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ABSTRACT
The overall performance of a given road network is to a large extent dependent on the
levels of service of the intersections. For signalized intersections the number of lanes,
lane widths, traffic composition, grade, speed, distribution of green times among
conflicting movements, significantly affect both the capacitf: and performance of the
intersections, In Ghana, it is commonplace to locate a Fucl Service Station (FSS) within
the vicinity of an intersection. The presences of these facilities invariably alter the
roadway conditions of the intersectionsy, Pamculaﬂ} with*the bpening of accesses onto
the main roadways leading into the intersections, thus rendering the signalized

intersections to perform at sub-optimal levels.

This study assessed the impact of the location of FSS on the performance of four (4)
signalized intersections in Kumasi. Traffic and road geometric data were collected at
these sites and simulated using the Syrchro 6.0 plus, Sim trgfficware,~The simulation
results of the existing situations were further compared with that of hypothetical traffic
scenarios representing the non-existence of the FSS (i¢ the accesses to the FSS are
absent). The overall assessments show that the loeation of FSS within the vicinity of a
signalized intersection result in the reduetions of satration flow rates: as marginal as 2%
through in excess of §0% for some of movements depending’ on-the orientation of
accesses of the FSS to theintersection roads. Again, therc.are associated increases in lost
times, up to 7sec/movement, These mltimately-contribute o about 8% to 30% of the
overall intersection delays. The ficld studies alse revealed that for certain movements,
especially right turning, the accesses to the FSS may facilitate by-passing of the

intersections which promotes ease of congestion at the signalized intersections.

Finally, improvements of the-exisfing situations by optimizing the signal timings and
enhancement of the geometric characteristics of some of the signalized intersections were
explored and recommendations put forward. The findings of the study can be a useful
guide to transportation professionals, and officials of authorities responsible for the

issuing permits for the establishment of the FSS and other similar facilities.
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Rpad and Transportation Engineering Programme - M.Sc Thesis:
The Impact of Location of Fuel Service Stations on the Performance of Signalized Intersections In Kpmast

1.0 INTRODUCTION

1.1  Background

The overall performance of a given road network is to a large extent dependent on the
levels of service of its intersections. Therefore analyses procedures that provide fos the
determination of the measures of effectiveness of the performance of intersections arc of

great importance.

According to Freeman et al (2000) the amount of traffic which can be handled by an
intersection depends on characteristics of the vehicle and pedestrian stream, traffic control
measures, various physical and loperating: charactéristics of the roadway, and the
environmental condifions which-haye a bearing on the actions of the driver. Consequently,
factors that affect the level of serviee at signalized intersectionsinclude the flow and traffic

distributions, the geometric characteristics, and the signal control system in place.

The traffic flows measured.in vehicles'perhourat-a given intersection is dependent on the
saturation flows at the interseetion, Saturation fléw is.an important clement for the
operational analysis of a signalized intersection (Nevers, 2000). This parameter is a basic
input for the determination of performance indicators such as average vehicle delay. level
of service, cap_gcity, and queue formation for an intersection. The most commonly used

guide for estimating saturation flow is the Highway Capacity Manual (HCM).

#
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Rpad and Transportation Engineering Programme - MSe Thesis:
The {mpact of Location of Fuel Service Stations on the Performance of Symalized Intersections In Kumasi

1.2  Problem Statement

In Ghana, it is commonplace to locate a Fuel Service Station (FSS) within the vicinity of an
intersection. At an intersection there exist a number of conflicting movements. The
establishment of a FSS requires opening accesses onto the roadways which introduces
additional conflict points. Thus the location of these facilities invariably alters the roadway
conditions of the intersections particularly with the opening of accesses onto the

intersection’s main roadways.

Apart from the main fuel service renderedsthe ESS usually offers other ancillary services
such as wulcanization, lubrication, ¥as well as grocery shops. The presence of such
additional services induces other traffic activities which ultimately impact on the overall

traffic operations of the intersections.

The saturation flow rates of some trafiic movements are reduced as a result of the induced
traffic activities of the FSS among other factors (Adams and Obiri-Yeboah, 2008). These
introduce impedances torthe free flowsof vehicular traffic atthe miersections making them
operate at sub-optimal levelss"Hence, the intcnded “performance of the signalized
intersections may be significantly affected leading to queue formations and associated

delays on the intersection approaches.

The study-therefore looks-atThe impact of location of FSS on the performance of signalized

intersections.
SRR

ﬁ
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Wpad and Transportation Engineering Programme - M5 Thens
The Impact of Location of Fuel Service Stations om the Prrformance of Symafizad Interiactions In Kuman

1.3 Justification of Study

The findings of this study are expected to offer an insight to repercussions of locating FSS
and other facilities such as shopping malls which require opening of accesses onto roads at
the approaches of signalized intersections. Hence with this study transportation
professionals can make the necessary modifications in the/design and implementation of

traffic schemes to efficiently cater for such facilities in the vicinity of signalized

intersections. In addition, ngencif.‘ﬁm:e's ' Te for issuing permits for the
establishment of such facilities réq g accesses onto the roads of

1.4

The goal of this st _ impact the location
of FSS in the vicinity signah ance of the intersections
The specific objectives were to:

» Establish the impact o on of" "SS on th . erved saturated flow rates of

= Assess the changes, if any, in delays al the signalized intersections using the simulation

results from the Synchro 6.0 plus SimTraffic software.

#‘
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Rpad and Tramsportation Enginerring Frogramme - MSc Thess:
The Impact of Location of Fuel Service Stations on the Performance of Sygnafizad [ntersections [n Kuman

2.0 LITERATURE REVIEW

2.1 History of Performance Appraisal of Intersections

Since the advent of motorized road transport, the performance of intersections has
generally been subjected to critical analysis for various reasgns. A detailed literature search
conducted by Freeman et al (2000) revealed that signalized intersections capacities in
particular have been subjected to a grgatpdeal of st e mid 1950's. Mousa (2002)
and Fambro and Rouphail (1997) K N USIHIMIS of the performance of

signalized intersections have been conducted

in_many jurisdictions around the world and

nance-of si_gng];gd"imarsacﬂun system
=

stance, Lu et al (2004)
o) \sian cities; Tokyo and Beijing
age. The study included the
1 flow rates in Beijing

Lmewenlmqﬁw@z{/ mmendation for enhancing

WOosANE v
the saturation flow rates in Beijing included provision of channelization facilities at the

intersections, improvement of the guidance markings at the intersections, and strengthening
of education of road users on traffic rules and traffic safety consciousness.

———————————————————————————————————————— e —
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Rpad and Transportation Engineering Programme - MSc Thests:
The Impact of Location of Fuel Service Stations on the Performance of Signabized Intersections In Kpmasi

2.2  Lane Groups

The Highway Capacity Manual (HCM, 2000) describes a lane group as a single movement,
a group of movements, or an entire approach that is defined by the geometry of the
intersection and the distribution of movements over the various lanes. According to Garber
and Hoel (1994) a lane group consists of one or more lanes that have a common stopline,
carry a set of traffic streams, and whofe '(:ﬂpai:it?y isfsared ¥ all vehicles in the group. The
authors also put forward the following guideline®for the identification of lane groups of a
given signalized intersection:

1. Separate lane groups should be established forexclusive lefi-turn lane(s), unless the
approach also contains a /shared lefiturn and through lane. In such a case,
consideration should atse-be given to the distnbution of traffie volume between the
movements. These same guidelines apply for exclusive right-turn lanes

2. When exclusive lefi-turn Jane(s) and/orexclusive right-turn lane(s) are provided on
an approach, all other lanes are generaily established as a single lane group

3. When an appreachwwith more thanvone lang also has a shared left-turn lane, the
operation of the shared left=tumn lane should'becvaludted to determine whether it is
effectively operating as an exclusive lefl-tumn lane because of the high volume of

left-turn vehicles on it.

O ——— e —————— e —————
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Rpad and Transportation Engineering Programme - MSe Thesis:
The Impact of Location of Fuel Service Stations on the Performance of Signalized Intersections I'n Xumasi

2.3  Saturation Flow Rates

2.3.1 Imtroduction to Saturation Flow Rates

Welsh (2003) defined saturation flow as the rate at which traffic will flow given an infinite
reservoir of road space. Saturation flow rates of a given lane group by Garber and Hoel’s
(1994) definition is the flow rate in vehicles per hour of green time per lane (vphgpl). They
further explain that the saturation floy rdte of mgivx:rt’lﬂhé'gﬁup is the number of vehicles
that could be carried by that Iana‘é'é“i»;ian one “fonfifflious hour of green time without
interruptions. Ideal Saturation flow rate (S4), therefore. is that flow in the absence of all
traffic, geometric, and other external mPedaan Thiis is usually taken as 1900 vphgpl.
However, in real situations there could be a number of factors that could alter the ideal
saturation flow rate, Thus the-saturation flow rate_of any given Jahe group is usually

adjusted to reflect the desired conditions or existing traffic situation.

[t is, arguably, the single musf.ii‘r@ﬂrtanfc_ element of 4@ signalized intersection operational
analysis, according to Nevers (2000). This assertion is buttressed by the fact that the basic
parameters for the design and-apatysis of signal contrélled infCrsections are saturation flow,

lost time and traffic composition (Hessain, zmjn.

e __H_._,_..--—-—-_'_
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Rpad and Transportation Engineering Programme - MSc Thesis:
The Impact of Location of Fuel Service Stations on the Performance of Signalized Intersections In Kumasi

2.3.2 Common Factors Affecting Saturation Flow Rates

For a given lane group there may exist a number of factors that could influence the ideal
saturation flow which result in the real and observed saturation flow, However, empirical
studies conducted by transportation professionals reveal a number of common factors,
These have been identified by Garber and Hoel (1994) following extensive field studies, to

include:

= lane widths of the intersection dpproathes;

= heavy vehicles representation in traffie'stream,

= approach grade,

= adjacent parking areas along travel lanes.,

= areatype — typically of the landuse,

» bus blockage —Stoppages by-buses and other commercial vehicles,
»  lang utilizatiom;

* right turmings, and

= Jeft turnings.

However, in Ghana, some of:the factors established to-affect saturation flow rates at
signalized intersections include driver behavior, presence of FSS, pedestrian activity, and
presence of lay-byes amang the eommonly known facters (Adams and Ohbiri-Yeboah,
2008). Thus, the ideal saturation Tow-(S,).is-usually adjusted for the prevailing conditions

to obtain the adjusted saturation flow (S') for a given lane group.

2.3.3 Bus _Bfﬂ ckage at L'i;rggqﬁzedinfers ections

When a bus stops on a travel lane for some reason usually to discharge or pick up

= U
passengers, some of the vehicles immediately behind the bus stop or at best slow down.

This results in a decrease in the maximum volume that can be handled by the affected
#
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The Impact of Location of Fuel Service Stations on the Performance of Signafized Intersections In Kumas

lanes. According to Garber and Hoel (1994), within 250ft (approximately 76m) upstream
or downstream from the stop line of an intersection the stoppages of local buses have effect
on the flow, and consequently the performance of the intersection. A local bus is one that
stops 1o pick up and/or discharge passengers within the intersection at either a near or a far
side bus stop. Stopped buses disrupt the flow of other vehicles and influence the saturation
flow rate of the affected lane group.
| /

This effect when establishing the Ed:jﬁsft'd ﬁtﬂi‘aﬂnﬁ”—ﬂﬁw"rme of affected lane groups is
corrected by applying the recommended adjustment factor (fi,) which is related to the
number of buses in an hour that stop on the travel lane: Equation 2.1 gives the relation:

14.4N,

amemasannn s dFrenns T T TR sadssnnnnann Eliill.fﬂtlﬂl'! {ll}

where
fi, = bus blockage adjustment facior
N = number of lanés in lane group.

» = number of Vehieles (bus) stoppingin-anhour

2.3.4 Vehicle Maneuvers into or Our of -Drr'w: Lanes

As vehicles move in or out of a drive lane to a side parking space or other side areas the

resultant effect is a reduction of the maximum flow rate that the lane group can handle. At

signalized intersections, tﬁf‘n‘irTg:EEinlcs often use the same share lane together with the
__through traffic (Wu, 2009). This effect is corrected for by using an adjustment factor on the

base saturation flow rate. According to Garber and Hoel (1994), this factor of correction for

ﬂ
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The Impact of Location of Fuel Service Stations on the Performance of Signalized Intersections In Kumast

side parking (f,) is dependent on the number of lanes in the lane group (N) and the number
of vehicle maneuvers per hour (Ny;). From field studies it has been shown that each vehicle
maneuver (either in or out) blocks traffic on the adjacent lane group for an average of 18

seconds. The relevant relation for the corrective factor is as presented in Equation 2.2

W =011 — 2

f, = - 3600 I8 g e Equation (2.2)

2.3.3 Field Determination of Saturation Flow Rates

There are a few ways of determining the saturation flow rates of a particular lanc group in
the field. For instance therc is the manual-investigation method which involves the
counting of vehicles passing through the intersection per unit time during the green time.
This method was introduced by TRRL in England (Lu et'al;2004). The method suggested
by Garber and Hoel (1994), however, cmploys two persons- @ timer with stop watch and a

recorder using a simple field sheet.

A visible mark coinciding withsthe stop ling of the lane group is used as a reference point.
While there is a queue of vehicles on the lane group of interest, the timer starts the stop
watch on the beginning of green phase for that lane group. The recorder is notified as the
rear wheels of each vehicle cross the reference point, The timer shouts the time for the 4,
10" and lﬂ's?fTN'hj-;fehiclcmgreference points for the recorder to note them for the
__greentime of that particular cycle. The recorder notes these times on the standard field
sheet. The procedure is repeated for about five more times for the establishment of

e ——— e —
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averages of the required variables; vehicle cross times and number of vehicle passes over

the reference point.

Since the flow just after the start of the green time is usually less than saturation flow, the
time considered for calculating the saturation flow is that between the time the rear axle of

the fourth (4") vehicle crosses the reference point (1s) and the corresponding crossing time

(t,) of the last (N™) vehicle. The sul{liN‘rtSi S'ﬂTﬂ*ttmined from Equation 2.3
below: 4

_ 3600(N -4)
t—1, &

S SR . ... ................Equation 2.3

It must be noted, however, that the above formuls

I8, more applicable in developed cities
since traffic characteristies and ch?w.rbchmr are sigpificantly different in developing
cities. Traffic stream of developing cities. Such 33 'Dhak;a wntlesh comprises of both

motorised and non-motorised vehieles sharing the same carriageway whereas lane

A ARV }
discipline is not the best (Hossain, 2001). - -t -
i ¥ > & ) - " :
2.4  Delays At Signalized Tntérsections .7

The HCM (2000) defines delay “as-the differencé between the travel time actually

experienced and the reference travel time that would result during ideal conditions: in the
absence of traffic control, geometric delay, or aﬁ)f incidents, and when there are no other
vehicles on the road. At signali intersections, according to Click (2003) delay is
associated with the time lost to a vehicle and/or driver because of the operation of the

—

signal and the geometric and traffic conditions present at the intersection.

I ———————————— e ————
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associated with the time lost to a vehicle and/or driver because of the operation of the

signal and the geometric and traffic conditions present at the intersection.

There are several different types of delay that can be measured at an intersection, and each
serves a different purpose to the transportation engineer. The signalized intersection
capacity and level of service (LOS) estimation procedures a.rﬂa built around the concept of
average control delay per vehicle. Control delay is the portion of the total delay attributed
to traffic signal operation for si gnali:_;;_.—s‘@f‘?;i rﬁ‘bﬂucéom {TRB ,- ?.DDG}, Various components of
vehicular delay at signalized imersec:dmi. inciﬁdiﬁg control dcia}' used in the HCM (2000}

are shown below (Quiroga and Bullock, 1999).

frse loa a;aeﬁd;wr"

raecialy. %
o Comtnol gelay J
L jAccaleraton snt Fh‘_ e -
F aicls -
= - Biop bar 4 Approtch dalay i

DislaﬂfEJ IL_

Time

Figure 2-1 - '—D’e'lay-éunipurwﬂfrﬂigu_limd Intersection

Control delay can be categorized into deceleration delay, stopped delay and acceleration
Sirasihitins

delay. Stopped delay is easier to measure, while overall delay reflects better the efficiency

e ——
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incurred by a decelerating or accelerating vehicle is categorized as deceleration and

acceleration delay, respectively.

In Figure 2-1, it is first observed that several vehicles reaching the intersection come to a
complete stop. These vehicles need to stop either as a consequence of their arrival during
the red interval or during the green interval when the queue of vehicles that had formed
during the previous red interval had p6t met fully d‘issijp‘atéd. ‘While it is further observed
that the rest of vehicles only experiehce decelefatiofi and acceleration delay, as these
vehicles reach the intersection when all preyiously queued vehicles have already started to
move and therefore only need to slow down to maintain a safe distance with the v;hic]es

ahead of them.

Besides the control delay, there is anether type of delay-whieh vehicles experienced at
signalized intersection. This type of delay is identified as geometric delay. Luttinen and
Nevala (2002) define geometric delay as the time lost due to the intersection geometry.
Geometric delays may be lacge for turning mevements. Totaldelay of a vehicle is the sum

of control delay and geometric delay.

On the other hand, the driver’s perception and reaction time to the changes of the signal

-

display at-the beginning_of-the green interval and during yellow interval to mechanical

e

constraints and to individual driver behavior also contribute to the traffic delay at

signalized intersection. Husch and Albeck (2004) cxplain that during simulation process

e —————
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using SimTraffic micro simulation software, there are input parameters termed driver
parameters. These parameters involve yellow deceleration, yellow reaction time, green

reaction time, headways and gap acceptance factor.

Another element that may affect the delays incurred at intersection approaches is the
randomness in vehicle arrivals. If vehicles were to arrive at unmiform intervals, the delays
incurred by vehicles within sucuesgﬁ'aﬂighal evelespwduld B8 identical, as there would then
be an exact replication of the arrival'and departurépattéfns. However, under random arrival
patterns, the number of arrivals may fluctuate from one cycle to the other, thus resulting n
different queue lengths. This may in turn result in arcivial demands that occasionally ;xcced
the approach capacity, and therefore, in higher delays. Finally, platoon arrivals may also
occur in coordinated traffic Signal systems. In this case, the delay incurred by vehicles will
depend on the degree to which the signals at sueeessiveintersections are timed to provide a

green indication during the periods of high arrival flow rate (Dion et al, 2004).

1.5 Lost Time

Lost time is the time during-which no_vehicles are able-to pass through an intersection
despite the traffic signal displaying a green (go) signal. The total lost time is the sum of two
separate elements: start-up lost time and clearance lost time. Start-up lost time occurs when
a traffic signal n_:;hang::s from red (stop) to green. Some amount of time elapses between the
signal chmg%hg from red—To green and the first queued vehicle moving through the

intersection. There is then an additional amount of time for the next vehicle to begin
= :

moving and pass through the intersection, and so on. The total time taken for all waiting

_— e —————
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drivers to react and accelerate is the start-up lost time. Clearance lost time on the other
hand is the time lost to stopping a line of vehicles at the end of a green phase. The
clearance time depends on the clearance distance and average traverse speeds through the

intersections. Lost time is always measured in seconds (Roess et al, 2004).

Start-up lost time can be calculated as the sum of the differences between the headways for
the first cars in line and the &x‘er;ge headway through the intersection at a theoretical
maximum flow, the saturation flow rate. When no observations have been made, the start-
up lost time is assumed to be 2.0 seconds as a default value HCM (2000). The default value

for clearance time is 2.0 seconds, thusthe defanlt value for lost time is 4.0 seconds.

In design, the lostfimefar a partigular movement 15taken as;

Lost time = Max(4s: 2s £ DS Y HAR)..... (... olvewiEquation 2.4
where D) = intersection clearance distance (m) for the i’ movement
Si = average speed.of clearance (m/s) for the i" movement

Y+AR = yellow and all red Time(s)

2.6  Capacity and Performanee Analysisof Signalized Intersections
In the 2000 Highway Capacity Manual approach, capacity at intersections is defined for
individual lane groups and for the intersection as a whole. Capacity of a lane group is

calculated as-the maximum rate of flow that may pass through the intersection under
T = _._,_..--'"-_'_-_'__

prevailing traffic, roadway, and signalization conditions.

SRS e

e ———————————— e —

Edmund Kwasi DEBRAH Page 14
September 2009



Road and Transportation Engineering Programme - MSc Thesis:
The Impact of Location of Fuel Service Stations on the Performance of Signalized Intersections In Nyumast

The rate of flow is generally measured or projected for a 15-minute period and capacity is
stated in vehicles per hour. Capacity analysis of intersections involves the computation of
volume-to-capacity (v/c) ratios for each lane group, from which an overall intersection v/c
ratio may be derived.

Generally, when two opposing flows are moving during a single phase, one of the lane
groups will require more green time than another to process all of its volume. This would
be defined as the "critical" lane grodpforfithe Bubjedt sithidl'pliase. I'he concept of a critical
v/c ratio is used to evaluate the int€rsection as 3*Whote] considering only the critical lane
groups or those with the greatest demand for green time within each signal phase. This
procedure assumes that green time has been appropriately allocated. Thus, it is possible to
have an overall intcrscction v/c of less than 1.00 (under capacity), but still have individual
movements be over-saturdted-within the signal eycle it the green-time has not been

appropriately allocated to thewvarious approaches.

2.7  Simulation Model Software

The use of computerized teaffic sinulationmodels and analysis programs has developed
from a strictly research deviecto awery valuable toolmmgnadern traffic engineering practice
(Taylor and Wolshon, 2001). Today “there is a variety of engineering analysis
tools/softwares available for analysis and modeling of an existing or proposed signalized
intersection system. For instance, there are packages such as HCS, TRANSYT-7F, SIDRA,
SYNCHRD,-gi;n Traffic, CORSIVI, €tc (Freeman et al, 2000). While the majority of the
analysis tools provide the engineer with valuable information pertaining to intersection

_-—-_-_._-_'_ .

system delays, queue length, saturation flow, levels of service, etc, there is no single

#
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analysis software that could accurately predict all this valuable information for an actual or
proposed field condition. For example, when signalized intersections are closely spaced,
some software analysis techniques are good at predicting delays only and weak at
predicting other valuable information such as queue length or queue spill back.

{
In this study the Synchro 6 Trafficware plus Sim Traffic with the attached Intersection

Capacity Utilization spreadsheet HKSF fi n. ang?}‘se"smf the various traffic scenarios
i

of the selected signalized interse The Eh‘i_‘m"ih"ﬁf hhl'i package is based on its

appropriate abilities among the others as revealed by the work of Freeman et al, (2000).

Synchro uses HCM. techniques and considess the same factors as the HCS (Highway
Capacity Software). HCS is @ program based on the HCM and'its primary function is to
analyze capacity and provide leVel uf' sewidiﬁr rsola‘:tﬁd "iﬁtﬁrsuu:tiuns. In addition,
traffic signal offsets and raﬂdﬁm trattic 'w:iaﬁm a:efaemwed into the computational
procedure. Synchrouises tratfic Szgu] oplmuzntmu pmeedur-:a thEI.ng evaluate existing
traffic signal timing cnmﬂhnm and nrmmrzc ]:rmrm‘rd slgnal ﬁmln_g, conditions. The
procedure provides output Ihat mcludes ay érage tmdﬂﬁ _' percentile queues, delays, stops,

fuel consumption, and percent of time that queues exceed available storage.

Some basic characteristics and capabilities of the Synchro 6 Trafficware plus SimTraffic

— -._'_._..-"-'--_-_._'_ d
package are described in the following sections.

e

O ——————— e —
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2.7.1 Synchro 6 Trafficware plus Sim Traffic

Synchro 6 Trafficware plus SimTraffic is a complete software package for modeling and
optimizing traffic signal timings. Among the numerous features is its Intersection Capacity
Analysis. Synchro 6 implements the Intersection Capacity Utilization (ICU 2003) method
for determining intersection capacity. This method compares the current volume to the
intersections ultimate capacity. The method is very straightforward to implement and can

be determined with a single page w@rkehget.

Synchro 6 also implements the methods and guidelines of the HCM (2000), especially for
Chapters 15, 16, and 17; Urban Strests, Signalized Intersections, and Unsignalized
Intersections (Hush and Albeck, 2004). Synchro provides an easy-to-use solution for single

intersection capaciiy.analysis and {iming optimization.

Synchro 6 also includes a term for queue interaction blocking delay. A new Total Delay
will include the traditional control delay plus the new blocking delay. Delay calculations
are an integral part of the optimization ebjective in Synehro. In addition to calculating
capacity, Synchro can-also. optimize cycle dengths and splits, eliminating the need to try

multiple timing plans in search-ofthe optimum.

2.7.2  Intersection Capacity Utilization (ICU)
Husch and Albeck (2003) have developed a simple yet powerful tool for measuring an

intersection’s eapacity dubbed 2003 Intersection Capacity Utilization, ICU (2003). The ICU is
R—— e J_d__,_.---'_'_'__-
based on the principles and guidelines of HCM. It can be calculated using a single page

—wwiorksheet, that is both easy to generate and easy to review. The ICU is a useful tool for planning

applications such as roadway design and traffic impact studies.
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The method sums the amount of time required to serve all movements at saturation for a given
cycle length and divides by that reference cycle length. This method is similar to taking a sum of
critical volume to saturation flow ratios (v/s), yet allows minimum timings to be considered.

The ICU tells how much reserve capacity is available or how much the intersection is

overcapacity.
The ICU is timing plan independent, Km m:lmum uming constraints are
taken into account. This removes the ¢ rLﬂl capacity results.

According to the developers, one of the key q?igaﬂtms is for trafic impact studies, future

roadway design, and congestion munamm i'he primary output from ICU {2003}

ey 5' =

is similar to the intersection volume IW} ni the benefits to using ICU (2003)
over delay-based mﬁ;ﬂds :&iﬁemm nnd a Elear qm;,udf the intersection’s

volume to capacity ratio.

P

The ICU Level of chiu. {L S J' U

how much extra capm:ity;g g\m!a@hhﬂd&: haﬂ& ﬂu-.tyﬂoﬂ?}ﬁd incidents, The ICU
gives a good meaning on I.’hs ‘%}M‘m" that exist ﬁf‘ﬁgﬁ*ﬁr upfctcd at the intersection,

.rﬁ.l‘:F.- Hr:.

Categorizations from letters A 10 H are used fo dt.:.crlbe the level of an Intersection’s

Capacity Utilization. Note that the LOS for ICU (2003) includes additional levels past F 1o
further differentiate congested operation.

._- T

———— e —— e ——
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Table 2-1 Level of Service Criteria for ICU Analysis
ICU | TLevel of Service
0 to 55% A
=>55% 1o 64%; B /
>=64% 10 73% C
=>73% to 82% D
=82% to 91% b
>9 1% to 100% F
| >100% to 109% G
>109% H

A brief description of the conditions éxpéeted for each ICULOS tollows:

LOS A, [ICU <55%]: The intersection has no eongestion. A eycle length of 80 seconds or
less will move tnrfﬁc,i::fﬁci-:nﬂ]..r. All traffie should be served on.the first cycle. Traffic
fluctuations, accidents, and lane closures can be handled with-minimal congestion. This

intersection can accommodate upto40% more traffic on‘all movements,

LOS B, [55%<= ICU< 64%]: The intersection has very little congestion. Almost all traffic
will be served on the first cycle. A cycle length of 90 seconds or less will move traffic
efficiently. Traffic ﬂuémaﬁﬁm&cms, and lane closures can be handled with minimal

_congestion. This intersection can accommodate up to 30% more traffic on all movements.

#
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LOS C, [64%< ICU< 73%]: The intersection has no major congestion. The majority of
traffic should be served on the first cycle. A cycle length of 100 seconds or less will move
traffic efficiently. Traffic fluctuations, accidents, and lane closures may cause some
congestion. This intersection can accommodate up to 20% more traffic on all movements.
/

LOS D, [73%< ICU< 82%]: The intersection normally has no congestion. Most of the
traffic should be served on the first gyele A dyde length of ITO seconds or less will move
traffic efficiently. Traffic fluctuations, "accidents}8nd™tane Closures can cause significant
congestion. Sub optimal signal timings can eause congestion. This intersection can

accommodate up to 10% more traffic en all movements:

LOS E, [82%< ICU< 91%}:-The imterseetion -is right on_ the wverge of congested
conditions. Many vehicles arenot served on the first cyele. A eycle length of 120 seconds
is required to move all tratfic. Minor traffic fluctuations, accidents, and lane closures can
cause significant congestion. Suh-qptimal signal fimings ean cause significant congestion.

This intersection has lessihan 10% reserve.capacity available,

LOS F, [91%<ICU< 100%]: The interséction is over capacity and likely experiences
congestion periods of 15 to 60 consecutive minutes. Residual queues at the end of green are
common. A cycle length over 120 seconds is required to move all traffic. Minor traffic
ﬂu::tuatiansr—;i;t-:iﬂéms, and—amc closures can cause increased congestion. Suboptimal

signal timings can cause increased congestion.
—— =

#
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LOS G, [100%< ICU< 109%]: The intersection is up to 9% over capacity and likely
experiences congestion periods of 60 to 120 consecutive minutes. Long queues are
common. A cycle length over 120 seconds is required to move all traffic. Motorists may be
choosing alternate routes, if they exist, or making fewer trips/during the peak hour. Signal

timings can be used to distribute capacity to the priority movements.

LOS H, [109%<ICU]: The interSection iS5 9%" ofgreater over capacity and could
experience congestion periods of over 120 minuates per day. Long queues are common. A
cycle length over 120 seconds is required to move alltraffic. Motorists may be choosing
alternate routes, if they exist, or make fewer trips during the peak hour. Signal timings can

be used to distribute capaeity to-the priority movements,

If intersections have LOS E or worse, queues between intersections can lead to blocking
problems and spillbacks. Such problems could be addréssed by indepth analyzes of the

signal timing plans with miétoscopic simulation (Husch and Albeek.2003).

ﬁ
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3O RESEARCHMETHODOLOGY

31 Description of Study Area

Kumasi Metropolis, the second city of Ghana, is the study area. The road network of
the area is radial. There are all kinds of intersections including roundabouts,
unsignalized and signalized. Currently, there are some 27 active signalized
intersections in the Kumasi Mewopelisgwhich are serying various classes of traffic.
These are scattered all over the ‘road netwerk and are mainly located at 4- and 3-

legged intersections.

Figure 3-1 shows the road network of the Kumasi Metropolis.
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Figure 3-1 The central portion of the Road Network of Kumasi Metropolis
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32 Site Selection

Nine (9) of the existing signalized intersections have at least one Fuel Service Station
located within 50 meter radius of the intersection. These were considered candidate

sites for the study as listed in Table 3-1.

Table 3-1 List of Candidate Sites |
Anloga B Total High-Commercial
Amakom Bt /Shell and Shell | Low-Commercial
KMA T Shell Non-Commercial
Aboabo JJlrL O’ando Low-Commerecial
Abrepo Jet L Shell High-Commercial
Krofrom JIII=_ Shell High-Commercial
Neoplan Asafo I Other High-Commercial
Texas T Other Low-Commercial
STC-Opoku Transport e Tep Low-Commercial

Four (4) of the candidate sites were selected for this study. They are Anloga, Krofrom
and Aboabo crossroads and the 3-legged KMA signalized intersgctions. The selection
of these sites was based pnthe following criteria;
= Intersection legs aretypically afid=ord- leé@ at fairly right angles
= At least an Entry and/or Exit access of a Fuel Service Station links at least one
of the legs of the intersection within 50 meter radius of the intersection

The selection was done for a fair representation of both high-commercial and low-
i e

-

commercial road environment. A brief description of the selected sites follows:

_-—-._-_'_--
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33 Description of Selected Sites

3.3.1 The Anloga Signalized Intersection

The Anloga signalized intersection is located on one of the main arterials of Kumasi,
the 24" February Road. The surrounding area is characterized by mixed landuse
patterns including light industrial wood processing shops and diverse on-street
commercial activities. The intersection’s four legs are; the KNUST, Adum, Airport
R/A and Anloga.

A TOTAL Fuel Service Station (FSS) i$ loeafed"b€iween the Airport R/A and Adum
legs. Services offered by the fuel station include fuel, lubrication, vulcanization, as
well as a grocery shop. This FSS has an access on the Airport R/A approach and two

accesses onto the exit lanes for the KNUST approach. A taxi rank is found right in

the vicinity ofthe Fuel service station as shown in the Figure 3-2.

Figure 3-1 General Layout of Anloga Signalized Intersection
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3.3.2 The Aboabo Signalized Intersection

The Aboabo signalized intersection has 4-legs and relatively low roadside
commercial activity. It is located in a residential area, The intersection is relatively on
a high ground with its Airport R/A leg sloping down. The other three legs, namaly

Anloga, Aboabo, and Asokore Mampong slope from the intersection more gently.

An O’ANDO Fuel Service Station which mainly-effers only the fuel and vulcanizing
services is located in the area between Asokore Mampong and Airport R/A legs. This
FSS has an access on the Asokore Mampong approach and two accesses onto the exit
lanes for the Anloga approach. Currently one of the latter two accesses has been
blocked with boliards as shown in Figure 3-3. Passenger loading by taxi cab drivers is

very common within the FSS-area, though prohibited.

|

I

| <y
: L Oando Filling

Station
I " T
_.-r-""ﬂ_;

i _

|
|
i
i

et

: Junttion |
Figure 3-3 General Layout of Anloga Signalized Intersection
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3.3.3 The Krofrom Signalized Intersection
Located in a mixed residential cum commercial area, the Krofrom signalized
intersection is a 4-leg junction on the Westem Ring acterial of Kumasi. The

signalized intersection’s four legs are Suame R/A, New Tafo, Airport R/A, &nd
Kejetia.

A TOTAL Fuel Service Station is located ‘between the Suame R/A and Kejetia legs.
Unlike the Aboabo and Anloga FSS, this Station has two accesses on the Suame R/A
approach and an access onto theexit lane for the New Tafo approach. The businesses
of this station include fuel and lubrication. vuleanization, and a grocery shop. A taxi

rank is found right in the confines of the Fuel service station as shown in Figure 3-4.

T ==
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3.3.4 The KMA Signalized Intersection

The KMA signalized intersection has 3-legs and located close to the administrative
area of the Kumasi Metropolis. Thus there is minimal commercial activity around
except for a few street hawkers. The three legs which typically form a ‘tee’ are the

Adum and Nhyiaeso legs forming the main road and STC leg as the minor road.

A SHELL Fuel Service Station ‘#s"located on the side of the main road with two
accesses. Unlike the other three signalized intersections there is no taxi rank located
within the confines of the fuel service station and hence there is almost no
commercial vehicle based traffie activity at the aecesses. However, the station offers

well patronized grocery shop besides the fuel and lubrication services which attract

significant traffic.

from
T T STC
MNhyiasso
Figure 3-5 General Layout of KMA Signalized Intersection
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34  Field Studies and Observations

3.4.1 Inventory of Intersections

Using the guidelines put forward by Garber and Hoel (1994), lane groups were
identified on all the approaches of the study sites. Vehicle movements thought to be
potentially affected by the traffic activitics on the FSS’ accesses have been
highlighted in red on the geonetsit fayolts (referts Figiires 3-2 to 3-5). Lane widths
were also measured using cyclonteter and tapC Miedsures. The approach grades were
also estimated from the differences dn ground levels and their corresponding

horizontal distances apart.

Each intersection’s signal.system was. identified and noted with the corresponding
phase sequences. The split times of the signal phases were further observed and
recorded with the help of stop watches. Subsequently, the operational cycle lengths

were established.

3.4.2 Intersection Traffic Studies
3.4.2.1 Turning Movement Counts
Turning movement counts for all approaches of the designated intersections were

econducted. Classified vehicle counts were carried out for 3-hour periods within the
morning and aftemoon peak-periods for one typical week day. The counts were in 15-

minute segments.

p————
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3.4.2.2 Saturation Flow Rates of Selected Lane Groups

To establish the field saturated flow rate of particular lane groups, the number of vehicles
crossing the stop line while there was a queue were counted in accordance with the Garber
and Hoel’s procedures (see section 2.3.5 of the Literature ﬁmiaw}. The actual saturated

flow rates were then computed using the formula of Equation 2.3 [page 10].

3.4.2.3 Vehicular Traffic at the Fuel Service Stations

Vehicular traffic to and from the fucl/Servige stations were captured on video and
later analyzed in the playback mode on a computer. These videos were captured in
15-minute slots and were condueted eoncusrently with the vehicle turning movement
counts. This was done [0 establish the average vehicle maneuvers per hour at the

accesses of the FS5S.

3.4.2.4 Vehicles (local buses and taxis)Stoppazes al FSS Accesses
From the videos'ihe'average vehicle stoppages per hour'on ateas of the accesses that
were being used as bus baysWere also extracted. These stoppages tend to impede the

traffic flows.

-3.4.2.5 Intersection Delay Studies: - Lost Times and Control Delays

To establish the actual1oST times the respective clearance distances and average

___'_ggeeds of travel through the intersections for the respective movements were taken.

This was accomplished with the use of cyclometer and radar speed gun for the

e e e ————— e
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instantaneous speeds of vehicles as they traverse the central area of the intersections.
The assumption is that the instantaneous speed of a vehicle at the central intersection
area is representative of the average speed of travel through the intersections. The
actual lost times were subsequently computed using the formula (2 + D/S;) as

contained in Equation 2.4 [page 14]. i

The delays at an intersection; fotal a\teraggﬂ;dclay, average delay per stopped vehicle,
average delay per approach, dnd“percent ofvefiitles Stopped were computed from
intersection delay studies. This involved the counting of vehicles stopped in the
intersection approach at successiveintervals. A typical duration for these intervals
was 30-seconds and was selected so as not to be amultiple of the traffic signal cycle
length, as recommended by-puidelines for intersection delay study contained in the
Manual on Uniform Fraffic Studies (2000). An-observer counts and records the
number of vehicles stopped on the approach for each sampling interval. It should be
noted that a vehicle was counted more than onee if it was stopped during more than
one sampling times A second observer performed asseparate tabulation of the
approach volume for each-time period by classifving the vehicles as either stopped or

not stopping.

——————— e —
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3.5  Performance Assessment of Intersections

The collected field data were organized to form the basic input parameters for the
partial calibration of the Synchro 6 Trafficware plus Sim Traffic software. The data
were then used to simulate the existing situation for analysis. Hypothetical trafiic
scenarios representing the cases of the absence of the FSS were also simulated for
comparison with the base (exjsung) sifudtions. (The™ifipact on the saturation flow
rates and lost times were asseSse®. Delays were™tHe miain measures of effectiveness
(MOE} used for the assessments in thi$ study. The assessments were conducted by
comparing the MOE from the hypothetical traffie scenarios with the existing traffic

situations at the signalized intersections.

—— e ———
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4.0 ANALYSIS OF RESULTS

4.1  Inventory of the Intersections

4.1.1 Anloga Signalized Intersection

All the four legs of the Anloga Signalized intersection Kave dedicated turning lanes
with the respective storage lengths as indicated in Table 4-1. The KNUST and
Amakom approaches have du SNTH traffic. All other lanes are
single. With the exception UFKMU which is relatively level with the
intersection central area, the other Lhr-::.,m ;Inpi. into the intersection.

Table 4-1 Geometric Data of Aaloga W'&u rsection

) 1-1'"“::*3“;_-4

p Lane | Storage

Bon: 17 Width: | Length
— e [ (m)” | (m)
Anloga,- : 114 ¥ 580 75.0
KNUST | Amakom - WBT = ~5.04 T2 ¥ 34 N/A
Airport RIA~ | MBR. 1~ W wv™ 3.0 75.0
Airport RIA /| EBL L R |\ 34 86.0
Amakom | KNUST  LIEBT™S4i0i-30 - | "o~ 7 | 33 N/A
Anloga lﬁ[ _— il i‘i-* 4.7 54.0

| Amakem, NES ¢——C—<" 1 4 ;j 40.0
Anloga | AirpaRIAN, | NBTE 4t 1 =8 N/A
KNUST "o I'NEBR L1 47 34.0

_ | KNUST AT 65.0
Anport Anloga DS AngD vEE 38 N/A

RIA e

Amakom SER 1 3.8 58.0

Note: N, S, E, and W represent the four cardinal points whereas L, T, and R represent Left
turning, Through traffic and Right turning respectively. For instance WBL is read as West
Bound Leftturn, which for instance, represents the movement from the KNUST approach to
Anloga, Thus all moveents emanating from KNUST approach are West bound with their

respective tums.
e
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The Anloga intersection is a pretimed 4-phase system consisting of protected and
split movements. The cycle length is 212 seconds. Figure 4-1 displays the current
operational system.

Cvcle Length = 212 seconds

R [} ™
- — | —»
*-— | —>

Green =765 | Green = 66s
Y+AR=5s | Y +AR=35s

Protected wurn .

Figure 4-1 Existing Phase Di

4.1.2 Aboabo s;gnah:f P
.j__l'y'i"*“q; < *.r_

storage ]mgﬂﬁ\’ﬂ}‘ﬁm and
E
"H "1-" \"\. .Bn‘ P ——
approach is relatwel»y‘ﬂﬂ w intersection,

with their grades shown im Tﬂ&‘mﬁ. jﬁ“'ﬁbﬂﬁbﬂ and Asokore Mampong
approaches have single shared lanes of standard width. The widths of the lanes on the

major road are less than the recommended standard of 3.65m

=

= . e el

I ————————————————————
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Table 4-2 Geometric Data of Aboaba Signalized Intersection
Move Approach Lane | Storage
From To ment Grade :I:n:; Width Lnngtgh
Code (%) (m) (m)
binskora Anloga Jn WEL Shared — -
Mampong AFnabo WEBT +1.0 1 37 N/A
Airport RIA WEBR Shared — =
Airport RIA EBL Shared, —- -—
Asokore
Aboabo
| Mampong | EBT #e0 1 3.8 N/A
Anlega Jn EER Shared i, s
Amakom NEL : gl 2.5 40.0
Anloga Jn | Airport RIA | NBT 0 2 3.0 N/A
KNUST NER Shared -— —
Asckore
Airport Mampong SBL | 1 2.5 38.0
RIA AnlogaJn | ssT | A% 2 29 N/A
Aboabo SER Shared - -—

This intersection currently operates as a pretimed 3-phase system with both protected

and permitted movements:¥ts current cyele length is 120 seconds. Figure 4-2 displays

the current phasc diagram.

Cycle Length = 120 seconds |
| i

) o A
T T/ =Y _

Green= 503 Green=21s Green = 31s

Y + AR = 63 Y +AR =4s Y +AR=4s

Protected —» Permitted ----»

Figure 4-2 Existing Phase Diagram of the Aboabo Signalized Intersection
_:.- = _F'_.__,_..--"-'-_ =7
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4.1.3  Krofrom Signalized Intersection

The main road of the Krofrom Signalized intersection consists of the Airport R/A and

the Suame R/A approaches, and are relatively flat with no dedicated turning lanes.

They have dual shared lanes of widths 3.5m and 3.2m respectively. As shown in

Table 4-3, the New Tafo approach has a single shared Jane of width 4.8m while the

Kejetia approach has a short right turn filter lane of width 2.8m in addition to a 3.7m

lane. These two approaches §lape awdy Fro ghe Mtersection. The intersection is

currently operating a 3-phase pretinted stgn#PSy<teth as'shown in Figure 4-3,

Table 4-3 Geometric Data of KrofromSignalized Intersection
Move Approach Lane | Storage
From To ment Grade No. of | Width | Length
Code {%) Lanes (m) ()
Kejetia WEBL Shared | — o
Airport R/A | SuameRIA | WBT 0 2 35, N/A
New Tafe « [ 'WER ! _Shared - -
New Tafo | EBL | _Shared e e
Suame R/A | Airport R/A |'EBT 0 2 2 3.2 NIA
Kejetia EER Shared - --
Suame R/A | NBL. . Shared --- -
Kejetia Mew Tafo NBT 2. i 3.0 MN/A
Airport R/A_| NBR 1 28 23.0
Airport R/A | SBL Shared - -
New Tafo Kejetia | SBT 11 i /4.8 N/A
Suame'RIA LSBR Shared -~ -
Cycle Length = 135 seconds i )
Tula
. L e
f‘ : ‘{ e o IL = .
?_ 'I’Iffff{!{!};
_? T.,\ ﬁm@
o T BERERR
Green =131s Green = 44s Green = 4bs . !
Y+AR=5s |Y+AR=4s Y +AR=5s —~ |
[Protected __ Permitted ot

Figure 4-3

Existing Phase Diagram of the Krofrom Signalized Intersection
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4.1.4 KMA Signalized Intersection

The Adum approach has a dedicated left turn lane of storage length 21.5m. Nhyieso
and the STC approaches have single shared lanes of widths 3.6m and 3.4m
respectively. The main road being the Adum and Nhyieso legs are on a slope
resulting in the grades as displayed in Table 4-4. The STC leg is relatively flat to the

intersection.

Table 4-4 Geometric Data off h”[ﬂiglﬂlytd InpEvsectign
i INIl1]

Move “|“Approdefi |= Lane Storage
From To ment Grade No. of Width Length
Code (%) Lanes {m) (m)
STC Nhyiaeso WEBL 0 1 3.4 —
Adum WBR J ) Shared s —_
E Adum NBT - . 1 3B N/A
Nh . ;
g STC NBR, L3P wShared —
sTC SBLY ' 1 3.5 215
Hd m — = - 3 .
- Niyeso. |sev. | 40 T 36 "

The system is a 3-phase system Avith both the protected and permitted movements.

Figure 4-4 displays-the current system =

S

Cycle Length = 135 s:-mnhg_

(S Dl A

Green=41s | Green=41s | Green=4ls
Y+R=4s |Y+R=4 [Y+R=4s

Protected ——» Permitted ----»

__—__]ij;!m: 4-4 Existing Phase Diagram of the KMA Signalized Intersection
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4.2

Existing Traffic Characteristics

4.2.1 Turning Movements at the Intersections

4.2.1.1 Anloga Signalized Intersection

The proportion of through traffic on the major approaches- KNUST and Amakom are

quite high in excess of 77% of their respective volumes. The discharge of through

traffic on the KNUST approach ep@riericd sorfie impedance on the access to the FSS.

On the other hand the left turners*on the mifor approaches- Anloga and Airport R/A

are high, constituting about 65% and ower 70% of their respective approach volumes,

It must be noted that the Airport, RIA volume of 587 veh/hr excludes traffic that by-

passed the intersection throughthe FSS.

Table 4-5 Anloga Tutersection Turnine Movement Counts
Move- | Traffic haot Approach
From To ment Flow H::vy PHF | A ?':;?ﬁa;h T'_f:_ﬁ_c
Code | (Mehihr) | Veh. Elow (Vehihr)
Anloga WBL 27 18 | 0894+ 1.4
KNUST | Amakem ' | WBT 1483 3| glea¥l) 778 1907
Airport RIA WBR 397 4 0:90 25.5
Airport RtA_ EBL 291 Bl 091 18.7
Amakom | KNUST EBT 1944 & 0.87 77.9 1554
Anloga EBR 52 10 0.82 33
Amakom NBL 153 13 0.92 64.8
Anloga | Airport RIA_ | NBT 32 27 0.88 13.6 236
KNUST NER 51 10 0.91 21.6
: KNUST SBL 421 10 0.90 i
Aot Fanioga SBT 22 33| 094 37 587
_ | Amakem __{-SBR— 144 5 0.92 24.5
Intersection Total (Average) 4284 (11.8)

#
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4.2.1.2 Aboabo Signalized Intersection

The Anloga Junction approach has the highest volume (1457 veh/hr) with a

proportion of over 80% (1211 veh/hr) being through traffic, as shown in Table 4-6.

These through traffickers encounter some impedances a5 a result of traffic activities

on the FSS access downstream the Anloga Junction approach.

The WBR movement (ie. Asokore Mampong™to Airport R/A) of the Asokore

Mampong approach has a volume of 149 veh/hr representing 47.3% of the approach.

In actual fact this excludes by-passers of the interscction through the FSS access on

the Asokore Mampong.

Table 4-6 Aboabo Intersection Turning Movement.Connis
- : % of Approach
Move- Traffic Yo 5 ik
From To ment »Flaw | Heavy | pHF | APPreach | Traffic
Code ehl/h Veh.
- 1kt B L Flow (Vehihr)
A RSharg | Anlogadn WBL 62 g 0827 197
Mampong Aboabb WE‘-VT 104 & 0.92" | 330 15
Airport.R/A WBR 145 12 0.92 47.3
Airport RiA EBL 51 g €.90 24.8
Asokore :
Aboabo Mampong EBT 99 13 .90 48.3 205
Anloga Jn EBR 55 11 0.90 26.8
Amakom NBL 187 [i] 0.92 12.8
Anloga Jn | Airport RIA NBT 1211 9 0.93 d43.1 1457
KMNUST NER 58 10 0.93 4.0
L Rsonate SBL 103 13 | 0.92 10.2
Airport ~ | Mampong | o
R/A~ | Anloga Jn— | SBT 838 8 0.95 82.8
Aboabo SER 71 8 0.895 7.0
| Intersection Total (Average) 2989 (3.4)

#
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4.2.1.3 Krofrom Signalized Intersection

The Airport R/A and Suame R/A approaches are the main roads of the Krofrom
signalized intersection. The relatively low volume of 892 veh/hr on the Suame R/A
approach compared with that of Airport R/A (1553 veh/lr), as shown in Table 4-7.is

atiributed to the high number of right turning through the FSS rather than through the

intersection.

The New Tafo approach is a single shared lane which serves a wide range of vehicle
classes with relatively high percentage of heavy vehicles that are turning. Especially
50 with the turning towards the Airport RIA[SBL] direction, heavy vehicles
accounting for:22% (98 veh/hr) of volume on that-dpproach as-stown in Table 4-7.

That therefore explains-the relatively low teaffic flow.of 283 veh/hr on the New Tafo

approach.
Table 4-7 Krofrom Intersection Turning Movement Counts
Move-_| Traffle % A Approach
From To ment Flow | Heawy | -PHF Ag;:;:;:n T;?ﬂ‘:“
Cede | (Vehl/hr) "Jel"!. Elow (Vehihr)
] Kejetia WBL 202 1~ 0.9 13.0
Airport = ,
RIA Suame R/A | WBT 784 11 0.94 50.5 1553
New Tafo | WBR 567 20 | 092 36.5
New Tafo EBL 111 13 0.90 12.4
Suame [Airport RIA | EBT 684 | 11 | 093 | 767 892
Kejetia EEBR a7 10 0.88 10.9
__|-Buame R/A | NBL 154 g 0.91 19.1
Kejetia | New Tafo | NBT—| 249 z oo 30.9 807
Airport R/A NBR 404 4 0.91 501
Airport RIA | SBL g8 22 | 0.92 34.6
—New Tafo | Kejetia SBT 144 10 0.92 509 283
Suame R/A SER 41 6 0.92 145
Intersection Total (Average) 3535 {10.3)
#
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4.2.1.4 KMA Signalized Intersection

Unlike the other three intersections which are located on arterials of the city, this
intersection is located in the central business district (CBD) and is close to the
administrative area of the Kumasi metropolis. Thus it serves mainly local traffic. The
proportion of heavy vehicles is relatively small with an overall heavy vehicle
percentage of 2.3%, as showrf fpeni\Tabld 4-8. I Thia be noted the location of the

FSS at the intersection does not fatilitate by=passig of the intersection through to the

FSS.
Table 4-8 KMA Intersection Turning Movement Counts
o N N
From To ment Flow Heavy | PHF PP
Code | (Vehlhr) | Veh Traffic FIEON
- , A Flow (Vehrhr)
sTC Mhylaesd WBL 223 o ne2 39.1 570
Adum WER 347 1 Q.92 60.9
Adumn MNET 208 2 3,83 54.0
MNhyiaeso , . = 587
¥ sTC NBR 279 3 | 093] a9
i STG. SBL 33? 2 0.82 581 725
Nhyieso SBT 388 i 0.91 68.1
Intersection Total (Average) ‘1882 2.3}

4.2.2 Saturation Flow Ratesof Selected Lana Groups-ai the Intersections

The field saturation flows for the Tafiegrotips on the major roads and some selected
vehicle movements of interest especially those thought to be affected by the traffic
activities of the FSS were estimated using the .meﬂmd recommended by Garber and
Hoel (1994) Table 4-9_shews the field measurements and the computed saturated
flow rates in vphgpl. The variables N, t, and t are as contained in Equation 2.2, for

——
the estimation of the saturation flow rates (S).

 —— ]
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Table 4-9 Field Estimation Results for Saturation Flow Rates
| ] Movement N t ta S
ntersection | Approach Code :
Veh (v) | Sec(s) | Sec(s) | wvphgpi
KNUST WBT 31 82 10 1350
!
Amakom EBT 13 75 g 1582
Anloga
Airport RIA SBH 171 44 8 1418
Asokore 2 ) 1
Mampong ik 14 33 7 1385 |
Aboabo | EBT ,
Aboabo — e - b
Anloga Jn NBT 99 g g 1296
Airport RIA SBT 24 58 g 1469
Aot R/A WB'1 e, 140 —3 1493
Suame R/A EBT
2 1523
Krofrom — = : ]
Kejetia NBT 1g 47 g 1421
New Town SBT 16 43 10 1309
STC Wt a5 7 1611
KMA | nNhyigeso. “{~ NBT . 8 1749
Adum SE'L 18 44 ra 1362

As shown from Table 4-9, the computed saturation flow rates ranged between 1150
and 1750 vphgpl. These field saturation flow rates are quite are comparable with the
results nTAdams and mu_aa (2008) on some selected signalized intersections
___in Kumasi. It is worthy to note that the geometric and trallic characteristics of the
approaches had effect on their respective saturation flows. For instance, the New
e —————
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Town approach of Krofrom signalized intersection is a single shared lane serving
movements of significant proportions of heavy vehicles. This resulted in the low field

saturation flow rates of 1137 vphgpl for the New Tafo approach, as shown in Table 4-
9.

'}

4.2.3  Vehicle Maneuvers through the Fuel Service Stations

The orientation of the accesses to the FSS at the Anloga intersection facilitates by-

passing of the intersection w IKanUHS:-.-Ii-rptm R/A approach towards

the Amakom direction [SBR]. Over U{}‘Lg of vehicle entries to the FSS (229 veh/h)

were those who by-passed the mluam U],, these motorists using the FSS as a by-

pass, taxis drivers accounted mrm."_‘

._I 16 entries in an hour) as shown in

Table 4-10. Vehicle entries mW&;ﬁu twjrpum, of deusmess is rather
relatively low; only. lsuiauhem- WF’I‘IL&{S If:ss.ﬂﬂm 13?’;9( ﬂﬂ%ml vehicle entries.

Table 4-10 Vehicle Hnnﬂruzﬁrﬂigh Eﬂ-uw; ;.gfmn.un

Passing Tﬁmﬁb '.,JIDQ.MM | Total Percentage
Vehicle | N - __JE Il S ‘,’Eri['g Entries of Total Veh.
Class Wetrn) | %0 Ve % VAl | Entrios (%)
p -y .-' - ﬁ.___-'[.....; pIH - nf
Car »ﬁ_‘_,‘j_ 9367 4 = ;?ﬂ ! ;,
Taxi 116571 g59- 5 7121 49.0
— _—A . "'.- - 4 sl
Bus 52 | W) et Hmo’}" 58 235
Other 8 | 727 g~ 27.3 11 4.5
Total 229 92.7 18 7.3 247 100.0

Similar to the situation at Anloga Intersection, there are a relatively high percentage
S ‘_._,..--'-'-'--__ X )
of vehicle maneuvers through the O’ando FSS for the purpose of by-passing the

—Aboabo signalized intersection’s central area. These motorists are predominantly

those from the Asokore Mampong approach making a right tumn to the Airport R/A

—— e ——————
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direction [WBR]. As shown in Table 4-11, taxis account for the most vehicle

maneuvers (72 veh/h) representing over 93% of motorists passing through the FSS.

Table 4-11 Vehicle Maneuvers through FSS at Aboabo Intersection
Passing Through To Do Business Total Percentage
Vehicle | N | N ! Entries | of Total Veh.
Class {Veh/h) % (Veh/h) % (Veh/h) Entries (%)
Car B 68.7 2 333 9 8.3
Taxi 72 835 i 5 G5 7 70.6
Bus 14 70.0¢° il 30 20 18.3
Other 2 66.7 | 1 33.3 3 2.8
Total o4 86.2 15 13.8 109 100.0

At the Krofrom Signalized intersection, there is the possibility of by-passing the
central intersection area for moterists onithe Swuame R/A approach intending a right
turn towards the Kejetia-direction [EBR]. As shown in Table 4-12, 170 vehicle
entries in an hour out of the 214 are those making such mancuvers. Of these, taxis

dominate with 108 maneuvers inan hour.

Table 4-12 Vehicle Maneuvers throngh FSS at Krofrom Intersection
Passing Through To Do Business Total Percentage
Vehicle N N Entries of Total Veh.
Class (Veh/h) % {Veh/h) % {Veh/h) Entries (%)
Car 43 72 | 2| 328 64 29.9
Taxi 108 885 | 14 11.5 122 57.0
Bus 15 625 9 i AT 24 11.2
Other 4 100.0 0 00 4 1.9
Total - 170 794 | 44 20.6 214 100.0
P

s ——
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Unlike the other three signalized intersections, the location of the FSS does not

facilitate by-passing of the intersection’s central area from any of its approaches. All
vehicle maneuvers through the FSS are therefore for some business. Table 4-13
shows the distribution of vehicle mancuvers to the FSS.

Table 4-13 Vehicle Maneuvers to (through) FSS at KMA Infersection

Vehicle Vehicle Entries Percentage of Vehicle
Class {Veh/h) Entries (%)
Car 24 42 1
Taxi 17 208
Bus ' 6 10.5
Other 10 ] 17.6
Total 57 100.0

4.24 Vehicle Stoppages (Bus Blockage) at Aceesses to Fuel Service Stations
The average number of vehicles per hour which stopped on (he accesses to the FSS

thereby impeding the free flow of traffic through the inicrsections was collected.

It was observed that vehicles stopping on the aceesses theréby-impeding traffic flow
were predominantly Togal buses and taxis, and théy-do.net-€ntirely block the lane.
Hence these stoppages did not haye ihé f_ul] etfect uf bus blockage as described in the
literature search. For the purpose of this study, the number of vehicle stopping was
thus adjusted based on the amount of lane space blocked and the vehicle class to
reflect the full effect of bus blockage. On the average the local buses take one-half

e _'_'_._,_.--""'_-_-_ :
(0.5) of the lane as they stop whereas the taxis blocked about one-third (0.3). Lane

——hiockage by other vehicle classes was ignored based on their high variability and

marginal representation.

e ———
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Equation (4.1) was then developed to make the necessary adjustments.

N, =[05P,+03P kN, ... e EQUAtion 4. 1

where Ny = adjusted number of vehicle stops in veh/h

Np' = field (observed) number of vehicle stops in veh/h

Py, = proportion (%) of stoppages by local buses

Py = proportion (%) of sloppases by taxis
For instance for a given one hour, 213 vehicle stopping with a distribution of 57% by
local buses and 43% taxis means 121 local buses occupied half the lane space and 92
taxis took one-third the lane space which thus translates into an equivalent of 88 bus
blockages. It must be noted that the adjustment is based on the lane space. The results

are as presented.in Table 4-14

Table 4-14 Vehicle Stoppages (Bus Blockage) at FSS Accesses Impeding Free Traffic Flow
Actual No. % Dlstribution Adjusted
By Vehicle Class
Intersection | Movement | of Stops - No. of Stops
(xehih) | Local Bus Taxi (veh/h)
! (Ps) (P
WBT 213 ' 57 43 88
Anloga T NBL 80 55 45 33
BEREN 43 2 |
EBL 21 39 ! 61 8
Aboabo WEBR 62 37 63 23
NBT 118 33 57 43
EBR 73 35 65 27
Krofrom WBL 109 25 75 38
~ SBT 38 33 67 14
= WBL— | O - -
SBT 1 1] 100

———— e —————
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4.2.5 Lost Times at the Intersections

The clearance distance of all the selected movements, being the stopline-to-stopline
distance through the intersection’s central point, were measured with a tape measure.
Subsequently, the actual lost times for the major and other movements of interest
were computed using the formula Lost Time = (2 + Di/S)) seconds from Equation

(3.1) and are presented in Tablg 441 5,

Table 4-15 Actual Lost Timeslat ¥he Intérsections
- Average | Clearance
Average ) :
Approach Movement | Speed. Sgeed Distance | Actual Lost
(kmh) [Si] ] Time (sec)
s e L. (in) , i
[‘Anloga Signalized Intersection nig ki, e !
KNUST | WBT 22 6.11 30 |
Amakom EBT ke . 917 a0 I :
AnlogaJn " NBL 25 6.94 33 6.8
Airport R/A SBR B g 18 5.6
BSD Sigaie inia A AR S
Asokore : _
WEBR 18 500 20 6.0
Mampong :
Aboabo EBL 25 6.94 35 7.0
Anloga Jn NBT 28 T i P 5.9
Airport R/A SET 31  8.61 30 5.5
FKrolrom Signalized Interseciion it Soe— it st
Airport R/A WEL 27 750 40 __?.3 |
Suame R/A EBR 22 6.11 25 6.1 |
Kejetia NBT | 27 7.50 32 6.3 |
New Town. SBT | 28 7 78 38 6.9
—Nhyieso NBT 29 8.06 | 24 5.0 |
Adum SBT 31 8.61 ; 22 4.6
—————————— e —
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As described earlier, the default value for the lost time for a given movement is

usually 4.0 seconds being 2.0 seconds apiece for start-up and clearance lost times.
However in actual fact, the clearance time depends on the time required for vehicles
to clear the intersection once the amber flashes for the green of the next movement.
Because of the traffic impedances to certain flows, average clearance speeds are
lower resulting in prolonged clearance times forthosermovements, Thus the actual
lost times for certain movements®as shewheitn Fable 4-15, are far greater than the
allotted design periods of 4 seconds. This phenomenon tends to affect the successive

set of movements as their effective preen times arereduced.

4.2.6 Delaysart the Inversections
The procedure for the delay studies were carried outas deseribed in the methodology

and the results are displayed in Table 4-16.

From Table 4-16, it is seen that the stopped delay per vehicle was quite high for
certain movements in-excess«of 300 secondsThe peteentage of stopped vehicles
which gives the proportion of vehicles-which were stopped at the intersections show
that quite a high number of vehicles experience stoppage(s). The ‘No. of Stops Fer

Vehicle® of Table 4-16 shows that for most of the movements, vehicles experience at

least one stop before cleasng the interscction.

gggg
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Tahle 4-16 Delays at the Intersections
Percentage | Delay per
Approach el 4 i No. of Stops
Approach | Movement | Volume ks ppes Per Vehicle
Vehicles Vehicle
(vel/h) i (f#/veh)
(%) (sec)

ST e L]

“Anlo;

KNUST

S e P g S Y
ga signalized Int:

2.1
Amakom 1558, s I 263 16
Anloga Jn 236 56.3) 98 1.0
Airport R/A SBR 587 63.4 288 0.9
[lAboabo Signalized Intersection :i it i
Asokore ‘_ .
WBT 315 716 121 1.2
Mampong
Aboabo EBT 205 65.0 58 1.0
Anloga Jn NBT 1457 81.9 173 1.8
SBT 1012 73.4 68 1.1
; a]iZEE_IElI,l' e < ; ; : - '- FRESTS
WBT 15853 §9.1 338 1.9
Suame R/A EBT. 892 77.0 271 15
Kejetia NBT 807 68.4 105 1.1
New Town SBT 283 86.2 308 1.8
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4.3 Results of Simulation
4.3.1 Existing Traffic Situations

4.3.1.1 Anloga Signalized Intersection

The intersection is currently performing at the ICU LOS E and utilizes 86.3% of its
capacity. The existing operational cyele length is 212 sec, and the average
intersection delay is 283.7 sccands per vehicle; The-KeNEST [West bound] approach
experiences the worst delays!of an aversge of-410% seconds per vehicle. The
intersection is right on the verge of congested conditions. Many vehicles are not
served on the first cycle. Minor traffie fluetiations, accidents, and other traffic

incidents cause significant congestion.

4.3.1.2 Aboaho Signalized Intersection

With a cycle length of 120 seconds, the Abeabe intersection is performing at an ICU
LOS D. Its capacity utilization is 75.1% indicatingaréserve capacity of almost 25%.
Though the Anloga Junction [North beurid] approach experiences the worst delays
(142.1 sec/veh), the- owverallvintersection delay 48 95.7 scconds per vehicle.
Occagionally the intersection experienees congestions which could indicate sub-

optimal signal timings. Traffic fluctuations and other traffic incidents tend to cause

_significant congestion.

.

= = " e

e

#
Edmund Kwasi DEBRAH - Page 49

September 2009



Rpad and Tmli'un Engineering Frogramme - MSe Thesis:
The Impact of Location of Fuel Service Stations on the Performance of Signafized Intersections In Kuman

4.3.1.3 Krofrom Signalized Intersection

The intersection is currently just about capacity (ICU of 97.5%) giving rise to an ICU

LOS F. The intersection’s overall average delay is 166.9 seconds per vehicle,

however vehicles on the single shared lane of the New Tafo [South bound] approach
experiences the worst delays of more than 400 seconds per vehicle. Consequently,

long queues are common. As a resull some motorists try to use alternative routes

around the Krofrom signalizedintersectiens

4.3.1.4 KMA Signalized Intersection

The current traffic situation is such.that ICU LOS, is F. The ICU is 95.6% indicating
less than 5% of reserve capagity. The average overall intersection delay is 135.0
sec/veh. The'jinterseetion expericnees guile. severe congestion’ during the peak
periods. Residual queéugs at the end of green are commen. The slightest traffic
fluctuations and incidcnts as well as sub-optimal signal timings causc scvere

congestions.

4.3.2 Hypothetical Traffic Scenarios

4.3.2 1 Generating the Hypothetical Traffic-Scenarios

The hypothetical traffic scenarios represent the situations of non-existence of the FSS
at the signalized intersections, Essentially, they represent the situation in which the

- mss;&;ﬁim-ﬂunw the traffie-activities at the FSS are absent. That is to say, where

applicable there are no vehicular maneuvers and no bus blockages at those accesses
e :

e ——
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to the FSS. Again, the traffic volumes of certain approaches were adjusted to cater for

the vehicles which used the FSS area as by-passes to the signalized intersections.

For instance, in the case of Anloga signalized intersection, the existing right-turners
from the Airport R/A approach of 144 velvh was adjusted to 373 velvh to absotb
those 229 veh/h that by-passed the intersection through the TOTAL fuel service
station. But there were no wehic!g- mdnegvers and-bus-pleckages at the FSS accesses

to impede traffic flows. 1N N\ J |

The respective summary results of simulation (detail results have been presented as
Appendix A-2) of these scenarios are presented below and were further compared

with their corresporiding existing situations.

4.3.2.2 Anloga Signalized Intersection (FSS.is absent)

The simulation results ‘ofuthe. hypothetical scenario’ of the Anloga signalized
intersection showthat the interseciion’s HCUT LOS s, EW capacity utilization
increased marginally from86.3% of the existing Siuation 1‘1{:‘ 87.7%, which is a result
of channeling the by-passers (through-the-FSS) lhf:rugh the signalized intersection.
The overall intersection delay for the hypothetical case is 260.2 sec/veh, which is

lower than the existing (283.5 sec/veh) by almost 9%.

- __.--'-'-‘-_

== e

It is significant to note that by the channeling of the right tum by-passers (through the
m— 1 . : x
FSS ) on the Airport R/A approach results in a significant jump in the approach delay

F
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from 283.5 sec/veh in the existing traffic situation to 656.4 sec/veh in this

hypothetical scenario. This is because longer green periods are required to serve the
increased volume on this approach. But there were considerable reductions in delays
on the other three approaches of the intersection due to the absence of traffic
activities on the FSS accesses. Thus the net effect of the/overall intersection delay is
the reduction of almost 9% of the existing.
" . . P —

4.3.2.3 Aboabo Signalized Intersdetion (FSSis'absent)

The capacity utilization of this intersection is 80.7% with ICU LOS D. The overall
intersection delay is 67.8 sec/veh which is a 29:2% reduction of the exiting situation
(95.7 sec/veh). Just as in the case of Anloga intersection there is a significant increase
of the delay on the-Asokore-Mampong approacly from 115.2 sec/veh (existing
situation) to 227.0 sec/yeh (hypethetical scenario) due tosthe channeling of traffic
through the intersection rather than by-passing through the FSS. However there is
considerable reduction on the Anloga Junction approach from 115.2 sec/veh to 48.5
sec/veh with the absence of the FSS, which ‘ultimately’ translates into an overall

reduction by almost 30% for thévintersection.

4.3.2.4 Krofrom Signalized Intersection (FSS is absent)
_Channeling the relatively high by-passing traffic on the Suame R/A approach through

the Krgfmm signalized interseetion results in the existing close-to-capacity (97.5%)

to an 1CU of 105.7% giving rise to an ICU LOS G. The intersection’s average delay

— 4
is 195.1 sec/veh, and this is a result of the considerably longer delays on the Suame

F
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R/A approach; from 259.2 sec/veh (existing situation) to 321.4 sec/veh (hypothetical

scenario).

4.3.2.5 KMA Signalized Intersection (FSS is absent) !
The hypothetical scenario gives ICU 1.OS F. The capacity utilization remains 95.6%
Just as in the existing situatign,ssimce ihere arg=no~yolume changes (there is no
channeling of intersection by-passers¥ The averge ! intersection delay is 118.9
sec/veh which is a reduction of almost!20 sec/veh of the existing traffic situation

(136.5 sec/veh). The reduction jn.overall intérsection delay is solely due to the

absence of the vehicle maneuvers to the FSS (i.e FSS is absent).

4.4  Impact on Saturation Flow Rates

It has been acknowledged that the prescnee of accesses within the vicinity of the
intersections reduces the saturation flow rates.eficertain movements as was
highlighted (in red) on the intersectionlayout sketches ofFigures 3-2 to 3-5. From
Table 4-17, it is scen_that.ife reductions in“ihessaturation flow rates of these
movements could be as high as inexeess-of 50% (example the through traffic on the
KNUST approach [WBT] at the Anloga signalized intersection) and as marginal as

2% (example the right turning traffic on the Asokore Mampong approach [WBR] of

the Aboabo signalized interseetion).

f
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It must also be noted that saturation flow rates of movements which do not
experience any contact with traffic activities at the FSS accesses remain unchanged.
Examples of such movements, as shown in Table 4-17, are through traffic on the
Airport R/A approach [SBT] of the Aboabo signalized intersection; and through

traffic on the Kcjetia approach [NBT) of the Krofrom signalized intersection.

Table 4-17 Comparison of Saturation Flow Rates

KWHE:I Percentage
Approach | Movement | SatagationF) S tion Flow = Reduction
te (velh/hA) Rate (velvi1
alized Intersection
KNUST WBT 3 1756 56 1
Amakom EBT 1688 48
Anloga Jn NBL 1810 50.1
SBR e 580 40.8
o Signalized Intersecti . S
" WEBR, 325 S f 1351 -}/ 20
31.3
00
oo
20
0.0
29.2
STC WBL ¥ jy 31687 oy a0
i NBT — = 1709 0.0
Adum SBT 1273 1900 ®

These reductions in saturation flow rates ultimately translate into lower traffic
discharges as shown in Figure4-5; thereby leading to queue formations and avoidable
delays. Note that the area under the curve gives the vehicles discharged through the

—— .
intersection per a given time.

H
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4
Flow |
(veh/h)
o T ) e S i Hatched area = Vehicle
SR g S i discharge lost due to reduced
Sl A 3 i saturation flow rate

' i -
r ?—Eﬂ'e:tivc Gtaen"t:l L Time(s)
]

1

Viyp = Steady Flow (Hypothetical Scenarios)

Vet = Reduced Unsteady Flow (Existing Situations)

tz-t, : Start-up Lost Time
ty-t3 ; Clearance Lost Time

Figure 4-5 Flow-Time Sketch Showing the Effect of Reduced Saturation Flow Rates on
Vehicle Discharges
— e = d _H_'_,_..-"-'-_-___
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4.5

Comparison of Associated Delays for the Scenarios

The delays associated with the movements for the hypothetical scenarios are

generally lower compared with their corresponding delays for the existing situations.

As shown in Table 4-18, delays on a few movements such as NBT, NBR. SBL and

SBT which are not affected by the traffic activities on the FSS accesses remained

unchanged. [t must be noted that the high invrease-gedclays for the right turning

from the Airport R/A approach![SBR movemenit|-for the hypothetical scenario is as a

result of the increase in the traffic volume by channeling by-passing traffic through

the intersection.

Table 4-18 Comparison of Delays at Anloga Interseciion
Average Delay Average Delay Periiitags
Approach | Nipamt for Existing “Tor Hypeothetical Change
' Situation Scenario (%)
(sec/veh) (sechveh)
WBL 447 515 15.2
KNUST WET 509.3 2846 -44.1
WBR . 758 103 35.9
Approach-Delay  “W|TT" 407.5 7 2404y 408
EBL 67.8 575 -15.2
Amakom |EBT 191.9 1025 466
EER 52.5 45 5 -13.3
Approach Delay & 91.7 -43.6
NEL ar7.1 -23.3
Anloga |NBT o8 0.0
MER 1056.2 105.2 0.0
“Approach Delay 109.5 92.6 154
: SBL 263.3 263.3 0.0
AP PSR T 68 R 0.0
RIA-"TsBrR | 5208 1200.5 130.5
“Approach Delay 283.5 656.4 T 15
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At the Aboabo signalized intersection, the Asokore Mampong and Aboabo
approaches would experience increases in delays with the absence of the FSS
whereas the Anloga Junction approach experience a significant reduction of delays. It
should be noted that traffic volume on the Anloga Junction approach is relatively
high and thus has a weighting effect. The reduction jin delays on this approach

(65.9%) thus offsets the increments on the Asokore Mampong and Aboabo

approaches and gives a net ru?tuohtj U 'S me overall intersection delay,
as shown in Table 4-19.

Expectedly, delays associated with bothhscenarios on the Airport R/A approach
remain unchanged since the traffic.activities on'the FSS accesses do not have direct

gffect.

Table 4-19 Comparison of Dv:lu‘: It,ﬂbﬂbﬂ [ll:ﬂl::llﬂn =

£, iiﬁmﬁ?:gml | :forﬂ!:;::i?:ll:;l Rasamiage
Approach Movement Sitoai Change
(%)
Asokore -’:WBL+H+T (153~ 2 97.0
Mampong _ . -7,
wkgprna::h 115.2 M s L [
-’ i -1 -
Aboabo E B L+R¥T.7 Adap WO L 65.7 228
"~ Approach Delay | B8 | w138
NBL 67 67 0
Anloga Jn. NBT+R 1532 457 -70.2
[T ApproachDelay | 1424 | 485 = | 659
= SBL 51 51 0
0
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In the case of Krofrom Signalized intersection. channeling the high number of by-
passers of the intersection on the Suame R/A approach results in 55.6% increase in
approach delay over the existing. As shown in Table 4-20, delays on the Airport R/A
and Kejetia approaches remained unchanged whereas the New Tafo approach
experienced 37.5% reduction. The reduction in average delay on the New Tafo
approach is as a result of the absence of traffic activities at the FSS. However, this
reduction would not offset the incpease inyayerage delays-on the Suame R/A approach
due to weighting differences inl approach velumese#lcnce, the resulting net effect is
an overall intersection delay increase of 7.9%. Note that the hypothetical scenario of
the Krofrom signalized intersection is over the etrrent capacity due to channelization
of the by-passers on the Suame RJA@pmach threugh the intersection. This reveals
the need of right turti filter lanes-which'the presence of the FSS seems to be offering.

Table 4-20 Comparison of Delays at Krofrom Interseclion

ﬁve_rﬂgc Delay | Awverage Delay
e : ; Percentage
" sk Movedens for Existing | for Hypothetical Chanie
PpTo { Situations Scenarios (%}g
: (secivelr) (sec/veh)
Airport R/A | WEB L+R+T | 343 9 3439 0
“Approach Delay™ = , “h, 3439 --“1,9333?6 0
Suame R/A | EBL+R+T ! 257.2 : 400.3 55.6
Approach Delay l 267.2 400.3 556
e BL+T 162 1€2 0
Keletia | NELTL | ;
NBR 49.7 49.7 : 0
Approach Delay | 105.8 105.8 ) 0
_F"- E | o
New Tafo | S EJ.:-Rr*r-‘i‘ —  596.7 373.2 -375
Approach Dela 5967 13200 | TS

287.3 210
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Table 4-21 show that there is a reduction in overall intersection delay of almost 13%

as a result of reductions in most of the movements at the KMA signalized

intersection. These reductions are solely due to the absence of the FSS.

Table 4-21 Comparison of Delays at KMA Intersection
Average Delay | Average Delay P
Approach | Movement r;:j:g::g o ;{i::::hl 'CT;::#
1 (sec/veh) (sec/veh) %
ST0: ! WB LR 38
i Approach Delay 38
Nhyieso NBT+R 14
e _Approach Delay
s L
Approach Delay

Impact of the tndaﬁﬁn of ESS ﬁ!;‘tfflé IWMMJH rformance

4.6

The field studics have shown that the Iﬁcaﬁoﬁ ofﬁ FSS in the vicinity of the
signalized lntersen.iluns"mihmlua&:ﬁf s f__ [
This is especiallyso,when the FSS-is focated 6, H‘E: ‘:p-]LL/&@FI adjacent legs of the
intersection with- acf:%m to the PSS on the entry_and. @‘.!,s,v‘lr.g,b This phenomenon

tends to ease traffic through 'EhB intersections. aﬂﬂ”ﬂﬁﬁﬁ‘qm.n!h reduce congestion at
SANE T

intersections’ central areas.

the signalized intersections.

On the other hand, the comparison of the existing situations with their corresponding
hypothetical scenarios has established that traffic activitics at the FSS (i.e vehicle

=l s e
maneuvers through the FSS and use of accesses to FSS as bus bays causing blockage

——1o traffic flow) potentially reduce the saturation flow rates of certain movements

through the signalized intersections. The affected movements depend on the

Edmund Kwasi DEBRAH LT " Page 59
Skptuiher 0% Wikuce 40 Teens 2 4
KUnpg) g



Road and Tr ransportation Engineering Crogramme - MSc Thesis:
The Impact of Location of Fusl Service Stations on the Performance of Signafized Interrections I'n Kumasi

orientation of location of the FSS and their associated accesses on the intersection

roads. The reductions in the saturation flow rates translate into lower vehicle

discharges through the signalized intersections and consequently contribute to delays.
Again, traffic activities at the FSS increases the lost times for some movements as a
result prolonged clearance times. This phenomenon alsp reduces the effective green

periods leading to relatively lower vehicle discharges and again contributes to delays

at the signalized intersections.
4.7  Improvement of Existing Traffic Situations at the Intersections

4.7.1 Anloga Signalized Interséetion

Since there is a reserve capacity of more than 10% (existing ICU = 86.3%) and the
intersection Hes-in a'space-eonstrained area, the praposed improvement is basically
with the optimization of the existing sigmal timings and’ phase plan. A 4-phase
pretimed system of both pretected and permitted movements is recommended. The
modified phase plan of eyele length 212 seconds.asias shown in Figure 4-6. The

yellow and all red‘times are alse adjusted toreflect the actiablost times.

Cycle Length = 212 seconds : : e
[ T | 4 | @
g i g% tS"-“- g D ;
—— ' : %

Tk A I S g
== / S Bl
T b - = G

Green = | (4ds Green=31s | Green=33s | Green=22s T 'LIF
Y+AR=6s | Y+AR=S8s—1V+AR=4s | Y+AR=3s =il % j
Protected turn__, Permitted turm ___,, | A=

—Figure 4-6

Pmpased Phase Diagram of the Anloga Signalized Intersection’
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With this modified signal system, the overall intersection delay is reduced from 285.4

sec/veh to 108.0 sec/veh. It is worthy to note that the ICU LOS, which is based on
intersection capacity, of both the existing and optimized signal timings remain in
category E. A more drastic physical intervention to increase the capacity is required
to yield a far better ICU LOS. This may require grade separation rather than

introduction of additional lanes duc to space constraints.

4.7.2 Aboabo Signalized Intersection

Due to the relatively high proportions efturning traffic on the Aboabo and Asokore
Mampong approaches, additional Janes are proposed to expand the capacities of
existing sharcd lanes. Left turning filter lanes of storage lengths 30m, in accordance
with the minimum requirement.as contained in the Ghana Highway Authority (GHA)
Road Design Guide(1991),arsdo be introduced on beth approaches. In addition to
that is a modification of the eurrént 3-phase plan with increased cycle length of 150
seconds with the respective green, and yellow and all 'red times as displayed in the

phase diagram of Figurc 4-7.

Cycle Length = 150 seconds. .
S | —
t\‘ " A ,"

1% ! e
Green = 78s Green = 20s Green = 38s
Y+AR=5s - |Y+AR=4s |Y+AR=5s8
Protected . T Permitted____,,
Figure 4-7 Proposed Phase Diagram of the Aboabo Signalized Intersection
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The improvements results in g considerable reduction in the overall intersection delay

from the existing 95.7 sec/veh of ICU LOS D to 56.8 sec/veh of 1CU LOS B. The

total lost times being the all red and vellow times is 14.0 seconds and are distributed

for the phases as shown in Figure 4-7.

4.7.3 Krofrom Signalized Intersection

The single shared lanes of the Kejetia and NewsFown approaches are proposed for
capacity enhancement by the ihthediiction 8fohe-adtitional lane cach. The right turn
filter lanes are to be introduced on the/main approaches — Airport R/A and Suame
R/A. These arc to serve the relatively high numbier of turning vehicles. The current 3-
phase plan is thus to be replaced with a 4-phase system of cycle length 150 secn.:mds
and the respective grecn, anid-yellow and all red times as displayed in the phase
diagram of Figure 4-8. The yellow and all red times are appértioned to give a total of

18 seconds in reflection of the actial lost times.

Cycle Length =150 seconds __ S 3
- ; \ _
L TE |2 S <
o i ' G
—_— AR —"
Green = 50s Green=40s | Green=23s | Green=19s @ | %
Y + AR = 6s Y+AR=4s | Y+AR=4s | Y+AR=4s | VB
Protected turn____ Permitted turn ___,
Figure 48 Proposed-Pirise Diagram of the Krofrom Signalized Intersection
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This improvement would transform the existing performance status from ICU LOS H

to ICULOS C. Consequently, the existing overall intersection delay of 288.5 sec/veh

Tafo approach is considerably reduced from 610.8 sec/veh to 175.5 sec/veh.

4.7.4 KMA Intersection
At the KMA intersection, a lang. is, added to;the ewsing shared lane on the STC
approach to serve as separatelldnes. As shown in/Figure 4-9, the existing 3-phasc

system is slightly modified with a cycle length 145 seconds.

Cycle Length = 145 seconds firil ,@
= T .
L : 4 = e T L N E.ﬁ""_
. e K
Green=41s | Green =49s | Green.=43s 5 L
Y+ AR =4z ¥ + AR =4ds Y+ AR =4z | *‘.m,l
Protected —» Permiticd ----» ki
Figure 4-9 Proposed Phase Disgram of the KMA Signalized Intérsection

The above improvements resilts—in—a~considérgble reduction in the overall
intersection delays from the existing 133.9 sec/veh of ICU LOS F to 48.9 sec/veh of
[CU LOS B. The yellow and all red times of 4 seconds per a change of phase is

maintained equivalent to a total lost time of 12 seconds.

e L ——
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48  Limitation of Study

Ideally the Synchro 6 Trafficware plus SimTraffic package should have been totally
calibrated to conform to the local traffic characteristics, and the calibration validated
before using for the study. Most of the default calibration sets were used for the
simulation. Thus since the assessments were basically carried out from the simulation
results from the software, the gutgome of the assgasmepis arc subject to the accuracy
levels of the model results with yespectito\ihe im;f traffic situations. Nonetheless a
rough comparison of the field results and'the simulation results do not give striking

differences.

Also the assumplidnof ¢quating the partialwehicle blockage to-bus blockage in terms

of lane space occupted may not absolutely hold and may require further research.

It must be noted that the traific data collection did netinclude pedestrian counts and
other forms of fransport like eycledor theireffects in’ the simulation. Thus the
simulation results did ridp feature the influcnee of pedestrians and cyclists on the

performances of the intersections - this.study:

— _,_o-"".-..--_-_-_
F
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50 CONCLUSION

5.1  General Concluding Remarks

The performance of four (4) signalized intersections in the Kumasi Metropolis,
namely Anloga, Aboabo, Krofrom, and KMA have begn studied. The objectives of
the study were to: establish the impact of location of FSS on the observed saturated
flow rates of identified lane groups,at the signalized intersections; estimate the actual
lost times at the intersections;Nand A8seSs.the. ehanges, if any. in delays at the
signalized intersections using the simulation results from the Synchre 6.0 plus
SimIraffic software, The outcome of the study is a useful guide to transportation
professionals as well as officials in charge of issuing permits for the estab]ishmém of

FSS and other similar.facilities. The key research findings are highlighted as follows:

5.2  By-passing of Intersections Through the FSS

The location of the FSS inithe vicinity of the signalized intersections may facilitate
by-passing of thedntersections’ eentral areas depending on the orientation of the F8S
to the intersection. This phefiomenon tends tergasefraffic through the interscctions

and consequentily reduce congestion atthe signalized intersections.

5.3 Reduction of Saturation Rates of Certain Movements

vehicle"ﬁ-{aneuvcrs tl*ggggh.tha-FSS and use of accesses o FSS as bus bays reduce

the saturation flow rates of certain movements at the signalized intersections. The

i E " b "
affected movements depend on the orientation of location of the FSS and their
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associated accesses on the intersection roads. The range of percentage of reduction in
the saturation flow rates is wide: as marginal as 2% through to the excess of 50%

depending on the orientation of the FSS accesses to the main intersection roadways.

These reductions translate into lower vehicle discharges through the signalized

intersections and consequently contribute to delays. |

5.4 Increased Lost Times(Clearange, Timesy

The traffic activities at the FSS chuse iflreses indett times for some movements as a
result of prolonged clearance times. Thei actual lost times for certain movements
could be as high as 7 seconds/as against the default value of 4 seconds. This
phenomenon also reduces the effective green periods of succeeding movements

leading to relativelylower dischargesdnd delays at the signalized intersections.

5.5 Impact on Delays
The presence of FSS in thewicinity of the sipnalizedsintersections generally causes
increases in the overall intersection delayss This percentage-@f increase varies in the

range of 8% to about-30%depénding on the traffic lex@ls.among other factors.

5.6 Recommendations and Further Research

Generally, the current signal phasing and timings of the respective control systems at
the intgréé;tims should be reviewed and optimized. This is especially so with the

current use of the default all-red and yellow (AR+Y) times of 4 sec which are unable

—— !
to accommodate the existing lost times for certain movements because of the traffic

ﬂ
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activities at the FSS. In addition, it is proposed that the geometric characteristics of

the Aboabo, Krofrom, and KMA intersections be improved by the addition of filter
lanes to accommodate the relatively large turning movements. Warning signs
prohibiting the use of accesses to the FSS as bus bays should be installed and proper

vehicle stopping areas- bus bays and lay-bys provided at the intersections.

Road users, especially drivers of gommercial yehielesr should be educated on the
impact of their actions of dsihg 'FSS decesses-ireds as bus bays. It would be
imperative for the random and periodig/dispatch of police from the MTTU to ensure

traffic order and adherence of these directives atthe signalized intersections.

The permit issuing authority'should ensure thai the ensuing Traffie Impact Statements
(TIS) contain medsureS put forward to minimize the negative impacts of accesses on
the signalized intersection legs dug to the presence of the existing FSS, Regarding the
issuance of permits forthe-establishments of FSS atsignalized intersections, as part
of the Traffic, Impact Assessments-(ITA), considerations-should be given to the
vehicle traffic compaesition and distribution. This is especially important where the

signalized intersection experietices-relativaly-high commercial vehicle traffic.

It is recommended that further research should be carried oul to assess the impacis of

the FS".S_' .lncatr.-cl at /Elgnﬂlilﬁd intersections with regard to other performance

indicators. For the purposes of appraisal of intervention schemes, economic impacts

_ﬂ-_._._ -
of the location of FSS at signalized intersections should also be considered.
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APPENDICES

APPENDIX A-1 Calibratéd Sigu igtiujnﬁc_sults for Existing Traffic

Situations at the Signalized Intersections

APPENDIX A-2 Simulation Results for Hypothetical Traffic Scenarios
of Non=Existence of the Fuel Service Stations at the
Signalized Intersections

APPENDIX B = Simulation Results for Improvements of the Existing

Traffic Situations at the Signalized Intersections
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APPENDIX A-1 Calibrated Simualation Results for Existing Traffic

Situations at the Signalized Intersections
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ANOLOGA Signalized Intersection

| Existing Traffic Situation
A
' e LG A P S
;' WMovement _ EBL EBT EBR WBL wWpT WBR NBL NBT NBR . SBL SBT  SBR
Lane Canfigurations N 44 " 5 A4 ] * X - .
4 deal Flr_zw {vphpl) 1900 1900 1800 18300 1900 1800 1300 1900 1800 1900 1g£ ngg
I Lans Width 4 33 47 30 34 ap 48 48 47 30 3B 38
Grade (%) -3% 502 0% ' ; _1;",“ ;
Total Lost time (s) 4.0 4.0 4.0 4.0 60 40 60 4.0 40 40 40 490
| tone Ut Faco 100 085 100 100 085 1.00 100 400 100 0885 085 1o
i oy 100 085 100 400 085 100 400 GsE 166 465 Dk
Fit Protected 095 100 100 085 1.00 100 095 100 100 085 095 100
Satd. Flow (prot) o 218 1672 1528 2050 1486 1202 1808 1648 1462 1683 1720
Fit Permitted 095 100 100 095 100 100 0095 100 100 095 074 1.00
Satd Flow {perm) 1659 3218 1672 1528 2250 1486 1202 1696 1648 1462 1200 1122
WVolume (vph) 291 1211 52 27 1483 357 153 3z 51 421 22 144
Peak-hour factor, PHF 031 097 092 .0 39p 0855 0§0~092= 088 091 090 094 097
Growth Factor (vph) 95% 100% 05% [95% [ %Q0B: | 93Po\O5% 100% 050 -95% 100% 95%
Adj. Flow (vph) 304 1248 54 IO NS\ o sd 6 53 444 93 149
RTOR Reduction (vph) 0 0 0 0 0 o 0 0 0 0 0 0
Lane Group Flow (vph) 304 1248 54 28 1548, 419 158 36 93 333 134 149
Heavy Vehicles (%) 8% 5% 10% 13% 3% N.4% 13% 27% 10% 10% 3% 5%
Bus Blockages (#/hr) 0 23 0 0 a8 0 a3 0 0 ] 0 21
Parking (#/hr) g4 27 25
Turn Type Split Prol  Split Bl Prot Prot  Prot - Prol
Protected Phases P 2 2 E 1 | 4 3 3 4 3 3
Permilled Phases
Acluated Green. G(s] 660660 66.0, 760 780, 760 380 160 16.0 380 540 160
Effective Green, g {s)  66.0r_ 860" 660~ /6.0—740 " 760 380 16.0 16 0 380 540 180
Actuated g/C Ratio 0.31 0,31 031 036 085 036 047 008 008 013 025 008
Clearance Time (s} 40 Ao AU o N M0 BT D 40 40 4q 4.0
Lane Grp Cap (vph) 816 1002 / 520 B8 7850 53857004 128 124 262 371 g5
wis Ratio Prot 018 c039° (03 002 c0B9 028 0134 002 003 o023 0058 c013
v/s Ratio Perm 0,03
vie Ratio 0.50 125 W0 005990079 0/Zs 028 043 127 036 175
Uniform Delay, d1 61.6 73.0- 518 445 590 607841 25 035 870 648 080
Progressien Factar 1.008 J.00 T00SSR00=0.00-100""00 08« 100 100 100 1.00
Incremental Delay, d2 4.9 1189 04 P2 2203 W13 244 S 58 S104 1484 27 3805
Delay (s) 66.4 197794 523w 4965003 71,0 1086 48D 1040 2354 B75 4805
Level of Service E F D D F E F F F F E F
Approach Delay (s) 163.5 410.8 106.0 258.2
Approach LOS F F i F
Intersection Summary
HCM Average Control Delay 2837 HCM Level of Service F
HCM Yolume to Capacity ratio 157
Actuated Cycle Length (s) 212.0 Sum of lost time (s) 18.0
Intersection Capacity Utilizaticn 86.3% ICU Level of Service &
: . r
Analysis Period (min) ﬁr___‘l_a__d

& Cntcal |L.ane Group—

_--'--_'_ 2
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ABOABO Signalized Intersection
Existing Traffic Situation

e Y T A M SRR
Eu_vementl : EBL EBT EBR WBL WBT WBR NBL NBT NBR 'SBL SBT SBR
Lﬁ;T_T_E Confligurations 5 & % 1 N Ay
E?EI ::AL?E:LWPHPH 19309 1800 1800 1900 1800 41900 1900 1900 1900 1900 1800 1900
VYL i B8 3.7 3.7 3.7 3.7 2.5 3.0 3T 25 28 3.7
Grade (%) 29, 1% 0% ke
Total Lost ime (s) 4.0 6.0 4.0 4.0 40 40
Fu;ne Litil. Factor ;gg ;.gg :.DD 0.85 1.00 085
; : .00 0.9 100 099
Fit Protected 0.99 0.99 0,95 1.00 095 1.00
satd. Flow (prot) 1642 1622 1495 2335 1367 2970
Fit Permitted 0.74 0.81 0.95 1.00 085 1.00
Satd, Flow (perm) 1232 1325 1495 2335 1367 2970
Velume {vph) 51 99 55 62 104 148 187 1211 59. 03 B3B8 pis|
Peak-tourfactor, PHF D90 090 0980 092 _0 92 5092 502093 093 0982 095 095
Ad). Flow (vph) 57 110 61 |7 INoR | ek Qoo3) 1202 63 112 s> s
RTOR Reduction {vph) 0 0 0 0 d 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 228 0 0 " 342 0 203 1365 0 112 957 0
Heavy Vehicles (%) 9% 13% 1% 8% 6%y 12% 6% 9% 10% 13% % B%
Bus Blockages (#/hr) g 0 a0 0 0 23 0 43 0 0 0 D
2arking (#/hr) 1 1.5 47
Turn Type Perm Perm Prot Prot
Praotected Phases 3 3 P z 1
Permitted Fhases 3 3 ‘
Actuated Green, G (s} 310 310 21.0 55.0 210 580
Effective Green, g (3) 310 298 21.0  56.0 21.0 56.0
Actuated g/C Ratio 0.28 0.24 - QA8 047 018 047
Clearance Time (3) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Grp Cap (vph) 3e 220 257 T OED 239 1385
vis Ratio Prot €0:14 e0'58 0.08 0.32
vis Ratio Perm 0189 cl.28
yic Ratio 0.72 1.87 077 125 047 059
Uniform Delay, d1 40.5 45.5 df2 332.0 445 252
Progressian Factor 1.00 1.00 100 1.00 100 1.00
Incremental Delay, d2 130 697 198 1212 65 2.4
Delay (s) 535 1152 67.0 198.2s 510 280
Level of Service 5 F E Y3 B c
Approach Delay (s} 530G Yio.s 1424 30.4
Approach LOS D F = c
Intersection Summary
HCM Average Cantrol Delay 2957 HCM Level of Service F
HEM Velume to Capacity ratio 1.11
Aptuated Cycle Length (s) 120.0 Sum of lost time {s) 14.0
intersection Capacity Utilization 75.1% ICU Level of Servica D
Analysis Period (min) 15
B Ciilical Lane Group—"
S ___.--F"""-_-_.__

_-—--_._-_'_
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KROFROM Signalized Intersection
Existing Traffic Situzstion

B ey L e TR e

Movernent EBL EBT EBR WEL WBT WBR NBL NEBT NBR SBL 'SBT SBR
Lane Configurations 5 4 " A F o 7 : AL
|geal Flow (vphpl) 1900 1800 1900 1900 1900 1agp 1900 1900 1900 1900 1900 1900
Lane Width 3.5 a7 3.5 3.5 3.8 3.5 2 a5 28 37 4.8 a7
Grade (%) 0% 0% oy, ' 19 '
Total Lost time (s) 40 50 40 40 40 59 4.0 40 5.0

Lane Utl. Factor 1.00 100 1.00 100 100 1.0 095 0.95 1.00

Frt 100 100 08 100 1.00 0.85 1.00 085 0.98

Fii Fratected 095 100 100 opos .00  1.00 088 1.00 0.98

Sald. Fiow (prot) 1980 1734 887 882 1780 1331 | 1614 1331 1410

Fit Permitted 0985 100 100 095 100 100 ! 0.72  1.00 0.36

=2id Flow (perm) 1980 1731 887 UB2 1750 13y 1180 1339 513
volume (vph) 111 E84 87 202 B84 4BT 134 249 204 98 144 41
Peak-hour factor, PHF 080 (093 0.88 0871 _ 0.94 092 084w 091 081 092 o092 092
Growth Factor (vph) 896% 100% 95% 985 00%: | 9585953 1009 S5% 95% 100% 9s5%
Adj. Flow (vph) 117 628 105 K1 RAE | 482 Y4d 274 3417 101 157 42
RTOR Reduction (vph) 0 0 49 9 U 94 0 0 82 0 0 0
Lane Group Flow (vph) 117 628 58 2H 728 288 0 414 235 0 300 d
Heavy Vehicles (%) 18%  11% 10% 1%  1188% 20% 8% 7% 4% 22%  10% B%
Bus Blockages (#/hr) 0 0 a7 35 4] 0 0 4] 4] i 14 0
Parking (#/hr) 43 49 16

Turn Type Spiit Perm  Spiit Perm. Perm Perm Perm.

Protected Phases 1 1 2 2 3 3
Permitted Phases 1 2 3 3 3

Actuated Green, G (s) 310 310 310 4680 4G4, 46,0 458.0 480 460
Effective Green, g (s) 3T B e, 31 0% 46.0.__ 460~ »45.0 48.0 480 4510
Actuated g/C Ratio 0.23" 0220230734 "~ 0.84 0.33 0.34°0.34 0.33
Clearance Time (s) 4.0 S0 40 \ 40, 40 40 4.0 4.0

Lane Grp Cap (vph) 363 385 204 —sdF, 59 444 402 454 17

v/s Ratio Prot 007 c038 DE1 c0.42 _

vis Ratio Perm 0.08 022 0D.36 018 c0.58

vic Ratio 0.32 168 E2VSigdadsr -1 085 1.03 0.52 1.75
Uniferm Delay, d1 433 525 A20umidrd 445 38.3 445 358 45.0
Progression Factor 1.00 gt 1.008SHI00__400 "1 0! 100700 1.00
Incremental Delay, d2 2382866, 33 87 144 2 7.2 S2. 85 ) 42 362 4

Delay (=) 456 3489, 460 B 0S8 any SRS 59.8 407.4

Level of Service D F D D i O, F D F
Approach Dalay (s) 2692 103.6 723 407 .4
Approach LOS F F E F
Intersection Summary ;
HCM Average Control Delay 166.9 HCM Level of Service F

HCM Volume to Capacity ratio 1.52 :

Actuated Cycle Length (s) 135.0 Sum of lost time (5) 14.0

Intersection Capacity Utilization 97.5% ICU Level of Service F

Analysis Period (min) — 1

¢ Critical Lane Group—— — L

e
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KMA Signalized Intersection
Existing Traffic Situation

e A o e
Movement WEL WBR NBT NBR 8BL SBT SR
Lane Configurations L T % Y i
Ideal Flow (vphpl) 1800 1800 1800 1900 1900 1900
Lane Width a4 X7 38 37 35 3@
Grade (%) 0% 3% o
Total Lost Uime (s) 40 4.0 4.0 40
Lane Ulil. Factor 1.00 1.00 1.00 1.00
Frt 0.92 0.94 1.00 1.00
Fit Protected 0.98 1.00 0.95 1.00
Satd. Flow [prot) 1637 1709 1767 1273
~ Fit Permitted 0.98 1.00 095 1.00
Satd. Flow [perm) 1637 1709 1767 1273
Volume (vph) 223 347 308 279 337 388
Peak-nour factor, PHF 092 082 001 (03 092 09
Ad). Flow (vph) 242 377 331 § 300N 3G 408
RTOR Reduction (vph) 0 0 0 o 0 C
Lane Group Flow (vph) 619 0 B3 O 9655428
Beavy Vehicles (%) 4% 1% 2% 3% 2% 1%
Parking {#/hr) 46
Turn Type Split
Protected Phases 1 2 2 3
Permitted Phases
Actuated Green, G (s) 410 41.0 490 41.0
Effective Green, g (s) 41.0 41.0 410 410
Actuated g/C Ratio 0.30 0.30 0.300.30
Clearance Time (s) 4.0 4.0 4.0 40
Lane Grp Cap (vph) 497 219 a3f —38F
vis Ratio Prat c0. 38 cO'ay 021 b33
v/s Ratio Perm
vic Ratio 1.25 1,22 0.68 140
Uniform Delay, d1 470 47.0 413 _47.0
Progression Factor T1.00 1.00 T 10
Incremental Delay, d2 125.5 115.8 B8 VTER
Delay (s) 173.5 160.8 4877 7778
Level of Service R F b F
Approach Delay (s) 173.5 160.8 BE.3
Approach LOS F F n
Intersection Summary . _ s R
HCM Average Control Delay 1366 K4 Levelof Service F
HCM Veolume ta Capacity ratio 1.18
Actuated Cyc'e Length (s) 135.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 85.6% ICU Level of Service F
Analysis Period (min) 15
¢ Cntical Lane Group
— ,_F-"'""_-_'_.__
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ANOLOGA Signalized Intersection
No FSS Traffic Situation

o AT TR

Movement EBL EBT EBR WBL WBT WBR NSL' NBT NBER SBLISBTAESER
Lane Configurations % 44 7 N M K S 5 7 - ies
Ideal Flow (vphpl) 1900 1800 1900 1800 1900 1900 1800 1900 1800 1900 19{% wni;
Lane Width 949 &3 47 30 34 30 48 as a7 30 38 ag
Grade (%) -3% 5% 0% 1%
Tatal Lost ime (s) #0490 40 40 66 40 60 40 40 40 40 40
Lane Util. Factor 100 095 100 100 085 100 100 100 400 0S5 085 100
Frt 100 100 085 100 100 085 100 100 085 1 00 100 085
Fit Protected 095 100 100 085 100 100 095 1.00 100 085 086 1.00
Sald. Flow (prot) 1659 3373 1672 1528 3513 1486 1810 1696 1648 1452 1564 1580
Fit Permitted 085 100 100 095 100 1.00 n?as 100 100 085 074 1.00
Satd, Flow (perm) 1058 3373 1672 1528 3513 1486 1810 1696 1648 1462 1109 1580
Volume (vph) 291 1211 52 27 1483 397 153 32 &1 421 22 373
Peak-hour factor, PHF 0,91 097 092 0 g9 086 090 .082..088 091 090 0094 092
Adj, Flow (vph) 320 1248 57 | A0[N\s4s) 441 16 368 56 488 23 405
RTOR Reduction (vph) 0 0 0 ol \p jo b 0 0 0 0 0
Lene Group Flow (voh) 320 1248 57 " 30" 1585 ~441™"166 356 56 351 140 40s
H'Eavg.r Vehicles (%) 8% 5% 109 13% 3% 4% 13% 27% 0% 10% 33% 5%
Turn Type Split Prat  Split Prot  Prot Prot  Prot Prot
Prolected Phases 2 2 2 1 3 1 4 3 3 4 3 3
Permitted Phases :
Actualed Green, G(s) 760 760 76.0 680 860 660 380 160 160 380 540 16.0
Effective Green, g(s) 76,0 76.0 760 660 6406680 350 160 160 380 540 160
Actuated g/C Ratio 036 038 036 GFEI,081N0.17 008 008 018 025 008
Clearance Time (s) 40 40 40 W97 48 9OV 40 40 40 40 40 4D
Lane Grp Cap (vph) S95-4209".503 1, 476 4061° 463 307 128 _424 262 371 119
vis Ratio Prot 0.19 "¢0.37 0,03 £0.02 “c044 030" 009 0025 003 c0.24 0.07 c0.26
vis Ratio Perm 0.03
vic Ratio 054 1.03 0A0 008,146 095" 054,028 045 134 038 340
Uniform Deiay, d1 540 680 452 Weql 740" 715,804, 926 938 @870 651 980
Progression Factor .00 1.00 A.00° 1,00 300<1.00 400 160 100 100 100 1.00
Incremental Delay, d2 35 345 QU NMaalPi0E" 35S 8T ) 54 114 1763 2911025
Delay (s) 57.5 1025 45859051.5 2846 103.0 871" 9680 1052 263.3 68012005
Level of Service E F o D F F F F F F E F
Approach Delay (s) 817, 241.4 92.6 656 4
Approach LOS F F F F
Intersection Summary — o eyl
HCM Average Control Delay 2602 HCM. Levet of Service F
HCM Volume to Capacity ratio 1.43 _
Actuated Cycle Length (s) 212.0 Sum of lost time (s) B.O
Intersection Capacity Utilization 87.7% ICU Level of Service E
Analysis Period (min) 15
¢ Critical Lane Group

= ——

Edmund Kwasi Debrah
September 2009

Synchro 6 Reponrt
Page 78



ABOABO Signalized Intersection

No FSS Traffic Situation
N g v ST
Movement EBL EBT EBR WBL WBT WBR NBL NBT * NBR I SBLMESBTANSER
Lane Configurations & o % A : %A
rﬁﬂ-m F]qw (vphpl) 1600 1800 1900 1900 1900 1900 1900 1900 4900 1800 1200 1900
‘Lane Width < i 38 AR vy R e 300 37 25 29 a7
Grade (%) 2% 1% 0% ; ' 5% '
Total Lost time (s) 4.0 6.0 40 40 A5 &b
l Lane Util. Factor 1.00 1.00 1.00 095 1.00 095
Frt 098 0.92 100 099 1.00 099
Fit Protected 0.99 0.99 0.85 1.00 095 1.00
‘Satd. Flow (prot) 1642 1588 1485 3068 1367 2970
l Fit Permitted 0.64 0.84 085 1.00 0.95 ° 1.00
Satd. Flow (perm) 1067 1351 1495 3068 1367 2970
Volume (vph) 51 99 55 62 104 243 187 1211 32 103 B38 71
Peak-hour factor, PHF 0 90 090 09 08 o092 oo 092 093 093 082 pogs 0.95
Adj. Flow (vph) T 110 61 BTN B BCW 1302 63 412 882 75
RTOR Reductien (vph) 0 0 0 O \ 10 0 4] 0 0 0 0 0
Lane Group Flow (vph) 0 278 0 OF 244 =208 1365 6 112 957 0
Heavy Vehiclas (%) 9% 13% 11% 8% B% 12% E% 8% 10% 13% 8% 8%
Turn Type Perm Perm Prot Prot
Prolecled Phases 3 3 2 1 2 1
Permitted Phases 3 3
Actuated Green G (s) 310 31.0 21.0 5B 21.0 560
Effective Green, g (s) 31.0 290 21.0 560 210 56.0
Actuated g/C Ratio 0.28 024 0.18 047 0.18 0.47
Clearance Time (s) 4.0 4.0 4.0 4.0 40 40
Lane Grp Cap (vph) 276 326. 262 1432 239 1386
vfs Ratio Prot cO. 14 o044 0.08 032
v/s Ratio Perm 0421 0,33 _
vic Ratio 0.83 1.36 DA77 0,95 0.47 0.69
Unifarm Delay, g1 42.0 45.5 ar2 307 445 252
Progression Factor 1.00 1.00 1.00°% 1.00 1.00 1.00
Incremental Delay, d2 238 1815 19849 150 65 2.8
Delay (s) 657 2270 G400 457 51.0 28.0
Level of Service = = = o D c
Approach Delay (s) €657 2270 455 30.4
Approazh LOS E F D C
Intersection Summary 2~ : it g Rt AL, ¢ 5
HCM Average Control Delay 67.5 HCM Levelof-Service &
HCM Velume to Capacity ratio 1.0%
Actuated Cycle Length (s) 120.0 SUM Bt Tost time (s) 14.0
Intersection Capacity Utilization 80.7% ICU Level of Service D
Analysis Period (min) 12
€ Cntical Lane Group
- e
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KROFROM Signalized Intersection
4 No FSS Traffic Situation

L L O R R

forement___ =BL EBT EBR WBL WBT WBR NBL NBT ‘NBR*WSBIFSETEISER
Lane Configurations ® 4 " % 3 T & . o

ldeal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1800 1900 1900 1900
Lane Width 3 S 35 35 39 350 A¥ 15 22 37 4a 3
Grade (%) 0% 0% 20 ' : 1% f
Total Lost time (s) 40 50 40 40 40 50 40 40 5.0

Lane Util, Factor 100 100 100 100 1.00 100 095 0,95 1.00

Frt 100 100 085 100 100 085 1.00 085 0.98

Fit Protected 095 1.00 100 095 100 1.00 0.98 1.00 0.98

Satd. Flow (prot) 1580 1731 1452 1767 1750 43231 . 1810 1331 1822

Fit Permitted 095 100 100 095 100 1.00 " 0.70  1.00 0.32

Sald Flow (perm) 1580 1731 1452 1767 1750 1331 1148 13;31 EIQQ
Volume (vph) 111 584 2687 202 T4 567 154 249 404 88 144 a1
Peak-hour factor, PHF 090 093 088 0891 08 092 0840391 081 082 092 o082
Growth Factor (vphj 85% 100% 95% B3 tqo% | o5% Cos%) 100% 95% o5% 100% 95%
Ad). Flow (vph) 17 735 288 BN | B8 \ 585 Ys1] 274 422 101 157 a2
RTCR Reduction (vph) 0 0 115 0 D s 0 0 104 0 0 0
Lane Group Flaw (vphy 117 Fisi o 173 239 834 379 0 435 318 0 300 0
Heavy Vehicles (%) 13% 11% 10% 1% 118 %20% S% 7% 4% 22% 10% 6%
Turn Type Split Perm  Sglit Pern  Perm Perm Perm

Protected Phases 1 1 2 2 3 3
Permitted Phases 1 2 3 3 3.

Actuated Green, G{s) 310 310 310 460 46:00.46.0 46.0 46.0 46.0
Effective Green. g(s) 310 300 310 460 460 450 45.0 46.0 450
Actuated g/C Ratio 023022 023 O 034L 038 0.34 (.34 0.33
Clearance Time (s) 40w, 40 .0 M0 40 4.0 40 4.0

Lane Grp Cap (vph) 363 " 385 -833(E02 N 586 444 892" 454 200

vis Ratio Prot 007 cOW8g 0m2 - c0.48

v/s Ratio Perm 042 0,28 038 024 c0.50

vic Ratio 032 191 /082 WDEE" 140 Y 088 1441 070 1.50
Uniform Delay, d1 433 525 4887 333" 4454410 445 385 45.0
Progression Factor 100 100 MAOOSged .00 100 1.00 1.00 1.00
Incremental Delay, d2 23 4188, O e RS T LHS 786 B.7 249.4

Delay (s} A5 6pdfdag S51 349 2347 604 123 4=——g7 2 294 4

Level of Service D F D C & E B D F
Approach Delay (s) 3214 1460 887 294 4
Approach LOS F F F F
Intersection Summary o L e ——— e P LT
HCEM Average Control Delay 1951 HCM Level nfﬁer‘ncﬁ F

HCM Volume to Capacity ratic 1.56

Actuated Cycle Length (s) 135.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 105.7% ICU Level of Service G

Analysis Period (min) 15

¢ Cntical Lane Group

W == ,,rr”"-_-_._-__
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KMA Signalized Intersection
Mo FSE Traffie Situation

i R ot e

Movement WBL WBR NBT

: NER SBL S8BT
Lane Configurations L t % A
|deal Flow (vphpl) 1900 1500 1900 1900 1900 1800
Lang Width 34 Gt 3.8 3y 35 3.6
Grade %) Q% 3% 20
Telal Lost time () 4.0 4.0 4.0 4.0
Lane Ul Factar 1.00 1.00 1.080 1.00
Frt 0.62 093 100 100
Fit Protected 0.gg 1.00 0.25 1.00
Satd Flow (prot) 1637 1707 1767 1900
Fit Permitted 0.98 1.00 095 100 !
Satd. Flow (perm) 1637 1707 1767 1900
Volume (vph) 423 347 308 279 337 388
Peak-hour factor, PHF 092 094 0985 0 82 0,82 _ 087
Adj. Flow (vph) 242 360 324 [3030\2d6) 4fof
RTOR Reduction (vph) 0 0 0 0 bl Jo
Lane Group Flow (vph) 611 0 627 B 385 oo’
Heavy Vehicles (%) 4% 19 2% 3% 2% 1%
Turn Type Split
Protected Phases 1 2 3 3
Permitted Phases )
Actuated Green, G (3) 41.0 41.0 41.0. 41.0
Effective Green, g (s) 41.0 41.0 41.0  41.0
Actuated g/C Ratio 0.30 0.30 0.30. 0.30
Clearance Time (s) 4.0 4.0 46, 410
Lane Grp Cap (vph) 407 518 L e P
v/s Ratio Prot el 37 T Q21 c0.
wis Ratio Perm
vic Ratia 1.23 T2 0.68 o 0.G9
Unitorm Delay, d1 &0 47.0 4759°% 41N
Progression Factor 1.00 1.00 100+ 1.00
Incremental Delay, d2 1189 16 6.8 8.7
Delay (s) 166.9 158.6 48.1. 482
Level of Service = E B D
Approach Delay (s) 166 9 158.6 48+
Agproach LOS F F O
Intersection Summary — e
HCM Average Control Delay 1188 HGM. Level of-Service 2
HCM Volume to Capacity ratio 1.04
Actuated Cycle Length (5] 135.0 Sum of los: ime (s) 12.0
Intersection Capacity Utilization 85.6% ICU Level of Service F
Analysis Period (min) 15
£ Critical Lane Group

— ,,rr““_-_-_-__
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ANDITDGA Signalized Intersection
4 Oplimization of Existing Signal System

AR EB T Wiy

Movemnent EBL EBT EBR WBL WBT WaR NBL NBT "NBR. SBLZ'SBTW'SBR
Lane Configurations N 44 r L Y " % 4 i » .1'. :

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1o0p 190C 1900 1800 1900 190D 19&E
Lane Width B9 33 4T 30 Wy 45 4 B 48 47 3p 33 3s
Grade (%) -3% -5% 0% -1%

Total Lu_st time (s) 40 4.0 4.0 4.0 6.0 4.0 6.0 4.0 40 4.0 dll; 4.0
Lane Util. Factor 100 085 100 100 095 100 100 1.00 100 095 095 100
Fr e o0 085 100 105 085 100 4060 0fS 106 1o 0.85
Fit Protected 250 00 100 085 100 100 085 100 100 065 Oge o
Satd Flow (prot) 1858 3373 1672 1528 2731 1486 1385 1696 1648 1462 1581 1225
Flt Permitted 095 100 100 095 1.00 100 085 100 100 095" 0.96 1.00
Satd Flow (perm) 1699 3373 1672 1528 2731 1486 1385 1898 1648 1462 1581 1225
Volume (vph) 291 1211 152 27 14B3 397 183 85 51 421 22 144
fecnour factor, PHE  0.91 097 092 089 09 000 052 088 091 090 094 002
Adj. Flow (vph) 320 1248 165 | m0N 195 T 93 56 468 23 187
RTOR Reduction {vph) 0 0 0 ANIA JoN\ b 0 0 0 0 0
Lane Greup Flow {vph) 320 1248 185 Qo 1885\ 9 168 93 56 251 240 157
Heavy Vehicles (%) 8% 5% 0% 13% 3% 4% 13% 27% 10% 10% 3% 5%
Parking (#/hr) 88 27 25
Turn Type Prol Prot Prot Frot  Split Prot  Spiit Frot
Protected Phases 3 1 ( 3 1 1 4 4 4 2 2 ?

Permitted Phases oy
Actuated Green, G (s) 350 106.0 105.0 350 1080 4060 240 240 240 310 310 310
Effective Green. g (s] 350 1060 1060 @50 4040 10600 220 240 240 310 310 310

Actuated g/C Ratio 017 050 050 VAR 045”080 0.10 011 041 041§ 0.15 0.15
Clearance Time (s) Ao~=d D 400 10 A0 MM 40 40—40 a0 40 40
Lane Grp Cap (vph) 274\ 1687836~ 257, 1340 148 144192 7 187 214 231 179
vis Ratic Prot C0.19 Q37 —0M0 002 (87 (%0 cOM2 2005 003 c017 015 013
v/s Ratio Perm

vic Ralio 117 074 /020 Q1341 {80052~ 048 030 147 1.04 088
Uniform Delay, d1 B8.5 421 294 S84 540 4FLT 50N 882 853 905 905 886

Progression Factor 1.00 1.00 SO0 o Eoe" 1080 LA 100 100 1.00 1.00 1.00
Incremental Delay, d2 1076 30 e 1.0 798"V 85 12498 85 41 1161 698 41.1

Delay (s) 196.1 450~ 7 EENEE TPE J ] 2 2969  95.2...803 2066 160.3 129.8
Level of Service - G (3] & E F D F F F F F F
Approach Delay (s) .5 34 158:¢ 170.8
Approach LGOS _ E F ' = E
Intersection Summary I : e N = el
HCM Average Contro! Delay 108%6. HCM Levelol Samice F

HCM Velume to Capacity ratio 1.16

Actuated Cycle Length (s) 212.0 Sum of lost time (s) 20.0

Intersection Capacity Utilization BY. 7% ICU Level of Service E

Analysis Period (min) 158 i

¢ Critical Lane Group

e ‘__n-".-r---_-_._'_
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ABOABO Signalized Intersection
? ‘mprovement of Existing Situation

j—*‘*f*‘*\ﬂtrklz

.-E‘WEME’M EBL EBT EBR WBL WBT WER. . NBL: NBT = 'NBR “SELMSETI®SER
Lane Configurations » 4 " % 3 - "-'T- vy : "']'- - i
Ideal Flow (vphpl) 1900 1900 1800 100 1900 1900 1900 1900 41800 1800 19DT5 1900
Lane Width 3.7 38 37 9.7 % 3 2.5 3.0 27 2.5 2.8 2.7
Grade (%) 29, 1% 0% ' ' 59 '
Total Lost time (s) 4.0 4.0 4.0 6.0 6.0 5.0 4.0 4.0 4.0 4.0

Lane Util. Factor 100 100 1.00 1.00 100 100 100 0gs5 100 085

Frt .00 100 085 100 100 085 100 o099 .00 0E9

Fit Protected 0.95 1.00 100 095 1.00 100 085 1.00 D.85 1.00

Satd. Flow (prat) 1401 1702 1456 1681 1803 1197 1495 2554 1387 , 2070

Flt Permitted 066 1.00 1.00 0863 1.00 1.00 095 1.00 0.95 1.00

Satd Flow (perm) 91 1702 1456 1113 4803 1187 1485 2554 1367 24970
Wolume (vph) 51 99 55 B2 104 149 187 1211 59 103 @838 T
Feak-hour factor, PHF 090 0% © 80 092 092 002 082 093 093 082 095 095
Adj. Flow (vph) b 110 61 G\ T3 ‘fE?i 208 1302 G3 112 B8Rz fits ]
RTOR Reductien (vph) 0 0 0 0f 0 0 0 0 0 0 0 0
Lane Group Flow (vph) o 61 5 113 T Age . 203 1355 0 112 957 0
Heavy Vehiclzs (3%) g% 3% 119% 8% B% 12% B% 2% 10% 13% 8% 8%
Parking (#/hr) 11 15 47

Turn Type Perm Ferm Perm Perm  Prot Prot

Protected Phases 3 & 2 1 2 1
Parmitied Phases 3 2 3 3 _

Actuated Green, G (s) 400 400 400 4000 4000408 200 780 200 78.0
Effective Green g (s) 400 400 400 BEDNIED @80 200 780 200 7BO
Actuated giC Ratio 027 027 027 W& 026 628 013 052 0.13 052
Clearance Time (5) i 4.0 M40 40 _40 40 40 4.0

Lane Gra Cap (vph) 258 424 58 282 457 203 T —raoh 182 1544

v/s Ratio Prot 0.GE 0.08 c0. 14 052 0.08 0.32

vis Ratio Perm 0.06 004 008 c0.14

vic Ratio 022 024/ QeSS 862g — 0.25% @53 B 103 062 062
Unifarm Delay, d1 428 431 421 445 4467 484 B50 | 3B8.0 G614 255
Progression Factor 1.00 1.00 A100° " 4Ba 1.00° 100 1607 1.00 1,00  1.00
Incremental Delay, d2 2.0 1.3 8, 2.0 e GGy 37 1 146 1.9

Delay (s) 448444 430 465 453 550 1341 58 76.0 274

Level of Service D B D &} 8] D F B E C
Approach Lelay (s) 441 e 7686 32.5
Approach LOS D D E c
Intersection Summary o i NG Sk (L iR
HCM Average Control Delay 56.8 HEM Level ol-Sefvic E

HCM Volume to Capacity ratio 0.89

Actuated Cycle Length (s) 150.0 Sum of lest time (8) 14.0

Intersection Capacity Utilization 62.8% ICU Level of Service B

Analysis Period {min) 15

e Critical Lane Group

g : ___,.,--""'_-_._-_
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KROFROM Signalized Intersection

Improvement of Existing Situation
SR L W E S BT o T Sl 4
ovement EB
$Ccnisguratiuns ; Ei-‘; EB'IE WEI‘% Wﬂ: WB; =3 NBI NE!;: [ SBLAUSBT#ESER
TR x q
f;na; EE’;:&"P“P” 900 1900 1500 1900 1900 1500 1900 1900 1900 1900 300 100
= - SRl AT R L S e e
Grade %) 0% 0% \ 2;?5 ' o ; :
Total Lost time (s) 40 B S48 0 e 4n . 5E 40 40 ?E
Lane Util. Factor 100 085 100 100 095 100 0.95 1.00 0.06
Frt 1.00 1.00 085 100 100 08§ 1.00 0.85 0.98
Fit Protected 0.95 100 100 095 100 100 098 1.0 0.99
‘Satd. Flow (prot) 1615 3108 1017 1184 3216 1361 3037 1401 3089
Fit Permitted 085 100 100 095 100 100 ' 058 400 0.70
Satd. Flow (perm) 1615 3108 1017 1184 3216 1367 1794 1401 2199
Volume (vph) 1117 684 87 202 784 567 164 D040 404 98 144 41
Pelak-h':‘rur facter PHF 080 083 088 po1 094 092 _2094..001 0061 092 082 0092
Adj. Flow (vph) 123 735 110 R#2 P34 |61 N0l 274 444 107 157 45
RTOR Reduction (vph) 0 0 0 0 | \d 0 0 0 0 0 0 0
Lane Group Flow (vph) 123 735 110 ‘222 " g3f “mfs 0 443 444 0 309 0
Heavy Vehicles (%) 13% 1% 10% 1% 1%, 20% 9% 7% 4% 22% 10% 6%
Parking (#/hr) 43 g 16
Turn Type Prot Perm  Prot Pelm Perm Perm Perm
Protected Phases & 9 3 1 9 4
Fermitted Phases 1 1 2 2 4
Actuated Green, G (s) 230 520 520 230 520,520 400 40.0 440
Effective Green, g (s) 230 510 520 2SO O N4 40.0 400 18.0
Actuated g/C Ratio 015034 035 _ 0N9%0.358 3% 0.27 02% 0.2
Clearance Time (s) 4. D 4 0§ 0SB 0.4.0 4.0 40 4.0
Lane Grp Cap (vph) 248 NQHI——8R2 %48 118" 468 478374 264
v/s Ratic Prot 0.08 0724 c099 - 0.26
vis Ratic Perm 0 c0.45 @25 c0.32 cC.14
vic Ratia Q50 070/ O SR 0.75 Y 144 23.93d 1,19 1.27dl
Uniform Delay, d1 58.2 428 8580 B35 432495 B3 550 £6.0
Progressicn Factor 1.00 1.00 WJI0““9900S300 160 108 1.00 1.00
Incremental Delay, d2 6.9 3.8 231332 461630 284 108.0 102.5
Delay (s) 65.1y6E 38 NERET7 47 88105 BQi@-=452.0 175.5
Level of Service E D D — F E F F
Approach Delay (s) 480 e 1245 175.5
Approach LOS B b ¥ F
Intersection Summary s X SRR e R
HCM Average Control Delay 1105 HCM Leve| ai-Serlice F
HEM Volume to Capacity ratio 125
Actuated Cycle Length (s) 150.0 Sum of lost time (s) 16.0
Intersection Capacity Utilizaticn 64 6% |CU Level of Service c
Analysis Period (min) 19

3l Defacto Left Lane. Recode with 1 though lane as a left lane

¢ Critical Lane Group™
2t gl S J_,,..--""'-_'_-_
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KMA Signalized Intersection
Improvement of Existing Situation

< S e e

Movement WBL WBR NBT NBR SBL sSBT eT
Lane Canfigurations TS f'r 3 x 5 b
Ideal Flow (vphpl) 1800 1900 1900 1g0p 1900 1agq
Lane Width 34 3 ¥e 3% 5 16
Grade (%) 0% 30 ' -2“3
Tatal Les: ume (5) Q01 40 WD  wn  ap 40
Lane Ll Factor 100 100 100 1.00 T.EiD 1 I:jl:l
Frt 100 085 100 085 100 1gp
Flt Protected 085 100 100 1.00 085 1.00
Satd. Flow (prot) 1897 1617 1835 1562 4787 1273
Fit Permitted 095 100 100 100 095 400 !
Satd Flow (perm) 1697 1617 1835 1562 17g7 1273
Violume (vph) 223 347 308 279 337 a3sn
Pezk-hour fector, PHF g g2 0.92 paa Q83 092 Q053
Adj. Flow (vph) 242 317 331) faob\ Bsf B
RTOR Reduction (vph) 0 0 0 g\l d 0
Lane Group Flow (vph) 242 377 33 X0 Sear4ow
Heavy Vehicles (%) 4% 1% 2% 3% 29, qer
Parking (#/hr) 46
Turn Type Perm Perm p - Sglit
Protected Phases f 2 3 2
Permitted Phases 1 2 5
Acluated Green, G (s) 490 450 410 410 43.0 840
Effective Green. g{s) 490 490 410 M40 43,9 840
Actuated g/C Ratio 034 034 028 Q@8 g “0ip
Clearance Time (s) § U =g 40 4.0 4.0 40
Lane Grp Cap (vph) STB 546 5104 44 B34 773
vis Ratio Prot 0.14 g8 cBA S0 18
v/s Ratio Perm c0.23 cd,19 0,17
wic Ratio 042 069 pBas g.658 Q.78 bk
Uniform Delay, d1 37.1 415 JAEE"Ni6s aso¢ BB
Progression Factor 1.00 1,00 £:00 4400 {008 1.00
Incremental Delay, d2 23 N0 Qi 51 %5 " 24
Delay (s) 393,485 594 643 .82 8+ 215%
Level of Service o B D 2] 2] @
Approach Delay (s) 449 52.8 36.0
Approach LOS D U D
Intersection Summary . . i Ve [
HCM Averags Control Delay 439 HCM Level of Service D
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 145.0 Sum of lost time (s) 12.0
Intersection Capacity Utilizaticn 57.2% ICU Level of Service B
Analysis Period (min) 13
¢ Critical Lane Group
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