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Abstract

The vehicles traffic volume has been increasing rapidly over last years in Iraq especially in
central business districts (CBD) in Baghdad city. The increasing results in growing of
congestion level, environmental pollution and time wasted during travel especially at the
intersection points. The objectives of the study are evaluating the existing level of service
(LOS) at Al-Mansour signalized T-intersection in Baghdad city and improving traffic
performance by estimating the best alternatives to increase the traffic capacity of intersection.
The traffic volume data were collected manually by group of engineers based on traffic
operation of policeman. Assessment of existing intersection at study area is considered using
HCS software (2010), also AutoCAD (2017) for display of all existing and proposal layouts.
Study results showed that Al-Mansour Intersection currently behaves serious deterioration
causing forced conditions LOS "F" with delay of 221.6 s/veh, therefore; instantaneous
solutions is to be considered concering the upgrading of serviceability based on trying many
proposals considering the signal timing and geometrical changes with required number of
lanes and phases. It showed that a suitable choice is to construct a tunnel (1 lane / direction)
along 14-Ramadhan street with actuating two phases giving LOS "B" and delay of 11.1 s/veh.

Keywords: Traffic volume, LOS, PHF, signalized intersection, control delay
1. Introduction

An intersection is an area where join which principal objective is to

variation in route

or cross at grade two or more roads,
within which are contained the right
of way of facilities for the movements
of the traffic in that area. Each road is
branched from an intersection making
part of an intersection leg [7].

Another study defined the intersection
as an area, composed of many roads

produce the
direction. Intersections vary in their
geometrical designs from a simple
type, which has only two roads
intersecting at a right angle to the
most complex one, where three roads
or more crossed in the same area [2].
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Many studies have been found to
solve  problems of  signalized
congested intersections. The objective
of the first study contains the
assessment LOS and traffic operation
of AL-Qudus signalized intersection
in Baghdad city. The location of
intersection is in a heavy traffic
volume area where there are a lot of
attractions near to the study area. All
required traffic and geometrical data
are gathered by many observers to
evaluate the distribution of traffic in
different directions. (HCS 2000)
software are wused to get the
requirements of traffic analysis. It is
found that the intersection is affected
by many problems, the most of them
is suffering from a high traffic load
that lead to weakening the LOS to "F"
with delay of 328.7 s/veh causes the
traffic congestions; therefor some
alternatives to be considered for
improving the operation of this
intersection. Several solutions in this
study based on (O-D) planning studies
due to considering of construction a
new express and distributor roads that
leads to decreasing the congestion
traffic on AL-Qudus intersection [5].

Capacity and LOS are the main points
of the intersections analysis and
should be indicated in order to assess
the generally operator of this facility.
The objectives of this study include
the assessment and development of
the operation performance for AL-
Mustanseriyah Intersection n

Baghdad city and to choose the best
alternative to support that
performance. In order to accomplish
these objectives, the estimated
geometrical and traffic data in all
movement directions to be needed
were collected by many observers,
while (HCS2000) is used for traffic
analysis process. It has been
recommended that the flyover
between Al-Mustanseriyah University
Street and Al-Talebia Street is the best
alternative to develop the operation
performance of Al-Mustainseriya
roundabout Intersection [3].

Another study includes the assessment
LOS and traffic operation of AL-
Kafa’at signalized intersection in AL-
Kut city. The location of intersection
is in a heavy traffic volume area
where there are a lot of attractions
near to the study area. Geometrical
data required are gathered manually
by many observers, while traffic data
are gathered using digital camera to
evaluate the distribution of traffic in
different directions. (HCS 2000)
software are used to get the
requirements of traffic analysis. It is
found that the intersection is affected
by many problems, the most of them
is suffering from a high traffic load
that lead to weakening the LOS to "F"
with delay value of 105.1 s/veh causes
the traffic congestions; therefor some
alternatives to be considered for
improving the operation of this
intersection. Because of the reasons
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above, it is important to enhance the
performance of AL-Kafa’at
Intersection by increasing the number
of lanes to the right turn for
Alhaidariya Approach. The results
indicate that the intersection LOS is
hanged to "D" with a cycle time of 91
sec and an intersection delay of 38.1
s/veh [1].

The purpose of this study is to assess
and to improve the performance of the
traffic operation at Al-Mansour
signalized intersection in Baghdad.
The study of the facility life has been
achieved for assessing of existing
serviceability at the present time and
during the estimated future period.

2. Theoretical Background

The intersection 1is required to
simplify traffic movements which
result in minimization of the delay.
This is done by chooses of the best
geometric features that control the
vehicle directions in the intersection.
These precise priority so that all
traffic ~ directions  occur  with
approximately fully safe. Each kinds
of intersections aim to provide
attention for vehicle drivers in a road
section that will prevent confusion.
The need for most driving flexibility
needs the choice of best kind of
intersections. Method of selection
needs economical, environmental and
operational effect on each suggested
option assessed [8].

Three important factors of
effectiveness are commonly used to
assess the operation of signalized
intersection:  Capacity, volume-to-
capacity (v/c) and delays. Capacity is
a maximum volume for vehicles that
pass on a given section during an hour
under different prevailing conditions;
its estimation by using HCS depended
on initial hypothesized values for
traffic flow saturation, then it would
be corrected to simulate the realistic
conditions. Capacity considered for
highway conditions like the number of
lanes, width of lane, grades, and the
purpose of lane wuse, also, the

evaluations of signalization.
According to the procedure of
highway capacity manual

(HCM2000), capacity is assessed for
critical lane groups, which require the
highest amount of the green interval.
The v/c ratios are depended on critical
and non-critical lane groups that do
not affect the traffic signal operation.
It, also confirm to as traffic saturation
degree, refers to the adequacy of the
facility to be suitable for the demand
of vehicles. A percent under 85%
refers that enough capacity is to be
found and expecting of vehicles are
not estimation influencing queues, as
well as; delays. When it approaches
100%, current traffic volume may be
close to unstable condition, delay
leads to make queuing case. While, if
it to be more than 100%, volume 1is
absolutely be in an unstable case
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where superfluous delay occur which
results in queuing case. According to
all stated cases, vehicles aim to take
more than one cycle of signal to cross
the intersection which is called a
failure of signal cycle [2].

Delay is the important key factors
which is used in the optimization of
stopped delay and other which
associated with accelerating from a
stop. Delay can be quantified in
different ways. The most frequently
used forms are stopped time delay,
approach delay and travel time delay.
Its values can be slightly different
based on the cases at signalized
intersection. Fig. 1 expresses the
differences among stopped time,
approach and travel time delays for a
vehicle  crossing a  signalized
intersection. The required pathway of
it, also the real successive of a vehicle,
which contains a stop at a red time [6].

[); = Stopped time delay
Dy = Approach delay
Dy = Travel time delay

[\ Desired path Actual path

Distance

Fig. 1 Illustration of Delay Assessments
(McShane, 2004)

timings of traffic signals. In addition,
it 1s an important element in
estimation LOS required to drivers at
signalized intersections. It, also, is a
factor that is inapproachable to be
assessed because of containing delay
related to decelerating to a stop, the

The experiencing of delays on the
signalized arterials are mainline
related to intersections where conflict
directions are  segregated and
controlled by signals of traffic. It can
operates at the disposal of a strategy
of isolated control with the signal
places of each signal set beyond to
that of alignment signals. Delay is
known as the variation in travel time
when a vehicle is affected and
unaffected by controlled intersection.
It contains time that is loosed because
of deceleration, acceleration and
stopped delay. Hence, delay at
intersection are directed toward
evaluating total delay or simply
stopped delay [6].

Control delay for the straight direction
of vehicles is the proper one to know
in assessment of an wurban road.
Equation (1) is used to compute the
control delay. Equations (2) and (3)
are shown to define the uniform and

incremental  delays,  respectively
according to (HCM2010):

Where,

d =d1(PF) +d2 +d3 (1)
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o.sc<1—(€)2) d; = initial queue delay (sec/veh);
d; = Tl,():{)g (2) PF = progression adjustment factor;
1_[ c ] C = cycle length (sec);

d, =900T(X - 1) +y(X —-1)2+

8KIX
o= 3)

d = control delay (sec/veh);

d; = uniform delay (sec/veh);

d> = incremental delay (sec/veh);

k = adjustment for incremental delay
for the actuated control; and

I = adjustment of incremental delay
for the metering or filtering by Signals
of upstream.

3. Study Area

Al-Mansour signalized intersection is
one of the most important
intersections which lies in the capital
Baghdad in "Al-Karkh". It connects
between Al-Mansour and  14%-
Ramadhan Streets. The reason to
choose it in this study is related to its
significant and an important location
near to center of Baghdad city.
Furthermore, the existing of different
public facilities and movements of
mini buses resulted in a highly volume
that cause delays especially at peak
hour. Fig. 2 illustrates the study area
and main details by the GOOGLE
MAPS.

¢ = capacity of lane group (veh/hr);

X = ratio of v/c for the lane group
(also termed Saturation degree);

g = effective green interval for lane

group (sec);
T = duration of analysis interval (hr);

Fig. 2 Satellite image of the study area

4. Collecting of Traffic Data

To evaluate the traffic operation
performance of intersection, field data
containing volumes of the traffic
should be gathered. Data collecting
were gathered manually by many
observers during the days of work,
where the largest congestion, as well
as; inadequate use of transportation
take place at hours where flow is high.
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The traffic volume data of intersection
were collected (based on the
evaluating of traffic policeman to
vehicles movement since breaking
down of traffic signals) at 2017 during
different workdays distributed on the
two months March and April for three
times per day, [(7:00 - 9:00 A.M),
(1:00 - 3:00 P.M) and (5:00 - 8:00
P.M)] as shown in Table. 1. Also,
suddenly interviews are considered
with interested people like traffic
policemen, pedestrians and drivers of
the road to help in selection of peak
hour period. It is well known in most

of traffic studies for evaluating and
enhancement  of the  existing
intersection, the following data as
shown in Tables. 1, 2 and 3 are
needed:
s V (veh/hrs.): Demand volume by
movement
¢ PHF: Peak-Hour Factor
¢ Hv (%): Percent of heavy vehicles
Vehicles are divided into small size
which any of them moves on four tires
contains passenger cars and mini
buses, also large size which any of
them moves on more than four tires.

Table. 1 Traffic Data Collected From Al-Mansour Street

Yarmuk Int. | 7:00-8:00 | 8:00-9:00 | 1:00-2:00

2:00-300 | 5:00-6:00

From AL AM P.M
M
sat'ii‘éi“' 7:00-8:00 | 8:00-9:00 | 1:00-2:00 | 2:00-300 | 5:00-6:00 | 6:00-7:00 | 7:00-8:00
R (peph) 76 92 127 100 52 70 58
Ruy (vph) 5 3 0 0 0 0 0
Ry (%) | 6.173 3.158 0 0 0 0 0
PHF 0.808 0.735 0.756 0.807 0.500 0.670 0.692
L (peph) 78 44 96 83 170 201 187
Ly (vph) 6 0 0 0 3 0 0
Ly (%) | 7.143 0 0 0 1.734 0 0
PHF 0.750 0.794 0.750 0.769 0.796 0.700 0715
Table. 2 Traffic Data Collected From Al-Yarmuk Intersection
AM P.M
From AL-

6:00-7:00 | 7:00-8:00

R (peph) 161 122 141 191 293 586 492
Ru, (vph) 0 0 0 0 0 0 0
Ry (%) 0 0 0 0 0 0 0
PHF 0.660 0.782 0.690 0.770 0.49 0.870 0.830
TH (peph) 174 102 180 158 316 426 372
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THyy (vph) 0 0 0 0 0 0 0
THu, (%) 0 0 0 0 0 0 0
PHF 0.790 0.670 0.738 0.580 0.850 0.840 0.795
Table. 3 Traffic Data Collected From 14"-Ramadhan Intersection
AM P.M
From 14t-
Ramadh
a“;f:t AN | 7.00-8:00 | 8:00-9:00 | 1:00-2:00 | 2:00-300 | 5:00-6:00 | 6:00-7:00 | 7:00-8:00
TH (pcph) 59 83 124 89 123 287 243
THyy, (vph) 4 2 0 0 0 0 0
THy (%) | 7018 2353 0 0 0 0 0
PHF 0.641 0.694 0.775 0.670 0.702 0.740 0.712
L (pcph) 24 58 59 67 459 606 594
Ly (vph) 0 0 0 0 0 0 0
Lity (%) 0 0 0 0 0 0 0
PHF 0461 0.604 0.702 0.670 0.755 0.860 0.820

S. Analysis and Results

An excel sheet was prepared for
analyzing the traffic data as shown in
Table 1 previously to appoint the
peak hour. From the traffic accounts

of the field survey, time interval of
[(6:00 - 7:00 P.M)] were suggested to
be the peak hour at the intersection.
Summation of the traffic flows during
this hour were 2266 vph as shown in

Fig. 3.
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Fig. 3 Traffic Data of Al-Mansour Intersection
5.1 Evaluation of Existing LOS
The traffic data of existing give the LOS "F" with a delay of

intersection has been assessed on
April 14, 2017 using HCS software
(2010) as shown in Fig. 4. Since the
Traffic signals were broken down
during the interval of data collection,
cycle length was assessed based on
evaluation of the traffic policeman to
the movement of vehicles during peak
hour. The evaluation depended on
actuating  3-phases  (phase per
approach). The cycle length at peak
hour was 840 seconds distributed on
all phases of approaches as shown in
Fig. 4. Traffic volume data within
cycle length has been analyzed, results

221.6 sec/veh as shown in Table. 4.
The geometric layout using AutoCAD
software (2017) is as shown in Fig. 5.
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SIGNALIZED INTERSECTIONS OPERATIONAL ANALYSIS

Analyst ICiviI Engineers Group Intersection IAI-Mansour Intersection
Agency/Co |&41-F arabi University College Area Type [v CBD or Similar
Date |14/04/2017 Units: U. S. Metiic Jurisdiction I
Analysis Time Period |5300'73 00 PM Analysis Year |201 7
Project Description |AI~Mansour Intersection
East/west Street Name |AIAMansour Street North/South Street Name I1 4-Ramadhan Street
SIGNALIZED INTERSECTION SUMMARY
| Eastbound | Westbound | Northbound |  Southbound |
I L T R I L T R I L T R I L T R I
No. Lanes | 0 0 0 | 2 0 1 | 0 1 2 | 3 1 0 |
LGConfig | | L R | T R | L T
Volune | |291 70 | 426 586 |606 287 |
Lane Width | |13.0 3.0 | 3 3. |13.0 3. |
RTOR Vol | | 0 | 0 | |
Duration 0.25 Area Type: CBED or Similar
Signal Operations

Phase Combination 1 2 3 4 5 6 7 8
EB Left NB Left

Thru Thru P

Right Right P

Peds Peds
WB Left P SB Left P

Thru Thru P

Right P Right

Peds Peds
NB Right EB Right
SB Right WB Right
Green 126.0 378.0 336.0
Yellow 0.0 0.0 0.0
A1l Red 0.0 0.0

0.0
Cycle Length: 840.0 secs

Fig. 4 Operation Analysis of Existing LOS by (HCS2010)

Table. 4 Intersection Delay of Existing LOS by (HCS2010)

Intersection Performance Summary.

Appr Lane Ady Sat Fatio= Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=s) vIC gsC Delay LOS Delay LOS
Ea=tbound
Vestbound
L 442 2944 0.94 n.15% 3837

74 .4 F
R 204 1357 0.49 0,15 335.7 F
Horthbound
T 718 1596 0.71 0.45% 192.0 F 184 .8 F
E 10a0 2401 n.ez 0.45 179.4 F
Southbound
L 1652 4130 0.50 0.40 189.7 F
T 633 1596 n.sz 0.40 194 .3 F 191.0 F

Intersection Delay = 221 .6 (=secsveh) Intersection LOS = F
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Fig. 5 Geometric Layout of Existing LOS and First Proposal

5.2 Proposal Design Alternatives

5.2.1 Design of Traffic Signal Timing

Two proposals of traffic signal timing
design were suggested: The first
proposal is to optimize the existing
data using HCS software, the traffic
signals are designed to be actuated on
3-phases with suggestions of design
cycle length (more than or equal 30
seconds and less than or equal 120
seconds). Results give optimum cycle
length of 100 seconds as shown in
Fig. 6. In addition, it give the level of
service "D" with a delay of 37.1
sec/veh as shown in Table. 5. The
geometric layout of this proposal is as

shown as in Fig. 5, previously. The
carry out of this alternative will give a
lower enhancement on the LOS, so;
the second proposal was suggested.

The second proposal is to optimize the
existing data using HCS software as
shown in Fig. 7, the traffic signals are
designed to be actuated on 3-phases
too, but an exclusive right lanes are
suggested for the vehicles travelling
from Al-Yarmuk intersection towards
Al-Mansour street and From Al-
Mansour street towards 14-Ramadhan
intersection. Design cycle length
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(more than or equal 30 seconds and
less than or equal 120 seconds) has
been suggested too. Results give
optimum cycle length of 70 seconds
as shown in Fig. 7. In addition, it give
level of service "C" with a delay of
24.8 sec/veh as shown in Table. 6.

The geometric layout of this proposal
is as shown as in Fig. 8.

This proposal is good for execution,
but for more enhancing of the traffic
operation, another two proposals were
suggested concerning re-design of the
geometric features of the intersection
in addition to the traffic signal timing.

SIGNALIZED INTERSECTICN SUMHARY,
| Eastbound |  Westbound |  Horthbound |  Southbound |
| L T R | L T R | T T R | * T R |
| | | | |
No. Lanes | 0 a 1 | 2 0 | i 1 2 | 3 1 0 |
LGConfig | | L R | T R | L T |
Volune | 1291 70 | 426 586 |606 287 |
Lane Width | |3.0 3.0 | 3.0 3.0 [3.0 3.0 |
RTOR Vol | | 0 | 0 | |
Duration 0.25 Area Type: CED or Similar
Signal Operations
Pha=ze Combination 1 2 3 4 b 7 []
EB Left HE ILeft
Thru Thru P
Right Right P
Peds Peds
VB ILeft P SBE lLeft P
Thru Thru P
Right P Right
Peds Peds
HE Right EE Right
SB  Right UE Right
Gresn 21.2 3g.4 28.4
Yellow 4.0 4.0 4.0
All Red 0.0 0.0 0.0
Cycle Length: 100.0 =ecs

Fig. 6 Operation Analysis of the First Proposal by (HCS2010)

Table. 5 Intersection Delay and LOS of the First Proposal by (HCS2010)

Interzection Performance Summnary

Appr~ Lane Adj Sat Ratios Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=) oo f= P Delay LOS Delay LOS
Ea=tbound
WMestbhound
L B2d 2944 n.e7 n.z21 41.7

10.8 ]
E 288 1357 0. 35 n.z21 3.8 ]
Horthbound
T 613 1596 n.83 .38 40.0 ] 3501 ]
E 922 2401 n.73 .38 1.5 C
Southbound
L 1173 4130 0.70 0.z2a 354 ]
T 453 1596 n.74 n.z2a 42 .7 ] 7.5 ]

Intersection Delay = 37.1 (=zecswveh) Intersection LOS = D
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SIGHALIZED INTERSECTION SUMMARY
| Eastbound |  Westbound | Horthbound | Southbound |
I E I L T E I L T E I L T E I
Ho. Lanes | i} [i] [ 2 0 i} | 0 2 0 [ [i] i} |
LConfig | | L | T | L |
Yolune | [291 | 426 |606 |
Lane Width | [2.0 | 3.0 [2.0 |
RTOR Vol | | | | |
Duration Ahrea Type: CED or Similar
Signal Operations

Phaze Combination 1 2 3 4 [ g
EB Left HE Left

Thru Thru P

Right Right

Peds= Ped=
WE Left SE Left P

Thru Thru

Right Right

Feds Feds=
HE Right EE Right
SB ERight WE Right
Green 1 12,3 21.8
Yellow 4.0 4.0 4.0
All Red o.o 0.0 n.o

Cycle Length: 70.0 SECE

Fig. 7 Operation Analysis of the Second Proposal by (HCS2010)

Table. 6 Intersection Delay and LOS of the Second Proposal by (HCS2010)

Intersection Performance Summary,

Appr Lan= Adq Sat Fatio= Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=) Ll [= P Delay LOS Delay LIS
Eastbound
Wesztbound
L 753 2944 0.55 .26 25 .5 C

25 .5 C
Horthbound
T 794 30349 0.e4 .26 26.8 C 26.8 C
Southbound
L 1286 4130 0.e4 n.31 23.1 C

23.1 C

Intersection Delay = 24 .8 (=ec-veh) Intersection LOS = C
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Fig. 8 Geometric Layout of the Second Proposal

5.2.2 Re-design of Geometric Features with Traffic Signal Timing

Two proposals related to change of
the geometric features with traffic
signal timing were suggested: The
first proposal is assumed to construct
underpass system (Tunnel) along the
centerline of 14-Ramadhan street in
two directions (one lane per
direction). One of the most important
reasons to choose underpass system
instead of overpass system is due to
aesthetical of the study area. After
optimizing the existing data using
HCS software, the traffic signals are
designed to be actuated on 3-phases
with suggestions of design cycle
length (more than or equal 30 seconds
and less than or equal 120 seconds).
Results give optimum cycle length of
70 seconds as shown in Fig. 9. In
addition, it give the level of service

"D" with a delay of 36.5 sec/veh as
shown in Table. 7. The geometric
layout of this proposal is as shown as
in Fig. 10. So, carry out of this
alternative leads to a  little
enhancement on the LOS with
considering the cost of construction,
therefore; the other proposal was
achieved.

The second proposal is divided into
two assumptions, both of them are
assumed to construct underpass
system (Tunnel) along the centerline
of 14-Ramadhan street in two
directions, the first includes (one lane
per direction), while the second
includes (two lanes per direction).
After optimizing the existing data
using HCS software, the traffic signals
are designed to be actuated on 2-
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phases (phase number one for vehicles
traveling from Al-Yarmuk
intersection and Al-Mansour street
and phase number two for vehicles
traveling from 14-Ramadhan
intersection) with suggestions of
design cycle length (more than or
equal 30 seconds and less than or
equal 120 seconds). Results give
optimum cycle length of 50 seconds
for both of them as shown in Fig. 11

and 12. In the same time, it give the
level of service "B" with a delay of 14
and 11.1 sec/veh respectively as
shown in Table. 8 and 9. So, the
second choice which includes (one
lane per direction) is better than the
first due to the same development on
the level of service considering the
lower cost of construction. The
geometric layout of this proposal is
shown in Fig. 13.

SIGHALIZED INTERSECTION SUMMARY.
| Eastbound |  Westhound | Horthbound Southbound |
I L T R I L T I L T R L I
Ho. Lanes | 1] 1] 0 | 2 a | 0 1 2 2 1 0 |
LizConfig | | L | TR R L LT |
Voluns I 291 70| 0 586 [606 O |
Lane Width | |3.0 3 | 3.0 2.5 3.0 5 |
RTOR Yol | | i | 0 |
Duration 0.25 Area Type: CED or Similar
Signal Operations

Phase Combination 1 2 3 4 [ 7 8
EE Left | NE left

Thru | Thru F

Right | Right P

Peds | Peds
VB Left P | 5B Left P

Thru | Thru P

Right P | Right

Peds | Peds
HE Right | EE Right
SE Right | WB Right
Green 11.5 22.9 23.6
Yellow 4.0 4.0 4.0
411 Red [L1] 0.0 [

Cycle Length: 70.0 zecs

Fig. 9 Operation Analysis of the First Re-Design Proposal by (HCS2010)

Table. 7 Intersection Delay and LOS of the First Re-Design Proposal by (HCS2010)

Intersection Performance Summary,

Lppr~ Lanes Ad5 Sat Ratio= Lane Group Lhpproach
Lan= Group Flow Rate
Grp Capacity (=) v g~ Delay LOS Delay LOS
Eastbound
Vestbound
L 484 2944 0. .85 0.1a 46 . =2 n}

43 .6 I}
B 223 1357 0.45 0.1lg iz .8 Z
Horthbound
TR 522 1596 o.0o0 0.33 15 .8 B 40.1 D
E 739 2258 o.91 0.33 0.1 D
Southbound
L 993 2944 0.8z 0.34 29.1 Z
LT 506 1501 o.0o 0.34 15 .4 B 29.1 Z

Intersection Delay = 26.5 {=ec-vahl Intersection LOS = D
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Fig. 10 Geometric Layout of the Second Re-Design Proposal
SIGNALIZED INTERSECTION SUMMARY
Eastbound | Westbound | Northbound Southbound
T R | L T R | L T R L T R
[ |
No. Lanes 0 0 0 | 2 0 1 | ] 0 2 2 0 0
LGConfig | L R | R L
Volune |291 70 | 586 606
Lane Width [3.0 3.0 | 2.5 3.0
RTOR Vol | 0 | 0
Duration 0.25 Area Type: CBED or Similar
Signal Operations
Phase Combination 1 2 3 4 S 6 7 8
EB Left NEB Left
Thru Thru
Right Right
Peds Peds
WB Left P SB Left P
Thru Thru
Right P Right
Peds Peds
NE Right P EB Right
SE Right WB Right
Green 21.4 20.6
Yellow 4.0 4.0
All Red 0.0 0.0
Cycle Length: S50.0 secs

Fig. 11 Operation Analysis of the First Re-Design Proposal (2 In/Dir.) by (HCS2010)
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Table. 8 Intersection Delay and LOS of the First Re-Design Proposal (2 In/Dir.) by

(HCS2010)
Intersection Performance Summary
Appr/ Lane Adj Sat Ratios Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=) v/c g/C Delay LOS Delay LOS
Eastbound
Westbound
L 1260 2944 0.33 0.43 10.2 B
10.1 B
R 581 1357 0.17 0.43 9.5 A
Northbound
15.8 B
R 966 2258 0.70 0.43 15.8 B
Southbound
L 1213 2944 0.68 0.41 15.0 B
15.0 B
Intersection Delay = 14.0 (sec/veh) Intersection LOS = B

SIGHALIZED IHNTERSECTION SUMMARY
|  Eastbound |  Westbound |  Horthbound |  Southbound |
I L T R I L T E I L T R I L T I
Ho. Lanes | a a a | 2 a 1 | I I 3 | 3 I 0 |
LGConfig | | L B | R | L |
Yolume | |291 70 | 586 |e0e |
Lane Width | |3.0 3.0 | 2.5 |3.0 |
ETOR Vol | | Il | 0 | |
Luration 0.25 Area Type: CBED or Similar
Signal Cperations

Pha=ze Combination 1 2 3 4 5 3 7 a
EBE Left NB Left

Thru Thru

Right Right

Peds Ped=
WEB Left F SBE Left F

Thru Thru

Right P Right

Feds Peds=
HE Right F EE Right
SE  Right WE Right
Green 21.4 20 .6
Tellow 4.0 4.0
411 Red o.n 0.0

Cycle Length: S0.0 =ECE

Fig. 12 Operation Analysis of the Second Re-Design Proposal (1 In/Dir.) by (HCS2010)
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Table. 9 Intersection Delay and LOS of the Second Re-Design Proposal (1 In/Dir.) by
(HCS2010)

Intersection Performance Summary

Appr/ Lane Adj Sat Ratios Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=) v/c g/C Delay LOS Delay LOS
Eastbound
Westbound
L 1260 2944 0.33 0.43 10.2 B

10.1 B
R 581 1357 0.17 0.43 9.5 A
Northbound

11.1 B
R 1487 3475 0.45 0.43 11.1 B
Southbound
L 1702 4130 0.48 0.41 11.8 B

11.8 B

Intersection Delay = 11.1 (sec/veh) Intersection LOS = B

DHAA//A A A I P AN 0 A 5 /070547

H—  l4W-Bamaodnan it

—
-—

e
— 1

—1

fr — —— — ] —

7.

Fig. 13 Geometric Layout of the Second Re-Design Proposal
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5.3 Analysis of Future Data

Predicted data has been analyzed
using HCS software by calculation of
traffic capacity, delay and LOS for all
intersection approaches. As compared
to the previous alternatives, the
second Re-Design proposal has been
taken in consideration for checking
the predicted interval of the traffic
capacity to be in saturation case. This
proposal consists of construction the

tunnel in two directions (one lane per
direction) and the traffic signals are
designed to be actuated on 2-phases as
mentioned previously. Results showed
that the saturation capacity will be
occurred after 8 years later according
to 3.5% of annual traffic growth rate
as comply with [4], where the LOS
and delay are "E" and 57.9 sec/veh
respectively as shown in Table. 10.

Table. 10 Intersection Delay and LOS of the 2"! Re-Design Proposal by (HCS2010)

Interszection Performance Summnary

Apprs Lane Adi Sat Fatio=s Lane Group Approach
Lane Group Flow Rate
Grp Capacity (=) oo f= P Delay LOS Delay LIS
Ea=tbound
Westbound
L 1260 2944 n.7a 0.43 17.1 B

l6.1 E
R 581 1357 0.4n 0.43 12.0 B
Horthbound

ta.4 E
R 1487 3475 1.07 0.43 Eg.4 E
Southbound
L 1702 4130 1.14 n.41 83.9 F

83.9 F

Intersection Delay = 57.9 (=ec-veh) Intersection LOS = E
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% The traffic data of existing

intersection has been assessed
based on evaluation of the traffic
policeman, Since the Traffic
signals were broken down during
the interval of data collection.
Results give LOS "F" with a cycle
length and delay of 840 seconds
and 221.6 sec/veh, respectively.
Results show that Al-Mansour
intersection need enhancement to
reduce delay and raise LOS,
therefore; instantaneous solutions
is to be considered concerning the
upgrading of serviceability based
on trying many  proposals
considering the signal timing
(more than or equal 30 seconds and
less than or equal 120 seconds) and
geometrical changes with required
number of lanes and phases (two or
three phases).

Two proposals of traffic signal
timing design were suggested.
Both of them were based on
actuating of  3-phases  with
considering some different in
direction movement. Cycle's length
are concluded to be 100 and 70
seconds, respectively. Results
show that the LOS for both of
them are "D" and "C" with a delay
of 37.1 sec/veh and 24.8 sec/veh,
respectively.

Two proposals of Re-Design
geometric features with traffic
signal timing were suggested. The
first one is based on constructing

L)

tunnel a long 14-Ramadhan street
in two directions (one lane per
direction) considering of actuating
3-phases with some different in
direction movement. Cycle length
is concluded to be 70 seconds.
Results show that the LOS for both
of them are "D" with a delay of
36.5 sec/veh. The second proposal
is divided into two assumptions,
both of them are based as in the
first proposal with actuating of 2-
phases and some different in
direction movement. The first
assumption depend on two lane per
direction, while the second one
based on one lane per direction.
Cycle length are concluded to be
50 seconds. Results show that the
LOS for both of them are "B" with
delays of 14 sec/veh and 11.1
sec/veh, respectively.

Results show that the second
proposal (second assumption) of
the Re-Design geometric features
which includes (one lane per
direction) is better than the first
due to the same development on
the level of service (high LOS "B")
with considering the lower cost of
construction.

For analysis of forecasting data of
the best alternatives, results show
that the saturation capacity will be
took place after 8 years later
according to 3.5% of annual traffic
growth rate as comply with [4],
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where the LOS and delay are "E"
and 57.9 sec/veh respectively

8. Recommendations

¢ Evaluate the LOS for all
approaches that meets at the
intersection using HCS software.

¢ Use other methods of traffic data
survey like video recording, GPS
and GIS, and compare the results
with the results of this study.
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