂﬁ\ﬁﬂﬁlﬁ% 49.60 &1 Control delay

{ a % 1T A 1 1 [ Y a { [ 9 . 1 { 9) 1
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v a Y 4
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i a . [ 4 [ Y
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. . . 1 - . -
| AR 2 - _]_ = T'E’lf
_‘ All Movement Classes
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1IN AUAAIAINAITINN 5-1 Ll’dx3$ﬁjﬂﬂ1§ﬁlﬁ}ﬂc§ﬂﬁﬂlﬂﬂﬂ1\mﬂﬂ AININA 5-1

~ a 4 ~
M3719% 5-1 agiwamsnsgifseuneuna
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