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Abstract

Intersections are usually considered as the critical points within the network and the
evaluation of their performance provides valuable understanding and useful indication
about the performance of the system. The capacity of signalized intersection is of more
significant because such intersections often control the ability of the city streets to
accommodate traffic. In Baghdad, most of the signalized intersections are congested and
operate in LOS E or F. Accordingly, the objective of the present study is to improve the
performance operation of one signalized intersection by investigating the proper alternative
to enchance the traffic capacity of the mentioned facilities. To achieve this objective,
signalized intersection in Baghdad city was selected. The selected intersection is located in
an area of heavy traffic volume since there are many attraction locations close to the study
area.

The required data was collected manually by special team using the necessary survey
equipment suitable for the study purpose.the analysis and evaluation throughout the study
are performed by using Highway Capacity Software (HCS2000)(1) program package, in
order to identify the level of service for the studied intersection .
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Appendex (A)

DESIGN ANALYSIS

Analyst:
Agency/Co:
Date: 8/15/2008
Analsis Period:
Highway:
From/To:
Jurisdiction:
Analysis Year:
Project ID:
LEVEL OF SERVICE
Direction 1 2
Desired LOS (o] (]
FREE-FLOW SPEED
Direction 1 2
Lane width 3.6 m 3.6 m
Lateral clearance:
Right edge 1.8 m 1.8 m
Lem edge 1.8 m 1.8 m
Total lateral clearance 3.6 m 3.6 m
Access points per mile 0 0
Median type Divided Divided
Free-flow speed: Base Base
FFS or BFFS 90.0 km/h 90.0 km/h
Lane width adjustment, FLW 0.0 km/h 0.0 km/h
Lateral clearance adjustment, FLC 0.0 km/h 0.0 km/h
Access points adjustment, FA 0.0 km/h 0.0 km/h
Median type adjustment, FM 0.0 km/h 0.0 km/h
Free-flow speed 90.0 km/h 90.0 km/h
VOLUME
Direction 1 2
Volume, V 3238 vph 2941 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-minute volume, v15 899 817
Trucks and buses 10 % 7 %
Recreational vehicles 0 % 0 %
Terrain type Level Level
Grade 0.00 % 0.00 %
Segment length 0.00 km 0.00 km
Trucks and buses PCE, ET 3.0%* 3.0%*
Recreational vehicles PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.833 0.877
Driver population adjustment, fP 1.00 1.00
Flow rate, vp 4317 pcph 3725 pcph
RESULTS
Direction 1 2
Desired LOS (o} (o}
Flow rate, vp 4317 pcph 3725 pcph
Free-flow speed, FFS 90.0 km/h 90.0 km/h
Allowable maximum service flow rate
for desired LOS, MSF 1435 pcphpl 1435 pcphpl
Number of lanes required, N 3.0+ 2.6

Designers should perform an operational analysis on the possible choices for N.
Overall results are not computed when free-flow speed is less than 70 km/h.
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Appendix (B-1)

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/14/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S St:

SIGNALIZED INTERSECTION SUMMARY
Eastbound | Westbound | Northbound
L T R L T R

Southbound
L T R

I | I
| I I I I
I I | | I
No. Lanes | 0 3 1 | 1 2 0 | 3 0 1 | 0 0 0 |
LGConfig | T R | L T | L R | |
Volume | 2181 927 |832 1855 11057 778 | |
Lane Width | 3.6 3.6 |3.6 3.6 13.6 3.6 | |
RTOR Vol | 800 | | 700 | |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left | NB Left P
Thru P | Thru
Right P [ Right P
Peds | Peds
WB Left P | SB Left
Thru P | Thru
Right | Right
Peds | Peds
NB Right | EB Right
SB Right | WB Right
Green 35.0 35.0 30.0
Yellow 4.0 4.0 4.0
All Red 0.0 0.0 0.0
Cycle Length: 112.0 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
Eastbound
T 1544 4940 1.57 0.31 297.9 F 283.2 F
R 485 1553 0.29 0.31 30.6 Cc
Westbound
L 537 1719 1.72 0.31 370.6 F
T 981 3139 2.10 0.31 537.4 F 485.8 F
Northbound
L 1294 4831 0.91 0.27 50.5 D
49.3 D
R 412 1538 0.21 0.27 33.0 (o]
Southbound

Intersection Delay = 328.7 (sec/veh) Intersection 1LOS = F

HCS2000: Signalized Intersections Release 4.la
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Appendix (B-2)

HCS2000: Signalized Intersections Release 4.la

Analyst: Inter.:
Agency: Area Type: All other areas
Date: 8/9/2008 Jurisd:
Period: Year:
Project ID:
E/W St: N/S St:
SIGNALIZED INTERSECTION SUMMARY
| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
I I | | I
No. Lanes | 2 2 1 | 2 2 1 | 2 2 1 | 2 2 1 |
LGConfig | L T R | L T R | L T R | L T R |
Volume 1316 330 458 |432 526 66 |350 1243 350 |277 973 540 |
Lane Width |3.6 3.6 3.6 |3.6 3.6 3.6 |[|3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left P P | NB Left P P
Thru P | Thru P
Right P P [ Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P | Thru P
Right P P [ Right P P
Peds | Peds
NB Right P P | EB Right P P
SB Right P P | WB Right P P
Green 23.0 18.0 50.0 15.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0 0.0
Cycle Length: 122.0 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
Eastbound
L 746 2757 0.47 0.37 40.9 D
T 681 3610 0.54 0.19 47.8 D 26.2 Cc
R 1524 1524 0.33 1.00 0.6 A
Westbound
L 832 3367 0.58 0.37 41.6 D
T 654 3471 0.89 0.19 65.3 E 51.1 D
R 1335 1335 0.05 1.00 0.1 A
Northbound
L 958 3433 0.41 0.57 34.2 C
T 1436 3505 0.96 0.41 51.3 D 39.0 D
R 1538 1538 0.25 1.00 0.4 A
Southbound
L 1240 3502 0.25 0.57 40.4 D
T 1436 3505 0.75 0.41 34.4 C 25.4 C
R 1242 1242 0.48 1.00 1.3 A
Intersection Delay = 34.6 (sec/veh) Intersection LOS = C
HCS2000: Signalized Intersections Release 4.la
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Appendix (B-3)

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/9/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S st:

SIGNALIZED INTERSECTION SUMMARY

| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | | | |
No. Lanes | 2 2 1 | 2 2 1 | 2 2 1 | 2 2 1 |
LGConfig | L T R | L T R | L T R | L T R |
Volume |1436 455 632 |595 725 91 1483 1712 483 |382 1340 744 |
Lane Width |3.6 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left P P | NB Left P P
Thru P | Thru P
Right P P [ Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P | Thru P
Right P P | Right P P
Peds | Peds
NB Right P P | EB Right P P
SB Right P P | WB Right P P
Green 23.0 18.0 50.0 15.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0 0.0
Cycle Length: 122.0 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
Eastbound
L 787 2757 0.61 0.37 44.0 D
T 681 3610 0.74 0.19 53.9 D 29.1 (o]
R 1524 1524 0.46 1.00 1.0 A
Westbound
L 875 3367 0.76 0.37 47.6 D
T 654 3471 1.23 0.19 167.1 F 105.9 F
R 1335 1335 0.08 1.00 0.1 A
Northbound
L 1253 3433 0.43 0.57 42.3 D
T 1436 3505 1.32 0.41 187.0 F 127.2 F
R 1538 1538 0.35 1.00 0.6 A
Southbound
L 1309 3502 0.32 0.57 41.6 D
T 1436 3505 1.04 0.41 69.9 E 45.3 D
R 1242 1242 0.67 1.00 2.8 A
Intersection Delay = 80.0- (sec/veh) Intersection LOS = E

HCS2000: Signalized Intersections Release 4.1la
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Appendix (C-1)

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/15/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S St:

SIGNALIZED INTERSECTION SUMMARY
Eastbound | Westbound | Northbound
L T R L T R L T R

Southbound
L T R

I | I
| | | I I
I | | | I
No. Lanes | 0 4 2 | 2 2 2 | 2 2 2 | 2 2 2 |
LGConfig | T R | L T R | L T R | L T R |
Volume | 1110 723 |990 691 140 699 217 712 275 77 10 |
Lane Width | 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left | NB Left P P
Thru P | Thru P
Right P P [ Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P P | Thru P
Right P P [ Right P P
Peds | Peds
NB Right P P | EB Right P
SB Right P P | WB Right P
Green 30.0 25.0 15.0 15.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0
Cycle Length: 101.0 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
Eastbound
T 1957 6587 0.63 0.30 32.3 C 21.2 C
R 2173 2814 0.37 0.77 4.1 A
Westbound
L 1207 2968 0.91 0.58 39.2 D
T 1883 3223 0.41 0.58 12.1 B 26.1 Cc
R 2051 2656 0.08 0.77 2.9 A
Northbound
L 914 3367 0.85 0.34 43.4 D
T 526 3539 0.46 0.15 42.1 D 24.4 (o]
R 2538 2538 0.31 1.00 0.3 A
Southbound
L 855 3335 0.36 0.34 29.8 (o]
T 536 3610 0.16 0.15 38.1 D 30.8 Cc
R 2842 2842 0.00 1.00 0.0+ A
Intersection Delay = 24.3 (sec/veh) Intersection LOS = C
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Appendix (C-2)

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/15/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S st:

SIGNALIZED INTERSECTION SUMMARY
Eastbound | Westbound | Northbound
L T R

| | |
| | | | |
| | | | |
No. Lanes | 0 4 2 | 2 2 2 | 2 2 2 | 2 2 2 |
LGConfig | T R | L T R | L T R | L T R |
Volume | 1834 1195 |1634 1141 232 |1155 358 1176 |455 127 17 |
Lane Width | 3.6 3.6 |3.6 3.6 3.6 3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left | NB Left P P
Thru P | Thru P
Right P P | Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P P | Thru P
Right P P | Right P P
Peds | Peds
NB Right P P | EB Right P
SB Right P P | WB Right P
Green 30.0 25.0 10.0 15.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0
Cycle Length: 96.0 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
Eastbound
T 2058 6587 0.99 0.31 50.5 D 33.2 Cc
R 2140 2814 0.62 0.76 6.6 A
Westbound
L 1450 2968 1.25 0.61 146.6 F
T 1981 3223 0.64 0.61 13.4 B 85.0 F
R 2020 2656 0.13 0.76 3.2 A
Northbound
L 882 3367 1.45 0.30 245.9 F
T 369 3539 1.08 0.10 112.5 F 120.9 F
R 2538 2538 0.51 1.00 0.8 A
Southbound
L 922 3335 0.55 0.30 32.9 Cc
T 376 3610 0.38 0.10 42.9 D 34.1 (o]
R 2842 2842 0.01 1.00 0.0+ A
Intersection Delay = 75.2 (sec/veh) Intersection LOS = E
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Appendix (D-1)

HCS2000: Signalized Intersections Release 4.la

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/9/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S st:

SIGNALIZED INTERSECTION SUMMARY

| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | | | |
No. Lanes | 0 4 2 | 2 2 2 | 2 2 2 | 2 2 2 |
LGConfig | T R | L T R | L T R | L T R |
Volume | 944 674 |882 1350 617 |566 554 825 |1369 308 O |
Lane Width | 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left | NB Left P P
Thru P | Thru P
Right P P [ Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P P | Thru P
Right P P | Right P P
Peds | Peds
NB Right P P | EB Right P P
SB Right P P | WB Right P P
Green 25.0 20.0 20.0 30.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0 0.0
Cycle Length: 111.0 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
Eastbound
T 1429 6345 0.73 0.23 43.3 D 25.4 Cc
R 2707 2707 0.28 1.00 0.3 A
Westbound
L 1068 3367 0.92 0.44 50.0 D
T 1362 3085 1.10 0.44 88.1 F 57.2 E
R 2608 2608 0.26 1.00 0.2 A
Northbound
L 1292 3433 0.49 0.49 26.6 Cc
T 638 3539 0.97 0.18 73.3 E 28.7 C
R 2707 2707 0.34 1.00 0.3 A
Southbound
L 1430 3502 1.06 0.49 76.5 E
T 625 3471 0.55 0.18 44.8 D 70.7 E
R 2842 2842 0.00 1.00 0.0 A
Intersection Delay = 46.8 (sec/veh) Intersection LOS = D
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Appendix (D-2)

HCS2000: Signalized Intersections Release 4.la

Analyst: Inter.:

Agency: Area Type: All other areas
Date: 8/9/2008 Jurisd:

Period: Year:

Project ID:

E/W St: N/S st:

SIGNALIZED INTERSECTION SUMMARY
Eastbound | Westbound | Northbound
L T R L T R L T R

| | |
| | | | |
| | | | |
No. Lanes | 0 4 2 | 2 2 2 | 2 2 2 | 2 2 2 |
LGConfig | T R | L T R | L T R | L T R |
Volume | 1094 782 1023 1565 715 |656 643 956 |1587 357 O |
Lane Width | 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6 |3.6 3.6 3.6
RTOR Vol | 0 | 0 | 0 | 0 |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left | NB Left P P
Thru P | Thru P
Right P P | Right P P
Peds | Peds
WB Left P P | SB Left P P
Thru P P | Thru P
Right P P | Right P P
Peds | Peds
NB Right P P | EB Right P P
SB Right P P | WB Right P P
Green 25.0 20.0 20.0 30.0
Yellow 4.0 4.0 4.0 4.0
All Red 0.0 0.0 0.0 0.0
Cycle Length: 111.0 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
Eastbound
T 1429 6345 0.85 0.23 47.8 D 28.0 Cc
R 2707 2707 0.32 1.00 0.3 A
Westbound
L 1109 3367 1.03 0.44 71.4 E
T 1362 3085 1.28 0.44 161.4 F 98.7 F
R 2608 2608 0.30 1.00 0.3 A
Northbound
L 1306 3433 0.56 0.49 28.1 Cc
T 638 3539 1.12 0.18 118.6 F 42.2 D
R 2707 2707 0.39 1.00 0.4 A
Southbound
L 1436 3502 1.23 0.49 142.5 F
T 625 3471 0.64 0.18 47.0 D 125.0 F
R 2842 2842 0.00 1.00 0.0 A
Intersection Delay = 76.4 (sec/veh) Intersection LOS = E
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