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Abstract

In freeway traffic flow contains different types of vehicles, due to the variation of vehicles in the
traffic flow the speed of passenger cars influenced by heavy vehicles, for the reason that heavy
vehicles uses more driving area of the road and limited performance. Hence according to local
conditions developing Passenger Car Equivalents (PCE) for trucks and buses on upgrade and down
grade is an essential parameter. So the major objective of this research is to evaluate Passenger Car
Equivalents (PCE) for trucks and buses for basic freeway segments on Addis Ababa — Adama
Expressway and compared with that of Highway Capacity Manual 2010 provided.

The data was collected from the field by using videotaping on Addis Ababa — Adama expressway in
the selected sites on the basic freeway segments at every collection site for the percent grade with
the corresponding grade length. And the development of Passenger Car Equivalent was carried out
by transcribing the recorded video in to tabular form with proportion of trucks and buses, base flow

rate and mixed flow rate and also analyzed by using Equal Flow Density method.

In this study the proportion of trucks and buses considered from 10% up to 50%, the Passenger Car
Equivalent increases as the proportion of trucks and buses decreases. The major variation observed
in lower trucks and buses proportion non-linearly because the interaction between trucks and buses
with passenger cars increases. Moreover for trucks and buses proportions from 10 % up to 50 %,
the value of PCE varies in between 1.4 up to 7.8 for upgrade up to 5 % which is higher than the
HCM 2010 recommended value that varies between 1.5 up to 3.0. For trucks and buses proportions
of 10 %, the value of PCE varies with the length of grade in between 5.6 up to 7.8 for 5 % upgrade
which is higher than the HCM 2010 recommended value that varies between 1.5 up to 3.0.

The study concludes that while analyzing by using the executed Passenger Car Equivalents shows a
better assumption than Passenger Car Equivalents on HCM 2010. So the executed Passenger car
Equivalents for the basic freeway segment on Addis Ababa — Adama Expressway provides a

realistic result while analyzing the traffic flow.
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Chapter 1. Introduction

1.1 Background

In traffic facilities there are two types of flow uninterrupted and interrupted flow. Uninterrupted
flow exists when traffic stream does not have external interruption such flow exist in freeways but

doesn’t describe the quality of operation.

Toll roads are similar to a freeway according to HCM 2010 so the Addis Ababa — Adama
Expressway considered as a freeway and the study was done on this route in a basic freeway
segment. To realize that in basic freeway segments there are two crucial necessities, in what extent
the traffic service can provide and under what maneuvering situations. Hence these necessities lead

to operational analysis, service flow rate and service volume analysis and design analysis.

In basic freeway segments the traffic flow contains different types of vehicles due to this the speed
of passenger cars influenced by heavy vehicles for the reason that they use more driving area of the
road and limited performance while accelerating, decelerating and ability to keep speed on grades.
The effect of a grade depends on both the length and slope of the grade. So, on steep upgrade the
effect greatly noticeable and when steep enough in down grade travelling in a lower gear, Due to

this trucks and buses form gaps in traffic flow.

To be consistent while analyzing the effect of trucks and buses converted in to corresponding
number of passenger car by using Passenger Car Equivalent.

“Passenger Car Equivalent as defined in HCM 2010, the number of passenger cars that will result in
the same operational conditions as a single heavy vehicle of a particular type under specified

roadway, traffic and control conditions’’.

The Passenger Car Equivalents for truck and buses was computed by using the Equal Flow Density
methodology and a new Passenger Car Equivalent was proposed for Addis Ababa - Adama

Expressway.



1.2 Objectives

1.2.1 General Objective

The general objective of this research is to evaluate Passenger Car Equivalents for trucks and buses

for basic freeway segments on Addis Ababa — Adama Expressway.

1.2.2 Specific Objective

v" To compare and contrast the new Passenger Car Equivalent (PCE) with that of HCM 2010
provided.

v The Passenger Car Equivalent (PCE) proposed by this research is that valuable in improving
the accuracy of the traffic stream analysis.

v' To verify that the Passenger Car Equivalent (PCE) values increases non-linearly with the
decrease in percentage of trucks and buses.

v To verify that the Passenger Car Equivalent (PCE) values increases non-linearly with the
increase in the length of grade.

v' To verify that the Passenger Car Equivalent (PCE) values increases non-linearly with the
increase in the percent grade.

v’ Evaluating the operational analysis for the Expressway based on the executed Passenger Car
Equivalent (PCE) and HCM 2010.

v To suggest new Passenger Car Equivalents for trucks and buses for basic freeway segments

according to the local conditions which is the performance of the vehicles, the geometrical

design, the traffic flow characteristics and behavior of drivers.

1.3. Statement of the problem

In Ethiopia the Passenger Car Equivalents for trucks and buses taken from HCM 2010 while doing

the operational analysis, the service flow rate and service volume analysis, and the design analysis

for the traffic flow. But HCM 2010 warns the international users may require adjustment to local

situations and understanding differences. So, developing Passenger Car Equivalents for trucks and

buses in upgrade and down grade is an essential parameter according to local conditions.



From this study, developing of Passenger Car Equivalents should be helpful for Ethiopian traffic
engineers who plan, design, operate and maintain freeways corresponding to the local traffic stream

flow, also specifically benefits to improve traffic circulation and enhance safety.

The reason to conduct this research is that from different studies every country has different traffic
flow characteristics and vehicles performance due to this different study have got different
Passenger Car Equivalent values. Thus developing these values is an essential for the country to
design, plan, operate and maintain freeways corresponding to the local traffic stream flow. And also

needs improvements to the accuracy of analysis and design of freeways.

A new construction of freeway may be need in the country in the future so developing Passenger
Car Equivalent according to the local traffic stream flow is the basic one. Also a proper selection of

Passenger Car Equivalent values is an essential for analysis.

For the future, more researches need on such topics due to the difference on the traffic flow and
performance of vehicles from the regions of one country to the other or from one country to the

other country.

1.4. Limitations of the Study

In this study the results depend on set of limitations and criterion in to account on the following:

v Due to financial constraint the video recording was done only for consecutive three hours.

v Trucks and Buses include smaller bus up to truck trailer as a one group while evaluating
PCE values.

v" The data collected at station D which is found in between Mojo and Adama towns, the
traffic flow was lower than the other segments in the expressway so the evaluated PCE

values are lower than the other segments.



1.5. Organization of the Thesis

This thesis consists of five chapters and an Appendix. Chapter 1 is an introduction, which includes
the background, objectives, statement of the problem, limitations of the study and organization of
the thesis. Chapter 2 is the literature review, which discuss the theoretical framework for the study.
Chapter 3 presents the methodology and research design in detail. Chapter 4 focuses on the
discussion and results of the study. Chapter 5 forwards conclusions and recommendations of the
research. Appendix A shows profile data for Addis Ababa — Adama Expressway. Appendix B
displays the data collection sheet. Appendix C illustrates data collected for free flow speed.
Appendix D demonstrates the summarized executed PCEs values and the transformed field video
recorded data of vehicles to the tabular form on Addis Ababa — Adama Expressway. Appendix E
shows sample calculation to determine PCE. Appendix F exhibits example problem on operational
analysis. Appendix G displays the sample location where the data was taken.



Chapter 2. Literature review

2.1 Truck equivalencies

Trucks and buses equivalencies stated throughout the development of Highway Capacity Manual

(HCM) for two lane highways, multilane highways and freeways.

With a joint venture between the Highway Research Board’s Committee on Highway Capacity
and the Bureau of Public Roads the first Highway Capacity Manual (HCM) was published in
1950. According to the edition cited by Marlina (2012) trucks on two-lane highways on level

terrain have the same effect as two passenger cars (PC).

With the Highway Research Board and authored by the Committee on Highway Capacity the
second Highway Capacity manual edition was published in 1965. According to the edition cited
by Marlina (2012) Passenger Car Equivalent (PCE) was introduced and defined as “the number
of passenger cars displaced in the traffic flow by a truck or bus, under the prevailing roadway

and traffic conditions™.

In Highway Capacity Manual 2010 Passenger Car Equivalent defined as “the number of
passenger cars that will result in the same operational conditions as a single heavy vehicle of a

particular type under specified roadway, traffic, and control conditions”.

2.2 Freeway and Basic Freeway Segment

According to Highway Capacity Manual 2010, “Freeway defined as separated highways with
full control of access and two or more lanes in each direction dedicated to the exclusive use of
traffic”. Freeway is a set of continuously connected basic freeway, weaving, merge, and diverge

segments.
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Basic freeway segments as defined in Highway Capacity Manual 2010 “those freeway segments
that are outside the influence of merging, diverging, or weaving maneuvers, that lane changing
activity is not significantly influenced by the presence of ramps and weaving segment”.

A segment is the length of roadway between two points. Traffic volumes and physical
characteristics generally remain the same over the length of a segment, although small variations
may occur (e.g., changes in traffic volumes on a segment resulting from a low-volume

driveway).

2.3 Types of freeway analysis

For basic freeway section there are three types of analysis that can carry out, those are

Operational analysis, Service flow rate and service volume analysis, and Design analysis.

2.3.1 Operational Analysis

In Operational Analysis, all traffic, roadway, and control conditions are defined for an existing or
projected highway section, and the expected level of service and operating parameters are
determined.

The basic approach is to convert the existing or forecast demand volumes to an equivalent flow

rate under ideal conditions (Roess, 2004):

B v
P PHF * N = fyy * f,

\'%

Where:

v, = demand flow rate under equivalent ideal conditions, pc/h/In
PHF = peak-hour factor

N = number of lanes (in one direction) on the facility

fyy = adjustment factor for presence of heavy vehicles

f, = adjustment factor for presence of occasional or non-familiar users of a facility



2.3.2 Service Flow Rate and Service Volume Analysis

In Service Flow Rate and Service Volume Analysis determine the service flow rates and service
volumes for the various levels of service under prevailing conditions. For a speedy determination
of expected level of service various demand levels may then be compared to these estimates.

The service flow rate for a given level of service is computed as (Roess, 2004):

SF; = MSF; N * fyy * f; [2.2]
Where:
SFi = service flow rate for level of service "i," veh/h
MSF; = maximum service flow rate for level of service "i," pc/h/In
N = number of lanes (in one direction) on the facility
fv = adjustment factor for presence of heavy vehicles
f, = adjustment factor for presence of occasional or non-familiar users of a facility

Service flow rates are stated in terms of peak flows within the peak hour, usually for a 15-minute
analysis period. By using equation 2.3 the peak-hour factor is suitable to convert service flow
rates to service volumes over the full peak hour (Roess, 2004):

SV; = SF; * N+ PHF [2.3]
Where:
SV, = service volume over a full peak hour for level of service "i"
SFi = service flow rate for level of service "i," veh/h

PHF = peak-hour factor

2.3.3 Design Analysis

In design analysis, to determine the number of lanes needed to provide for a specified level of
service an existing or forecast demand volume is used.

The number of lanes may be computed as (Roess, 2004):

B DDHV
~ PHF x MSF; x fuy * f,

N; [2.4]



Where:

N; = number of lanes (in one direction) required to provide level of service “i’’
DDHYV = directional design hour volume, veh/h

MSF; = maximum service flow rate for level of service "i," pc/h/In

fyv = adjustment factor for presence of heavy vehicles

f, = adjustment factor for presence of occasional or non-familiar users of a facility

Design analysis for freeways becomes an iterative process. For freeways the free-flow speed is
dependent upon the number of lanes provided. Thus, a number must be assumed, then computed,
continuing to iterate until the assumed and computed values agree.

Afterwards the demand volume or flow rate can be compared to the results for a simpler

determination of the required number of lanes.

2.4 Determining the Heavy-Vehicle Factor

The most important adjustment to demand volume is the Heavy Vehicle Factor, which adjusts
for the presence of heavy vehicles in the traffic stream. According to HCM 2010, “Heavy vehicle
defined as a vehicle with more than four wheels touching the pavement during normal
operation”.

For this research trucks and buses are the two types of heavy vehicle and both have similar
characteristics (due to their size and performance) then placed in the same categories for analysis
purpose.

The heavy vehicle adjustment factor is based upon the concept of Passenger Car Equivalents.
The number of passenger car equivalents in the traffic stream may be expressed as (Roess,
2004):

Voce = (Vupn * Pr* Er) + (Vypn * Pr * Er) + (Vypn * (1 = Pr — PR) ) [2.5]



Where:

P+ = proportion of trucks and buses in the traffic steam (expressed as a decimal fraction)
Pr = proportion of RVs in the traffic stream (expressed as a decimal fraction)

Et = passenger car equivalent for trucks and buses

Er = passenger car equivalent for RVs

The adjustment factor for heavy vehicles stated as (Roess, 2004):

f}-[v _ vah
Vice
_ vah
~ (Vupn * Pr#Eq) + (Vupn * Pr # Ep) + (Vopn * (1 = Pr — Bp) )
Simplified as:
fry = ! [2.6]
1+ Pr(Ep—1) + Pr(Eg — 1)

Where:

fuv = heavy vehicle factor
Vypn = flow rate, veh/h
Ve = flow rate, pce/h

2.5 Determination of Passenger Car Equivalent

Passenger Car Equivalent defined in HCM 2010 as “the number of passenger cars that will result
in the same operational conditions as a single heavy vehicle of a particular type under specified
roadway, traffic and control conditions”.

Any freeway grade between 2% and 3% and longer than 0.8 km or 3% or greater and longer than
0.4 km should be considered a separate segment. The analysis of such segments must consider
the upgrade conditions and the downgrade conditions separately (HCM 2010:p.11-15). Hence
both heavy-vehicle operation and the characteristics of the entire traffic stream may have
substantially impacted due to a long grade.

To commence the determination of Passenger Car Equivalent for specific grade first establish a
set of base condition for basic freeway segments. The base conditions of a basic freeway
segment are good weather, good visibility, and no incidents or accidents. For this thesis, these
base conditions exist.

To determine Passenger Car Equivalents there are different types of methods, from those:
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2.5.1 PCEs by Flow rates and Density method

Whether the road is congested or not measuring the traffic flow is critical on the roadway.
Traffic flow rate is the term used to indicate the equivalent hourly rate of vehicles passing a point
per unit of time

John and Glauz (1976) as cited by Marlina (2012) computed based on mixed vehicle flow,

percentage of grade and truck volume to capacity ratio:

— 1—- P
Ep = g — qm ( ) [2.7]
qm X Pr

Where

qg = equivalent passenger car only flow rate for a given v/c ratio
qm = mixed flow rate

Pr = truck proportion in the mixed traffic flow

Er =truck PCE

To relate PCE to the flow of a passenger car only traffic stream and mixed vehicle traffic stream
Huber (1982) as cited by Marlina (2012) derived equation (2.7) in a various functional form.
Huber used the assumption of equal average travel time as the measure of LOS.

1 /qg
E =—<——1)+1 2.8
™= 5 \aw [2.8]

Where
P+ = the proportion of trucks in the mixed traffic flow
gs = the base flow rate (passenger cars only)

gm = the mixed flow rate

To compute the PCE of a single truck in a mixed traffic stream, which includes multiple truck
types, Sumner et al (1984) as cited by Marlina (2012) expanded the relationship expressed by

Huber. The relationship described by Sumner et al is formulated as:

1 (qg )]
E =—(———)+1 2.9
T7VvP\qs qu [2.9]
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Where
VP = the proportion of subject vehicles that is added to the mixed flow and subtracted from the
passenger car proportion
gs = the base flow rate (passenger cars only)
gm = the mixed flow rate
gs = the flow rate including the added subject vehicles
Et = truck PCE
The PCE’s formula proposed by Demarchi and Setti (2003) - to avoid the possible error for
mixed heavy vehicles in the traffic stream, including interaction between multiple trucks types.
The relationship formulated as:
1 dB

=577

Where:

Et = Passenger equivalent of trucks

1) +1 [2.10]

Pi = Proportion of trucks of type i out of all trucks n in the mixed traffic flow
gs = base flow rate (passenger cars only)

gwm = mixed flow rate (passenger cars + trucks)

In HCM 2010 the Passenger Car Equivalent values for basic freeway segment based on the
percentages of trucks, buses, and RVs in the traffic stream as well as type of terrain (grade

profile and its length) and the analysis based on flow rates.

2.5.2 PCEs by Headways method

Headway defined as “the time between two successive vehicles as they pass a point on the
roadway, measured from the same common feature of both vehicles (for example, the front axle
or the front bumper” (HCM 2010).

Headways have been used for the most popular methods to calculate truck equivalencies by the
effects of heavy vehicles in the traffic stream because of they occupy more space. Researchers
have used headway as the basis of estimation.

Werner and Morrall (1976) as cited by Ingle (2004) suggested that using head way method is

appropriate to determining PCE when the roadway is sufficiently congested on level terrain:
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Ep= —2—~ [2.11]

Where

Hw = average headway for all vehicles
Hg = average headway for passenger car
P+ = truck proportion

Pc = passenger car proportion

Er =truck PCE

Seguin, et.al (1982) as cited by Shalini and Kumar (2014) by using the spatial headway
methodology PCE formulated as the ratio of average headway for vehicle types: average truck
headway divided by the average headway for passenger cars:

PCE;; = My [2.12]

Hpc;

Where
PCE;j = the PCE of vehicle Type i under Conditions |
Hi; = average headway for vehicle Type i

Hpcj = the average headway for passenger car for Conditions j.

Based on headway type, lane width, and traffic volume Cunagin and Chang (1982) as cited by
Shalini and Kumar (2014) determined the effect of the presence of heavy trucks on freeway
traffic streams using time headway. And they conclude that the presence of trucks in the traffic
stream is accompanied by an increase in the mean headway. The lagging headway is measured

from the rear bumper of the lead vehicle to the rear bumper of the following vehicle.

Er= — [2.13]

Where

Hi; = the mean lagging headway of vehicle type i under conditions j
Hg = the mean lagging headway of passenger cars.

Er =truck PCE
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On the findings of Cunagin and Chang contrary, the lagging headway for trucks following trucks
was found to be significantly less than the lagging headway for cars following trucks. Hence

Krammes and Crowley (1986) as cited by Ingle (2004) suggest that:

Er = [(1 — Pr).Hrp + p.Hyr ]/Hp [2.14]

Where

P+ = the proportion of trucks

Hrp = the lagging headway of trucks following passenger cars
H+r = the lagging headway of trucks following trucks

Hp = the lagging headway of cars following either vehicle type
Er =truck PCE

2.5.3 PCEs Based on Queue Discharge Flow

A queue occurs when the vehicles move a sequence of start and stops, and creates a large amount
of vehicles over a period of time on upstream of a bottleneck. It occurs when the availability of
capacity is not capable of performing the demand of vehicles.

Al-Kaisy et al. (2002) as cited by Marlina (2012) enumerate the calculation of PCE by using
queue discharge flow based on the statement that if the traffic stream is uniform and consists of
passenger cars only queue discharge flow, capacity observation can be expected to show minimal
variation. They obtain the effect of heavy vehicles on a freeway is greater during maneuvering in

oversaturated conditions.

2.5.4 PCEs by speed method

Van Aerde and Yagar (1984) as cited by Ingle (2004) developed a methodology to estimate PCE
based on the relative rates of speed for each type of vehicle traveling in the main direction and
for all vehicles combined traveling in the opposing direction. They found that PCE decreases for
higher speed percentiles. The speed analysis using the linear regression model structure is:
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Percentile speed = free speed + C; (number of passenger cars)

+ C, (number of trucks)

+ C3 (number of RVs)

+ C4 (number of other vehicles)

+ Cs (number of opposing vehicles) [2.15]
Where:
C1 to C5 = the coefficients of speed reductions for each vehicle type

Using the speed reduction coefficients, the PCE for a vehicle type n is calculated as:

Cn

E, = -2
n (:1

[2.16]

Where:
E, =truck PCE
C,, = speed reduction coefficient for vehicle type n

C, = speed reduction coefficient for passenger cars

2.5.5 PCEs based on Delays

By using Walker spatial-headway and equivalent-delay methods the PCE values are computed.

A basic approach in the Walker method is that at low traffic volumes faster vehicles will not

likely be obstructing in overtaking other vehicles. However at higher traffic volumes, for

instance challenging to traverse a section, slower overtaking vehicles will obstruct faster

vehicles. As a consequence queue formation in the overtaking lane.

With that principle, PCE values calculated using a linear combination of the Walker and

equivalent-delay in each intermediate volume level yields:

_ (OT;/VOLy) [(1/SPy) — (1/SPg)]
T (OTypc /VOLLpc)[(1/SPec) — (1/SPg)]

[2.17]
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Where

OT; = the number of overtakings of vehicle type i by passenger cars

VOL; = the volume of vehicle type i

OT.pc = the number of over takings of lower performance passenger cars by passenger cars
VOLypc = the volume of lower performance passenger cars

SPy = the mean speed of the mixed traffic stream

SPg = the mean speed of the base traffic stream with only high performance passenger cars
SPpc = the mean speed of the traffic stream with only passenger cars

Et =truck PCE

A Passenger Car Equivalent introduced by Craus et al. (1980) as cited by Shalini and Kumar
(2014) the ratio of delay time caused by one truck to the delay time caused by one passenger car.
This technique is done by considering the opposite-lane traffic. The actual disturbance and delay
caused by trucks to other traffic according to the following equation:

_ e

E =
dyp

[2.18]

Where
E =truck PCE
dyx: = average delay time caused by one truck

di, = average delay time caused by one passenger car

Passenger Car Equivalent introduced by Cunagin and Messer (1983) as cited by Shalini and
Kumar (2014) based on speed distribution, traffic volumes, and vehicle types. To determine the
PCE their technique were using the ratio of delay experienced by a passenger car due to non-
passenger vehicles to the delay experienced by a passenger car due to other passenger cars:

Dij - Dbase [2 19]

"7 7 Dpase

Where

Et = PCE of vehicle Type i under Conditions j

Dj; = delay to passenger cars due to vehicle Type i under Conditions j

Dpase = delay to standard passenger cars due to slower passenger cars
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2.5.6 PCEs based on V/C Ratio

Fan (1990) as cited by Ingle (2004) considering PCE in Singapore expressways by using
volume-to-capacity (V/C) ratio on operate at LOS E. The aim of study is that computing PCE
above 0.67 by using V/C ratio and cited that no need of computing PCEs at uncongested flow
conditions.

A multiple linear regression equation whereby the v/c ratio was related to the PCE multiplied by

the observed flow of each vehicle type and this relationship is that the purposeful form of Fan.

2.5.7 PCEs Based on Vehicle-Hours

Sumner et al. (1984) as cited by Marlina (2012) find out to compute PCE values between
consecutive signalized intersections on urban arterial roads using microscopic simulation,
NETSIM. When large vehicles are presented to the traffic stream the PCE values derived from
the vehicle-hours of road utilization. The analysis established that PCE is lower for better levels

of service.

2.6 Working definition for the study

The equivalency values represent the number of passenger cars that would use the same amount
of freeway capacity as one truck or bus under prevailing conditions. The freeway capacity that
was the maximum sustainable flow rate at which vehicles expected to reasonably traverse a point
or uniform segment of a lane or roadway during a specified time period under a given roadway,
geometric, traffic, environmental and control conditions. So it is a time equivalence working

method.
2.7 Truck and bus equivalencies

2.7.1 Trucks and bus equivalencies in HCM 2010

According to HCM 2010 for Equivalents for specific upgrades the values of Et for trucks and
buses with the percent grade, length of grade and the proportion of heavy vehicles in the flow of

traffic, as shown on Table 2.1
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Table 2.1: PCEs for Trucks and Buses (Et) on Specific Upgrades (HCM 2010)

(HCM 2010:p.11-16)

Upgrade Length Proportion of Trucks and Buses
(%) (km) 2% 4% 5% 6% 8% 10% 15% 20% > 25%
<2 All 1.5 15 1.5 1.5 15 1.5 1.5 15 1.5
00-04 1.5 15 15 1.5 15 1.5 1.5 15 1.5
>0.4-0.8 1.5 15 1.5 1.5 15 1.5 1.5 15 1.5
5.3 >08-1.2 15 15 1.5 1.5 15 15 1.5 15 1.5
>12-16 2.0 2.0 2.0 2.0 15 15 1.5 15 1.5
>16-24 2.5 25 2.5 2.5 2.0 2.0 2.0 2.0 2.0
> 2.4 3.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0
00-04 1.5 15 1.5 1.5 15 1.5 1.5 15 1.5
>0.4-0.8 2.0 2.0 2.0 2.0 2.0 2.0 1.5 15 1.5
>34 >08-1.2 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0
>12-1.6 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0
>16-24 35 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5
> 2.4 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5
00-04 15 15 1.5 1.5 15 15 1.5 15 1.5
>0.4-0.8 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0
> 4-5 >08-1.2 35 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5
>12-1.6 4.0 35 3.5 35 3.0 3.0 3.0 3.0 3.0
> 1.6 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0
00-04 2.0 2.0 1.5 1.5 15 15 1.5 1.5 1.5
>04-05 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0
556 >05-0.8 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 2.5
>08-1.2 5.0 4.5 4.0 35 3.0 3.0 3.0 3.0 3.0
>12-16 55 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0
> 1.6 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 3.5
00-04 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 1.0
>04-05 4.5 4.0 3.5 35 35 3.0 25 2.5 2.5
-6 >05-0.8 5.0 4.5 4.0 4.0 35 3.0 25 2.5 2.5
>08-1.2 55 5.0 4.5 4.5 4.0 35 3.0 3.0 3.0
>12-16 6.0 55 5.0 5.0 4.5 4.0 3.5 3.5 3.5
>1.6 7.0 6.0 55 55 5.0 4.5 4.0 4.0 4.0
Note: Interpolation for Percentage of trucks and buses is recommended to the nearest 0.1.
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Table 2.2: PCEs for Trucks and Buses (Et) on Specific Downgrades (HCM 2010)

(HCM 2010:p.11-17)

Downgrade| Length of Proportion of Trucks and Buses
(%0) Grade (km) 5% 10% 15% > 20%
<4 All 15 15 15 15
4.5 <6.4 15 15 15 15
> 6.4 2.0 2.0 2.0 15
<6.4 15 15 15 15
>5-6
> 6.4 5.5 4.0 4.0 3.0
. <6.4 15 15 15 15
>6.4 7.5 6.0 5.5 4.5

2.7.2 Trucks and bus equivalencies by Anthony Ingle

According to Anthony Ingle (July, 2004) by the study title “Development of Passenger Car
Equivalents for Basic Freeway Segments” equivalents for specific upgrades the values of E+ for
trucks and buses with the percent grade, length of grade and the proportion of heavy vehicles in

the flow of traffic, as shown on Table 2.2.
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Table 2.3: PCEs for Trucks and Buses (Et) on Specific Upgrades (Anthony Ingle, 2004)

(Anthony Ingle (July, 2004):p.100)

Upgrade | Length Proportion of Trucks and Buses
(%) (km) [ 2% 4% 5% 6% 8% 10% 15% 20% 25% 30% 40% 50% 60%

0.4 15 15 15 15 15 15 15 15 15 15 10 10 10
0.8 15 15 15 15 15 15 15 15 15 15 10 10 10
121 (15 15 15 15 15 15 15 15 15 15 10 10 10
1 161 (15 15 15 15 15 15 15 15 15 15 10 10 10
201 |15 15 15 15 15 15 15 15 15 15 10 10 10
241 |15 15 15 15 15 15 15 15 15 15 10 10 10
322 120 15 15 15 15 15 15 15 15 15 10 10 1.0

0.4 20 20 15 15 15 15 15 15 15 15 15 15 15
0.8 20 20 15 15 15 15 15 15 15 15 15 15 15
121 (20 20 15 15 15 15 15 15 15 15 15 15 15
2 161 (20 20 20 20 15 15 15 15 15 15 15 15 15
201 |20 20 20 20 20 15 15 15 15 15 15 15 15
241 |20 20 20 20 20 15 15 15 15 15 15 15 15
322 |25 25 20 20 20 20 15 15 15 15 15 15 15

0.4 20 20 20 20 20 15 15 15 15 15 15 15 15
0.8 25 25 20 20 20 20 20 20 15 15 15 15 15
121 (30 25 25 25 25 20 20 20 20 20 15 15 15
3 161 (30 25 25 25 25 20 20 20 20 20 15 15 15
201 |30 25 25 25 25 20 20 20 20 20 15 15 15
241 |35 30 30 25 25 25 25 20 20 20 20 15 15
322 140 30 35 30 30 25 25 20 20 20 20 15 15

0.4 25 20 20 20 20 20 20 20 20 20 15 15 15
0.8 30 25 25 25 25 25 25 20 20 20 20 15 15
121 (35 25 35 30 30 30 25 25 20 20 20 20 20
4 161 (40 35 35 35 30 30 30 25 25 20 20 20 20
201 |45 35 40 35 35 30 30 25 25 20 20 20 20
241 |45 40 40 40 35 30 30 25 25 25 20 20 20
322 |50 40 45 40 35 35 30 25 25 25 20 20 20

0.4 35 25 25 25 20 25 20 20 20 20 20 20 15
0.8 35 35 30 30 30 25 25 20 20 25 20 20 20
121 (55 40 35 35 30 30 30 25 25 25 25 20 20
5 161 |55 45 40 40 30 30 30 30 30 25 25 20 20
201 |65 50 40 45 35 35 30 30 30 25 25 25 20
241 |65 50 50 45 35 35 35 30 30 30 25 25 20
322 |75 50 55 50 45 40 35 30 30 30 25 25 20

0.4 35 30 30 30 25 25 25 25 20 20 20 20 20
0.8 45 45 45 40 40 35 30 30 25 25 25 25 20
121 (75 55 55 50 45 40 35 35 30 30 25 25 25
6 161 (70 60 60 60 50 45 35 35 30 30 30 25 25
201 |85 65 60 60 50 45 40 35 35 30 30 25 25
241 |85 70 65 55 55 50 40 35 35 30 30 25 25
322 190 65 65 60 55 50 45 35 35 35 30 25 25

0.4 50 50 45 40 40 35 35 30 30 25 25 25 20
0.8 80 75 70 65 55 50 45 40 35 35 30 30 25
121 |80 75 75 70 60 55 45 40 40 35 35 30 30
8 161 |90 80 80 70 60 55 50 45 40 40 35 30 30
201 |95 80 80 70 60 60 50 45 40 40 35 30 30
241 100 80 80 75 65 60 50 45 40 40 35 30 30
322 1105 95 85 75 65 60 50 45 45 40 35 3.0 3.0
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2.7.3 Trucks and bus equivalencies by Al-Kaisy et al.

According to Al-Kaisy et al (Journal of Transportation Engineering © ASCE / July 2005) by the
study title “Developing Passenger Car Equivalency Factors for Heavy Vehicles during
Congestion ” equivalents for specific upgrades the values of Ey for trucks and buses with the
percent grade, length of grade and the proportion of heavy vehicles in the flow of traffic, as

shown on Table 2.3.

Table 2.4: PCEs for Trucks and Buses (Et) on Specific Upgrades (Al-Kaisy et al., 2005)

(Al-Kaisy et al. Journal of Transportation Engineering © ASCE / July 2005):p.520)

Upgrade Length Proportion of Trucks and Buses

(%) (km) 2% 4% 5% 6% 8% 10% 15% 20% 2> 25%

<2 All 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.5 2.7

0.0-04 2.8 2.9 3.1 3.1 3.1 3.2 3.2 3.1 3.0

>04-038 2.9 3.0 3.1 3.2 3.1 3.3 3.2 3.1 2.9

) >0.8-1.2 2.9 3.1 3.2 3.1 3.2 3.1 3.1 3.1 3.0

>1.2-16 2.9 3.1 3.1 3.0 3.2 3.3 3.1 3.0 2.9

>1.6-2.4 35 3.1 3.3 3.2 3.1 3.2 3.1 3.0 3.0

> 2.4 4.2 3.5 3.3 3.4 3.3 3.3 3.2 3.0 2.9

0.0-04 3.0 35 3.3 3.3 3.3 3.4 3.2 3.2 3.0

>04-0.8 3.6 3.6 4.1 3.7 35 3.3 34 3.3 34

3 >0.8-1.2 3.0 3.3 4.0 3.4 3.7 3.6 3.4 3.1 3.3

>1.2-16 4.2 3.4 5.0 4.0 3.7 3.4 3.4 3.2 3.0

>1.6-2.4 4.6 35 4.7 4.7 3.7 35 3.4 3.2 3.1

> 2.4 5.8 3.9 4.2 4.5 4.0 3.5 3.3 3.2 3.0

0.0-04 3.1 3.9 3.6 3.6 3.7 3.6 3.6 3.4 3.1

>04-0.8 4.8 4.1 4.2 3.8 4.1 4.0 3.9 35 3.3

4 >0.8-1.2 4.8 4.3 4.4 4.4 4.4 4.0 3.7 3.4 3.3

>1.2-16 55 4.1 4.3 4.0 4.8 3.7 3.7 35 3.3

>1.6 5.4 4.8 4.6 4.0 4.5 3.9 3.9 3.4 3.3

00-04 4.1 4.3 4.0 4.2 4.1 4.2 3.8 3.7 35

>0.4-05 4.7 4.6 4.5 4.9 4.7 4.7 4.3 3.8 3.6

5 >0.5-0.8 35 4.7 6.1 5.1 4.2 4.4 4.3 3.7 3.6

>0.8-1.2 59 6.3 5.9 5.7 5.4 4.7 4.3 3.8 35

>1.2-16 5.8 7.3 6.4 6.1 5.3 5.0 4.2 4.0 34

>1.6 6.8 7.7 7.0 6.7 5.4 5.4 4.2 3.7 3.5

00-04 4.7 4.9 5.6 4.9 5.4 5.0 4.5 45 3.8

>0.4-05 6.0 6.7 6.5 6.1 6.6 6.3 4.9 4.4 4.0

6 >0.5-0.8 7.3 6.9 6.9 7.2 6.5 6.0 5.1 45 4.3

>08-12 | 10.7 9.2 6.8 7.7 6.4 6.1 5.4 4.7 4.3

>12-16 | 103 94 8.6 8.3 7.9 7.7 5.7 4.7 4.1

> 1.6 134 126 128 9.9 8.1 7.8 6.0 4.8 4.5
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Figure 2.2 and Figure 2.3 shows the comparison between the PCE that was developed by HCM
2010, Anthony Ingle (July, 2004), and Al-Kaisy et al (Journal of Transportation Engineering ©
ASCE / July 2005) by trucks and buses proportion for > 0.8 — 1.2 km and > 1.6 km grade length
on >4 — 5 % upgrade respectively.
70 >4-59% Upgrade and > 0.8 - 1.2 km
6.0
5.0
w 4.0
O ¢ ¢ ¢ ¢
a 3.0 A \m\‘_‘
s % % D s A
2.0
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0.0

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%
Percentage of Trucks and Buses
—4&—PCE by HCM 2010 —@—PCE by Anthony Ingle —e—PCE by Al-Kaisy et al.

Figure 2.2: the comparison between the PCE that was developed by HCM 2010, Anthony Ingle,
and Al-Kaisy et al. > 0.8 — 1.2 km grade length and > 4 — 5 % upgrade
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Figure 2.3: the comparison between the PCE that was developed by HCM 2010, Anthony Ingle,
and Al-Kaisy et al. for > 1.6 km grade length and > 4 — 5 % upgrade
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Figure 2.4 and Figure 2.5 shows the comparison between the PCE that was developed by HCM
2010, Anthony Ingle (July, 2004), and Al-Kaisy et al (Journal of Transportation Engineering ©
ASCE / July 2005) by grade length for > 4 — 5 % upgrade and 2 % and 10% trucks and buses

respectively.
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Figure 2.4: the comparison between the PCE that was developed by HCM 2010, Anthony Ingle,
and Al-Kaisy et al. for > 4 — 5 % upgrade and 2 % trucks and buses
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Figure 2.5: the comparison between the PCE that was developed by HCM 2010, Anthony Ingle,

and Al-Kaisy et al. for > 4 — 5 % upgrade and 10 % trucks and buses
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2.8 Vehicle classification

According to Ethiopian Roads Authority (ERA) divides vehicles into thirteen classes and shown

in Table 2.3.
Table 2.5: Vehicle Classification
(ERA 2013:p.2-3)
ERA VEHICLE CLASSIFICATION
CLASS TYPE AXLES DESCRIPTION
1 Car 9 Passenger cars
and taxis
—
(10)
@)
|
<)
o
c
1<t}
Pick-up, minibus, o
2 Pick-up/4-wheel drive 2 Land Rovers, 6_5
Land Cruisers
3 Small Bus 2 < 27 seats
(V5]
b
(7p]
-
m
yo
4 Bus/coach 2 > 27 seats %
)
4
O
S
e
|_
5 Small truck 2 < 3.5 tonnes
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Table 2.5 (Cont.): Vehicle Classification
(ERA 2013:p.2-3)

ERA VEHICLE CLASSIFICATION

CLASS TYPE AXLES DESCRIPTION

6 Medium truck 20r3 |3.5-7.5tonnes JU'

7 Large 2-axled truck 2 > 7.5 tonnes g

8 3-axled truck 3 ® &
(2]

9 4-axled truck 4 * w D
S
m
yo
c

10 5-axled truck 5 * g
4
O
S
—
|_

11 6-axled truck 6 *

12 2-axled trailer 2 *

13 3-axled trailer 3 *

14 Unknown vehicle type

* Not needed for definition
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Chapter 3. Methodology
3.1 Overview

Among the methods that are listed in the literature review to calculate PCEs, the flow rates and
density method was used for this research. The advantage of using flow rates and density method
is that density is used in the HCM 2010 to define LOS. Density describes the proximity of
vehicles to one another and reflects the freedom to maneuver within the traffic stream and
density characterizes the quality of traffic operations for uninterrupted flow facilities.

In addition density is used to estimate service measures for basic freeway segment system and
the common use of density measurements in the field makes it most practical for calculation of

PCEs and also According to Marlina (2012) Equal Flow Density method is consistent and better.

In Highway Capacity Manual 2010 Passenger Car Equivalent defined as “the number of
passenger cars that will result in the same operational conditions as a single heavy vehicle of a
particular type under specified roadway, traffic, and control conditions”. The PCE is also
referred to as the number of passenger cars that would use the same amount of freeway capacity
as a single truck or bus. In this sense of definition to equate PCE by using a passenger car only

vehicle flow and a mixed vehicle flow.

Field observations should produce the most accurate representation of traffic flow in HCM 2010,
so the collected data that was done by locally available equipment was compatible with the flow
rates and density method. And also flow rate represents the equivalent hourly rate at which
vehicles pass over a given point or section of a lane or roadway during a given time interval of

less than 1 hour, usually 15 minutes as in HCM 2010.

3.2 Site selection and data collection

For this research Addis Ababa — Adama Expressway was selected according to the available
expressway in the country and it is located between 09° 01° 48” N 38° 44> 24” E and 08° 32’ 29”
N 39° 16°08” E.

This study was carried out through a series of data collection from four different study sites

located on Addis Ababa — Adama Expressway. The data were collected by means of a video
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technique. During filming sessions, the camera was set up some distance away from the

expressway sections to obtain sufficient coverage for the traffic flow.

The site location of Addis Ababa — Adama Expressway shown in Figure 3.1:

Location of Addis Ababa — Adama Expressway

Addis Ababa

/ Legend

w— Addis Ababa — Adama Expressway
= Addis Ababa — Adama Two lane highway

Bishoftu

To Welenchiti

To Melkasa

Figure 3.1: Location of Addis Ababa — Adama Expressway (Google Earth)
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The main criterion while selecting the data collection sites was the availability of all conditions
namely percent grade and length of grade. This criterion was deemed very important for site
selection. Also necessary to determine suitable time and time period for collecting data, with the
purpose to provide more reliable results.

From the geometrical design of Addis Ababa — Adama expressway the design percent grade,
length of grade and chainage was extracted and tabulated shown on Appendix A, then the
selection of data was according to the needs and availability (that means longer length of grade
with the need of grade percent) on the route outside the influence of merging, diverging, or
weaving maneuvers (the influence area of merge segments extends for 1,500 ft downstream of
the merge point, the influence area of diverge segments extends for 1,500 ft upstream of the
diverge point, and the influence area of weaving segments extends 500 ft upstream and
downstream of the segment itself) but the percentage of grade was selected according to the

presence in HCM 2010 and the data collection sites are described as follows:

Table 3.1: Selection of chainage according to grade percent and length of grade

For Upgrade

Upgrade (%o) Length (Km) Chainage
<2 1.85 K25 + 810 up to K27 + 660
>2-3 0.83 K55 + 340 up to K56 + 170
>3-4 1.00 K3 + 520 up to K4 + 520
>4-5 1.20 K9 + 260 up to K10 + 460

For Downgrade

Downgrade (%) | Length (Km) Chainage
<4 0.80 K3 + 520 up to K4 + 520
4-5 1.20 K9 + 260 up to K10 + 460

The length of the grade is generally taken from expressway profile. It typically includes the
straight portion of the grade plus some portion of the vertical curves at the beginning and end of
the grade. It is recommended that 25% of the length of the vertical curves at both ends of the
grade be included in the length. Where two consecutive upgrades are present, 50% of the length
of the vertical curve joining them is included in the length of each grade according to HCM 2010

and it is shown on the Figure 3.2.
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Figure 3.2: Total length of the grade for the study

As shown in Figure 3.2 concept, to collect the field data according to the needs and existing
upgrade percent, downgrade percent and grade length with chainage of specific grade percent
was tabulated in Table 3.2.

Table 3.2: Chainage and flow direction for the specific grade percent and length of grade

For Upgrade

Grade (%) | Length of Grade (Km) | Chainage Flow Direction
0.0-04 K27 + 413 | Adama - Addis Ababa
<2 >0.4-0.8 K27 + 013 | Adama - Addis Ababa
- >08-1.2 K26 + 650 | Adama - Addis Ababa
>1.2-16 K26 + 213 | Adama - Addis Ababa
59.3 0.0-04 K55 + 680 | Addis Ababa - Adama
>04-0.8 K56 + 070 | Addis Ababa - Adama
0.0-04 K3 + 588 | Addis Ababa - Adama
>3-4 >04-0.8 K4 + 050 | Addis Ababa - Adama
>08-12 K4 + 388 | Addis Ababa - Adama
>12-16 K4 + 520 | Addis Ababa - Adama
0.0-04 K10 + 390 | Adama - Addis Ababa
>4.5 >04-0.8 K9 + 990 | Adama - Addis Ababa
>0.8-1.2 K9 + 660 | Adama - Addis Ababa
>1.2-16 K9 + 260 | Adama - Addis Ababa

For Downgrade

Grade (%) | Length of Grade (Km) | Chainage Flow Direction
<4 >04-0.8 K4 + 050 | Adama - Addis Ababa
4-5 >0.8-1.2 K9 + 660 | Addis Ababa - Adama
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The data was collected at stations A, B, C, and D at their specific chainages on upgrade and
downgrade as shown on Figure 3.3 according to Table 3.2. But the exact location of the extracted
chainage was located in the field by commenced from the known chainage (that is the posted the
exact chainage on the road way) and reaches to the exact location of the specific study site.

Study Site A: this section is located on the Addis Ababa — Adama Expressway. The site is
situated on the section of expressway between Addis Ababa City and Bishoftu Town. The data
collection was done at each four chainage with a traffic flow direction from Addis Ababa to

Adama and shown in the Figure 3.3.

Legend

Addis Ababa - Adama Expressway
Addis Ababa — Adama Two lane highway
Data collected stations

Addis Ababa

Video Camera
Position 2
QKS + 588

Video Camera
Position 4
. Video Camera
Bishoftu Position 1-- - ,
K4 + 520

Video,Camera
Position 3

To Welenchiti

To Meki

To Melkasa

Figure 3.3: Data collected stations on the Addis Ababa — Adama Expressway (Station A)
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Study Site B: this section is located on the Addis Ababa — Adama Expressway. The site is
situated on the section of expressway between Addis Ababa City and Bishoftu Town. The data
collection was done at each four chainage with a traffic flow direction from Adama to Addis

Ababa and shown in the Figure 3.4.

Legend
Addis Ababa - Adama Expressway
Addis Ababa — Adama Two lane highway
Data collected stations

(1) Addis Ababa

Video Camera
Position 3

-

(’KQ + 260

K9 '+ 660 Video Camera
f Position 2

Video Camera AE.KQ +1990. K10 +:390 g

S X

Position 4 -
! Video Camera
Position:1

To Welenchiti

To Meki

To Melkasa

Figure 3.4: Data collected stations on the Addis Ababa — Adama Expressway (Station B)
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Study Site C: this section is located on the Addis Ababa — Adama Expressway. The site is
situated on the section of expressway between Bishoftu and Mojo towns. The data collection was

done at each four chainage with a traffic flow direction from Adama to Addis Ababa and shown
in the Figure 3.5.

Legend

Addis Ababa - Adama Expressway
Addis Ababa — Adama Two lane highway
Data collected stations

(1) Addis Ababa

Video Camera
Position 4

K26 +(,,65o'

Video €amera
Position'2

K27 + 013 '
Video Camera
Position 1 4K27:+ 413
To Welenchiti

To Meki

To Melkasa

Figure 3.5: Data collected stations on the Addis Ababa — Adama Expressway (Station C)
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Study Site D: this section is located on the Addis Ababa — Adama Expressway. The site is
situated on the section of expressway between Mojo and Adama towns. The data collection was

done at each two chainage with a traffic flow direction from Addis Ababa to Adama and shown
in the Figure 3.6.

Legend
Addis Ababa - Adama Expressway

Addis Ababa — Adama Two lane highway
Data collected stations

(1) Addis Ababa

A Video Camera
N B Position 1
N '
: Video Camera
() Position 2
C K55/ +16808 g

K56+1070

x

N

Adama To Welenchiti

To Meki

To Melkasa

Figure 3.6: Data collected stations on the Addis Ababa — Adama Expressway (Station D)
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Table 3.3: Data collected stations with their Co - ordinates

For Upgrade

Data Co-ordinates
Collected Chainage . hi Percgggge of Lg]rgz:g e0f Flow Direction
Stations Easting Northing
K3 + 588 38.83430332 8.85997777 00-04
K4 + 050 38.83836881 8.85818155 >04-08 _
>3- _
A K4 + 388 38.84076897 8.85676072 3-4 S08.12 | AddisAbaba - Adama
K& + 520 38.84189402 8.85631638 >12-16
K10 + 390 38.88804167 8.83399414 00-04
K9 + 990 38.88439625 8.83449095 >04-08 .
>4 - _
B K9 + 660 38.88123711 8.83465712 4-5 S08.12 | Adama- Addis Ababa
K9 + 260 38.87811350 8.83584104 >12-16
K27 + 413 39.01289280 8.76472417 00-04
K27 + 013 39.01229844 8.76824991 >04-08 .
¢ K26 + 650 39.01148601 8.77153807 <2 S08-12 | Adama- Addis Ababa
K26 + 213 39.01048685 8.77541367 >12-16
K55 + 680 39.17505489 8.57750387 00-04 _
>/ - _
D K56 + 070 39.17759641 8.57522185 2-3 S04-0g | AddisAbaba - Adama
For Downgrade
Data Co-ordinates
Collected Chainage . - Percentgge of Lengtg of Flow Direction
Stations Easting Northing Grade Grade
A K& + 050 38.83836381 8.85818155 <4 >04-08 | Adama- Addis Ababa
B K9 + 660 38.88123711 8.83465712 4-5 >08-12 | Addis Ababa- Adama
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After knowing the locations where the data was taken, then determined when the data was taken
by using previously recorded data from the database. By adding the consecutive 15-minutes
recorded data for one hour and proceeding by shifting 15-minutes for the rest of hours, the peak

hour volume was determined from the previously recorded data.

6:00 AM — 6:15 AM — number of vehicles, X; —

6:15 AM - 6:30 AM — number of vehicles, X,
Y1
6:30 AM - 6:45 AM — number of vehicles, X3
Y>
6:45 AM — 7:00 AM — number of vehicles, X; — Y3

7:00 AM — 7:15 AM — number of vehicles, Xs

Ya

7:15 AM — 7:30 AM — number of vehicles, Xg

7:30 AM — 7:45 AM — number of vehicles, X5

7:45 AM - 8:00 AM — number of vehicles, Xg

---------- continue with the above pattern up to Xp.

Y1 =X+ X0+ X34+ Xy
Y2:X2+X3+X4+X5

Y3:X3+X4+X5+X6
Y4:X4+X5+X6+X7

Y5 =Xs+Xe+ X7+ Xg

---------- continue with the above pattern up to Yp,.

So with this pattern the peak hour volume was determined and illustrated graphically in the Figure
3.7 up to Figure 3.12.
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Figure 3.7 shows the peak hour volume that the vehicles passed chainage K27 + 413, K27 + 013, K9 + 660, K9 + 260 and K4 + 050

on 04/12/2016 from Adama to Addis Ababa direction of flow. The peak hour volume observed from the 15-minutes period interval

from the data at 12:00:00 PM and at 05:30:00 PM was 378 vehicles/hour and 489 vehicles/hour respectively. However, the convenient

data collection peak hour volume was selected at 12:00:00 PM.

Vehicles passed chainage K27 + 413, K27 + 013, K9 + 660, K9 + 260 and K4 + 050
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Figure 3.7: Vehicles passed K27 + 413, K27 + 013, K9 + 660, K9 + 260 and K4 + 050 from Adama to Addis Ababa direction of flow
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Figure 3.8 shows the peak hour volume that the vehicles passed chainage K26 + 650 and K26 + 213 on 04/13/2016 from Adama to

Addis Ababa direction of flow. The peak hour volume observed from the 15-minutes period interval from the data at 08:15:00 AM, at

12:00:00 PM and at 06:00:00 PM was 414 vehicles/hour, 363 vehicles/hour and 441 vehicles/hour respectively. However, the

convenient data collection peak hour volume was selected at 12:00:00 PM.
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Figure 3.8: Vehicles passed K26 + 213 and K26 + 650 from Adama to Addis Ababa direction of flow
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Figure 3.9 shows the peak hour volume that the vehicles passed chainage K55 + 680 and K56 + 070 on 04/14/2016 from Addis Ababa

to Adama direction of flow. The peak hour volume observed from the 15-minutes period interval from the data at 03:00:00 PM and at

06:00:00 PM was 290 vehicles/hour and 293 vehicles/hour respectively. However, the convenient data collection peak hour volume

was selected at 03:00:00 PM.
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Figure 3.9: Vehicles passed K55 + 680 and K56 + 070 from Addis Ababa to Adama direction of flow

38



Figure 3.10 shows the peak hour volume that the vehicles passed chainage K3 + 588, K4 + 050 and K9 + 660 on 04/12/2016 from

Addis Ababa to Adama direction of flow. The peak hour volume observed from the 15-minutes period interval from the data at
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Figure 3.10: Vehicles passed K3 + 588, K4 + 050 and K9 + 660 from Addis Ababa to Adama direction of flow
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Figure 3.11 shows the peak hour volume that the vehicles passed chainage K4 + 388 and K4 + 520 on 04/13/2016 from Addis Ababa

to Adama direction of flow. The peak hour volume observed from the 15-minutes period interval from the data at 11:30:00 AM was

471 vehicles/hour and the data collected at 11:30:00 AM peak hour volume.

Vehicles passed chainage K4 + 388 and K4 + 520
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Figure 3.11: Vehicles passed K4 + 388 and K4 + 520 from Addis Ababa to Adama direction of flow
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Figure 3.12 shows the peak hour volume that the vehicles passed chainage K10 + 390 and K9 + 990 on 04/14/2016 from Adama to

Addis Ababa direction of flow. The peak hour volume observed from the 15-minutes period interval from the data at 11:30:00 AM

and at 06:00:00 PM was 361 vehicles/hour and 503 vehicles/hour respectively. However, the convenient data collection peak hour

volume was selected at 11:30:00 AM.
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Figure 3.12: Vehicles passed K10 + 390 and K9 + 990 from Adama to Addis Ababa direction of flow
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After determined where the location and at what time the data was collected, went to the site and
selected the appropriate position to take the video record for the needs in percent grade and length
of grade mentioned in Table 3.3. The video record was taken for consecutive three hours; one
hour before peak hour, one hour on peak hour, one hour after peak hour. And also the camera was
set-up at least fifteen minutes before the start of each recording. So, the data was collected in the
field by using a portable video camera, distance measuring meter, plastic cone and GPS (Global
Positioning System) and also Data collection sheet was used and the Free Flow Speed was
determined by using distance and time measurement on station K26 + 650 and the data transcribe
and tabulated.
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Table 3.4: Data collected in the field with location and time

For Upgrade

Data

. Co-ordinates Percentage Length of Date of Time of Collection . .
Collgcted Chainage _ _ of Grade Grade Collection Flow Direction
Stations Easting Northing Start End
K3 + 588 | 38.83430332 | 8.85997777 00-04
May 10, 201 15AM | 12:15PM
A K4+ 050 | 38.83836881 | 8.85818155 | _, , |>0.4-08 ay 10,2016 ) 915 ° Addis Ababa - Adama
K4 + 388 | 38.84076897 | 8.85676072 >0.8-1.2 Mav 11 2016 | 9:30 AM | 12:30 PM
K4 +520 | 38.84189402 | 8.85631638 >12-16 y Lo ' '
K10 + 390 | 38.88804167 | 8.83399414 00-04 ] ]
B K9 +990 | 38.88439625 | 8.83449095 >4-5 >04-0.8 May 19,2016 | 9:30 AM | 12:30 PM Adama - Addis Ababa
K9 + 660 | 38.88123711 | 8.83465712 >08-1.2 Mav 24. 2016 | 10:00 AM | 1:00 PM
K9 + 260 | 38.87811350 | 8.83584104 >12-16 y et ) ’
K27 + 413 | 39.01289280 | 8.76472417 00-04 ) ]
c | K27+013] 39.01220844 | 876824991 ., |>04-08 May 17, 2016 | 10:00AM | LOOPM Adamma - Addis Ababa
K26 + 650 | 39.01148691 | 8.77153807 - >0.8-1.2 Mav 18. 2016 | 10:00 AM | 1:00 PM
K26 + 213 | 39.01048685 | 8.77541367 >12-16 | Y ' '
K55 + 680 | 39.17505489 | 8.57750387 00-04
D >2-3 May 12, 2016 | 1:00 PM 4:00 PM | Addis Ababa - Ad
K56 +070 | 39.17759641 | 857522185 >04-08 | 19 ADEba - Adama
For Downgrade
Data Co-ordinates p Time of Collecti
: ercentage | Length of Date of Ime ot Lollection o
Colle_cted Chainage _ _ of Grade Grade Collection Flow Direction
Stations Easting Northing Start End
A K4 + 050 | 38.83836881 | 8.85818155 <4 >0.4-0.8 | May 10,2016 | 9:15 AM | 12:15PM | Adama - Addis Ababa
B K9 + 660 | 38.88123711 | 8.83465712 4-5 >0.8-1.2 | May 24, 2016 | 10:00 AM | 1:00 PM | Addis Ababa - Adama
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3.3 Data analysis

After the finishing of field data collection, the raw data reduced to homogeneous category and
tabulated, the proportion of percentage of trucks and buses on upgrade 10, 15, 20, 25, 30, 35, 40,
45 and 50 percent and the percentage of trucks and buses on downgrade 10, 15, 20, 25, 30, 35, 40,
45 and 50 percent extracted from the recorded video and also the base flow rate and mixed flow
rate is determined by assigning numerals and symbols. The total video record for one station was
three consecutive hours but for analysis fifteen minutes was used but also the fifteen minutes did
not fulfill the need of percentages of trucks and buses. So, according to Roess, 2004, “Rates of
flow can be computed for any period of time and researchers often use rates for periods of one to
five minutes” then to fulfill the remaining needs of percentages of trucks and buses, one to five
minutes of flow data was used.

The next step was inserting the extracted flow data values for every percent of grade and
proportion of trucks and buses in the following relationship formula to determine Passenger Car
Equivalents. The flow of a passenger car only traffic stream may be related to the flow of a mixed

traffic stream using an aggregate PCE and formulated as (Ingle, 2004):

qg = (1 — Xi'P)am + Xi{'P, .Er.qum [3.1]

Then dividing by qy and subtracting 1 from both sides gives

o-1=XP(Er—1) [3:2]

And then dividing by YI' P; and adding 1 for both sides gives

—_L (98 _
Br = 5 (qM 1) +1 [3.3]
Where: Er = passenger equivalent of trucks
P, = Proportion of trucks of type 1 out of all trucks n in the mixed traftic flow
gqg = base flow rate (passenger cars only)

qm = mixed flow rate (passenger cars + trucks)
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Figure 3.13 illustrates the foregoing approach to the research
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Validation and discussion

v

Compare and Contrast the Results

v

Conclusion

Figure 3.13: Research flow chart
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Chapter 4. Results and Discussions
4.1 Overview

According to Ethiopian Roads Authority (ERA) classified vehicles into thirteen classes. Based on
a measure of the damaging effect of vehicle axles that is Equivalent Standard Axels (ESA) from
class one up to class two classified as passenger car and from class three up to class thirteen

classified as heavy vehicles as illustrated on Table 2.3: Vehicle Classification.

In this study the proportion of trucks and buses conducted in nine different percentages
corresponding to grade percent and length of grade that is at ten, fifteen, twenty, twenty-five,
thirty, thirty-five, forty, forty-five and fifty percent.

The data collection sheet was used for collection of data shown in Appendix B, and the Free Flow
Speed data was transcribe and tabulated shown in Appendix C. According to the collected data
the proportion of trucks and buses, base flow rate and mixed flow rate was determined and
summarized shown in Appendix D. then by using Flow Density Method the Passenger Car
Equivalent was determined and tabulated in Table 4.1 for upgrades and Table 4.2 for downgrade.

In Appendix E was shown the sample calculation to determine Passenger Car Equivalents.
4.2 Results of PCE

4.2.1 Variability of Trucks Proportion by PCE

The proportion of trucks and buses in HCM 2010 includes from 2 % up to > 25% and in this
study the proportion of trucks considered from 10% up to 50%. So for comparison the truck
proportion from 10% up to 50 % matched with the HCM 2010.

One of the purposes this study is that, PCE value increases as the proportion of trucks and buses
decreases and this mode is observed in HCM 2010. In the calculated PCE, based on Flow Density
method the proportions of trucks and buses have a substantial effect in the traffic flow and
illustrated in Figure 4.1 up to Figure 4.10.
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From Figure 4.1 up to Figure 4.10 the trucks and buses proportion increases the PCE decreases up
to 50 % of trucks and buses proportion non-linearly because the interaction between trucks and
buses with passenger cars decreases so trucks and buses form a platoon while climbing the grade.
And the interaction between trucks and buses with trucks and buses is insignificant since the
trucks perform almost the same performance due to this the variation of PCE at 50 % proportion

of trucks and buses shows little variability.

The proportion of trucks and buses decreases the executed PCE value increases and the executed
PCE value was higher than the value provided in HCM 2010 up to 50 % proportion of trucks and
buses, so this difference may be due to the performance of the vehicles, the geometrical design,
the traffic flow characteristics, restriction of lane and behavior of drivers as compared with the

other places or countries.

Figure 4.1 shows variability PCE by trucks and buses proportion for 0.0 - 0.4 km grade length and
< 2 % upgrade by using Flow Density method.

<2 % Upgrade and 0.0 - 0.4 km
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® <2 % Upgrade and 0.0 - 0.4 km ¢ HCM 2010

Figure 4.1: PCE Variability by truck proportion, 0.0 - 0.4 km grade length and < 2 % upgrade
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Figure 4.2 shows variability PCE by trucks and buses proportion for > 0.4 — 0.8 km grade length
and < 2 % upgrade by using Flow Density method.

<2 % Upgrade and > 0.4 - 0.8 km
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Figure 4.2: PCE Variability by truck proportion, > 0.4 - 0.8 km grade length and < 2 % upgrade

Figure 4.3 shows variability PCE by trucks and buses proportion for > 0.8 — 1.2 km grade length
and < 2 % upgrade by using Flow Density method.

<2 % Upgrade and > 0.8 - 1.2 km
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Figure 4.3: PCE Variability by truck proportion, > 0.8 - 1.2 km grade length and < 2 % upgrade

48



Figure 4.4 shows variability PCE by trucks proportion for > 1.2 — 1.6 km grade length and <2 %
upgrade by using Flow Density method.

<2 % Upgrade and > 1.2 - 1.6 km
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Figure 4.4: PCE Variability by truck proportion, >1.2 - 1.6 km grade length and < 2 % upgrade

Figure 4.5 shows variability PCE by trucks and buses proportion for 0.0 — 0.4 km grade length
and > 3 — 4 % upgrade by using Flow Density method.

>3-4 % Upgrade and 0.0 - 0.4 km
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Figure 4.5: PCE Variability by truck proportion, 0.0 - 0.4 km grade length and > 3-4 % upgrade
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Figure 4.6 shows variability PCE by trucks and buses proportion for > 0.4 — 0.8 km grade length
and > 3 — 4 % upgrade by using Flow Density method.
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Figure 4.6: PCE Variability by truck proportion, > 0.4 - 0.8 km grade length and > 3-4 % upgrade

Figure 4.7 shows variability PCE by trucks and buses proportion for > 0.8 — 1.2 km grade length
and > 3 — 4 % upgrade by using Flow Density method.

>3-4 % Upgrade and > 0.8 - 1.2 km
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Figure 4.7: PCE Variability by truck proportion, > 0.8 - 1.2 km grade length and > 3-4 % upgrade
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Figure 4.8 shows variability PCE by trucks and buses proportion for > 1.2 — 1.6 km grade length
and > 3 — 4 % upgrade by using Flow Density method.
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Figure 4.8: PCE Variability by truck proportion, > 1.2 - 1.6 km grade length and > 3-4 % upgrade

Figure 4.9 shows variability PCE by trucks and buses proportion for < 0.8 km grade length and
< 4 % downgrade by using Flow Density method.
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Figure 4.9: PCE Variability by truck proportion, < 0.8 km grade length and < 4 % downgrade

51



Figure 4.10 shows variability PCE by trucks and buses proportion for < 1.2 km grade length and
4 —5 % downgrade by using Flow Density method.
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Figure 4.10: PCE Variability by truck proportion, < 1.2 km grade length and 4-5 % downgrade
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4.2.2 Variability of Grade Length by PCE

The grade length in HCM 2010 includes 1.5 mi (2.4 km) up to 4 % upgrade and 1mi (1.6 km) up
to 6 % upgrade and also 4 mi (6.4 km) up to 6 % downgrade. However, for Addis Ababa —
Adama expressway includes 1.6 km for <2 %, >3 —4 and >4 -5, 0.8 km for >2 - 3 %
upgrades, and < 0.8 km for <4 % and < 1.2 km for 4 - 5 % downgrade.

From Figure 4.11 up to Figure 4.22 observed that the PCE increase as the length of grade
increases and this way also exist in the PCEs that was provided in HCM 2010. It is observed that
for steeper grades the PCE values change more significantly and the proportion of trucks and
buses increases the PCE variability decreases non-linearly, a higher PCE value for the 10 %

proportion of trucks and buses as matched to 20 % proportion of trucks and buses.

Figure 4.11 shows variability PCE by grade length for < 2% upgrade and 10 % trucks and buses
by using Flow Density method.

< 2 % upgrade and 10% trucks and buses
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Figure 4.11: PCE Variability by grade length, < 2% upgrade and 10 % trucks and buses
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Figure 4.12 shows variability PCE by grade length for < 2% upgrade and 20 % trucks and buses
by using Flow Density method.
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Figure 4.12: PCE Variability by grade length, < 2% upgrade and 20 % trucks and buses

Figure 4.13 shows variability PCE by grade length for < 2% upgrade and 35 % trucks and buses
by using Flow Density method.
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Figure 4.13: PCE Variability by grade length, < 2% upgrade and 35 % trucks and buses
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Figure 4.14 shows variability PCE by grade length for < 2% upgrade and 50 % trucks and buses
by using Flow Density method.
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Figure 4.14: PCE Variability by grade length, < 2% upgrade and 50 % trucks and buses
Figure 4.15 shows variability PCE by grade length for > 3 — 4 % upgrade and 10% trucks and
buses by using Flow Density method.
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Figure 4.15: PCE Variability by grade length, for > 3 - 4 % upgrade and 10% trucks and buses
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Figure 4.16 shows variability PCE by grade length for > 3 - 4 % upgrade and 20% trucks and
buses by using Flow Density method.
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Figure 4.16: PCE Variability by grade length, > 3 — 4 % upgrade and 20% trucks and buses

Figure 4.17 shows variability PCE by grade length for > 3 - 4% upgrade and 35% trucks and
buses by using Flow Density method.
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Figure 4.17: PCE Variability by grade length, for > 3 - 4 % upgrade and 35% trucks and buses
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Figure 4.18 shows variability PCE by grade length for > 3 - 4% upgrade and 50% trucks and

buses by using Flow Density method.
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Figure 4.18: PCE Variability by grade length, > 3 — 4% upgrade and 50 % trucks and buses

Figure 4.19 shows variability PCE by grade length for > 4 — 5 % upgrade and 10 % trucks and
buses by using Flow Density method.
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Figure 4.19: PCE Variability by grade length, for > 4 - 5 % upgrade and 10% trucks and buses
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Figure 4.20 shows variability PCE by grade length for > 4 — 5 % upgrade and 20 % trucks and

buses by using Flow Density method.
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Figure 4.20: PCE Variability by grade length, > 4 — 5 % upgrade and 20 % trucks and buses

Figure 4.21 shows variability PCE by grade length for > 4 — 5 % upgrade and 35 % trucks and

buses by using Flow Density method.
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Figure 4.21: PCE Variability by grade length, for > 4 - 5% upgrade and 35 % trucks and buses
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Figure 4.22 shows variability PCE by grade length for > 4 — 5 % upgrade and 50 % trucks and

buses by using Flow Density method.

>4 -5 % upgrade and 50% trucks and buses

3.5 T 3.0
3.0 N 2.5 ’
25 1 - >
l(_l-)J 2.0 ~ 15 2 °
[ J [ J 2.0
A 151 ¢ 1.7 1.7
1.0 - 1.5
0.5 -
0-0 T T T T 1
0.0 0.4 0.8 1.2 1.6 2.0

Grade length (Km)
® >4 -5 9% Upgrade and 50% trucks and buses ®HCM 2010

Figure 4.22: PCE Variability by grade length, > 4 — 5 % upgrade and 50 % trucks and buses

4.2.3 Variability of Percentages of Grade by PCE

According to HCM 2010, the effect of heavy vehicles on traffic flow depends on terrain and grade
conditions as well as traffic compositions.
In HCM 2010 trucks and buses the passenger car equivalents for specific upgrade considers up to

six percent. Due to the availability of upgrades in this study considers up to five percent.

From Figure 4.23 up to Figure 4.31 observed that the PCE increases as the percentage of grade
increased non-linearly and shows the variability of the PCE over percent grades ranging from one
to five percent. And also from Figure 4.23 up to Figure 4.31 observed that for a highest
percentage of grade the PCE values varies more significantly.
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Figure 4.23 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 10 % trucks and

buses by using Flow Density method.
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Figure 4.23: PCE Variability by percentage grade, > 0.4 — 0.8 km and 10 % trucks and buses

Figure 4.24 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 15 % trucks and

buses by using Flow Density method.
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Figure 4.24: PCE Variability by percentage grade, > 0.4 — 0.8 km and 15 % trucks and buses
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Figure 4.25 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 20% trucks and

buses by using Flow Density method.
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Figure 4.25: PCE Variability by percentage grade, > 0.4 — 0.8 km and 20% trucks and buses

Figure 4.26 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 25 % trucks and

buses by using Flow Density method.

> 0.4 - 0.8 km and 25 % trucks and buses

4.0 -
o
35 | 3.8
3.0 - 2.6 2.6 2.7
2.4
o
Wy 25 o o °
%_) 2.0 A 2
1.5 - L 2 L 2 L 2 L 2 2.0
1.0 4 15 15 15 15
0.5 A
0.0 T T T T T 1
0% 1% 2% 3% 4% 5% 6%

Percentage of Grade
®> 0.4 - 0.8 km and 25 % trucks and buses ¢ HCM 2010

Figure 4.26: PCE Variability by percentage grade, > 0.4 — 0.8 km and 25 % trucks and buses
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Figure 4.27 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 30 % trucks and
buses by using Flow Density method.
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Figure 4.27: PCE Variability by percentage grade, > 0.4 — 0.8 km and 30 % trucks and buses

Figure 4.28 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 35 % trucks and
buses by using Flow Density method.
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Figure 4.28: PCE Variability by percentage grade, > 0.4 — 0.8 km and 20 % trucks and buses
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Figure 4.29 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 40 % trucks and
buses by using Flow Density method.
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Figure 4.29: PCE Variability by percentage grade, > 0.4 — 0.8 km and 40 % trucks and buses

Figure 4.30 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 45 % trucks and
buses by using Flow Density method.

30 - > 0.4 - 0.8 km and 45 % trucks and buses
2.4
25 T .
20 - 1.8 1.8 17 1.8 .
L ® ® o ® 2.0
O 15 - . . . .
o 10 - 1.5 1.5 1.5 1.5
0.5 4
00 T T T T T 1
0% 1% 2% 3% 4% 5% 6%

Percentage of Grade
®> 0.4 - 0.8 km and 45 % trucks and buses ¢ HCM 2010

Figure 4.30: PCE Variability by percentage grade, > 0.4 — 0.8 km and 45 % trucks and buses
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Figure 4.31 shows variability PCE by percentage of grade for > 0.4 — 0.8 km and 50 % trucks and

buses by using Flow Density method.
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Figure 4.31: PCE Variability by percentage grade, > 0.4 — 0.8 km and 50 % trucks and buses

From Table 4.3 and 4.4 shows that there is a difference between the executed Passenger Car
Equivalent and Passenger Car Equivalent on HCM 2010. Thus, according to the data and analysis
in Appendix F, the basic freeway segment of a six-lane in Addis Ababa — Adama Expressway is
expected to operate at LOS A during the worst 15 minutes of the peak hour. It is important to note
that the operation, although at LOS A. A result from the calculated LOS with the executed PCE
value and HCM 2010 provided PCE value shows the LOS A but there is a difference in demand
volume as well as density of the traffic stream. So the difference shows the executed PCE gives a
better decision in the future according to the local condition while demand volume increases but
on the time being the demand volume is small so may not be seen a significant difference.
Finally, using the executed Passenger Car Equivalents shows better assumption than Passenger
Car Equivalents on HCM 2010.
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4.2.4 The Proposed PCEs for Trucks and Buses on Upgrades and Downgrades

Table 4.1: Executed PCEs for Trucks and Buses (Et) on Specific Upgrades

Upgrade | Length Proportion of Trucks and Buses
(%0) (km)
10% 15% 20% 25% 30% 35% 40% 45%  50%
00-04 | 3.1 2.8 2.4 2.0 1.9 1.9 1.9 1.7 1.4
<5 >04-08| 3.6 3.0 2.7 2.6 2.3 2.3 2.0 1.8 1.4
- >08-12 | 39 3.4 2.9 2.6 2.5 2.4 2.0 1.9 15
>12-16 | 3.9 35 3.4 2.8 2.6 2.5 2.4 2.1 1.6
23 00-04 | 28 2.5 2.3 2.1 1.9 1.6 1.6 1.6 1.4
>04-08| 35 2.8 2.5 2.4 2.0 1.8 1.7 1.7 1.6
00-04 | 38 3.1 2.3 2.2 1.9 1.8 1.8 1.7 1.5
>34 |>04-08| 40 3.7 2.8 2.7 2.0 2.0 1.9 1.8 1.7
>08-12 | 47 3.8 3.3 3.3 2.7 2.5 2.3 2.3 1.7
>12-16 | 5.2 5.1 4.9 3.9 2.7 2.6 2.6 2.0 1.9
00-04 | 56 5.2 4.0 3.7 35 2.8 2.6 2.1 1.5
>a5 | >04-08| 62 5.3 4.3 3.8 3.8 3.7 2.9 2.4 1.7
>08-12 | 6.9 6.5 5.4 5.0 4.5 3.9 35 2.6 1.7
>12-16| 7.8 7.1 6.7 5.5 5.3 4.3 35 2.7 2.0
Table 4.2: Executed PCEs for Trucks and Buses (Et) on Specific Downgrades
Downgrade | Length Proportion of Trucks and Buses
(%0) (km)
10% 15% 20% 25% 30% 35% 40% 45% 50%
<4 <0.8 2.9 2.8 2.4 2.3 2.0 1.9 1.8 1.6 1.5
4-5 <1.2 3.0 2.9 2.5 2.4 2.0 2.0 1.9 1.7 1.5
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Table 4.3: Compared Executed PCEs for Trucks and Buses (Et) on Specific Upgrades

The proposed upgrade PCE values compared with the PCE values in HCM 2010 tabulated and shown on Table 4.3.

Proportion of Trucks and Buses

10% 15% 20% 25% 30% 35% 40% 45% 50%
Upgrade | Length |4 © |4 © |4 6 |Y O|W 0|8 0|4 o|lH oY ©
(%) (km) o o o o o o o o a o a o o o a o a o
g 8|2 38|28 8|8 8|38 8/ 8|38 8|/ 8 8| 8
5 8«8/ 5 &85 &5 &5 &5 &5 &5 &5 A
w | W F W F W4 F W F W o F oo F W F| W T
0.0-04 31 15|28 15|24 15|20 15|19 15|19 15|19 15|17 15|14 15
< >04-08|36 15|30 15|27 15|26 15|23 15|23 15|20 15|18 15|14 15
>08-12|39 15|34 15|29 15|26 15|25 15|24 15|20 15|19 15|15 15
>12-16|139 15|35 15|34 15|28 15|26 15|25 15|24 15|21 15|16 15
2.3 0.0-04 28 15|25 15|23 15|21 15|19 15|16 15|16 15|16 15|14 15
>04-08|35 15|28 15|25 15|24 15|20 15|18 15|17 15|17 15|16 15
00-04 /38 15131 15,23 15,22 15|19 15,18 15|18 15|17 15|15 15
> 3.4 >04-08|40 20|37 15|28 15|27 15|20 15|20 15|19 15|18 15|17 15
>08-12|47 20|38 20|33 20|33 20|27 20|25 20|23 20|23 20|17 20
>12-16|52 25|51 20|49 20|39 20|27 20|26 20|26 20|20 20|19 20
00-04 |56 15|52 15,40 15,37 15|35 15|28 15|26 15|21 15|15 15
> 45 >04-08|62 20|53 20|43 20|38 20|38 20|37 20|29 20|24 20|17 20
>08-12|69 25|65 25|54 25|50 25|45 25|39 25|35 25|26 25|17 25
>12-16|78 30|71 30|67 30|55 30|53 30|43 30|35 30|27 30|20 30
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The proposed downgrade PCE values compared with the PCE values in HCM 2010 tabulated and shown on Table 4.4

Table 4.4: Compared Executed PCEs for Trucks and Buses (Et) on Specific Downgrades

Proportion of Trucks and Buses

10% 15% 20% 25% 30% 35% 40% 450949 50%
L L L L L L L L L
Downgrade | Length | & O |5 O |8 o|d§ ol ol ol ol ol ©
(%) (km) g & | g &g &' 5§ &' 5§ &' 5§ &' 5§ &/ 5 &5 &
- S|l 8| 8| S8 8| 88| S| S|wv S
Q o Q o Q o Q o Q o Q o Q o D o D o
5 A 5 A 5 A 5 A 5 A 5 A 5 A 5 A 5 A
v | W F | o F o F o F W F w F w T
<4 <0.8 29 1528 15|24 1523 15|20 1519 15|18 15|16 15|15 15
4-5 <1.2 30 1529 15|25 1524 15|20 1520 15|19 1517 15|15 15
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4.2.5 Passenger Car Equivalents for General Terrain Segments

According to HCM 2010 General terrain refers to extended lengths of freeway containing a
number of upgrades and downgrades where no one grade is long enough or steep enough to have

a significant impact on the operation of the overall segment.

There are three types of general terrain:

v Level terrain: Any combination of alignments permits heavy vehicles to maintain
approximately the same speed as passenger cars. Generally includes short grades of
no more than 2%.

v" Rolling terrain: Any combination of alignment that causes heavy vehicles to reduce
speed substantially below passenger cars but does not cause them to operate at their
crawl speeds for the given terrain for any significant length of time or at frequent
intervals.

v" Mountainous terrain: Any combination alignment that causes heavy vehicles to
operate at crawl speed for significant distances or at frequent intervals.

So, from this study a proposed Passenger Car Equivalents for Trucks and Buses in general terrain
tabulated and shown on Table 4.5 and Table 4.6.

Table 4.5: Executed PCEs for Trucks and Buses (Et) in General Terrain

Vehicle PCE by Tvpelz of Terrain .
Level Rolling Mountainous
Trucks and buses, Et 25 3.0 -

Table 4.6: Compared Executed PCEs for Trucks and Buses (Et) in General Terrain

PCE by Type of Terrain
Vehicle Level Rolling Mountainous
Executed HCM 2010 Executed HCM 2010 Executed HCM 2010
Trucks and buses, E+ 2.5 1.5 3.0 2.5 - 4.5
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Chapter 5. Conclusions and Recommendations
5.1 Conclusions

The basic objective of this research is to evaluate Passenger Car Equivalents for trucks and buses
for basic freeway segments on Addis Ababa — Adama Expressway by considering trucks

proportion, grade percentages, and length of grades using Equal Flow Density method.

The study illustrates that:

v' The Passenger Car Equivalents values decrease non-linearly as the truck proportion
increases in less than or equal to two percent (< 2%), greater than two up to three percent
(> 2 — 3%), greater than three up to four percent (> 3 — 4%), and greater than four up to
five percent (> 4 - 5) on upgrades, and less than four percent (< 4%) and from four up to
five percent (4 — 5%) on downgrade. Most of PCE variability occurs in low proportion of

trucks and buses.

v" For trucks and buses proportions near to 50%, the Passenger Car Equivalents values show
insignificant variability. The major variation observed in a lower trucks and buses
proportion. For trucks and buses proportions from 10 % up to 50 %, the value of PCE
varies in between 1.4 up to 7.8 for upgrade of up to 5 % which is higher than the HCM
2010 recommended value that varies between 1.5 up to 3.0.

v' The Passenger Car Equivalents increases non-linearly as the length of grade increases in
both upgrades and downgrades. For trucks and buses proportions of 10 %, the value of
PCE varies with the length of grade in between 5.6 up to 7.8 for 5 % upgrade which is
higher than the HCM 2010 recommended value that varies between 1.5 up to 3.0.

v' The Passenger Car Equivalents increases non-linearly as the percent grade increases in
both upgrades and downgrades. For trucks and buses proportions of 10 %, the value of
PCE varies with the percent grade in between 2.8 up to 7.8 for upgrade of up to 5 % which
is higher than the HCM 2010 recommended value that varies between 1.5 up to 3.0.
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v From this study grade length has significant effect on Passenger Car Equivalents in steeper
upgrades than gentle upgrades, and the percentage of grade has significant effect on
Passenger Car Equivalents in higher grades than lower grades, and also the percentage of
trucks has significant effect on Passenger Car Equivalents in lower proportion of trucks

and buses than higher proportion of trucks and buses.

v For analysis using the executed Passenger Car Equivalents shows a better assumption than
Passenger Car Equivalents on HCM 2010. Due to the reason that the executed PCE value

gives according to the local condition without adjustment of HCM 2010 PCE values.

5.2 Recommendations

v" The result of this study for upgrade up to 5 % with grade length up to 1.6 km and
proportion of trucks and buses from 10 % up to 50 % shown in Table 4.1. And downgrade
up to 5 % with grade length up to 1.2 km and proportion of trucks and buses from 10 % up
to 50 % shown in Table 4.2. So, Table 4.1 and 4.2 are the proposed recommended PCE
values by using Equal Flow Density method.

v The Passenger Car Equivalent found from this study have significantly different from the
Passenger Car Equivalent in Highway Capacity Manual 2010, so based on this the
proposed Passenger Car Equivalent is an important for Ethiopian traffic Engineers who
plan, design, operate and maintain freeways corresponding to the local traffic conditions.

Recommendations for future study

» This study was done in Level of Service A, but repeats this study when the Level of

Service reaches C or D and compare with that of the proposed Passenger Car Equivalents.

» The Level of Service may not be acceptable for similar freeways in every country, so it is
better to study the types of Level of Services according to the local traffic conditions.

» Determine the Passenger Car Equivalents with the method that consider the performance

of vehicles and compare with the proposed values.
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Appendix A

Profile Data for Addis Ababa — Adama Expressway

Chainage length | profile Level (m) .
Grade of Location selected
No %) rade Expressway segment type for
Start End (%) | ¢ Start End
(m)
1 | K2+500 | K2+920 | -1.60 420 | 2151.077 | 2146.361
2 | K2+920 | K3+520 | 250 600 | 2146.361 | 2160.076
3 | K3+520 | K4+020 | 3.70 500 |2160.076 | 2178.254
> 3 -4 % of Grade
4 | K&4+020 | K4+520 | 3.99 500 |2178.254 | 2197.612
5 | KA+520 | K4+920 | 255 400 | 2197.612 | 2208.960
6 | K&4+920 | K5+610 | 4.60 690 2208.96 | 2230.179
7 | K5+610 | K6+250 | -4.30 640 | 2230.179 | 2212.810 Basic Freeway Segment
K6 +250 | K6+650 | -2.10 400 | 2212.810 | 2202.634
9 | K6+650 | K7+050 | -5.00 400 | 2202.634 | 2184.091
10 | K7+050 | K7+450 | -3.60 400 | 2184.091 | 2170.512
11 | K7+450 | K7+880 | -0.50 430 | 2170.512 | 2166.874
12 | K7+880 | KB+320 | -2.70 440 | 2166.874 | 2155.600
13 | K8+320 | KB+720 | -3.10 400 | 2155.600 | 2143.680
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16 | K10 + 460 | K11 + 100 | -2.40 640 | 2073.905 | 2059.382
17 | K11+ 100 | K11+740 | 0.50 640 | 2059.382 | 2059.357
18 | K11 + 740 | K12 +230 | -1.60 490 | 2059.357 | 2052.570
19 | K12 + 230 | K12+ 630 | -2.70 400 | 2052.570 | 2043.742
20 | K12 +630 | K13 +030 | 1.80 400 | 2043.742 | 2049.340
21 | K13+ 030 | K13+ 700 | 0.90 670 | 2049.340 | 2053.901
22 | K13+ 700 | K14 + 360 | -2.50 660 | 2053.901 | 2037.818
23 | K14 + 360 | K15 +560 | -5.00 | 1200 | 2037.818 | 1979.740
24 | K15 +560 | K16 + 180 | -3.00 620 | 1979.740 | 1961.171

Chainage length | profile Level (m) .
N Grade of Location selected
0 %) rade Expressway segment type for
Start End (%) | g Start End
(m)
14 | KB+720 | K9+260 | -1.90 540 | 2143.680 | 2131.498

Basic Freeway Segment




length

Chainage Profile Level (m) .
Grade of Location selected
No %) rade Expressway segment type for
Start End (%0) |9 Start End
(m)
28 | K17 +810 | K18 + 260 | -2.20 450 |1951.988 | 1943.502
29 | K18 + 260 | K18 + 720 | -0.30 460 | 1943.502 | 1939.703
30 | K18 +720 | K19+ 140 | -3.20 420 |1939.703 | 1927.810
31 | K19 +140 | K19+690 | -4.00 550 | 1927.810 | 1907.551
32 | K19+690 | K20 +300 | -0.30 610 | 1907.551 | 1904.075
33 | K20 + 300 | K20 + 800 | -0.76 500 | 1904.075 | 1900.771
34 | K20+800 | K21+290 | 0.30 490 |1900.771 | 1901.369
35 | K21+290 | K22 +000 | -0.88 710 | 1901.369 | 1895.689 Basic Freeway Segment
36 | K22 +000 | K22 +680 | -0.55 680 | 1895.689 | 1892.088
37 | K22 +680 | K23 +470 | 0.00 790 | 1892.088 | 1892.031
38 | K23+470 | K23 +960 | 0.40 490 |1892.031 | 1892.937
39 | K23+960 | K24 +800 | -1.50 840 | 1892.937 | 1881.969
40 | K24 +800 | K25+ 340 | 0.30 540 | 1881.969 | 1882.482
41 | K25+ 340 | K25 +810 | -0.80 470 |1882.482 | 1879.362
42 | K25+ 810 | K27 +660 | -0.06 | 1850 |1879.362 | 1877.744 <2 % of Grade
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length

47 | K30 +100 | K30 +580 | -1.10 480 | 1875.649 | 1872.303
48 | K30 +580 | K31+080 | 0.57 500 | 1872.303 | 1873.232
49 | K31+080 | K31 +520 | -0.65 440 | 1873.232 | 1871.628
50 | K31+520 | K32+120 | 1.70 600 | 1871.628 | 1880.510
51 | K32+120 | K32+790 | 0.30 670 | 1880.510 | 1882.118

55 | K34 +790 | K35+610 | 1.00 820 | 1865.006 | 1871.680
56 | K35+ 610 | K36 +210 | -0.90 600 | 1871.680 | 1867.005
57 | K36 +210 | K36 +710 | -1.10 500 | 1867.005 | 1861.463

Basic Freeway Segment

Basic Freeway Segment

Chainage Grad y Profile Level (m) Locati lected
No ';; € 0 d Expressway segment type oca |ofn selecte
Start End (%) | grade | gpapy End or
(m)
43 | K27 + 660 | K28 + 310 | -0.50 650 | 1877.744 | 1875.408 Basic Freeway Segment




length

Chainage Profile Level (m) .
Grade of Location selected
No %) rade Expressway segment type for
Start End (%) | g Start End
(m)

58 | K36 + 710 | K37 +210 | -1.35 500 | 1861.463 | 1855.080

59 | K37 +210 | K37 +610 | -0.60 400 | 1855.080 | 1852.093

60 | K37 +610 | K38 +010 | -1.60 400 | 1852.093 | 1846.464

61 | K38 +010 | K38 +830 | -0.35 820 | 1846.464 | 1843.531

62 | K38 +830 | K39 +580 | 0.44 750 | 1843.531 | 1846.415

63 | K39 +580 | K40 + 140 | 0.00 560 | 1846.415 | 1846.729

64 | K40 + 140 | K40 +540 | 0.51 400 | 1846.729 | 1848.103

65 | K40 + 540 | K40 +940 | -0.90 400 | 1848.103 | 1845.221 Basic Freeway Segment

66 | K40 +940 | K41 +450 | -0.20 510 | 1845.221 | 1843.885

67 | K41 +450 | K41 +870 | -0.40 420 | 1843.885 | 1842.095

68 | K41 +870 | K42 +290 | -0.85 420 | 1842.095 | 1838.960

69 | K42 +290 | K42 +790 | 0.00 500 | 1838.960 | 1838.254

70 | K42+ 790 | K43 +430 | -1.20 640 | 1838.254 | 1831.532

71 | K43 +430 | K44 +300 | 0.00 870 | 1831.532 | 1827.650

72 | K44 +300 | K44 +970 | -4.00 670 | 1827.650 | 1805.040
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length

Chainage Grad f Profile Level (m) L ocati lected
No 23 ¢ 0 d Expressway segment type oca 'Ofn selecte
Start End (%) | grade | geapy End or
(m)

73 | K44 +970 | K45+690 | -1.35 720 | 1805.040 | 1793.842

74 | K45+ 690 | K46 + 150 | -2.65 460 | 1793.842 | 1782.474

75 | K46 +150 | K46 + 740 | -1.60 590 | 1782.474 | 1774.487

76 | K46 + 740 | KA7+400 | 3.00 660 | 1774.487 | 1790.674

77 | K47 +400 | K48+270 | 0.68 870 | 1790.674 | 1797.625

78 | K48 + 270 | K48+ 670 | -1.40 400 | 1797.625 | 1795.305 Basic Freeway Segment

79 | K48 +670 | K49 +070 | 4.00 400 | 1795.305 | 1808.980

80 | K49 +070 | K49 +960 | 1.70 890 | 1808.980 | 1821.654

81 | K49 +960 | K50 +410 | -1.70 450 | 1821.654 | 1818.423

82 | K50 +410 | K50 +960 | 3.30 550 | 1818.423 | 1831.856

83 | K50 +960 | K51 +610 | -0.30 650 | 1831.856 | 1832.980
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length

98 | K60+ 790 | K61+ 190 | -2.50 400 | 1755.746 | 1744.329
99 | K61+ 190 | K62 + 140 | -5.00 950 | 1744.329 | 1699.647
100 | K62 + 140 | K62 + 850 | -0.30 710 | 1699.647 | 1692.829

Chainage Grad y Profile Level (m) L ocati lected
No 23 ¢ 0 d Expressway segment type oca 'Ofn selecte
Start End (%) | grade | gpapy End or
(m)

87 | K53 +440 | K54 +000 | 3.00 560 | 1812.688 | 1826.520

88 | K54 +000 | K54+ 700 | 4.00 700 | 1826.520 | 1850.091

89 | K54+ 700 | K55+ 340 | -3.00 640 | 1850.091 | 1852.996

91 | K56 +170 | K56 +790 | -2.15 620 | 1871.422 | 1863.605 Basic freeway Segment

92 | K56+ 790 | K57 +270 | 0.45 480 | 1863.605 | 1865.576

93 | K57 +270 | K57 +700 | 2.00 430 | 1865.576 | 1872.371

94 | K57 +700 | K58+ 100 | -0.86 400 | 1872.371 | 1868.010

95 | K58 +100 | K59 +190 | -5.00 | 1090 | 1868.010 | 1816.213

Basic freeway Segment




length

Chainage Profile Level (m) )
N Grade of Location selected
0 %) rade Expressway segment type for
Start End (%) | 9 Start End
(m)
101 | K62 + 850 | K64 +050 | -5.00 | 1200 | 1692.829 | 1639.393 Basic freeway Segment

K65 + 520

K65 + 920

1625.928

1617.848

K65 + 920

K66 + 340

1617.848

1608.860

109 | K68 + 120 | K68 + 700 | 3.30 580 |1620.807 | 1639.694
110 | K68 + 700 | K69 +270 | 1.50 570 | 1639.694 | 1648.130
111 | K69 + 270 | K70+ 020 | -0.75 750 | 1648.130 | 1643.024
112 | K70+ 020 | K70 +520 | -1.07 500 |1643.024 | 1638.153

Basic Freeway Segment

Basic Freeway Segment
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No

Chainage

Start

End

Profile Level (m)

Start

End

118 | K72 +560 | K73 +010 | -1.20 450 | 1619.167 | 1614.162
119 | K73+ 010 | K73 + 600 | -0.40 590 | 1614.162 | 1611.460
120 | K73 +600 | K74 + 100 | -1.00 500 | 1611.460 | 1604.640
121 | K74 +100 | K74 + 700 | -5.00 600 | 1604.640 | 1577.593
122 | K74 +700 | K75+510 | -1.70 810 | 1577.593 | 1562.348
123 | K75+510 | K75+930 | -2.70 420 | 1562.348 | 1551.976
124 | K75+ 930 | K76 +490 | -0.40 560 | 1551.976 | 1548.049
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Appendix B
Data collection Sheet

Page No. 1.2
General information for the site location Site location
Data collector : _Belay Name of Highway : __Addlis Ababa - Adawma Expressway
Purpose of collection : for stiroly . .
Date of collection : . May 1.9 . 2016 GPS data on the data collection site
Time of collection : _Stout at-09:30 AM , End at12:30 PM Easting: 38.88804167
Weather condition: _Clear Northing: 8.83399414
Pavement condition : __very goool Elevation: 2064.72 n
Traffic incidents/disabled vehicles :  Yes |:| No Chainage : K10+390 (> 4-5% & 0.0 -0.4 kan)
e To Addis Abal Geometry of the site location
3 1 sShowlder width= 2.5 m
ry Grade e: U aole
j' Lane width = 5.75 m wpe - Uparacle
% :: Number oflane : & (Six)
_S’“ € —— Lasne widdh= 375 o
: v Lane width: =3.75 »m
F, )
f Lase width = 5,75 m Lateral clearance : 2.5 m
o h i
:: Shoulder widdh = O.75
Al ed o= 2,00 e B
< :r = Lder widdv= 0.75 Direction oftravel :  Adama — Addis ababa
E :r Lame wictio = 3.75 m Recorded video data link name : \ID 20160519 043303
3= F _
W
Ry 1 :
& ¥ [ose widd-= 53,75 e
= I Showlderwidth= 2.5 m

82



Data was collected at K26+650 (< 2% and > 0.8 — 1.2 km) in Adama — Addis Ababa

Appendix C

Data collected for Free Flow Speed

direction of flow for 15 minutes under conditions of low volume

No Distance (m) Time (sec) Type of vehicle

1 50 2.10 TOYOTA DX

2 50 1.79 TOYOTA DX

3 50 2.43 TOYOTA KINCAP

4 50 2.29 TOYOTA DX

5 50 2.76 TOYOTA DX

6 50 1.59 TOYOTA Dolphin Hiace
7 50 1.65 TOYOTA KINCAP

8 50 2.04 TOYOTA 3F

9 50 1.65 TOYOTA Hiace Minibus
10 50 1.84 TOYOTA Hilux Minibus
11 50 1.39 TOYOTA Executive
12 50 1.77 Mini Van

13 50 2.82 TOYOTA 3F

14 50 1.79 TOYOTA Hilux Minibus
15 50 2.12 NISSAN Pickup

16 50 2.11 Mini Van

17 50 1.86 TOYOTA Hiace Minibus
18 50 1.38 CHEVROLET Cruze
19 50 1.98 Station Wagon

20 50 2.90 TOYOTA KINCAP
21 50 1.65 TOYOTA Hiace Minibus
22 50 1.92 TOYOTA 3F

23 50 1.78 Station Wagon

24 50 1.85 TOYOTA PRADO

25 50 2.10 NISSAN Pickup

26 50 1.33 TOYOTA Hilux Pickup
27 50 1.33 TOYOTA Hilux Pickup
28 50 1.91 TOYOTA 3F

29 50 1.71 TOYOTA Hiace Minibus
30 50 2.17 TOYOTA Hiace Minibus
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No Distance (m) Time (sec) Type of vehicle

31 50 1.78 TOYOTA Hiace Minibus
32 50 1.85 TOYOTA V8

33 50 1.97 TOYOTA KINCAP
34 50 1.53 TOYOTA Dolphin Hiace
35 50 1.98 TOYOTA Executive
36 50 3.74 TOYOTA KINCAP
37 50 1.97 TOYOTA Hiace Minibus
38 50 1.78 TOYOTA Hilux Pickup
39 50 1.39 TOYOTA Hilux Minibus
40 50 1.65 TOYOTA Dolphin Hiace
41 50 1.39 NISSAN Pickup

42 50 1.92 TOYOTA 3F

43 50 1.52 TOYOTA Hilux Minibus
44 50 191 TOYOTA Hilux Minibus
45 50 2.17 LIFAN 620

46 50 1.92 TOYOTA Dolphin Hiace
47 50 2.63 TOYOTA KINCAP
48 50 1.39 FORD RANGER Pickup
49 50 1.44 TOYOTA Hilux Minibus
50 50 1.65 TOYOTA DX

51 50 1.59 NISSAN Lorry

52 50 2.50 TOYOTA DX

53 50 1.52 TOYOTA Dolphin Hiace

Yoftime = 101.20 Sec.

The distance was measured on the road way by using steel tape and made a marking on the
roadway, and the time was measured when the vehicle passes that distance by recording the time
taken to pass that distance and recording the time.

S Speed d Distance traversed in m.
pace Mean Speed = (Zi ti) - (time for vehicle "i" to traverse the section in Sec.)
n

number of observed vehicles

50 m.

(101.20 sec.)
53

Space mean = 26.19 m/sec. X 3.6 = 94.28 km/hr so, the Free Flow Speed was 94 km/hr

Space Mean Speed = = 26.19 m/sec.
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Appendix D

The summarized executed PCEs values for upgrade and downgrade tabulated as follows:

Summarized PCEs for Trucks and Buses (E 1) on Upgrades

=) Proportion of Trucks and Buses
9 Length
2| (km) (8% - 12%) | (13% - 17%) | (18% - 22%) | (23% - 27%) | (28% - 32%) | (33% - 37%) | (38% - 42%) | (43% - 47%) | (48% - 52%)
> 10% 15% 20% 25% 30% 35% 40% 45% 50%
20% = 3.6 avg.|23% = 2.2 avg.|29% = 2.3 avg. avg.
0.0-0.4]10% = 31 3.1(17% = 2.8 2.8 33% = 1.9 42% = 1.9 1.9(44% = 1.7 1.7|50% = 1.4 1.4
20% = 1.1 2.4]|25% = 1.7 2.0|30% = 15 1.9 19
0.4-08 10% = 2.4 avg.|13% = 2.6 avg.|20% = 3.8 avg.[25% = 3.1 avg. . m 39% = 1.7 avg.[43% = 1.3 avg. . |
> - = 2. . = 2. . = 1. .
' °|119% = 48 3.6|14% = 34 3.0(219% = 15 2.7|25% = 21 2.6|" L2999 £2\40% = 23 2.0(46% = 23 1.8 -
<2 21% = 3.3 avg.|23% = 3.3 avg.|28% = 2.2 avg.|33% = 35 avg.
>0.8-1.2|12% = 39 3.9|13% = 34 3.4|22% = 24 2.9|25% = 1.8 2.6|28% = 1.7 2.5(36% = 1.3 2.4(38% = 2.0 2.0(46% = 19 1.9(50% = 15 1.5
29% = 3.8
38% = 3.3 . 50% = 1.0 !
>1.2-1.6[11% = 39 3.9|17% = 35 3.5(21% = 34 3.4|24% = 28 2.8|32% = 26 2.6|35% = 25 2.5(° avo a6% =21 21| ave
- - - - - — |42% =15 2.4 ~—[50% =21 1.6
00-0.4|11% = 28 2 8|15% = 25 2.5|21% = 23 2 3 25% = 2.6 avg.|28% = 2.3 avg.[35% = 1.2 avg.|38% = 14 avg. 43% = 16 1.649% = 14 1.4
223 s - - T ==[25% = 15 2.1]29% = 15 1.9|37% = 2.0 1.6[40% = 1.8 1.6 I i
: 15% = avg. 30% = 1.3 avg. 43% = 1.5 avg.
>0.4-0.8/11% = 35 3.5 18% = 25 2.5|25% = 24 2.4 36% = 1.8 1.8]41% = 1.7 1.7 48% = 16 1.6
— |15% = 2.8 — —|30% =27 2.0 = —|44% =18 1.7 -
0.0-0.4|10% = 38 3.8/15% = 3.1 3.1/19% = 2.3 2.3|27% = 22 2.2 32% = 2.1 avg|33% = 2.2 avg. 40% = 18 1.8 45% =13 avg. 50% = 15 1.5
- 0 = . b = . 0 = . 0 = . 0 = . b = .
T = == == ==[30% =17 1.9(37% =14 1.8 ==146% =20 1.7 ==
26% = 2.4 avg. 34% = 2.3 avg.
>0.4-0.8/10% = 4.0 4.0|/15% = 3.7 3.7|20% = 2.8 2.8 26% = 27 30% = 2.0 2.0 3% = 17 2.0 39% = 1.9 1.945% = 1.8 1.8|50% = 1.7 1.7
° = e 0 (e
> 3.
34 10% = 35 avg.[15% = 5.5 50% = 2.1
>08-1.2 PR | - 3.8|18% = 33 3.3(25% = 33 3.3(32% = 2.7 2.7(35% = 25 2.5(39% = 2.3 2,3|46% = 23 2.3 50% = 13 17
=58 4.l o = 2 b= 1.
13% = 6.2 avg. 24% = 3.5 avg. 38% = 2.5 avg. 50% = 2.5
>1.2-1.6/10% = 52 5.2 20% = 4.9 4.9 31% = 2.7 2.7|36% = 2.6 2.6 471% = 2.0 2.0 1.9
15% = 40 5.1 25% = 43 3.9 40% = 2.6 2.6 50% = 1.2
20% = avg. 34% = 2.4 avg.
0.0-0.4 [10% = 56 5.6{17% = 5.2 5.2 2204 40|26% =37 3.7(28% = 35 3.5 a0 = 31 2.8 %% = 26 2.6]46% = 21 2.1|50% = 15 1.5
b = a.v 0 = 3. .
31% = 3.1 avg.
>0.4-0.8/10% = 6.2 6.2|17% = 53 5.3[20% = 4.3 4.3|27% = 38 3.8 R - 34% = 3.7 3.7[39% = 2.9 2.9|44% = 2.4 2.4(50% = 1.7 1.7
0.2 2.0 4.5 S0\ 3106 = 44 3. S.[ ) .4 1.0
>4-5 15% = 8.7 avg.|19% = 5.9 avg.[23% = 7.4 avg.
>0.8-1.2|10% = 6.9 6.9(16% = 42 6.5|21% = 4.9 5.4|23% = 3.3 5.0|30% = 45 4.5|33% = 3.9 3.9(42% = 35 3.5|47% = 2.6 2.6(50% = 17 1.7
26% = 4.2
9% = 6.8 avg. 18% = 7.9 avg. 33% = 3.6 avg.
>12-16 16% = 7.1 7.1 23% = 55 5.5]30% = 5.3 5. 41% = 35 3.5(43% = 2.7 2.7[50% = 2.0 2.0
10% = 8.7 7.8 —|21% =54 6.7 - — [33% =50 4.3 — - —
Summarized PCEs for Trucks and Buses (E 1) on Downgrades
8
& Proportion of Trucks and Buses
5'\5\ Length
S (km)
§ (8% - 12%) | (13% - 17%) | (18% - 22%) | (23% - 27%) | (28% - 32%) | (33% - 37%) | (38% - 42%) | (43% - 47%) | (48% - 52%)
10% 15% 20% 25% 30% 35% 40% 45% 50%
10% = 4.7 avg.[13% = 2.4 avg.[19% = 2.0 avg.[24% = 2.6 avg.[28% = 2.7 avg.[36% = 2.1 avg. 46% = 1.1 avg.|50% = 2.2 avg
<4 | <08 |[10% =10 2.9|14% = 32 2.8|22% = 2.8 2.4|27% = 2.0 2.3|29% = 1.2 2.0(36% = 1.7 1.9]40% = 1.8 1.8]46% = 21 1.6|50% = 1.2 1.5
29% = 2.2 50% = 1.1
10% = 3.7 avg. 20% = 1.1 avg.|26% = 3.1 avg.|28% = 2.3 avg. 38% = 2.1 avg.[43% = 2.0 avg.[50% = 1.9 avg.
4-5( <12 [11% =22 3.0{15% = 2.9 2.9]|20% = 3.8 2.5(26% = 2.3 2.4|31% = 1.6 2.0(36% = 2.0 2.0(41% = 1.6 1.9]46% = 1.4 1.7(50% = 1.0 1.5
27% = 1.9
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Grade type : Upgrade

Transformed field video recorded data of vehicles to the tabular form on

Grade percent: >4-5%
Starting time : 10:06:45 AM
Traffic flow direction : Adama - Addis Ababa

Addis Ababa — Adama Expressway

|:| Downgrade

Length of grade : ©0.0-0.4kwm (@ K10+390)
Ending time : 20:07:57 AM

bt

|

Passenger car

¢
.

[

AZLFZHEFT ST AA

18

35

52

69

86

19

36

53

70

87

20

37

54

71

88

21

38

55

72

89

22

39

56

73

90

23

40

57

74

91

24

41

58

75

92

25

42

59

76

93

26

43

60

77

94

27

a4

61

78

95

28

45

62

79

96

29

%

63

80

97

30

47

64

81

98

14

31

48

65

82

99

15

32

49

66

83

100

16

33

50

67

17

34

51

68
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Section Page No: 1

For Base Flow

1.2 M
15 Min.

X

= X

12 Ve

150 Vel

- For Base flow, number of vehicles for 15 min.

150 ven

Time onvideo: 00:36:45

Onvideo: 1 of 2

Grade type : Upgrade

Upto 00:37:57

Transformed field video recorded data of vehicles to the tabular form on

Grade percent: > 4-5%
Starting time : 11:02:13 AM
Traffic flow direction : Adama - Addis Ababa

Addis Ababa — Adama Expressway

|:| Downgrade

Length of grade : 0.0-0.4kw (@ K10+390)
Ending time : 11:03:49 AM

For Passenger Car

Section Page No: 2

For Heavy Vehicles

e NN F LB 12131415 1617
] 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 1.6 Min: = 10 Ve 1.6 Min = 1 Ve
S @ 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 15Min. = X 15Min. = X
o
S _«m™, |5 53 54 55 56 57 58 50 60 6L 62 63 64 65 66 67 68 X = a4 Ve X = 10 Ve
9 e
o
O s 69 70 71 72 73 74 75 76 77 78 79 80 8l 8 8 84 8 - For Base flow, number of vehicles for 15 min. 150 vedu

AL D |5 87 88 89 90 91 92 93 94 95 96 97 98 99 100 p &H hicles in No for 15 mi (a4 + 10)

assenger car eavy veniclesin No tor min. 104 l ,

Sm /1/ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ||-Only heavy vehiclesin No for 15 min. 10 vel
» P L
3 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
c ade 1 (g8
S & 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 ET=ZnP <——1>+1
> i Fi \dm
§1 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
R S Inserting into the above formula and the output values are:
f 69 70 71 72 73 74 75 76 77 78 79 80 8l 8 8 84 85

G Percen Value of E.

EE) 55 57 53 89 90 91 92 93 M 95 9% 97 9B 9 100 ercentage 1 Value of Ey

10% 5.6

Timeonvideo: p0:47:13 Upto 00:48:49

Onvideo: 2 of 2
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Grade type :

Grade percent: > 4-5%
Starting time :

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Section Page No: 3

Length of grade : ©.0 -O.4kw (@ K10+390)

10:15:00 AM Ending time : 120:30:00 AM
Traffic flow direction : Adama - Addisy Ababa

b}

Passenger car

HELEKEHTH 585458 56 7
2820 A A E A A A A
#3636 3898 4 g8 8 498 8 5 S

e — /69/}0/7{%/ 73 74 75 76 77 78 79 80 81 8 83 84 & ||_ForBase flow, number of vehicles for 15 min. 150 velu
nsﬂ‘ 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100
- Passenger car & Heavy vehicles in No for 15 min. (72 + 15)
= 87 velu
m ////%///8//}&{)2{)({)&(}()6/ 16 17 || - Only heavy vehicles in No for 15 min. 15 vel
% 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
= __1 (g8
) 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 ET_Z“P — —-1)+1
> i fi \dm
;‘ a 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© in;l-r Inserting into the above formula and the output values are:
f 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
o= 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100 Percentage | Value of Er

Time onvideo: 0O:45:00 Upto ©0:60:00
Onvideo: 1 of 2

Grade type :

Grade percent: > 4-5%
Starting time :

17% 52

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Section Page No: 4

Length of grade : 0.0 -O.4kwm (@ K10+390)

10:00:00 AM Ending time : 10:15:00 AM
Traffic flow direction : Adawma - Addis Aboaba

b}

1222232223337
W38 36 o ot 3 3 5 36 ot 8 o o
36 3 36 38 48 ol 3t o 4 5 46 4 8 5 st

o | 5t 58 54 58 56 51 56 56 56 5 5t 58 5 58 56 51 5

Passenger car

o 3 A o H A e e wom w

R pe— - For Base flow, number of vehicles for 15 min. 150 veu
SN . D)3 87 83 89 90 9L 92 93 94 95 96 97 98 99 100 (80 + 22)
- Passenger car & Heavy vehicles in No for 15 min. 102 I
et TR /////{ﬁ//ﬁ//{)d%%ﬂ%%)ﬁ/,y/ - Only heavy vehicles in No for 15 min. 22 vel
L 3 1 o f 23 24 25 26 27 28 29 0 3 2 B! M
T alEes __1 (g8
[3) 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 Er = yIp, —-1)+1
> i i \dm
;‘ a 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© ‘ﬂ.,- Inserting into the above formula and the output values are:
f 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 8
o= 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100 Percentage { Value of By

Timeonvideo: p0:30:00 Upto po0:45:00
Onvideo: 1 of 2

87

22% 3.2




Transformed field video recorded data of vehicles to the tabular form on
Addis Ababa — Adama Expressway

Grade type : Upgrade I:I Downgrade

Section Page No: s

Grade percent: > 4-5% Length of grade : 0.0 -0.4kw (@ K10+390)
Starting time : 10:20:06 AM Ending time : 10:22:46 AM
Traffic flow direction : Adama - Addiy Ababa
For Passenger Car For Heavy Vehicles
ey XN 7713 14 15 16 17
S 18 19 20 21 22 23 24 25 26 27 28 20 30 31 3 33 ;| 267 Muw = 12 Ve 2.67 Mun = 3 Veh
o < . -
S @ 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 15Min. = X 15 Min. = X
>
é <3, | 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 X = &8 Ve X =17 Ve
w)
©
O _oagich 69 70 71 72 73 74 75 76 77 78 79 80 81 8 83 84 8 - For Base flow, number of vehicles for 15 min. 150 veu
a0 s 57 88 89 90 91 92 93 94 95 96 97 98 99 100 _ : (68 + 17)
- Passenger car & Heavy vehicles in No for 15 min.
85 velu
cetsTE /1//2//3/ 4 5 6 7 8 9 10 11 12 13 14 15 16 17 || -Only heavyvehiclesin No for 15 min. 17 vel
= 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
= — 1 qp
o & 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 ET=ZnP_(_—1)+1
> i fi \dm
> 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© i:ﬁvr' Inserting into the above formula and the output values are:
:'I:':’ 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
P 55 g7 83 80 90 o1 92 93 94 95 9 97 9 99 100 Percentage | Value of By
207% 4.8

Timeonvideo: po:50:06 Upto ©00:52:46
Onvideo: 1 of 2

Transformed field video recorded data of vehicles to the tabular form on
Addis Ababa — Adama Expressway

Grade type : Upgrade I:I Downgrade

Section Page No: &

Grade percent: > 4-5% Length of grade : 0.0 -0.4kw (@ K10+390)
Starting time : 1.2:00:00 PM Endingtime : 22:15:00 PM
Traffic flow direction : Adama - Addis Ababa
oo | X A A A A A
g W 38 o0 A o 8 g K 6 A 8 i A A A
5 N | 36 57 6 39 0 o 6 5 A
S W (5758 545 56 5t 3 5 5 8 s
g R — 69 70 71 72 73 74 75 76 77 78 79 80 81 8 83 84 85 - For Base flow, number of vehicles for 15 min. 150 veu
A0 o5 7 83 9 9 91 %2 93 9 95 % 97 98 9 10 - Passenger car & Heavy vehicles in No for 15 min. (ii :j:f)
M- ///3///5////8/%)&)/)/{){2/)&()4()!{)5)/ - Only heavy vehicles in No for 15 min. 23 velu
¢ eatd T
= 3 8 o o 24 25 26 27 28 29 0 3 R B/ 34
S @ 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 Er = L (E—l)+1
< 2P \gm
;* 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© gﬂvr' Inserting into the above formula and the output values are:
:IG:J 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
‘T‘h 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 Percentage  Vahie of By
26% 3.7

Time onvideo: ©0:30:00 Upto ©0:45:00
Onvideo: 2 of 2
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Grade type :

Grade percent: > 4-5%
: 12:30:00 PM

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Traffic flow direction : Adama - Adduis Ababa

2222222223333

Length of grade : ©.0-0.4kw (@ K10+390)
Ending time : 12:45:00 PM

Section Page No: 7

AT
ggz'xﬂﬂxxzxx%%x%wﬂ%%%
5 N | 36 71 56 35 5 o st g 6 g S 5
S s | 594 56 5w
g R pe— 69 70 71 72 73 74 75 76 77 78 79 80 8l 8 83 84 8 - For Base flow, number of vehicles for 15 min. 150 veu
SRALD | 5 o7 8 %9 9 0L 92 93 94 95 9% 97 9% % 100 - Passenger car & Heavy vehicles in No for 15 min,| (gi :jf)
,em ////ﬁ/ﬁ///}/)d%%%%%%% - Only heavy vehicles in No for 15 min. 25 velu
=
é& 3 8 o H M 2K 26 21 28 29 0 3 2 B M .
s @3536373839404142434445464748495051 Er= ZP(E—1)+1
>
;? 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
3 321-.- Inserting into the above formula and the output values are:
T 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 8
E-_ 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 Percentage | Value of By
28% 3.5

Time onvideo: 0O:00:00

Upto o©o0:15:00

Onvideo: 2 of 2

Grade type :

Grade percent: > 4-5%
Starting time :

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Length of grade : ©0.0-0.4kwm (@ K10+390)

10:45.:00 AM

Traffic flow direction : Adama - Addis Ababa

Ending time : 11:00:00 AM

B

2222222
W38 5 ot 35 8 8 3 3
36 51 36 38 46 4t o 48 34 5 46 o1 46 35 56 5t

o, |5t 56 50 56 56 51 56 54 58 51 5t 56 54 55 56 51 s

Passenger car

69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85

Section Page No: 8

e pe— - For Base flow, number of vehicles for 15 min. 150 vel
S . D56 57 83 89 90 91 92 93 94 95 96 97 98 99 100 Passenger car & Heavy vehicles in No for 15 min| (87 *+ 34)
assenger ca eavy vehicles ofo 1 101 n,

- Only heavy vehicles in No for 15 min. 34 velu

Heavy vehicles

HZLEHEETH WA E A5 6 A
}8’%%%%%%%%%%%%%%%%

35 36 37 38 39 41 42 46 47 49 50 51
52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85

8 87 88 89 90 91 92 93 94 95 96 97 98 99 100

1

Er= 5
1

P; (QM

Inserting into the above formula and the output values are:

@—1)+1

Percentage

Value of E¢

Time onvideo: po:15:00 Upto

00:30:00

Onvideo: 1 of 2

89

34%

2.4




Grade type :

Grade percent: > 4-5%
Starting time :

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Section Page No: g

Length of grade : 0.0 -0.4kwm (@ K10+390)

11:45:00 AM

Traffic flow direction : Adawma - Addis Ababa

XL AN TS A6 58 5 A

Ending time : 12:00:00 PM

=
S | A A A
s e | 30 o 6 38 g8 g gt g 46 S 5 A
% «m=. | 57 54 54 55 56 57 58 50 60 61 62 63 64 65 66 67 68
g I v— 69 70 71 72 73 74 75 76 77 78 79 80 8l 8 83 84 8 - For Base flow, number of vehicles for 15 min. 150 vel
8 87 88 89 90 91 92 93 94 95 96 97 9% 99 100 - Passenger car & Heavy vehicles in No for 15 min. (‘g‘z ;ji')
m— /////5////8//9/}&{)/{)[)&(}(%}6/)/ - Only heavy vehicles in No for 15 min. 31 velu
n St T
ks 3 56 o 5 5 3 35 36 3 36 36 6 A w e
é @ 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 ET=Z?Pi<q—;—1>+1
;‘ 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© s’.ﬁw Inserting into the above formula and the output values are:
% 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
ir-ﬂ_ 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100 Percentage | Value of Ey
36% 3.1

Time onvideo: 0O:1.5:00

Upto opo:30:00

Onvideo: 2 of 2

Grade type :

Grade percent: > 4-5%
Starting time :

Transformed field video recorded data of vehicles to the tabular form on

Addis Ababa — Adama Expressway

Upgrade I:I Downgrade

Section Page No: 10

Length of grade : 0.0 -0.4kw (@ K10+390)

12:15:00 PM

Traffic flow direction : Adama - Addis Ababa

ﬁ%‘
V

1222222223337

Ending time : 1.2:30:00 PM

g 28 0 BB g A A
5 Nl |39 5 31 39 5 gl g 45 o A
%m-‘..,52’;3’,5(;{,56’,5'/5859606162636465666768
S I ve— 69 70 71 72 73 74 75 76 77 78 79 80 8l 8 83 84 8 - For Base flow, number of vehicles for 15 min. 150 vel
MM | o o7 o 2 0 9 @2 @ 9 % W W B B I - Passenger car & Heavy vehicles in No for 15 min. (2—; ;jf)
cetsTE /////B/ﬁ///ﬁ//)‘{)/(ﬂﬁ/%{)l()g)ﬁ/)/ - Only heavy vehicles in No for 15 min. 36 velu
0 Seatd
5 28 0 BB g A L la
é ﬁ 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 ET=Z?Pi<q_:l_1>+1
;‘ 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
& in]a'r‘ Inserting into the above formula and the output values are:
T 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
e-’ 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100 Percentage | Value of Ey
3a% 2.6

Time onvideo : 00:45:00

Upto o©0:60:00

Onvideo: 2 of 2
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Transformed field video recorded data of vehicles to the tabular form on
Addis Ababa — Adama Expressway

Grade type : Upgrade I:I Downgrade

Section Page No: 11

Grade percent: > 4-5% Length of grade : ©.0 -0.4kwm (@ K10+390)
Starting time : 10:36:22 AM Ending time : 20:38:01 AM
Traffic flow direction : Adama - Addis Ababa
For Passenger Car For Heavy Vehicles
o= /////5/)@/ 7 8 9 10 11 12 13 14 15 16 17 For Passenger Car For Heavy Vehicles
S 18 10 20 21 22 23 24 25 26 27 28 20 30 31 @ 33 M| 165 M= &6 Veh 1.65 Mun: = 5 Vel
5 & 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 15 Min. = X 15Min. = X
<))
S _«@m™_ |52 53 54 55 56 57 58 590 60 61 62 63 64 65 66 67 68 X = 55 Ve X = 46 Vel
9 Ot
©
o - 69 70 71 72 73 74 75 76 77 78 79 80 81 8 83 84 8 - For Base flow, number of vehicles for 15 min. 150 velu
SAL 0|35 57 88 89 9 91 92 93 94 95 96 o7 98 99 100
- Passenger car & Heavy vehicles in No for 15 min. (15051+ 416')
m /1///3///5/ 6 7 8 9 10 11 12 13 14 15 16 17 ||-Only heavyvehiclesin No for 15 min. 146 vel
n St
% 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
T glwe Er= < (98 _4) 4
S 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 T= Shp -1/+
> i Bi \dm
o 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© ga"-: Inserting into the above formula and the output values are:
f 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 8
P 5 57 g8 80 90 91 92 93 94 95 96 o7 98 99 100 Percentage { Value of £
46% 2.1
Time onvideo: p0:21:22 Upto o00:23:01
Onvideo: 2 of 2

Transformed field video recorded data of vehicles to the tabular form on
Addis Ababa — Adama Expressway

Grade type : Upgrade I:I Downgrade

Section Page No: 12

Grade percent: > 4-5% Length of grade : 0.0 -0.4kw (@ K10+390)
Starting time : 9:37:26 AM Ending time : 9:38:56 AM
Traffic flow direction : Adama - Addis Ababa
For Passenger Car For Heavy Vehicles
S X2 AN F g 7 8 9 1011 1213 14 1516 17 For Passenger Car For Heavy Vehicles
S 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 1.5 M = & Vel 1.5 Mine = 6 Veh
[&] < . .
5 & 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 15 Min. = X 15Min. = X
o>
S <™. |52 53 54 55 56 57 58 50 60 61 62 63 64 65 66 67 68 X = &0 Ve X = 0 Vel
R
o
O g w— 69 70 71 72 73 74 75 76 77 78 79 8 81 8 8 84 85 - For Base flow, number of vehicles for 15 min. 150 vel
Sa .| g 57 88 89 90 91 92 93 94 95 96 97 98 99 100 Passenger car & Heavy vehidles in No for 15 min| (€ + €©)
& v 2 1 120 vel
M- ///3///5//5/ 7 8 9 10 11 12 13 14 15 16 17 || -Only heavy vehiclesin No for 15 min. 60 vehu
2 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
e g 1 (a8
G & 35 36 37 33 39 40 41 42 43 44 45 46 47 48 49 50 51 ET=ZnP_<——1)+1
> i fi \dm
2 o 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
© .‘.L—f Inserting into the above formula and the output values are:
I 69 70 7L 72 73 74 75 76 77 78 79 80 8l 8 83 84 85
EPE| g5 g7 83 89 90 91 92 93 W 95 96 97 98 99 100 Percentage | Value of E;
50% 1.5

Time onvideo: 00:07:26 Upto oo:08:56
Onvideo: 1 of 2
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Appendix E

Sample calculation to determine Passenger Car Equivalents

In Addis Ababa-Adama Expressway; the collected data on the date of May 24, 2016 at a time of
11:45:00 AM up to 12:00:00 PM with an upgrade percent of > 4 - 5 and a length of grade with
> 0.8 — 1.2 km was as follows:

Counted base vehicles (passenger car only) = 171 Veh.

Counted mixed vehicles (trucks and buses, and passenger cars) = 83 Veh.

Counted trucks and buses = 35 Veh.

Computation

Counted base vehicles (veh.) 171 veh.

Base fl = = = 684 veh/h
ase flow rate(qg) 15 min (0.25 hr) 025hr _ 084 veh/hr

Mixed fl te(dn) = Counted mixed vehicles (veh.) 83 veh. 332 veh/h
ixed Towratelm) = 15 min (0.25 hr) = 025hr S32veh/hr

= Counted mixed vehicles (veh) =100 % } 83 veh =100 % }

Counted trucks and buses (veh) = a 35veh=a a=42 %
= Counted trucks and buses percentage was 42 % = 0.42

Then calculating the Passenger Car Equivalents (Et) will be:

B 1 (qB 1)+1 1 (684veh/hr 1)+1
TT¥PR \qu ~ 0.42 \332 veh/hr

1

ET=;5
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Appendix F

Example problem

Operational analysis

To determine Six-lane freeway LOS (Addis Ababa — Adama Expressway)
Data

Six-lane freeway (three lanes in each direction);

Lane width = 3.75 m;

Right side lateral clearance = 2.5 m;

Peak-hour, peak-direction demand volume = 311 veh/h;
Traffic composition: 10% trucks, 0% RVs;
Length of Grade: > 0.8 — 1.2 km; and

v Grade percent: < 2%.

v
v
v
v' Commuter traffic (regular users);
v
v
v

The task is to find the expected LOS for this freeway during the worst 15 min of the peak hour.

Computation
The Free Flow Speed (FFS) estimated in Appendix C.

The FFS of the freeway was estimated as:
FFS =94 km/hr.
Select FFS curve
According to HCM 2010 (on page 11-4), the FFS ranges as follows:
> 72.5 mi/h <77.5 mi/h: use FFS =75 mi/h
> 67.5 mi/h < 72.5 mi/h: use FFS =70 mi/h
> 62.5 mi/h < 67.5 mi/h: use FFS =65 mi/h
> 57.5 mi/h < 62.5 mi/h: use FFS = 60 mi/h
> 52.5 mi/h < 57.5 mi/h: use FFS =55 mi/h
So, FFS = 94 km/hr. = 58 mi/h
As the FFS is greater than or equal to 57.5 and less than 62.5 mi/h, the 60 mi/h speed-flow curve

will be used for this analysis.
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From the collected data the peak hour factor (PHF) calculated as:

PHE = \% . hourly volume,vehs
T ax Vmis " 4Xmaximum 15-minute volume within the hours,vehs
Time Interval Volume for time Interval (vehs)
11:00 AM - 11:15 AM 74
11:15 AM - 11:30 AM 83
11:30 AM - 11:45 AM 73
11:45 AM - 12:00 PM 81
11:00 AM - 12:00 PM > =311
h
PHF = —— = 31LYels _ g4

4XVmis  4X83vehs

The heavy vehicle adjustment factor is computed by using equation 2.6:

1
fory =
BV 1+ P(Er— 1)+ Pr (Eg — 1)

By using executed PCE

1
W = T P (B =D F Pa (Bn = 1)
1
v = T 01GI =D 10
Adjust demand volume

= 0.775

The demand volume must be adjusted to a flow rate that reflects passenger cars per hour per lane
by using equation 2.1:
%4
V,, =
P PHFXNX fuy X f,

The demand volume is 311veh/h and there are three lanes in each direction. The driver population
factor is 1.00, since regular users (commuters) are specified.
Then

B 311
P 0.94X3X0.775 X 1.00

\ = 143 pc/h/In
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Since this value is less than the base capacity of 2,300 pc/h/In (Exhibit 11-2 HCM 2010, on page
11-3) for a freeway with FFS = 60 mi/h, LOS F does not exist, and the analysis continues to
estimate speed and density.

Estimate speed and density

The FFS of the basic freeway segment is now estimated along with the demand flow rate in
passenger cars per lane under equivalent base conditions. From exhibit 11-3 HCM 2010, on page
11-4, the equation for estimating the speed of the traffic stream is selected for a 60 mi/h FFS, with
a flow rate less than 1600 pc/h/In. This is the constant speed portion of the curve, so S = 60 mi/h.
The density of the traffic stream may now be computed as:

= I 4 pe/mi/m

S 60

Determine LOS
According to HCM 2010 (on page 11-7), the LOS criteria for basic freeway segments as follows:

LOS Density (pc/mi/ln)

<11
>11-18
>18-26
> 26 - 35
>35-45
Demand exceeds capacity
> 45

mT MmO >

A density of 2.4 pc/mi/In corresponds to LOS A.

By using HCM 2010 PCE

1
f =
BV 1+ P(Er— 1D+ PR(Eg—1)
oo 1
V7 1+ 0105-1D+0

= 0.952
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Adjust demand volume

The demand volume must be adjusted to a flow rate that reflects passenger cars per hour per lane
by using equation 2.1:
%4
‘Up =
PHFXNX fuy X f,

The demand volume is 311 veh/h, and there are three lanes in each direction. The driver
population factor is 1.00, since regular users (commuters) are specified.
Then

_ 311
P~ 0.94X3X0.952 X 1.00

= 116 pc/h/In

Since this value is less than the base capacity of 2,300 pc/h/In (Exhibit 11-2 HCM 2010, on page
11-3) for a freeway with FFS = 60 mi/h, LOS F does not exist, and the analysis continues to
estimate speed and density.

Estimate speed and density

The FFS of the basic freeway segment is now estimated along with the demand flow rate in
passenger cars per lane under equivalent base conditions. From exhibit 11-3 HCM 2010, on page
11-4, the equation for estimating the speed of the traffic stream is selected for a 60 mi/h FFS, with
a flow rate less than 1600 pc/h/In. This is the constant speed portion of the curve, so S = 60 mi/h.
The density of the traffic stream may now be computed as:

= 10 g e/mi/m

S 60

Determine LOS

According to HCM 2010 (on page 11-7), the LOS criteria for basic freeway segments as follows:

LOS Density (pc/mi/ln)
<11
>11-18
> 18- 26
> 26 - 35
>35-45
Demand exceeds capacity
> 45

mT mMmoO®>

A density of 1.9 pc/mi/In corresponds to LOS A.
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These two solutions also shown graphically as follows:

Speed (mi/h)

80 .
75 mi/h free-flow speed //
7 \
70 mi/h / 7
70 7 -
65 mi/h - f/'
60 mi/h / ,’,
60 y 7 G
55 ln /' 7
/l I// 1
d / A I
50 1 /I R 1 1 - . 3
:: LOSA ,/ LOSB .’ :Losc,:« LOSD .-~ LOSE _--
/7 4 /’ i ’/’
a1 7 i T S Bt P
A A
/7 s - A
:l \Q/I Q e - ({ ‘/’/| \Q ,z” LOSF
30 11 \\/ \\\ ’ '\\\9, \\\ | i \K(\\L Phe .
r C\/ A\ Qg\@’ QC\Q, | bf)99|/ - — = => By using executed PCE
S ey 027 2T LT — = = => By using HCM 2010 PCE
20 | I,\//' // // ’/' ”/' | | .
I R AN LAt I I If the demand volume increases
"/‘I /' ST T : : — — - =>» By using executed PCE
10 - R A - -
,’yli’/,’/' | I = — = =>» By using HCM 2010 PCE
Gt Ll
0 T T T T 1
0 500 1,000 1,500 2,000 2,500
Flow Rate (pc/h/In)
Discussion

This basic freeway segment of a six-lane freeway is expected to operate at LOS A during the
worst 15 minutes of the peak hour. It is important to note that the operation, although at LOS A.
A result from the calculated LOS with the executed PCE value and HCM 2010 provided PCE
value shows the LOS A but there is a difference in demand volume as well as density of the
traffic stream. So the difference shows the executed PCE gives a better decision in the future
according to the local condition while demand volume increases but on the time being the demand
volume is small so may not be seen a significant difference.

If the demand volume increases 2,500 veh/h the change in the LOS shows on the figure above and

the executed PCE shows a significant change in the LOS.

97



Appendix G

Sample location where the data was taken

Addis Ababa — Adama Expressway Entrance Gate at Tulu Dimtu Main Toll

Picture at Chainage K9 + 660
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Picture at Chainage K9 + 990

Picture at Chainage K26 + 650

Picture at Chainage K56 + 070
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