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Major Topics To Be Covered

Topics \AN,;E; Contact hours*
1.Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45

Introduction of Transportation Systems
Roles of Transportation in Society:

% Economically

» Availability of goods and services

» Expansion of trade
% Socially

» Affects employment opportunities
% Environmentally

» Its pollution affects the air, water & land qualities which are dangerous to human, animal
& plant lives.

L Politically
» Increase the ability of the country to defend itself




Introduction of Transportation Systems
Definition of Transportation

L The movement of people and goods from one location to another.
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Introduction of Transportation Systems
Transportation Engineering

& Transportation Engineering is a branch of the engineering that deals
with planning, design, construction, operation, and management of
various transportation systems and their components, to achieve a
safe, efficient, convenient and economical movement of passengers
and goods.




Introduction of Transportation Systems

Transportation Engineer

L The professional who is concerned with the planning, design, construction,
operations, and management of a transportation system
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Introduction of Transportation Systems

Transportation System

L A facility consisting of the means and equipment necessary for the movement
of passengers or/and goods




Introduction of Transportation Systems

Classification of transportation studies

U Transportation engineering can be classified according to :

»Modal (mode of travel) classification

» Element classification

» Functional classification
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L Classification of transportation system based on mode of travel including

L Or it can be grouped to classes of modes which use a particular “surface”

Introduction of Transportation Systems
Modal classification

» Walking, Car, Bus, Train, Ship, and Aircraft .etc

including
» Land

» Water

» Air

» Pipeline

» Telecommunication
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Introduction of Transportation Systems

Modal classification
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Introduction of Transportation Systems

Modal classification

\Road transport mode ‘
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Introduction of Transportation Systems

Trolleybus

% Trolley is an electric
bus that draws power
from dual overhead wires
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Introduction of Transportation Systems

Modal classification

Rail transport mode I
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Introduction of Transportation Systems

Tramway High speed train

wvwshutterstock com - 564761235

Bulk train
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Introduction of Transportation Systems

Modal classification

Air transport mode
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Introduction of Transportation Systems

Modal classification

Inland waterways and sea shipping transport mode
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Inland shipping

Introduction of Transportation Systems

Sea shipping

Cruise
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Element classification

transport

Introduction of Transportation Systems

L Classification in terms of the basic elements which constitute any mode of
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Element classification
Elemental classes

% Driver MODAL CLASSES l re——
» The person control the vehicle used in the
selected mode of transportation
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Introduction of Transportation Systems
Element classification
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Introduction of Transportation Systems
Functional classification

% Functionally, the transportation engineering can be divided into :

» Traffic engineering

+«+  Deals with analysis, design, and operation of transportation facilities used by different modes of
transportation

» Pavement engineering

¢+ Deals with structural analysis and design of the way used by different modes of transportation
» Public transportation

%+ Deals with analysis, design, and operation of public transportation facilities
» Transport planning

% Deals with planning transportation facilities with will be able to meet the present and the future needs in
a sustainable manner

» Transport economics
«  Deals with various economic costs and benefits of building and operating different transportation
facilities

24
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Highway Classification
Highways are classified according to :

L Their location.

& Their respective functions in terms of the character of the service
they are providing.

Highway Classification
Location classification

U Highways and streets are classified depending on the area in which
they are located to :

» Urban roads :

% All highway facilities within urban areas.

» Rural roads

¢ The highway facilities outside urban areas




Definition of Urban and Rural Areas
Urban areas

.

Small urban areas
5,000<pop<50,000

Urban

e

Urbanized areas

> 50,000

Definition of Urban and Rural Areas
Urban areas

Greater Tokyo Area,
Japan, the world's most
populated urban area,
with about 38 million
inhabitants




Definition of Urban and Rural Areas
Rural Areas:

[ ——
& Those areas outside :
the boundaries of
urban areas

Highway Function Classification

U The concept of functional classification defines the role that a particular
roadway segment plays in serving this flow of traffic through the network.

L, Roadways are assigned to one of several possible functional classifications
within a hierarchy according to the character of travel service each roadway
provides.

U Planners and engineers use this hierarchy of roadways to properly channel
transportation movements through a highway network efficiently and cost

effectively
U, Roadways serve two primary travel needs:

» Access to/egress from specific locations
» Travel mobility

U While these two functions lie at opposite ends of the continuum of roadway function, most
roads provide some combination of each




Highway Functional Classification
Road mobility and accessibility

There is no location that is immediately
“accessible” to the roadway, thus the road
roadway entirely provides “mobility ”

Aerial View of the Eisenhower (and
Johnson) Tunnels along I-70, west
of Denver, CO

View from Inside the Eisenhower Tunnel

Highway Functional Classification
Road mobility and accessibility

The roadway entirely provides “accessibility” and offers almost nothing in terms of mobility

10
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Highway Functional Classification
Road mobility and accessibility

This roadway serves both
mobility needs (the residents
that live along the side streets
that intersect

and land access needs (there
are both residential and
commercial properties located
along the roadway)

11

Highway Functional Classification
Federal Functional Classification Decision Tree

All Roads

l Principal \l Minor \ l Collector \l Local \
P
Partial / l : \ l " \
Full Control i led Major Minor

Other
Interstate Freeways & Prlnupal
Expressways Arterial
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Highway Functional Classification
Arterials

Arterial

L Roadways that provide a high level of mobility
» Emphasis on providing high-speed, uninterrupted flow

» Long-distance trips are most practical on arterials

Collector

Local

13

Highway Functional Classification

Arterials

Principal l Minor \

: Partial /
Il Lo Uncontrolled
1 i

Other Other
Interstate Freeways & Principal
Expressways Arterial
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Highway Functional Classification
Arterials

Interstate

U The highest classification of Arterials

% Designed and constructed with mobility
and long-distance travel in mind

U Provided a superior network of limited
access, divided highways offering high
levels of mobility while linking the major
urban areas of the United States

15
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Highway Functional Classification &) 2n
Map of the present Interstate Highway System in the United States
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Highway Functional Classification
Arterials

Other Freeways & Expressways

L Roadways have directional travel lanes are usually separated by some type
of physical barrier,

U Their access and egress points are limited to on- and off-ramp locations or a
very limited number of at-grade intersections

U Like Interstates, these roadways are designed and constructed to maximize
their mobility function, and abutting land uses are not directly served by
them

17

Highway Functional Classification

Arterials
Other Freeways & Expressways
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Highway Functional Classification
Arterials

Other Principal Arterials

U These roadways serve major centers ¢
metropolitan areas, provide a high
degree of mobility and can also provic
mobility through rural areas

19
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Highway Functional Classification
Arterials

Minor

L Provide service for trips of moderate length

U Serve geographic areas that are smaller than their higher arterial
counterparts

U Offer connectivity to the higher arterial system.

20
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Highway Functional Classification

Arterials

Urban arterial

Suburban interstate (Freeway)

21

Highway Functional Classification
Road mobility and accessibility

% Locals

»Roadways provide a high level of accessibility

» Provide direct connectivity to businesses, residences,

and other land uses

Arterial

Collector

Local

22
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Highway Functional Classification

Local Streets

23
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Highway Functional Classification
Road mobility and accessibility

¢ Collector

» Roadways a more balanced blend of mobility
and access

» Collectors facilitate travel between local roads
and arterials by collecting traffic and
distributing it to local roads or to higher
mobility arterials

Arterial

Collector

Local

24
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Highway Cla55|f|cat|on
Collector roadway

25

Highway Functional Classification
Collectors

& Collectors are broken down into two categories:
» Major Collectors
» Minor Collectors

U The determination of whether a given Collector is a Major or a
Minor collector is frequently one of the biggest challenges in
functionally classifying a roadway network

26

26
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Highway Functional Classification
Collectors

U Generally, Major Collector routes are :
»Longer in length
» Have lower connecting
» Have lower driveway densities
» Have higher speed limits
»Spaced at greater intervals
» Have higher annual average traffic volumes
»May have more travel lanes

27

27

Highway Functional Classification

Relationship between Functional Classification and Trave/

Characteristics
Distance Usage
National Served Access Speed Distance (AADT . Number
e (and . .. between Significance | of Travel
Classification Points Limit and
Length of Routes Lanes
DVMT)
Route)
Arterial Longest Few Highest Longest Highest Statewide More
Collector Medium Medium Medium Medium Medium Medium Medium
Local Shortest Many Lowest Shortest Lowest Local Few

28

28




Highway Functional Classification
Federal Functional Classification Decision Tree

' All Roads
l Principal \l Minor | l Collector \l \
Partial / l : \ l " \
Full Control i led Major Minor
Other
Interstate Freeways & F"rlnclpal
Expressways Arterial
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Highway Location Classification
Urban and Rural

L Urban and rural functional systems are classified separately since they have
different characteristics with regards to:

» Density and types of land use
» Density of street and highway networks

» Nature and travel patterns
% In general,

»In urban areas

+ There are relatively more arterials

»In rural areas

< There are more collectors

30

30
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Highway Location Classification

Urban interstate Rural two-lane highway

33
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Highway Classification
Characteristics of Urban and Rural Principle Arterials
Urban Rural
e Serve major activity centers, highest e Serve corridor movements having trip
traffic volume corridors and longest trip length and travel density characteristics
demands indicative of substantial statewide or
e Carry high proportion of total urban interstate travel
travel on minimum of mileage e Connect all or nearly all Urbanized
e Interconnect and provide continuity for Areas and a large majority of Urban
major rural corridors to accommodate Clusters with 25,000 and over
trips entering and leaving urban area population
and movements through the urban ® Provide an integrated network of
area continuous routes without stub
e Serve demand for intra-area travel connections (dead ends)
between the central business district
and outlying residential areas
34
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Highway Classification
Characteristics of Urban and Rural Minor Arterials

Urban Rural

® [nterconnect and augment the higher- e Link cities and larger towns (and other
level Arterials major destinations such as resorts

® Serve trips of moderate length at a capable of attracting travel over long
somewhat lower level of travel distances) and form an integrated
mobility than Principal Arterials network providing interstate and inter-

e Distribute traffic to smaller geographic county service
areas than those served by higher-level | ® Bespaced at intervals, consistent with
Arterials population density, so that all

& Pravides more hind sccessthan developed areas within the State are
Principal Arterials without penetrating within a reasonable distance of an
identifiable neighborhoods Arterial roadway

® Provide service to corridors with trip
lengths and travel density greater than
those served by Rural Collectors and
Local Roads and with relatively high

® Provide urban connections for Rural
Collectors

travel speeds and minimum
interference to through movement

35
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Highway Classification
Characteristics of Major Collectors (Urban and Rural)

MAJOR COLLECTORS
Urban Rural
e Serve both land access and traffic # Provide service to any county seat not
circulation in higher density residential, on an Arterial route, to the larger
and commercial/industrial areas towns not directly served by the higher
e Penetrate residential neighborhoods, systems and to other traffic generators
often for significant distances of equivalent intra-county importance

e Distribute and channel trips between such as consolidated schools, shipping

Local Roads and Arterials, usually over

a distance of greater than three-
quarters of a mile ® Link these places with nearby larger

towns and cities or with Arterial routes

points, county parks and important
mining and agricultural areas

® Operating characteristics include
higher speeds and more signalized ® Serve the most important intra-county
intersections travel corridors

36
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Highway Classification
Characteristics of Minor Collectors (Urban and Rural)

MINOR COLLECTORS
Urban Rural

® Serve both land access and traffic # Be spaced at intervals, consistent with
circulation in lower density residential population density, to collect traffic
and commercial/industrial areas from Local Roads and bring all

® Penetrate residential neighborhoods, developed areas within reasonable
often only for a short distance distance of a Collector

e Distribute and channel trips between e Provide service to smaller communities
Local Roads and Arterials, usually over not served by a higher class facility
a distance of |ess than three-quarters ¢ Link locally important traffic generators
of a mile with their rural hinterlands

e Operating characteristics include lower
speeds and fewer signalized
intersections

37
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Highway Classification
Characteristics of Urban and Rural Local Roads

Urban Rural
¢ Provide direct access to adjacent land ® Serve primarily to provide access to
® Provide access to higher systems adjacent land
e Carry no through traffic movement ® Provide service to travel over short
e Constitute the mileage not classified as distances as compared to higher

part of the Arterial and Collector classification categories

systems ¢ Constitute the mileage not classified as
part of the Arterial and Collector
systems

38
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Final Considerations

% In many instances, assigning a functional classification to a roadway is
straightforward, especially for Interstates and Locals

L However, there is flexibility when deciding between adjacent classifications

% For example

U Deciding whether a given roadway acts as a Minor Arterial or Major Collector can be
subject to debate.

U Deciding between a Major Collector and Minor Collector assignment can be even more
challenging

U To assist transportation planners responsible for determining the functional
classification of roadways

U Table 3-5 illustrates the range of lane width, shoulder width, AADTSs, divided/undivided
status, access control and access points per mile by functional classification categories.

39

39

Final Considerations

U To assist transportation planners responsible for determining the
functional classification of roadways

Table 3-5 illustrates the range of lane width, shoulder width, AADTSs,
divided/undivided status, access control and access points per mile by
functional classification categories.

Typical Characteristics
Lane Width 12 foet 11- 12 feat 11-12 feet
Inside Shoulder Width 4 fget - 12 feat 0 feet - b feat 0 fest
Outside Shoulder Width 10 feet - 12 feet £ fest- 12 feat E fest - 12 feat
AADT [Rural) 12,000 - 34,000 4,000 - 18,5007 2,000 - 8,500°
AADT [Urban]) 35,000 - 129,000 13,000 - 55,000° 7,000— 27,0007
Divided/Undivided Divided Undivided/Divided Undivided/Divided
Access Fully Controlled Partially/Fully Controlled Partially/Uncontrolied

40
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Highway Classification

Examples No. 1 to 4 :

41

41

Example-1

Arterials
Collector;
Locals

42
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Example-2

Legend
Town
& Village
Arterials
——— C(Collector streets

43

43
Example-3
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Example-4

Schematic lllustration of
the Functional Classes for
a Suburban Road Network
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Transport Systems and Classification

& Urban transportation modes and operational concepts can be
classified according to several different bases include

Classification by type of Usage
Classification by transit Modes

Classification by types of Service

A L b R

Classification by Generic Classes of Transit Modes (Most important)




Transport Systems and Classification

Classification by type of Usage

Transport Systems and Classification
Classification by Type of Usage

& There are three basic categories of transportation by type of operation and usage
(Primary classification ):

A. Private transportation

K3
”Q

Consists of privately owned vehicles operated by owners for their own use, usually on publicly provided and
operated streets.

“  Private auto is the most common mode, but motorcycle, bicycle, and walking
B. Public transport, mass transportation, or transit

These are transport systems with fixed routes and schedules, available for use by all persons who pay the
established fare.

2 Is the common carrier type of urban passenger transport.
The most common representatives are bus, light rail transit, and rapid transit or metro,

C. For-hire urban passenger transportation




Transport Systems and Classification
Classification by Type of Usage

C. For-hire urban passenger transportation

» commonly designated as paratransit

» Is transportation service provided by an operator and available
to all parties who meet the conditions of a contract for carriage
(i.e., pay prescribed fares or rates), but which is adjustable in
various degrees to the individual user’s desires.

% Paratransit modes classified into:

» Demand-responsive Doorte-dsa o for panple whass df pravent thelr abllity to uze
the fised-route bus system.

RS

< Paratransit modes with routes and schedules that change
with the requests of individual users

> Fixed-route, fixed schedule service
<& Paratransit modes with fixed-route
» Most paratransit modes do not have fixed routes and schedules.

» Taxi, dial-a-ride, and jitney are major mode

Transport Systems and Classification
Classification by Type of Usage

U Urban Public Transportation, strictly defined,

» Includes both transit and paratransit categories, since both are available for public use.

» However, the term public transport is commonly identified with transit only, and inclusion of paratransit is
specifically emphasizing

L A secondary classification of travel categorizes transport as individual or
group.
» Individual transport
+»  Refers to systems in which each vehicle serves a separate party (person or organized group);

» Group transport

¢ Usually carries unrelated persons in the same vehicles




Transport Systems and Classification
Classification by Type of Usage

Table 2.1 Classification of urban passenger transportation by type of usage

business, other

Special services

Usage type
Characteristic Private Far-hire Fublic or Common Carrier
Common designation Private transportation Paratransit Transit
Service availability Qwner Individuals, groups Public
Service supplier User Carrier Carrier
Route determination User (flexible) User (carrier) Carrier (fixed)
Time-schedule determination  User (flexible) User (carrier) Carrier (fixed)
Cost-price User absorbs Fixed rate Fixed fare
Carrier type Individual Group
Modes Walking Carpools {Rental car) Dial-a-ride Street transit (bus, trolleybus, streetcar)
Bicycla Vanpools Car sharing  Jitney Semirapid transit (bus rapid transit, light rail
Matorcycle Taxi {Charter bus) transit)
Automobile Rapid transit (rail and rubber-tirad metros,
regional rail)
Specialized modes
Optimum (but not exclusive)
domain of operation
Area density Low-medium Origin: low; Any High-meadium
Destination:
high
Routing Dispersed Radial Dispersed Concentrated (radial), ubiquitous
Time Off-peak Peak only All times Peak, daily hours
Trip purposes Recreation, shopping,  Work only Business Work, school, business, social, other emergency

s

Transport Systems and Classification
Classification by Type of Usage

. *7 Corter Bus

Frracvy,_

%
9 il o,




Transport Systems and Classification

Classification by transit Modes

Transport Systems and Classification

& Urban transportation modes and operational concepts can be
classified according to several different bases include

» Classification by type of Usage
» Classification by transit Modes

» Classification by types of Service
» Classification by generic Classes of Transit Modes (Most important)

10
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Transport Systems and Classification
Classification by Transit Modes

U A transit mode is defined by its three basic characteristics
»A. Right-of-way (ROW) category
The travel way or strip of land on which the transit vehicles operate
» B. System technology
Refers to the mechanical features of their vehicles and ways.

» C. Type of service

11
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Transport Systems and Classification

Classification by transit Modes

A. Right-of-way (ROW) category

12

12



Transit Mode Classification
A. Right-of-way (ROW) category
& Right-of-way (ROW) or (transit way) is

» The travel way or strip of land on which the transit vehicles operate

% There are three basic ROW categories distinguished by the degree of their separation from

other traffic :
» Category C
> Category B
» Category A
& As moving from category C to category A
» The degree of separation between travel modes increases
» The performance (speed, capacity, and reliability) of the transit system improves

» The investment costs increase.

13

13

A. Right-of-way (ROW) category
Category C

% Represents surface streets with mixed
traffic.

% It is the lowest cost and least
impacting alternative

% It has the lowest service performance

» because transit vehicle movement is
dependent on the flow of general traffic

& Transit may have preferential
treatment

» Such as reserved lanes separated by lines

» Special signals or travel mixed with other
traffic

14




A. Right-of-way (ROW) category
Category B

% Includes ROW types that are longitudinally physically
separated from other traffic

& Separated from other traffic by
» Curbs
> Barriers
» Grade separation
& This ROW category is most frequently used for
» light rail transit (LRT) systems
> High occupancy vehicle (HOV) lanes

% They provide better traffic flow than general lanes but
do not separate public from private vehicles

15
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A. Right-of-way (ROW) category
Category B




A. Right-of-way (ROW) category
High occupancy vehicle (HOV) lanes

% Known as

» HOV lane, carpool
lane, diamond lane, 2+ lane,
and transit lane or T2 or T3
lanes

% Defined as

» Is a restricted traffic lane reserved
for the exclusive use of vehicles with
a driver and one or more
passengers,

& Itincludes
» Carpools
» Vanpools

» Transit buses

hipedia.rg/wiki/High occupancy vetice ane 17

17

A. Right-of-way (ROW) category
Category A

% Defined as

» A physically separated and fully access-controlled ROW
without intersections or legal access by other vehicles or
persons.

U Itis also referred to

» ‘“‘grade separated,”
N

» “private,”

» “exclusive” ROW

% It can be

> A tunnel
» Aerial structure

» At-grade level.

Transit tunnel in Seattle

18




A. Right-of-way (ROW) category
Category A

Light rail transit in Los Angeles
o I._' _—

19

A. Right-of-way (ROW) category
What do you think ?

20

20

10



Transport Systems and Classification

Classification by transit Modes

B. System technology

21

21

Transport Systems and Classification
Classification by Transit Modes

U A transit mode is defined by its three basic characteristics
»A. Right-of-way (ROW) category

The travel way or strip of land on which the transit vehicles operate

> B. System technology

Refers to the mechanical features of their vehicles and ways.

» C. Type of service

22

22
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Transit Mode Classification
B. System technology

L System technology of transit modes refers to

» The mechanical features of their vehicles and ways.
Y The four most important features are :
1. Support

2. Guidance
3. Propulsion

<+ Refer to the type of propulsion unit and Method of traction ( transferring acceleration/deceleration forces)
4.  Control

0,

**  The means of regulating the travel of one or all vehicles in a system

23

23

B. System technology
Support

% Support is

» the vertical contact between vehicle and riding surface, which transfers the vehicle weight and traction force

& Support types

» Most common

®,

*» Rubber tire on concrete, asphalt, or other surface

®,

<+ Steel wheel on steel rail

» Others

®,

+»  Vehicle body on water (boats and hydrofoils)

®,

«»  Air cushion (hovercraft)

0,

*» Magnetic levitation

24

24

12



Transport Systems and Classification

Classification by transit Modes

C. Classification by types of Service

26

26
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Transport Systems and Classification

& Urban transportation modes and operational concepts can be
classified according to several different bases include

» Classification by type of Usage
» Classification by transit Modes

» Classification by types of Service
» Classification by generic Classes of Transit Modes (Most important)

27

27

Transit Mode Classification
C. Types of Service
L There are many different types of transit services.

U They can be classified into groups by three characteristics

1. The types of routes and trips served
2. Stopping schedule or type of operation

3. Time of operation

28

28
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C. Types of Service Classification
1. Types of routes and trips served

& Classified into :
» Short-haul transit

®,

< is defined as low- to medium speed services within small areas of high travel density
** Such as central business districts (CBDs), campuses, airports, and exhibition grounds.
» City transit (most common type)
*»* Includes transit lines serving an entire city.
<+ They may operate on any ROW category (C, B, or A).
» Regional transit

®,

< Consists of long high-speed lines with few stops
* Serving long trips within the metropolitan region.

®,

< Regional rail and some express bus lines exemplify this category

29

29

C. Types of Service Classification
2. Stopping schedule or type of operation

& Classified into:

» Local service

< is with all transit units stopping
- At all stops
- As required by passengers

» Accelerated service

®,

«» is operation when successive skip different sets of stations on a predetermined schedule (e.g., skip-
stop).

» Express service
*»+ is provided when all transit units (TUs) on a line stop only at widely spaced stops.

®,

*+» These lines often parallel local service but serve fewer stops /stations, comprising express/local
service

30
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C. Types of Service Classification
3. by time of operation

% Classified into:

» Regular or all-day service
< s transit operated during most daily hours.

< This is the basic transit service, and it includes the great majority of transit lines.

*
» Commuter transit or peak-hour service

< refers to routes operated during peak hours only.

< They are usually radial from suburbs, focusing on the CBD, and designed for work trips only.

Q

< Commuter transit is a supplement to an all-day, regular transit but not a substitute for it.

» Special or irregular service

%+  istransit operated only during special events
X For example : sporting events, conventions, exhibitions, or public celebrations) and emergency conditions

”Q

(snowstorms, floods)

31

31

Transport Systems and Classification

& Urban transportation modes and operational concepts can be
classified according to several different bases include

» Classification by type of Usage

» Classification by transit Modes

» Classification by types of Service

» Classification by generic Classes of Transit Modes (Most important)

32

32
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Transport Systems and Classification

Classification by transit Modes

D. Classification by generic Classes of Transit Modes

33

33

Transport Systems and Classification
4. Generic Classes of Transit Modes

% The most important classification of transit modes is into three generic classes
% It is based mostly but not entirely on ROW type.

% These generic classes include :

» A. Street transit (or surface transit)
» B. Semirapid transit

» C. Rapid transit

34

34
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4. Generic Classes of Transit Modes
A. Street transit (surface transit)

L Street transit designates

» modes operated on streets with mixed traffic (ROW category C).
& Its reliability depends on traffic conditions

» primarily traffic congestion and various interferences

& Its speed is lower than the speed of traffic flow due to the
time lost at passenger stops

& Examples

> Buses, trolleybuses, and streetcars/tramways are in this class

35

4. Generic Classes of Transit Modes
B. Semirapid transit

% Consists of modes utilizing mostly ROW category B,
» but C or Amay also be used on some sections.

% This class includes a wide range of modes from those with B and C categories, such as
» buses and light rail transit (LRT) operating on separated ROW and streets on the low side,
» Largely grade-separated LRT with tunnels or aerial structures (B and A) on the high side.

% Performance of these modes depends

» The degree and locations of ROW separations:

< It is particularly important that transit be separated from other vehicular traffic in central, congested urban areas.
» Technology:
< Rail modes can operate in short trains and have higher safety through automatic signalization than buses.

2

<& Higher types of Semirapid transit (with little or no category C ROW) can match or exceed the speed and reliability of auto
travel.

36
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4. Generic Classes of Transit Modes
Rapid transit

& Rapid transit modes operate exclusively on category A ROW

% It have high speed, capacity, reliability, and safety.

(high safety).

although they consist of buses or LRT only.

L All existing rapid transit systems utilize guided technologies (rail or rubber tire),

» which permit the operation of trains (high capacity and low operating costs) and automatic signal control

& Because the term “rapid transit” is very popular, some cities use it for their transit systems,

» Technically speaking, the Bus Rapid Transit (BRT) mode is semirapid, rather than rapid transit.

37
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Determinant c it Basic
factors AlCLeTicH/types characteristics
; C , \
Separation from B Right-of-way
other traffic A categories
W Highway: driver-steered }
Support ]
Guidance %
Propulsi g
1:::u s'?" T Technology E
-elarengine Rubber-tired: guided, semiguided g
-Traction o =
" Rail
Control Special
Line length Short-haul Local
Type of operation City %Accelcmlw Types of service
Trips served Regional Express )
“ The list is not exhaustive.

Individual
modes®

(Paratransit modes)

( Shuttle bus

Regular bus
Express bus/sireet
Trolleybus
Streetcar/tramway

Bus rapid transit
Light rail transit
AGT shurtle

Automated guided transit
Light rail rapid transit
Rubber-tired rapid transit
Monorails

Rail rapid transit/metro
Regional rail

Cable car

Cog railway
Funicular
Aerial tramway

\ Ferryhoat

Hydrofoil

Generic classes L

Street transit
} Semirapid transit

5

7 Rapid transit

¢ Specialized transit

An overview of transit mode definition, classification, and characteristics
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Automated guideway transit AGT)
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Transit System Components

41

41

Transit System Components
Physical components of the transit systems are generally class:f/ed /nto the

following items:

1.

Vehicles or Cars

» Referred to collectively as the fleet for any mode and rolling stock for rail vehicles.

» A transit unit (TU) is a set of vehicles traveling together; it may be a single vehicle unit or a train with several

coupled vehicles.
Ways, travel ways, or rights-of-way, which may be
» Common streets and roads
» Reserved lanes (designated only)
» Exclusive lanes (physically separated)
» Transit streets

» Busways (grade-separated roadways for buses only)

42

42
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Transit System Components

3. Locations and facilities

» Refer to Locations and facilities at which vehicles stop to pick up and drop off
passengers can be of several types.

% Includes

» Stops

< locations along streets with simple facilities (signs, shelters, etc.).

"

» Stations
<> Usually facilities below, on, or above ground for passengers and system operation.

"

» Terminals

< End stations of major transit lines

< Transfer stations serve more than one line and provide for passenger interchange among
them

43

Tran5|t System Components

4. Bus garages or depots and rail yards

» Buildings or areas for vehicle storage.

> Shops are facilities for vehicle maintenance and repair

5. Control systems
» include electric, computer and other electronic equipment for

< Vehicle detection
< Communication and signals,

< Central control facilities

44
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Transit System Components

Physical components of the transit systems are generally classified into the fol/owmg ltems

6. Intelligent Transportation System (ITS)

> is a broad set of devices, facilities, and processes that : = s | m et
utilizes computer and other electronic technology devices 5 e
for control and efficient operation of transportation
systems.

» In transit systems, ITS is used mostly in

o

% The monitoring and control of TU operations

0,

% Fare collection and control

o

% Collection of statistical data

®,

% Passenger information systems

[ N I

45

45

Transit System Components

Physical components of the transit systems are generally classified into the fol/owmg ltems:

8. Power supply systems on electrically powered modes
» Consist of substations, distribution cables, catenary or third-rail structures, and related equipment.
9. Transit route or transit line
» is a designated set of streets or separated rights-of-way that transit TUs regularly serve
» The term “route” is commonly used for buses
» The term “line” for rail modes and for sections on which several routes overlap;
+ but the two terms are sometimes used interchangeably.

» The collection of all routes/lines in a city is its transit network.

46
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and Characteristics

Transit System Operations, Service,

47

47

Transit System Operations and Service

U Transit operations
» produce transportation that is offered to potential users.

U Transit operations include such activities as
» Scheduling
» Crew rostering
» Running and supervision of TUs
» Fare collection

» System maintenance
& Transit service

> is the system as seen by its actual and potential users

48
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Transit System Characteristics

& Transit system characteristics
System performance
Level of service (LOS)

Impacts

A L bR

Costs

49
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Transit system characteristics
1. System performance

Y Defined as

» refers to the entire set of performance elements

% The most important being:
A. Service frequency (f)
%  Number of TU departures per hour
B. Operating speed (V,)
<+ Speed of travel on the line which passengers experience.
C. Reliability

«  Expressed as a percentage of TU arrivals with less than a fixed time deviation from schedule (e.g., 4 min).

D. Safety
< Measured by the number of fatalities, injuries, and property damage per 100 million passenger-km, or a similar
unit.

50
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Transit system characteristics
System performance

F.  Line capacity (C)

o,

% The maximum number of spaces (offered capacity) or persons (utilized capacity) TUs can carry past a point
along the line for one hour.

G.  Productive capacity (P,)

% Composite indicator incorporating one basic element affecting passengers (speed) and one affecting the
operator (capacity)
- The product of operating speed and capacity of the line, (V, x C).

2

< Productive capacity is a very convenient performance indicator for mode evaluation

H.  Productivity

0,

¢ The quantity of output per unit of resource

2

< (e.g., vehicle-km per operating cost, or space-km per unit of labor, fuel, ROW width, and so on).

l. Utilization

0,

% The ratio of output to input, but of the same or a similar unit; for example, person-km/space-km offered.

51
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Transit system characteristics
2. Level of service (LOS)

% Defined as

» the overall measure of all service characteristics that affect users.

L LOS is a basic element in attracting potential users to the system.

& Major factors comprising LOS can be divided into three groups:

A. Performance elements that affect users

< Such as operating speed, reliability, and safety
B. Service quality (SQ) consisting of qualitative elements of service

0,

%  Such as convenience and simplicity of using the system, riding comfort, aesthetics, cleanliness, and behavior of
passengers

C. Price

«  The amount a user must pay for service (i.e., its fare or rate)

52
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Transit system characteristics
3. Impacts

% Defined as
» The effects transit service has on its surroundings and the entire area it serves
» The impact may be positive or negative.
% Impact types
» Short-run impacts
< Reduced street congestion
«+  Changes in air pollution, noise, and aesthetics along a new line.
» Long-run impacts
< Changes in land values
++  Changes in economic activity

*»  Changes in physical form, and the social environment of the city

53
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Transit system characteristics
4. Costs

& Costs are usually divided into two major categories:

» Investment (or capital) costs

< Those required to construct or later make permanent changes in the physical plant of the transit system.

» Operating costs

<~ Costs incurred by regular operation of the system

54

54
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Generic Class Private Auto on

Street Transit Semirapid Transit Rapid Transit

Characteristics Unit Street Fresway
Transit unit capacity sps/TU 1.2-2.0° 40-500 40-750 140-2000
Max. frequency, .. TU/h 600-800 1500-2000 60-120 40-80 10-40
Line capacity, C sps/h 7201050 1800-26800 2400-15,000 4000-20,000 10,000-70,000
Operating speed, V, km/h 20-50 60-90 15-25 20-45 25-80
Productive capacity, P, 10° sp-km/h 10-25 50-120 20-150 75-600 700-4000
Investment cost per 10% §/km 1.0-8.0 20.0-100.0 0.5-10.0 5.0-50.0 40.0-120.0

pair of lanes

Typical systems® Auto/street  Auto/fwy RB-1 RB-2 SCR BRT LRT-1 LRT-2 RRT-1 RRT-2 RGR

Transit unit capacity sps/TU 1.3 13 65 75 140 100° 180 430 800 1100 1000
Max. frequency, .. TU/h 700 1800 120 [0 a0 100 a0 40 30 a5 28
Line capacity, C sps/h 910 2340 1800 6750 10,000 10,000 16,200 17,200 24,000 38,500 28,000
Normal operating km/h 35 80 20 18 26 26 30 33 38 36 50

speed, V,
Operating speed at km/h 20 40 10 12 18 18 23 25 38 34 48

capacity, V
Productive capacity, P, 10° sp-km/h 182 a93.8 78 81 180 180 3726 430 912 1309 1394
Investment cost per 10° /km 3.0 40.0 1.0 1.5 35.0 35.0 40.0 45.0 60.0 100.0 90.0

pair of lanes

2The systems shown are assumed to be heavily loaded but somewhat below capacity of respective mode.
“Maximum number of spaces that can be utilized.

¢Designations used in Figures 2.5 2.6, and 2.7.

“Articulated buses.

Performance values for generic classes of modes and for several typical systems

55
Generc Class Private i
Moda  Aiion P Strest Transit Semirspid Transit Rapid Transit
Characteriztics  Linit Strest Freeway RE SCR BRT LAT RAT RGR
Vehicle srsiveh A4-6, total 12-20 40120 100-250 40-150 110-250 140-280 140-210
capacity, C, usable
‘ehbcles  TU wehi/TU 1 1 1 -3 1 14 1-10 1-10
TU capacity sps/TU 4-5, total 12-20 40-120 100-500 40-150 100-750 140-2400 140-2000
usabla
Max. technical km/h 40-B0 BO-120 40-80 60-70 70-80 G60-100 80-100 B0-130
spead, V
Max TU/h 600800 1500-2000 60-180 B0-120 BO-3007 40-60 2040 10-30
frequency®
fran
Line capacity,® =spa/h 720-1080¢  1800-2800¢ 2400-8000 4000-15,000 4000-8000 E000-20.000  10.000-70,000 B000-80.000
G —20,000¢
- : Marrmal ik 20-50 H0-80 15-25 12-20 2040 20245 25-60 40-60
Technical, operational, and pitiadrn
h [ f apead V)
system characteristics o Operating ki 10-20 20.60 a1s 813 1540 1540 24.85 3875
spesd at
urban transport modes capacity, Vi
Productive 10" sp-kmih - 10-25° 501207 25-90 35-150 75200 120600 T00-1500 #00-4000
capacity,© —&00
o
Lane wicth m 3.00-3.85 3.65-3.75 3.00-3.865 3.00-335 365275 3.40-3.60 3.70-430 A.00-475
{ona-way)
\ehicle control - Man [vis. Man. /vis. Man./vis. Man. /vis Man.fvis,  Man./vis-sig.  Man-auto./sig.  Man-auto./sig.
'
Relzhility = Low—mied Low—high  Low-med Low—med Hegh High Very high \ery high
Salaty — Lo Loww—med Med Med High High Wery high \ery figh
Station m — — 200-500 300500 S00-800 500-1000 S00-2000 1200-4500
spacing
Invesiment 10* S/km 1.0-80 20.0-100.0 0.5-60 &.0-10.0 5.0-400 10.0-50.0 A0.0-100.0 0.0-120.0
ol per
pairs of
lanes
*Antrevafions sps = spaces, veh = wehicies, TU = transit unit; RB = mgular bus; SCR = simelcar BAT = bus rapid fransit. LAT = lIight mil transit; RAT = @i repid
transit, AGRA = mgional rail.
BFor autn, ke caparity, for tansit, line (Station) capacity o TUS D
“Vahes for G and P are not necessanily pmducts for the exteme walues of their components because fhess seidom coincide
“With multiphs parafiel bnes and overtaking at stations.
SFor private auto, capacity & product of average ocoupency (1.2-1,5) and 4., since all spaces cannot be ulilized
! Abbreviations ane for manual visual, signal and automatic,
=104
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Transportation Engineering
and Planning
(110 401367)
Spring 2021-2022

Module No. 2

2.2 _ Highway Transit

Dr. Hamza Alkuime

Major Topics To Be Covered
Topics \T/Zéﬁz Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45




Family of Highway Transit Modes
Definitions
% Highway transit consists of buses operating mostly on urban streets with general traffic

U Buses

» are rubber-tired, steered vehicles that can have a variety of technical and operational characteristics.

& Buses are used for virtually all types of services,

» Short-haul to regional
» Local to express
> All-day or peak-period only
» Irregular service
%  Numerous improvements of bus services have been introduced in recent decades

» To provide higher performance

» To provide be more attractive transit services that can be competitive with autos and reduce street congestion,

Bus, the vehicle




Bus, the vehicle

% The bus may be classified based on :

» Propulsion Systems OR Body Type

Generator

Controller
Electric motor

Engine

Energy storage

eeeeeeeeee

Image source: https://gettozero.com/series-e.php

Classification by Propulsion System
Diesel Bus

& The vast majority of buses in the United States are powered by the six- or eight
cylinder four-stroke water-cooled straight in-line or V type diesel motor.

.




Classification by Propulsion System

Trolleybus :

% Aselectrically powered highway
vehicles that obtain power via
trolley poles from two overhead
wires (+ and -)

% Trolleybuses are the only rubber-
tired highway vehicles without a
self-contained power source for
regular operation

Trolleybus




Buses
Trolleybus Vs Diesel bus

% Advantages

» The trolleybus due to electric traction, they are more

< Rapid

“»  Smooth acceleration and deceleration, particularly on gradients
» The trolleybus produce extremely low noise and no exhaust fumes.

» The trolleybus vehicles are more durable than diesel buses

U Disadvantages

» The trolleybus require a higher investment and line maintenance costs (for overhead wires)

» The travel using trolleybus is limited to the network of overhead wires except for short distances or
maneuvers

Classification by Propulsion System
Dual-Mode Bus

% A bus that has both diesel and
electric traction

» It can operate on a trunk section of a
line in the center city, or in a short
tunnel section as a trolleybus and then
proceed on streets as a diesel bus

A guided dual-mode

10

10




Dual-Mode Bus

Classification by Propulsion System
Hybrid Bus

% This bus model has

AN

» A diesel (sometimes gasoline)

» An electric motor/generator

» An electric battery or other energy storage device.
» A special switching mechanism allows

% the use of either of the motors or their combination during different regimes of travel

12
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Classification by Body Type

Table 5.3 Different bus vehicle types

Capacity
Min/Max
Type Sketch Length (m) Seats Total
Minibus @ 6-7 12/20 30
Midibus m 8-10 16/30 50
Standard bus ]E' 10-12 35/55 85
Articulated bus ||| OJ 16-18 40/75 130
O
D‘;‘bje e I I 22-24 40/80 140
us O O
Bxocibla-cackae 10-12 60/95 125
bus
—0——o0-

14
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A contemporary minibus

Midibus in Budapest

Er d
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Classification by Body Type

Standard U.S. urban low-floor
bus

16



Classification by Body Type

Low-floor articulated bus with wheelchair ramp lowered

17

17

Classification by B¢

Bending ability
of articulated
bus

HORIZONTAL BENDING

VEATICAL RENDING

18




Articulated Bus From California At Mississauga City Hall [&

19

19

Amman Rapid Bus

20

20
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Type

—r e

Double-articulated bus

21
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Double Articulated Buses in Hamburg, Germari§eks

22
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Classification by Body Type
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Double-decker bus

23

Classification by Body Type

Guided bus

24
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CIaSS|f|cat|on by Body Type Guided bus

N .. 4

GUIDEB‘BUSWAY
CAMBRIDGE, UK

25

Optimal Bus Size
Optimal Bus Size

& The selection of bus size is usually a complex task because the relative importance of
several factors include:

1. Line capacity required to meet passenger volume

°,

< increases nearly linearly with vehicle size.

2. Service frequency

2

< is desirable for passengers, but above 20 to 30 departures per hour it is fully satisfactory

3. Vehicle maneuverability

< Decreases with vehicle size.
< Large vehicles are less convenient and slower on routes with many turns, narrow lanes, and so on.
4. Riding comfort

2

L3 Increases with the vehicle size on single-body buses, but may be lower with articulated and double-decker buses
5. Operating costs per unit of offered capacity (space-km)

2,

< Increases with the vehicle size on single-body buses, but may be lower with articulated and double-decker buses

26
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Bus Travel Ways

28

28

Bus Travel Ways

& A vast majority of buses operate on urban streets with no special fixed facilities except bus-
stop signs and benches or shelters

% In recent years in many cities

» there has been a growing recognition of the fact that the level of bus service depends mostly on the type of
ROW facilities, leading to the introduction of bus lanes and busways, i.e., elements of BTS and BRT

& Bus Travel Ways includes
A. Shared travel-way

B. Bus Lanes on Streets
1. Regular Bus Lane (RBL)
2. Contraflow Bus Lane (CBL)

3.  Exclusive Bus Lane (EBL)

29

29
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Bus Travel Ways
A. Shared travel-way ( operation mixed traffic)
% Bus operation on urban streets and arterials requires
virtually no investment

> Allows nearly any bus routing, but has adequate reliability
only if auto and other traffic on the same streets does not
have frequent delays

% Since buses are vulnerable to traffic congestion and
must make passenger stops along their way,

» Bus operating speed is always lower than the travel speed of
private automobiles on the same facility.

% Thus, buses in mixed traffic cannot be competitive
with autos with respect to travel speed

30

Bus Travel Ways
B. Bus Lanes on Streets

% The most important preferential measure for buses is

» the longitudinal separation of travel ways

» Much higher occupancy of public than of private vehicle

% It can be provided in different forms with respect to
» Types of lanes
» Alignment

» Degree of separation from other vehicle categories includes

%  The numerous reasons for preferential treatment of buses can be divided into two categories:

» Greater importance of public transport due to its basic role in the city, its greater efficiency, and fewer negative side effects

31
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Bus Travel Ways

B. Bus Lanes on Streets

1.

& Bus Lanes on Streets includes

Regular Bus Lane (RBL)

“  One per direction or one reversible lane for both peak hours,

¢ used for commuter bus lines

Contraflow Bus Lane (CBL)

®,

«» One or two lanes opposite to the flow on one roadway separated by lines, curbs, rubber cones, or
overhead signs serving buses in the prevailing direction

Exclusive Bus Lane (EBL)

¢ Physically separated facility for two-way bus travel at all times.

32
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Regular bus lane on a street

Regular bus lane
(RBL) usually curb
lanes, are the most
common type of bus
lanes on streets

33
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Bus Lanes on Streets
Regular Bus Lane (RBL)

% Curb RBLs
» Their introduction, naturally, requires prohibition of parking and
stopping
» Turning traffic at intersections requires special solutions
» Convenient

m  since they allow easy stopping of buses for passenger
boarding/alighting,

» usually slower than other lanes because of “marginal friction”:
closeness to curb, trees, poles, and pedestrians.

» Most important, their effectiveness is greatly dependent on

< The enforcement of driving, stopping, and parking prohibitions

B3 Adequate provision for deliveries outside that lane, accesses to
driveways and parking areas,

m  For this reason RBLs cannot be effectively used in cities with
inadequate enforcement of traffic controls and chaotic street conditions

34
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Bus Travel Ways
Curbed Regular Bus Lane

Allowed if not heavy

il

/

Dimensions are meters
B-bus

7 x3.50

\
Signal phases: @

T
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Bus travel ways
Contraflow Bus Lane (CBL)

% CBLs, having the opposite direction from other lanes on the same street
> must be located along the curb to the left from the main travel direction

% The opposite direction of CBL operation strongly discourages any encroachment of other traffic

» So that less enforcement is needed than with RBL
% VYet, to prevent potentially dangerous head-on situations,

> CBLs must be marked more conspicuously than RBLs: double yellow lines, signs, and sometimes overhead lane signals are used.

% Another potential safety hazard is to pedestrians who may step into the lane, not expecting
vehicles traveling the ““‘wrong way’’ on a street perceived to be one-way.

% To further ensure safety,

» It is desirable that CBLs be used only where bus frequency is high (20 to 40 buses/h), so that a bus is in view of other
drivers at most times.

36
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Contraflow bus lane in London

Bus travel ways

Contraflow bus
lane (CBL)

37
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Bus travel ways
Contraflow bus lane (CBL)
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{b} Contraflow bus lane
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Bus travel ways
Contraflow bus lane (CBL)

Russell Square

39
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Exclusive bus lanes or busway (EBL)
Center lanes or curbed medians

U Physically separated facility for two-way bus travel at all times.
» It is desirable wherever possible to separate lanes on their entire length by curbs

% Such lanes are faster and safer than curb RBLs,
» but pedestrian islands must be provided at all stops for safety and convenience

U This type of facility requires either

> Elimination of left turns for other traffic

» A three-phase signal control that separates left turns from bus movements.

40

40

Bus travel ways
Center lanes or curbed medians

Min. 2.00 Min. 1,00, 6350
- = 7
1
= _=
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Bus travel ways
Center lanes or curbed medians

42

42

Bus travel ways
Center lanes or curbed medians
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Bus Transit Modes

44

44

Family of Highway Transit Modes

Bus Transit modes

U Three general types of Bus Transit Modes:
1. Regular or conventional bus (RB)
2. Bus Transit Systems (BTS)
3. Bus Rapid Transit (BRT)

45
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Bus Transit Modes
1. Regular or conventional bus (RB)

& Regular or conventional bus (RB):

» A bus transit system consisting of buses operating with fixed schedules on
streets in mixed traffic (ROW category C) and curbside stop locations
equipped with signs and sometimes with passenger protection and
information facilities.

46
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Bus Transit Modes
Regular or conventional bus (RB)

%, Characteristics
» Bus stops are at every corner
» Considerable time is lost due to traffic signals.
» The stops often have inadequate information for passengers
» It has limited speed and reliability
» It requires little investment but offers services with weak image and reputation

» It is usually not competitive with auto travel

47

47

23



Bus Transit Modes
2. Bus transit system (BTS)

% Bus transit system (BTS)

» A bus mode developed as a coordinated system with significant improvements in its components for higher
operating speed, reliability, and efficiency.

& Upgraded components may include

» Provision of bus lanes, stops with greater spacings designed for fast boarding due to self-service fare
collection (SSFC)

» Multichannel doors

» Low-floor buses

48

48

Bus Transit Modes
3. Bus Rapid Transit (BRT)

& Bus Rapid Transit (BRT)

» Bus transit designed as an integrated system of distinct buses and a separate
infrastructure with considerable independence from other traffic, allowing higher speed,
reliability, and safety than BTS.

& Although it is not possible to precisely define the distinction among the three bus modes,
which may differ in many physical components and operating practices

» The six components listed in the box next slide are used as the basic elements that a system must have to be
considered a BRT.

49

49

24



Bus Transit Modes
BRT must have the following elements\

1. Predominantly ROW category B or A not shared by other modes such as taxis or HOVs, and only limited line
sections, if any, with ROW C ( MOST Important )

2. Distinctive lines with frequent, reliable service and regular headways during all daily hours

3. Distinct stops or stations with good passenger protection, information, and fare-collection equipment,
allowing fast passenger exchange, which are spaced at least 300 to 600 m apart in the central city and at
greater distances in suburban areas
» Amman BRT has length of 32 Km and 21 Stop stations

4. Bus vehicles of distinctive design, with a large door channel-to-capacity ratio, low floor, or high platform for
fast passenger exchange at stops and stations.

5. Bus preferential treatment at all major intersections.

6. Use of intelligent transportation system (ITS) technology for monitoring vehicle locations ands movements,
passenger information, and fare collection.

50
50

Bus Transit Modes
Vehicles

& BRT lines are usually served by

articulated buses because they
serve heavily traveled lines and

51

51
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Bus Transit Modes
Infrastructure: Lines and Stations

& BTS lanes are usually placed along street curbs.

%  With the goal of making BRT lines a distinct transit system with
priority over general traffic,

» their exclusive lanes are placed in most cases in a central position

» This position provides for faster travel of buses, although it requires
special design of stations and regulation of turning movements at
intersections

%  Bus station designs depend on

» The passenger volumes, their access to stations on islands in the
middle of the street, and the method of fare collection

% Pedestrian access must be channeled via one or two pathways
from intersections or overpasses to a set of fare gates

52
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Bus Transit Modes
Operations and ITS Applications

& The most common ITS elements include

1. The automatic vehicle location (AVL) system, based on GPS or other technologies,

+» is often used by control centers for bus dispatching, coordination of transfers among bus lines,
interventions when delays occur, and other events

Priority or preemption at signalized intersections
3. Silent alarm for the driver and other security device
4. Passenger information systems for

% pre trip and onboard information for forthcoming stops, transfers, etc., automated or transmitted
from the driver or from the control center

5. Announcements of next bus arrivals at stations

54
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Bus signal preemption

+ Conditional Basis

* Continuous Operation
 Driver Discretion

55
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Exclusive bus lanes or busway (EBL)

Center lanes or curbed medians

4

56
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Bus Transit Modes

Costs for U.S. Bus Rapid Transit Projects

Capital Costs | Cost per Mile | Federal | State and Local
BRT System Miles ($ million) ($ million) Funding Funding
Boston Silver Line, Washingron St., Phase 1 2.4 $46.5 519.4 0% 100%
Cleveland HealthLine 7l $197.1 57.0 50% 50%
Boston Silver Line-Warterfront/Phase 2 8.8 $624.2 589.1 77% 23%
Pittsburgh, MLK Jr. East Busway 9.1 $68.0 $20.0 50% 50%
Eugene EmX 4.0 $65.9 516.4 80% 20%
Qakland San Pablo Rapid 14.0 $3.2 50.23 N/A N/A
Los Angeles Orange Line 14.2 $377.0 $25.0 7% 93%
Las Vegas, MAX and SDX 19.0 $51.6 $2.7 82% 18%
Kansas City MAX 12.0 $65.9 $55 63% 37%
Los Angeles Metro Rapid 400.0 $94.0 $0.24 77% 23%
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Case study

Amman BRT

58

58

28



Amman BRT

O https://www.youtube.com/watch?v=DT0lUoptqVw&t=33s

59

59

Bus Stops on Streets

aspects:
»Spacings

» Locations

» Stop designs

U The planning of stops along a bus route involves three major

60
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Bus Stops Spacings
Spacings
% he spacings of bus stops should be inversely related to

» The ratio of passenger origins and destinations
» The volume of passengers traveling through an area
& Stop spacings should be such that,
» On the average, buses stop at distances of 400 to 600 m
> In exceptional cases somewhat closer, but in no case below 300 m
» Average spacings shorter than 300 m, common for many U.S. cities, are acceptable only as demand stops

% The use of average spacings shorter than 300 m on regular bus routes will result in

> heavily degrades service quality (speed, comfort)

» Negatively affects ridership
» Moreover, frequent stops make it economically and physically difficult to provide adequate facilities

B3 such as shelters, benches, and information signs

61

61

Bus Stops Locations

U There are three types of locations for transit stops along streets:

» Near-Side (NS)

<& At an intersection before crossing the cross street
» Far-Side (FS)

% Atan intersection passed the cross street
» Midblock (MB)

<> Away from intersections
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Bus Stops Locations
Near-Side (NS)

0_location_roadway._designasp

L
-
L]
-
-
-
=~
-
-
=
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Bus Stops Locations
Far-Side (FS)

top_location._toadway_design.asp
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Bus Stops Locations
Midblock (MB)

o Ioction toacvay_designasn 68
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Bus Stops Locations
Locations
L It is common in many cities to

» adopt one type of stop location (usually NS) and use it throughout the city.

«» However, such uniformity of stop locations is seldom justified

U Major factors influencing the choice of stop locations are
1. land uses
«+ Buildings generating transit trips
Traffic signal coordination
Passenger access

Geometry of bus turning and stopping

69
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Bus Stops Locations
Traffic signal coordination

& Signal coordination is often a major factor,

» since it can strongly influence bus speeds.
L Asimple rule, known as “Von Stein’s law of transit stop locations

» on a street with coordinated signals, alternate stops (NS-FS-NS, etc.) result in the shortest delays

2

< Signal coordination

- means that vehicles traveling along the main road tend to progress or move through downstream signalized
intersections without having to stop.

70
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Signal coordination

71
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Signal coordination

72

72

Bus Stops Locations
Von Stein’s law of transit stop locations

U A bus (or any other transit vehicle) can leave an NS stop at intersection 1 only

» during a green phase (i.e., within a “through band” on the signal timing diagram)
L It therefore arrives at intersection 2 during its green phase.
» With an NS stop there,

°,

< The bus would have to stop and risk being “caught” by the next red phase
» With an FS stop,

2,

< The bus passes intersection 2 within the band (i.e., with the platoon of vehicles). Thus at intersection 2, FS is clearly better
than NS. Since stopping at the FS may delay the vehicle, so that it falls out of the band

» it is better that the following stop,

< at intersection 3, be NS, so that the bus may utilize its waiting at the red signal for passenger exchange at the stop.
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Intersection
No.2

|
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Bus Stops on Streets
Locations

U Passenger access and convenience are maximized when stops are located
where waiting passengers are
» Well protected from traffic

» Have sufficient space for circulation
» Do not impede the pedestrian flow on the sidewalk.

75
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Bus Stops on Streets
Locations

Impact of bus stop locations on convenience of passenger transfers between intersecting routes

Correct stop locations Heavy passenger Incorrect stop locations:
transferring flows all NS {(or all FS)

.
x

=

 ——

* The stops should be located at intersecting points of two or more bus routes so as
U to minimize the walking distance required for transfer between buses

76
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Bus Stops Locations
Locations

L Most of these factors favor either NS or FS stops over
MB stops

% mB
» require the greatest curb length
» cause longer walking to cross streets and transfer points,
» nd may encourage jaywalking

% In conclusion,

» The blanket use of only one type of stop is usually not the best
solution.

» Selection among the three types should be made for each
individual route based on the factors discussed
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Bus Stops Design

% The simplest type of bus stop is

3

» where buses travel and stop in the curb lane.
> Although such stops are convenient for passengers and require the least maneuvering,

<& But they block a traffic lane for other traffic
% A better location for bus stops is outside driving lanes

» this provides greater safety and less interference with other traffic

» The most common such stops are located in parking lanes and in special
bus bays

(@3
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Bus Stops Design
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Bus Stops Design

Near-side stop in parking lane

Dimunsions are meters
Striging

BBE[EIE

j""DD

L HﬂBH E‘g,
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Bus Stops Design
Far-side stop in parking lane

(4

@
= P
%]

Striping

25 pr. 4
warg“%
OPTIONAL
PAINTED TAPER
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Bus Stops Design

- ) 30-35 {42) ) .

: + 13 for 2 'ocations B
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R
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Bus Stops Design

of bus stops (m)”

Approximate One-Bus Stop Two-Bus Stop
Bus Length NS FS MB NS FS MB
7.50 275 195 380 360 280 465
9.00 29.0 21.0 395 39.0 310 495
10.50 30,5 225 410 420 340 525
12.00 320 240 425 450 370 555

*Mote: The values given here are recommended in the US.
iterature. Tests performed by MARTA {Atlanta) show that con-
siderably shorter dimensions can also provide satisfactory op-
eration (see Figures 5.21 and 5.24).

Desirable curb lengths for different types of bus stops (m) _-

83
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Bus Stations and Terminals

84

84

Bus Stations and Terminals

& Bus stations
» are off-street areas or buildings with stops for several bus routes.

> Usually built at

< Transfer points among several bus routes (e.g., in a timed transfer network in low-density areas)

<~ Between bus feeders and rail lines

& Terminals
» Strictly speaking, end stations of one or more bus routes
» However, the term is sometimes used for any large station with passenger facilities,
B3 such as waiting rooms, ticket offices, and so on

& Bus stations and terminals must be on sites with

» Good accessibility from major highways and arterials

» Naturally, extensive service by intracity transit routes

85

85
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Bus Stations and Terminals
Bus berths (bus loading points)

% The number of berths in a bus station depends on

1. The number of routes
The peak-hour headways on each line

2

3. Schedule coordination
4.  Reliability of operation
5

Dwell times of buses
% Routes with

» Headways below 3 to 5 min
% Usually require at least two berths

- since bus delays often cause the dwell times of two buses to
overlap.

» Headways between 5 and 10 min

< Allow use of one berth if dwell times are short
compared to the headways and delays.

86
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Bus Stations and Terminals
Multiple bus stops

% Multiple bus stops along a curb (on a street or in a station) can be designed for three
different cases with respect to bus arrivals/departures:

» 1. Not allowing any overtaking
» 2. Allowing independent departures but dependent arrivals

» 3. Allowing independent arrivals and departures

87

87
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Bus Stations and Terminals
Multiple bus stops

& Straight curve, Independent departures

* Stops occupy a curb length equivalent to
* abus length (L) plus 1 m for distance between

- ‘I’4'0
[ | | | 130 ]
|—-4—|_ — B-Bs—\«f--‘-L'—r— ! L'———‘
For L'=12 - 20 - 13 |
{a) Stra
Articulated buses Dimensions are me
. e
10 | el B O] IHRe]
i-—— L' —|+6-8 ..|. e
For L' for 172 -——— 2§ . —18——
88
88
89
89
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Bus Stations and Terminals
Multiple bus stops

W Straight curve, Independent arrivals and departures

A distance of 6 to 8 m between [ | _F>&i I I I I

vehicles is required for both regular , , —1 )
and articulated buses -~ 8-11»f— " — 'T—q— L
ForlU'=12: |e«— 23—

e

[ O | O O 1
l* L'—»+10-13344—Lr—..‘»f;1__¢,_-_..
For L'=17: -« 28304

*Models with rigid
20

90

Bus Stations and Terminals

Multiple bus stops
& Sawtooth curb design, Independent arrivals and departures

, " — e 4.5
The arrivals are the more critical — ¥
maneuvers and require distances of 8 - 4 3.0
to 11 m for standard and 10

to 13 m for articulated buses el ____1&0

-—% b Y
——18-20 -t 18-20—
For L'=12: o2 e —
, O T =l 0T =
- 24-26 -l 24-26 ~I Nominal
ForL'=17: - 25 -] curb line
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Bus Stations and Terminals
Sawtooth curb

& This design geometry allows

> faster and easier bus maneuvers

> Bus takes a shorter distance per stop location
than does straight curb for the same vehicle.

%  The sawtooth design has become common
for bus feeder locations in recently built
rail transit stations in U.S. cities

92

Bus Stations and Terminals
Parallel islands

% Another layout of bus stops
a series of parallel islands
separated by single-lane
roadways

& This layout is efficient for
major terminals with many
lines

93



Bus Stations and Termins
Parallel islands

Meters

wr A 8 c ]

45° | L'or 2L+ 1.00 | 1.50-3.00 | 3.25 B.00-10.00

60% | L'or2L7+1.00| 1.50-3.00 | 350 | 10.00-12.00 The most common are the designs of islands at angles of 45, 60,
90° | L' or2L'+ 1.00 | 1.50-3.00 | 3.75 | 12.00-14.00 and 90 degrees to the access roadways.

*For stairs or escalators leading 1o a pedestrian mezzanine
1 RN-2 A0 m shnoid be added.
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Bus Stations and Terminals
Bus stops around a major rectangular or oval island

% The bus stops around a major rectangular or oval island is the best layout for
> Pedestrian safety
» Pedestrian comfort
» Pedestrian convenience

% This arrangement allows passengers to

» transfer among all bus routes (e.g., at timed transfer points)

» or between buses and trains at rail transit stations (via stairways from the island) without crossing a
roadway

95
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Bus Stations and Terminals

Bus stops around a major rectangular or oval island

{a) Bus-rail transfer station with island stops

96
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Bus Stations and Terminals

Terminal
building or I
RRT station

___—\':

Bus parking

{b} Central isiand station in quadrant of an intersection
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Bus Stations and Terminals
Oval island stations parallel with streets

{a) Parailel station between a pair of one-way streets

98
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Bus Stations and Terminals
Oval island stations parallel with streets

T

{b} Parallel station on the side of a two-way street

99
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Mafraq Bus
Stations and
Terminals
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South Bus

station
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South Bus
station
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Zarga Bus station
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Irbid Bus station
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Irbid Bus station
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HU Bus station
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HU Bus station

112

HU Bus station _
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Transportation Engineering
and Planning
(110 401367)
Spring 2021-2022

Module No. 2

2.3 _Amman BRT

Dr. Hamza Alkuime

Major Topics To Be Covered
Topics \T/Zéﬁz Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45
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Problem definition
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Amman BRT

Problem definition




Amman BRT &

Search for solutions+ Alternative evaluations+ project selection




Amman BRT

Amman BRT

https://www.youtube.com/watch?v=0T80Y180AH8
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Amman Rapid Bus
Bus type
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Amman BRT
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and Planning
(110 401367)

Spring 2021-2022
Module No. 2

2.4_Rail Transit

Dr. Hamza Alkuime

Major Topics To Be Covered

Topics \T/Zéﬁz Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3

Total 15 45
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Family of Rail Transit Modes
Definitions and Characteristics of Individual Rail Modes

& On the basis of the main features that define transit modes
» ROW type
» Technology

» operational/service characteristics
U Rail systems can be classified into four modes:
» Streetcars/tramways (SCR/TW)
» Light rail transit (LRT)
» Rail Rapid Transit (RRT)
» Regional rail (RGR)

Streetcars/Tramways




Streetcars/Tramways

U, Streetcar (SCR) systems consist
of

U one, two, and occasionally three
rail vehicle trains operated mostly
on streets in mixed traffic but
sometimes also with limited
separation from street traffic by
preferential treatment or separate
ROW

Streetcars/Tramways

% A typical SCR/tramway
vehicle has

» Four to six axles
» Length of 14 to 21 m
» Seating about 20% to 40% of

< its 100 to 180 total passenger-
space capacity.




cars/Tramways
- N = “l.:

—

Street

Streetcars/Tramways

% In recent years many
tramway systems have
introduced a modern
streetcar
» 35 to 53 m long multiarticulate

» low-floor vehicles with five to
seven body sections,

» Capacities up to 350 space

A modern streetcar (Siemens Ultra-low-floor model in Vienna)




Streetcars/Tramways (&

—

Streetcars/Tramways

%, Streetcars have
U Excellent dynamic characteristics
U Excellent riding comfort

L However, their reliability and operating speed depend greatly on the
conditions along their lines:

U if they run on narrow streets with congested traffic
%+ their performance can be unsatisfactory,

U while on wide streets with little traffic interference or with various preferential treatments,

+* SCR service can be very good

10
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Streetcars/Tramways

U SCRs offers
1. Operating speeds of 15 to 30 km/h

«» Because of the predominantly shared ROW

2. Superior riding comfort and a more distinct image than highway transit modes
% SCRs disadvantages

1. Involve considerably higher costs on lightly traveled lines

2. They may have operational problems in congested mixed traffic
3. The need for route extensions in expanding cities
4

The delays SCRs encountered in congested streets have led to their extensive
replacement by buses,

«»+ particularly at times when transit was given no priority treatment.

11

11

Streetcars/Tramways

% They were the main transit mode until the
1950s, but then they were eliminated from
many cities in several countries

% However,
O The mainly replaced by buses and trolleybuses

U Their role has also diminished

* because of conversion of this mode into higher-quality LRT or substitution
by RRT systems

%  However, there has been a rebirth of streetcars in a
number of U.S. cities in different functions, which can

be classified into three groups, following general
sequence of their development: (next slide)

12
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Streetcars/Tramways

U First,

U Several cities with modern LRT systems to operate some classical streetcar vehicles in center city portions of their LRT
networks,

K3

<+ usually as shuttles or loops.
U The main role of these lines is creation of a special pedestrian/historic atmosphere and tourist attraction

% Second,

[ Several cities have built new lines for classical streetcar vehicles only.

U The function of these lines is usually similar to that of the first category,

K3

« but they are independent and longer, often serving an active commercial corridor or CBD with other major activity centers.
% Third,
U In the most significant category, have been entirely new streetcar lines that have lengths of several kilometers (miles)

U have primarily a transportation function, carrying substantial passenger volumes throughout the day but also giving the
service and areas served a special character and tourist attraction.

13
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Streetcars/Tramways e

Wehlcla/ train characterstics

. . Minimum operational unit 1
Characteristics Sy g Do 2
Vahicle length {m) 14=35
Floor halght Low /! high
Wehicle capacity (seats per 22=-40
vahicla)
Vehicle capacity (total spaces  100-250
per vehicle)
Fixed facilities
Exclusive ROW (% of length) D-40
Vehicle control Manual/visual

Fare collection: self-service or:  On vehicle

Power supply Overhead
Stations

Platform haight Low

Access control MNone

Operational characteristics

Maximum speed (km/h) GO=T0
Operating spaed {krn/h) 12-20
Maximum frequency

Peak hour, joint section 60-120

(Tu/n)

Off-peak, single line (TU/h) 512
Capacity (prs/h) 4000-15,000
Raliability Low-madium

System aspects
Network and area coverage Extensive, good

coverage

Station spacing (m) 250=500

Average trip length Short to medium

Relationship 1o other modes Can fead higher-
in addition to walking capacily modes

14
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Light Rail Transit (LRT)

15
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Light Rail Transit (LRT)

% LRT Consisting of electrically powered, high-capacity, with high riding quality
operating in one- to four-car trains on predominantly separated ROW, rights-of-way.

% This mode has in the last 40 years become an important member of the family of transit
modes

U Actually, in many countries, LRT is the fastest-growing rail transit mode

% As atransit mode, LRT is in the semirapid transit group; by its performance/cost
characteristics, LRT falls between SCR and RRT modes

16
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Light Rail Transit (LRT)

& LRT systems typically have
articulated vehicles with two

to seven articulated sections
and four to ten axles

% They operate as single or
multiple-unit trains

LRT: a six-axle low-floor vehicle in Cologne (Siemens
K4500; courtesy of Sybic)

17
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The Light Rail in Portland, Oregon, US

LightRailinf Portland,

Oregon

filmed by-Tirh-Mi_glior'e (November 2752 011:8)
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LRT
vehicles

GETTING TO KNOW THE TTCS NEW STREETCAR

BOMEBARDIER FLEXITY OUTLOOK

o+ T,
TR,

LB

CANADIAN LIGHT RAIL VEHICLE
(CURRENTLY IN USE)

—

o -

ARTICULATED LIGHT RAIL VEHICLE

(CURRENTLY IN USE)

19
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Light Rail Transit (LRT)
LRT vehicles

BOMBARDIER FLEXITY
OUTLOOK
RS,
Seating 70
Standing 62 [average)
& 181 (maximum)
Length 030m
Width 254m
Height 384m
Weight 48200 kg
Maximum speed Takm/h
Number ordered 204

Minanum harizontal curve radivs

CANADIAM LIGHT

RAIL YEHICLE

Seating 4%
D T 14
Length 1544m
Width 254m
Height 336m
Weight 72,6685 kg
Maximum speed 110 km/h
Number in Service 195

Minimum herizontal curve radiss
NN

10873m |

\ -

GETTING TO KNOW THE TTCS NEW STREETCAR

BOMBARDIER FLEXITY OUTLOOK

CANADIAN LIGHT RAIL VEHICLE
(CURRENTLY IN USE)

ARTICULATED LIGHT

RAIL VEHICLE

Seating 61
Standing 34 (average)

& 144 (i

Langth 2306 m
Width 54 m
Height 1%m
Weight 16,145 kg
Meximum speed 110 km/h
Mumber in sarvice 52

Minimum konzontal curve radius
" \

10.973m |

20
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Light Rail Transit (LRT)

Y LRT is characterized by great variety in its physical components and
operational features,

& A particularly useful feature of LRT is that

1. It can use many different types of alignment on the same line

«» Travel in tunnels, in street medians, and through parks and pedestrian zones;
2. have high and low platforms at different stations

3. Even be driven by drivers and then switched to fully automatic operation on category A line sections

21

21

Light Rail Transit (LRT)

& LRT systems usually operate mostly on ROW category B,
[ Sometimes on category A, and exceptionally on short sections of ROW category C
U The two reserved ROW categories, B and A, generally amount to 70% to 90% of the total network length

% It is common practice to first separate the most critical sections in the central city or on
congested arterials,

[ So that most sources of service disturbances are eliminated
% Within City center

U LRT in some cities utilizes tunnel sections to penetrate the congested areas of the city, a factor that greatly
enhances the quality of service they offer in very high-density areas.

% Qutside the central core area

U LRT is usually placed on ROW category B

22
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Light Rail Transit (LRT)

& Light rail rapid transit (LRRT)
is the highest performance
form of LRT.

¥ Its basic distinction is that it has a
fully separated ROW, category A

23
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Light Rail Transit (LRT)

Performance
Characteristics

Streetcar/ Tramway Light Rail Transit
Vehicle/train characteristics
Minimum operational unit 1 1 {4 1o 10 axles)
Maximum train congkst 3 2-4 (6 to B axles)

Vehicle length (m)

Floor height

Vehicle capacity (seats per
vehicle)

\ehicle capacity (tolal spaces
per vehicle)

Fixed facilities

Exclusive ROW (% of length)

Vehicla control

Fare collection: self-sarvice or:

Power supply

Stations
Platform height
Access control
Operational characteristics
Maximum speed (krm/h)
Operating speed {krn/h)
Maximum frequency
Peak hour, joint section
(TU/h)
Off-peak, singls ine (TU/h)
Capacity (prs/h)
Reliability
System aspects
MNetwork and area coverage

Station spacing (m)

Averaga trip langth

Relationship o other modes
in addition to walking

14-35
Low /high
22-40

100-250

D-40
Manuial visual
On vehicls

Overhead

Low
Mone

B0-70
12-20

60-120

5-12
4000=15,000
Low=medium

Extensive, good
coverage

250=-500

Short 1o madium

Can feed higher-
capacity modes

14-54
Low /high
25-80

110-350

40-90
Maniual/ signal
On vehicla/at station

Overhead

Low or high
Mone or full

60-120
18-50

40-90

5-12
GOO0=20,000
High

Goad CBD
coverage,
Branching
COMATION

350-1600

Meadiurn o long

P+R, K+R, Bus
feeders

24

24
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Future Plan for Amman BRT
Amman BRT .......ccueeeeuane... (0 U
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Future Plan for Amman BRT
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Future Plan for Amman BRT =
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Amman Queen Alia Light Rail Project - Pre-Feasibility Study

European Bank for Reconstruction and Development (the “EBRD)

% Project Description:

» The Ministry of Transport (the “Ministry”) of the Hashemite Kingdom of Jordan has expressed an interest in
obtaining support from the European Bank for Reconstruction and Development (the “EBRD” or the “Bank”)
for the preparation of a modernized and enhanced system of Light Rail Transit (“LRT”)

» The Ministry has requested the Bank’s assistance in establishing structured public transport services across
the country through various interventions, including this Project. Through these interventions the Ministry
would like to reduce traffic and congestions on roads, improve health and safety of the public as well as
reduce pollution.

e sector
and introduction of public service contracts and a private sector operator, as feasible.

Ditps://wiww.ebrd.com/work-with-1s/procurement/pn-47538 html

28
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Amman Queen Alia Light Rail Project - Pre-Feasibility Study &
European Bank for Reconstruction and Development (the “EBRD)

> _to utilize the existing rail corridor from Amman central station at El-Mahatta to Jeeza, a 35
km length single track narrow-gauge railway passing through Um El Heran and Elubbeh stations (with
passing lines) and including 1 tunnel, 1 bridge, 3 road underpasses and 21 at-grade road crossings, of which
5 major (2x2 road). Connection to Queen Alia International Airport would require additional 2 km branch line

and airport terminal.

29

Ditps://www.ebrd.com/work-with-us/procurement/pn-47538 htm

29

Amman Queen Alia Light Rail Project - Pre-Feasibility Study
European Bank for Reconstruction and Development (the “EBRD)

+ I order to dentify EBRD' potential involvement inthe Project, the 8ank s

seeking a consultant (the “Consultant”) to provide an initial assessment of \
project rationale and outline feasibility, including an expert analysis of various \
technical considerations, route analysis and connectivity, investment |
requirements (rolling stock and infrastructure) and potential private sector\
involvement in the operation of the future LRT system.

30
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Rail Rapid Transit (RRT)

Y This mode is also called metro and heavy rail

% In many respects, RRT, including rubber-tired rapid transit (RTRT), represents
the optimal transit mode for a high-capacity line or network service.

O It has a fully controlled ROW without any external interferences.

U Simple guidance, electric traction, and fail-safe signal control allow the maximum speed possible with given
station spacings

Y These rail modes also provide
Uexcellent passenger comfort
U High efficiency in energy utilization
U High reliability
U Virtually absolute safety

31

31

Rail Rapid Transit (RRT)

', Operation of a train with up to 10 long four-axle cars by one person results in

O A capacity and labor productivity much higher than with any other mode except that
which its “big brother,” regional rail (RGR)

U off-vehicle fare collection
U High platforms

U Simultaneous boarding/alighting through up to 40 double-channel doors allow this mode
to provide total boarding/alighting rates 3 to 5 times greater than those of LRT and 10 to
20 times greater than those of buses,

32

32
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Rail Rapld Transit (RRT)

Rapid transit: Washington Metro (Courtesy of WMATA, photo by Paul Myatt)

33
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Orange Line Metro Lahore

34

34
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Rail Rapid Transit (RRT)

U With its fully protected ROW and physical and operating characteristics,
U RRT is the mode most conducive to fully automated train operation of all existing and proposed modes

L Several metro systems using the AGT mode have been introduced since the
late 1990s

U for which operation of trains without crews is a required element of economic/performance feasibility

L RRT requires the greatest investment of all modes

U Primarily because of its entirely grade-separation and ROW and large stations

+»+ so that its primary applications are in heavily traveled corridors

35

35

Dubai Metro runs the world's longest driverless train

TR |

36

36
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Rail Rapid Transit (RRT)

Performance
Characteristics

Si /Tramway  Light Rall Transit Rapid Transit Regional Rail
Venicle/train characterstics L
Minimum operational unit 1 T (& to 10 axles) 1=3 1=3
Maximum train consist 3 2=4 (6 to B axles) 4=10 4=10
Vehicle length {m) 14=-35 14-54 15=23 20-26
Floor height Low/ high Low/high High High/low
\Vehicle capacity (seats par 22-40 25-80 32-84 BO=175
wahicla)
Vehicle capacity (total spaces  100=250 110-350 140=280 140=210
per vahicla)
Fixad facilities
Exclusive ROW (% of length)  0-40 40-30 100 100
Vehicle centrol Manual/ visual Manual/ signal Signal / ATC Signal
Fare collection: self-service o On vehicle On vehicle/at station At station At station/on
vehicle
Power supply Overhead Overhead Third rail /overhead Owverhead/third
il chesel
Stations
Platform hebght Low Low or hgh High High or low
Acress contiol None Naora ar full Full Nona or full
Operational characteristics
Masdmum speed (km/h) 60-70 £60-120 80-120 B0-130
Dperating speed (km./h) 12=20 18=-50 25-80 40-75
Maximurm frequency
Paak hour, joint section B0=-120 A40-40 20-40 10-30
Tu/n)
Off-paak, single line TU/R)  5-12 5=12 5-12 1=-5
Capacity {prs/h) 4000=15,000 B000-20,000 10,000-60,000 BOD0=45,000
Reliability Low-medium High ‘ary high Vary high
System aspects
Metwork and ama coverage Extensive, good Good GED Pradominantly Radial, imited
coverage coverage, radial: good CBD but good
Branching CED coverage suburban
cammon coverage
Station spacing (m) 250-500 350-1600 500-2000 1200-7000
Average trip length Short to madium Maecdium to long Madium to long Long
Relationship to other modes Can fead higher- P+R, K+R, Bus P+R K+R, Bus & Outlying: P+R,
in additon 1o walking capacity modes Teclars LAT fesders K+R, Bus
feaders; center|
city: walk,
bus. LRT.
matro

37

Regional Rail (RGR)

L Representing local services of long-distance railroads,

% RGR systems have the highest technical and operating standards of all transit modes

& Most of these systems are operated by railroad agencies on their ROW,

U which are grade separated, in some cases with signalized grade crossings in outlying areas

& Traction is mostly electric, although in many North American cities (Boston, most Chicago

lines, Toronto) it is diesel

% Their large highspeed vehicles operated

QO individually or as multiple-unit

L locomotive-hauled trains, offer excellent riding comfort.

38

38
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Regional Rail (RGR)

Regional rail: Bilevel cars on Los Angeles Metrolink (Courtesy of James R. Greene)

39

39

S-Bahn in Hamburg, Germany (regional train)

40
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Tram-Train Mode

% This is the convenient, popular, although not technically correct name for a system that
combines

U urban LRT and intercity railway tracks (thus it should be called LRT/intercity mode)

& The growth of metropolitan areas and increasing travel between central cities and

surrounding suburbs and towns has led to the development of this dual-mode rail transit
system

% They operate on transit lines in the city, then use connecting tracks to go on railway lines

into suburban areas, sharing tracks with intercity trains operating at speeds as high as 200
km/h and with freight trains

41

41

Tram-Train Mode

Tram-train in center city Saarbru cken

Tram-train on mainline railway track
from Saarbrucken to Sarreguemines

42
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Sheffield Tram-Train
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Transportation Engineering
and Planning
(110 401367)
Spring 2021-2022

Module No. 3

The Hashemite Lnivarsity e

3.1_ Transportation Planning

Dr. Hamza Alkuime

Major Topics To Be Covered

No. of

Topics Weeks Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45




Transportation Planning
Definition
% It is a methodological process of preparing physical facilities and services of modes for
transportation needs
% Itis Not intended to furnish a decision or to give a single result that must be followed,
» although it can do so in relatively simple situations.

% itisintendedito

» provide the appropriate information to those who will be affected and those responsible for deciding
whether the transportation project should go forward.

Transportation Planning
Importance

U Transportation planning is needed because of
»Increased demand of new facilities and services
» Huge investments in transportation projects
» Land use development

» Many alternatives exist for any transportation project




Transportation Planning
Basic elements

U The transportation planning process comprises seven basic elements:

» 1.Situation definition

» 2.Problem definition

»3.Search for solutions
»4.Analysis of performance

» 5.Evaluation of alternatives

» 6.Choice of project

» 7.Specification and construction

Basic Elements of Transportation Planning
1. Situation Definition

% Involves all of the activities required to understand the situation that gave rise to the
perceived need for a transportation improvement

% Itincludes
» The present system is analyzed, and its characteristics are described
» Information about the surrounding area, its people, and their travel habits may be obtained.

» Previous reports and studies that may be relevant to the present situation are reviewed




Basic Elements of Transportation Planning
2. Problem Definition:

% Usedto
» To describe the problem in terms of the objectives to be accomplished by the project

» To translate those objectives into criteria that can be used to quantify the extent to which
a proposed transportation project will achieve the stated objective (measures of

effectiveness).
» Identified the characteristics of an acceptable system

- Constraints placed on the project (e.g. physical limitation [presence of other structures ] )

- Design standards (e.g., bridge width, clearances)

Basic Elements of Transportation Planning
2. Problem Definition:

Quantifying
Problem » Objectives » criteria » Constraints

Traffic congestion» Reduce traffic » Travel time _
congestion » Este_lbllsh
design

standards




Basic Elements of Transportation Planning
3. Search for Solutions (ldea-generating phase)

L Consideration is given to a variety of ideas, designs, locations, and system configurations
that might provide solutions to the problem

% Includes

» Preliminary feasibility studies
< which might narrow the range of choices to those that appear most promising.

» Data gathering
» Field testing

» Cost estimating
May be necessary at this stage to determine the practicality and financial feasibility of the alternatives being
proposed

0,
”Q

Basic Elements of Transportation Planning
4. Analysis of Performance:

% Used to

» Estimate performance of proposed alternatives under present and future conditions.

» Determination of the investment cost of building the transportation project, as well as annual costs for
maintenance and operation.

» Estimate environmental effects

» Estimating travel demand using mathematical models

» Determine use of the system
< Such as trip length, travel by time of day, and vehicle occupancy

"o’

10

10



Basic Elements of Transportation Planning

5. Evaluation of Alternatives:
% How well each alternative will achieve the objectives of the project as defined by the

criteria.
» Performance data produced in the analysis phase are used to compute the benefits and costs that will result

if the project is selected.

11

11

Basic Elements of Transportation Planning
6. Choice of Project:

% It is made after considering all the factors involved.
» Whether the factors were a single criterion such as cost (select the lower cost)

» In more complex projects other factors might be considered,
» Selection is based on how the results are perceived by those involved in decision-making

12

12



% This involves
» Physical location
» Geometric dimensions

» Structural configuration.

Basic Elements of Transportation Planning
7. Specifications and construction

% Detailed design phase in which each of the components of the facility is specified.

13

13

Transportation Planning
Basic elements

% The elements are :
» Interrelated
» Not necessarily carried out sequentially.

» The information acquired in one phase
of the process may be helpful in some
earlier or later phase

®,

< so, there is a continuity of effort that
should eventually result in a decision

% Situation definition

% Problem definition

» Search for solutions

+ Analysis of pen‘ormanc’:e
% Evaluation of alternatives

3 Choice of project .
?Speciﬁcation and construc

14
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Basic Elements of Transportation Planning

Summary

Situation definition

Inventory transportation facilities
Measure travel patterns
Review prior studies

Problem definition

Define objectives (e.g., Reduce travel time)
Establish criteria (e.g., Average delay time)
Define constraints

Establish design standards

Search for solutions

Consider options
(e.g., locations and types, structure needs, environmental considerations)

Analysis of performance

For each option, determine cost, traffic flow, impacts

Evaluation of alternatives

Determine values for the criteria set for evaluation
(e.g., benefits vs. cost, cost-effectiveness, etc)

Choice of project

Consider factors involved
(e.g., goal attainability, political judgment, environmental impact, etc.)

Specification and construction

Once an alternative is chosen,
design necessary elements of the facility and create construction plans

15

15

Basic Elements of Transportation Planning

Example 11.2 : Planning the relocation of a rural road

(Garber Book)

16

16




% This example is based on a
study completed by the
engineering firm, Edwards
and Kelsey

Example 11.2: Planning the relocation of a rural road

-
(o 1-95 % Steuben
{New York)

({0 Canada)

A
Columbia

1 Gulf of Mains

=

17

17

Example 11.2 :
Step 1- Situatio.

:_..4:} 3=

0

18
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1ing the relocation of a rural ro
ition

#’Ve, 1o Gulf of Maing
Cherryfield

}_A{
1
CR@dge F
N

0 1554 Steuben
New York)

The projectis a
proposed relocation or
reconstruction of 3.3
miles of U.S. 1A located
in the coastal town of
Harrington, Maine.

19

19

Clurrently constructed bradgg:
Al 4 {new road)

Example 11.2 :Planning the relocation of a rural ro§

___________ 77 Ust
Usi 2/
4
~ /,
7 : o
/5/ US 14 3 7 Al
i o 4
/// High-accident £ Vy (new road)
seotion
’// It. 3
/ Alt. or 4 Alt. 2 )
;"!’(/(ncw road) reconstruct/ R T New bridae
I old road
Hf
f
f";
!
i / Harrington River N
e S—————— us 1a
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Example 11.2 :Planning the relocation of a rural rof§
Step 1- Situation definition

U The town of Harrington

Columbia

» has 553 residents, of whom

2

e 4201i ithin the stud ‘
ive within the study area to Gulf of Maine

K

<& 350 live in the town center

Cherryfield

» Most of the town’s industry consists of
< agriculture or fishing

> so, a realignment of the road would

2

o Damage the environment

Milbridge

2

< Affect the town’s livelihood

=

to I-95/Sleuben

> The average daily traffic is 2620 vehicles/day of which e Tt
ew York)

2

< 69 percent represent through traffic

2

<& 31 percent represent local traffic

21

21

Example 11.2 :Planning the relocation of a rural roig
Step 2- Problem definition

» Problems
*»  High accident rate on 1A rout

°,

< Low level of service for through traffic
» Objective
**»  Reduce the high accident rate on this road

®,

“  Improve the level of service for through traffic by
increasing the average speed on the relocated highway.

» Measures of effectiveness

% Accident rate
9.

< Travel time to I-95/Steuben
{New York)

=

%+ Construction cost
< Changes in noise levels and air quality

< Number of businesses and residences that would be
displaced

22

22



Example 11.2 :Planning the relocation of a rural roig
Step 3- Search for solutions

U Four alternative routes were identified

Clurrently constructed fordge
Al 4 {(new road)

Us]

High-accident
seotion

Alt. 3 or 4
(new road)

Alt. 2
recanstruct
old read

Harrington Biver

US 1A

Z

23
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Example 11.2 :Planning the relocation of a rural roig
Step 4- Analysis of performance

Table 11.1 Measures of Effectiveness for Rural Road

Alternatives
Criteria 0 1 2 3 4

Speed (mi/h) 25 55 30 30 55
Distance (mi) 37 32 38 38 3.7
Travel time (min) 8.9 3.5 7.6 7.6 4.0
Accident factor
(Relative to statewide average) 4 1.2 35 2.5 0.6
Construction cost ($ million) 0 1.50 1.58 1.18 1.54
Residences displaced 0 0 7 3 0
City traffic

Present 2620 1400 2620 2520 1250

Future (20 years) 4350 2325 4350 4180 2075
Air quality (pg/m® CO) 825 306 825 536 386
Noise (dBA) 73 70 73 73 70
Tax loss None Slight High Moderate Slight
Trees removed (acres) None Slight Slight 25 28
Runoff None Some Some Much Much

24

24
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Example 11.2 :Planning the relocation of a rural roig
Step 4- Analysis of performance

Table 11.2 Ranking of Alternatives

Alternatives

Criterion/Alternative 0 1 2 3 4
Travel time 4 1 3 3 2
Accident factor 7 2 4 3 1
Cost 1 3 5 2 4
Residences displaced 1 1 3 2 1
Air quality 4 1 4 3 2
Noise 2 1 2 2 1
Tax loss 1 2 4 3 2
Trees removed 1 2 2 3 4
Runoff 1 J 2 3 3

Note: 1 = highest; 5 = lowest
25

Example 11.2 :Planning the relocation of a rural roig
Step 5 — Evaluation of alternatives

% Travel time 20~ Improves this way
1.8 <
a 1.4
e
= 1.2F
=]
e 1O
z 0.8
<
0.6
0.4 f— Existing Condition
2k
0 J ! } I | | |t (g
I 2 3 4 5 6 7 38 E9|_J]0
Travel Time {min)

26




Example 11.2 :Planning the relocation of a rural rog)kes
Example : Planning the relocation of a rural road

L, Step 6 — Choice of project

L Step 7- Specification and construction

27
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Basic Elements of Transportation Planning

Example 11.2 : Feasibility of a New Bridge in Amman

28

28

14
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The Process

Application to Bridge Study

Situation Definition

Feasibility of a New Bridge in Am .. |

Inveniory transporiation Tacilities
Measure travel patterns
Review prior studies

= Reduce travel time
Establish criteria

Problem Defi l[

= Average delay time
Dicfine constraints
Establish desien standards

Search for Solutions

Caomsider options
= Lacations and types
* Tunnel or don't build
= Toll charges

Amnalysis of Performance

For ench option. determing
= Cost
= Traffic Bow
* Impacts

For bridge project. determine
* Benelits vs, cost
* Profiti
* Cost-effectivenis

Choice of Project

Consider lactors involved:
= Revenue cost forecass
= Site location
= Pulitical judgment

Speafication and
Construction

Dresign of bridge

® Supersiructure

* Piers, foundation
Construction plans

* Comtractor selection
Transfer of completed bridge
tor authority for operation
and maintenance

30




Basic Elements of Transportation Planning

Example 11.2 : Amman Queen Alia Light Rail Project -
Pre-Feasibility Study

31

31

Ditps://wiww.ebrd.com/work-with-1s/procurement/pn-47538 html

Amman Queen Alia Light Rail Project - Pre-Feasibility Study

European Bank for Reconstruction and Development (the “EBRD)
% Project Description:

» The Ministry of Transport (the “Ministry”) of the Hashemite Kingdom of Jordan has expressed an interest in
obtaining support from the European Bank for Reconstruction and Development (the “EBRD” or the “Bank”)
for the preparation of a modernized and enhanced system of Light Rail Transit (“LRT”)

» The Ministry has requested the Bank’s assistance in establishing structured public transport services across
the country through various interventions, including this Project. Through these interventions the Ministry

would like to reduce traffic and congestions on roads, improve health and safety of the public as well as
reduce pollution.

he sector
and introduction of public service contracts and a private sector operator, as feasible.

32

32
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Amman Queen Alia Light Rail Project - Pre-Feasibility Study ( 3 _
European Bank for Reconstruction and Development (the “EBRD)

> _to utilize the existing rail corridor from Amman central station at El-Mahatta to Jeeza, a 35
km length single track narrow-gauge railway passing through Um El Heran and Elubbeh stations (with
passing lines) and including 1 tunnel, 1 bridge, 3 road underpasses and 21 at-grade road crossings, of which
5 major (2x2 road). Connection to Queen Alia International Airport would require additional 2 km branch line
and airport terminal.

Ditps://www.ebrd.com/work-with-us/procurement/pn-47538 htm 33
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Amman Queen Alia Light Rail Project - Pre-Feasibility Study

European Bank for Reconstruction and Development (the “EBRD)

~ IrGrdertaldentif EBRDS potentialinvolement inthe PROJeet, the Bank is seeking a

consultant (the “Consultant”) to provide an initial assessment of project rationale and
outline feasibility, including an expert analysis of various technical considerations, route
analysis and connectivity, investment requirements (rolling stock and infrastructure) and
potential private sector involvement in the operation of the future LRT system.

34
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Urban Transportation Planning

35

35

Urban Transportation Planning

& Involves the evaluation and selection of highway or transit facilities to serve present and
future land uses.

& For example,

» Construction of a new shopping center, airport, or convention center will

> require additional transportation services.

» New residential development, office space, and industrial parks will

» generate additional traffic, requiring the creation or expansion of roads and transit services.
& Concerned with two separate time horizons

» Short-term Planning

» Long-term Planning

36

36
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Urban Transportation Planning
Short-term Planning

L To select projects that can be implemented within a 1- 3-year period
% These projects are designed to
» Provide better management of existing facilities by making them as efficient as possible.
% Involve programs such as
» Traffic signal timing to improve flow
» Car and van pooling to reduce congestion
» Park-and-ride fringe parking lots to increase transit ridership and Transit improvements.
37
37

©
©

Urban Transportation Planning
Long-term Planning

Identifies the projects to be constructed over a 20-year period.

Involve programs such as
» Adding new highway elements
» Additional bus lines or freeway lanes
» Additional Rapid transit systems and extensions

» Access roads airports or shopping malls

38

38
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Urban Transportation Planning

Y The planning process include:
Inventory of existing travel and facilities
Establishment of goals and objectives
Generation of alternatives

Estimation of project cost and travel demand

LA LR

Evaluation of alternatives

39

39

Urban Transportation Planning —
Comprehensive urban
area transportation
planning process

Eslabilsh Godts and Dhjmetives

and Transpomaton ervice

- Retating to Commurity Developnient *

¥

Inventory Exesting Cordition,

+ Population - Econamic Arbvity

= Land e

= Transportation - Fanilities and Usage
= Trawe| Paryemns | Surveys

* Rasouices

Anakyze Existing Condisions
= Land tse - Travel Belatiznships.
» Tranggriatian Modek
* Negdk and Deticigncies

¥

+ Transpartation Systern and

Short-Range Element:

Long Range | W
Elememit

+ Access Management
+ Congestian Management

Cemand

T Farecast Land Usg -
Papulation -
Employriehl

Forecast Future
Trawel ! Trips.
Trip Qistribut-on

Mode  Sglit

Traffic Amignmant

Develop and Evaluste
Altarnative Transpor tative Plan
Flan Feanwes
| Traniportation Service
: Crmmunity Imgacts
oz and Banefits

ke Wy dress of

Community
Participation

+ Study Cantinuatio

Frepare Recommended Rlans and Frograrns.

« PLan Fealwies. Use. Covts, Bessefits, Impacts *

+ S1aging, Financing, Impleme-tatian S7a
n Procedures

tegy

40
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Urban Transportation Planning
1. Inventory of Existing Travel and Facilities

& This is the data-gathering activity in which urban travel characteristics are described for each defined
geographic unit or traffic zone within the study area
% Inventories and surveys are made to determine :
» Traffic volumes and land uses
> Origins and destinations of travelers
» Population
» Employment
» Economic activity
& Inventories are made of existing transportation facilities, both highway and transit.
» Capacity, speed, travel time, and traffic volume are determined
% The information gathered is summarized by geographic areas called traffic analysis zones (TAZ)
41
41

Urban Transportation Planning
2. Establishment of Goals and Objectives

L, A statement of goals, objectives, and standards is prepared that identifies

» Deficiencies in the existing system
» Desired improvement
» What is to be achieved by the transportation improvements

42

42
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Urban Transportation Planning
3. Generation of Alternatives

% In this phase, the alternatives to be analyzed will be identified

43

43

Urban Transportation Planning
4. Estimation of Project Cost and Travel Demand

L This activity involves two separate tasks:

» Planning-Level Demand Estimation

®,

++ Estimation of the amount of traffic expected in the future
% Requiring the use of mathematical models and computer

» Planning-Level Cost Estimation

< Determination of project cost

*
¢+ Straightforward process

44

44
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4. Estimation of Project Cost and Travel Demang&

& Future travel is determined by forecasting future land use in terms of the economic activity and population

%  For example:

& The traffic that this land use will add to the highway and transit facility can be determined using the four-step

&  The urban traffic forecasting process involves (Will be covered in Module 3)

Planning-Level Demand Estimation

» Number of jobs, residents, auto ownership and income) that the land use in each Traffic Analysis Zone (TAZ) will produce

process

» Tip generation
» Trip distribution
» Modal split

» Network assignment

45

45

4. Estimation of Project Cost and Travel Demand&

Planning-Level Cost Estimation

L Project cost estimation at the planning stage may be hampered either because
» The project has not yet been well-defined
» A significant amount of time has passed since the project’s cost was estimated

» Will be covered in Module 4

46

46
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Urban Transportation Planning
5. Evaluation of Alternatives

% It can be complex in practice because of the conflicting objectives and diverse groups that
will be affected

% For example
» Traveling public (user)
< Improve speed, safety, and comfort
» The highway or transit agencies (operator)
% Minimize cost
» Non-traveling public (community)

< preserve its lifestyle and improve or minimize environmental impacts

"o’

» Will be covered in Module 5

47

47

Urban Transportation Planning
6. Choice of Project

&  Selection of a project will be based on a process that will ultimately involve elected officials and the public

% It may involve
» A public referendum

» A vote by a state legislature

48

48
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Transportation Engineering
and Planning
(110 401367)
Spring 2021-2022

Module No. 3

The Hashemite Lnivarsity e

3.2_ Urban Transportation Forecasting
Process

Dr. Hamza Alkuime

Major Topics To Be Covered

No. of

Topics Weeks Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 3 9
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45




Urban Transportation Forecasting Process

Review
4. Estimation of Project Cost and Travel Demand

L This activity involves two separate tasks:

» Planning-Level Demand Estimation
+»+ Estimation of the amount of traffic expected in the future
*+» Requiring the use of mathematical models and computer

» Planning-Level Cost Estimation

.

*,

* Determination of project cost

>

.

*,

»  Straightforward process

>




Urban Transportation Forecasting Process

U The process involves :
1. Defining the Study Area
2. Data Collection
3. Calibration

Urban Transportation Forecasting Process

1. Defining the Study Area




Defining the Study Area

Introduction

% The study area for which transportation facilities are
being planned is defined before the conduct of the
study.

% The study on transportation planning can be
undertaken at

» The national level
» The regional level
» The urban level

% The study area comprises a number of internal traffic
zones and is studied in detail with respect to the
present and future land uses.

» The details of travel and socio-economic characteristics of
the people are analyzed to assess the nature and magnitude
of the problems of travel in the study area.
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Defining the Study Area
Zoning system

% Itis usually necessary to delineate the study area
boundaries and to further subdivide the area into traffic
analysis zones (TAZ) for data tabulation

& Traffic Analysis Zones (TAZ)
» It is considered to be various spatial units of the study area
% Needs for TAZ

» To facilitate the spatial quantification of land use and
economic factors which influence the travel pattern.

% Zone may be
1. Internal traffic zones
<+ which are located within the study area
2. External zone

<+ which are located outside the study area
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Zoning system
Guidelines for defines traffic zones

1. Physical, political, and historical boundaries should be utilized where possible

2. The traffic zone sizes are required to be smaller so as
» to obtain the accuracy of traffic movement and reliable trip generation rate.

3. Two-tier systerm may be followed for delineating the zones. For example
» The study area has to be subdivided first in the form of sectors

» then further sub-divisions have to he made in the sectors to create traffic zones on the basis of predominant land uses such as residential, commercial.
recreational and industrial. Further sub-zones may also be prepared if required.

4.  Zones should not be created within other zones.
5. Population size may range from
» 3000-5000 for a small area

» 8000-10000 for a large area

6. It may have production or attraction point.
7. Socioeconomic characteristics should be homogeneous.
8. Intrazonal trips should be minimized.
9. The total number of zones should not be so large as to overwhelm computer resources
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Defining the Study Area
Traffic Analysis Zones (TAZ)
% It may be necessary to exercise some judgment in determining the total number of zones

& Agencies may provide some guidance for achieving these criteria
» An average of 1,000 people/zone for smaller areas
» A ratio of between 0.9 and 1.1 for productions to attractions trips
» No more than 10,000 trips should be generated for a given zone

» A ratio of labor force to employment must be at least 0.80

11

11

Defining the Study Area
Transport Network

Transport network along with zoning system provides an insight into the understanding of
the study area.

It comprises different types of transport network such as road, rail and metro system.

For the representation of a transport network, the concept of graph theory is applied

& & F &

Dealing with abstract configuration consisting of

» links
» Nodes
» Centroids

» External stations

13
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Defining the Study Area

Transport Network

1. Links

» A portion of the highway system that can be described by its capacity, lane width, and speed
P g e ':."‘. L A i : \ w—
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Defining the Study Area
Transport Network

1. Nodes :The end point of a link and represents an

Intersection or location where a link changes direction, capacity, width, or speed

15




Defining the Study Area

Transport Network

1. Centroids

» The location within a zone where trips are considered to begin and to end.

16

Defining the Study Area
Transport Network

1. External stations

» Roadways where traffic is likely to enter or exit the study area. It established at the study area boundary
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Defining the Study Area

Transport Network

A computerized
network of the
existing street and
highway system

Charlottesville Area
Transportation Study

Base Year Link-Node Map

19
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Defining the Study Area

Transport Network

20




Defining the Study Area
Transport Network

Legend
— = Links
e - MNodes

@ = Centroids

—— == =~ Centroid Connectors

21
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Defining the Stu

Station 104
(Route 29 N)

=

_.l,‘. Gal F

Station 106
{Route 250 W) |~ B

------

Station 102
(Route 20 N)

e L ' e Station 105
(Route 250 E)

Station 101
(Route 20'8)

Station 103
(Route 29 8)

22
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Transport Network

% Figure shows network with one way and two-way directions

Node 2
e Node 3

{/ \\\\ / \,
-

/,_——)
/

Node 5
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Urban Transportation Forecasting Process

2. Data Collection

28

28

11



2.Data Collection

% Provides information about the city and its people that will serve as the basis for developing travel demand
estimates

% This phase may involve
U Travel Surveys

U Secondary data

«» The secondary data are related to the existing land use, demography, road network, transportation systems, and mad traffic accidents
from various sources besides the collection of primary data.

% The collection of data from the primary sources and other secondary sources helps in preparing _
which forms the basis of appreciation of traffic and travel characteristics.

% Therefore,

[ After collecting the basic data, relationship among the land use, transport system and the resulting travel pattern is analyzed and
quantified by using statistical as well as mathematical modelling techniques.

[ These become finally the basis for developing transport demand model.

29

29

2.Data Collection
Travel Survey

% Travel survey is primarily concerned with

» the collection of traffic data with respect to the traffic and travel characteristics of passengers as well as goods traffic in the study area,
which provides inputs for the preparation of any transportation plan.

% The followings are the basic traffic surveys essential for the conduct of transportation studies:
Road inventory survey

Classified traffic volume survey at inner and outer screen points

Origin and destination survey

Household travel survey

Speed and delay survey

Parking survey

Pedestrian survey

Bus transport survey

© % N O LA W N R

Intermediate public transport OPT) survey

[
]

Truck operator survey

~
~

Establishment survey

~
N

Goods survey

30

30
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Travel Survey
Data output table

Survey

Outputs

Use

Household survey

Travel characteristics O-D matrix
by mode and purpose, socio-
economic characteristics

For development of travel
demand model

Traffic volume survey

Intensity and composition of
traffic

Expansion factors for O-D and
validation of the model

Origin and destination survey

O-D of passengers and their trip
characteristics

To assess the inter and intracity
travel demand

Bus passenger users and terminal
survey

O-D of intra-city and intercity
passengers and their interchange
details

To estimate passenger
demand and plan the terminal
requirements for the base and
horizon years

_Spced and delay survey

Journey and running speed

Distribution and shortest path

31

31

Travel Survey
Data output table

Parking survey

Parking accumulation and
duration

To plan for parking management
and parking design

Road inventory

Road cross section, road capacity | To plan road network
improvements and transport
demand modelling

Pedestrian survey

Pedestrian flows along and across | To assess the level of service

the road

Parking survey

To assess the nature and
magnitude of parking problems
in terms of parking accumulation,
index, turnover, load, short and
long-term parking demand

To design the parking facilities as
well as to evolve parking policies

32

32
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1.Road Inventory Data

% The purpose of the survey is to

» Understand the present physical characteristics and condition of the
road network

» Identify the problems, issues and constraints.
» Assess the potential capacity of the road network.
%  Details of road inventory can be carried out by

» Visual inspection evaluation

» Physical measurements

Windshield Survey:

Cross-Section Elements

Number of lanes

Lane widih

Lane type

Shoulder width

Shoulder type

[ (Safery Edge)

Median widih

Median type

ROW widih

Cross-slope (nonmal crown)

Barriers (tvpe, length)

Roadway Structure Elements

Hridges

il -

Railmad crossings

Multi-use pathafhike paths

Pedestrian fucilities
Tunnels

Geametric Elemenis

Grade

Vertical curvature

Horizontal curvaiure

Superekevation

Sight distance

Speed limit

Sign inventory

| Trucktweight restrictions

Intersection Elements

MNumber af | {

Signal timing

Traffic control

Paventent Elements

34
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Traffic Survey
1.Road Inventory Data

Pathway 30 mmerzive 350-Degree Imaging
Lamerg s

gl e

L0

Macroferture

Distance Measuin q s
Instumn M Tinboard Rovting

Supar Hl Roadway Imaging

Zi

ngle Interface
Hoice kmmation

(3]
nertial Aoz Profiler

35
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Pavement Distress Measurement
Pathrunner

AUTOCRACK

Automated Crack Detection &
Distress Classification

36
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Travel Survey
2. Classified traffic volume survey at inner and outer screen points

% Classified traffic volume count surveys are
conducted for 24 or 16 hours on a typical
working day to assess the magnitude of traffic at
various locations of outer cordon line, mid-block
and screen lines.

" JAMAR TECHNOLOGIES, INC
BANK 1

BANK 2

& Traffic volume survey is designed to capture

% all modes of transport at the location identified
for the study.

% The manual method is used for recording the
classified traffic volume for every 15 minutes
interval.

% Traffic counts may also be recorded continuous
using automatic vehicle classifiers if average da
traffic or average annual daily traffic is to be
calculated.

% 2 3 4 5 & 7
" . 1 1i 1 1 "

Figure 3.5. Pneumatic Road Tube and Recorder

38
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Travel Survey

39
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Travel Survey

B Amomate Tre Coumteg and

J L 1raffic Eye™ | Automatic Traffic Counter and Classfication

Rodrow  Comfigeration  Report Dot

Durte © Wed 04 Jun 7014 18054

TRAFFIC COUNTER
@ v "
@ e e
0 Long versce 1]
Total Vehicke 1164

40
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Travel Survey
3. Origin and destination (O-D) survey

of any mode of transport.

» Origin destination of trip
» Trip purpose

» Trip length

» Trip mode

» Trip cost

» Frequency of travel.

» The vehicle involved (auto or transit)

& Therefore, all the parameters related to travel characteristics are collected such as

& O-D survey is one of the primary surveys by which one appreciates the travel characteristics

41

41
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Traffic Survey
3. Origin and destination

(O-D) survey

2002 Onboard Transit Survey

Tha San Diago Assocation of Govemments, and your transk operaiors, want your help o improve transk senice
by arswering balow and thiis form bafore you get off e bus. Al responses are confidential
Please flll put this form aach time you get one.  Thank you.

PLEASE ANSWER THESE QUESTIONS FIRST

1. Wimara am you coming fram? 3, What bs the zip cods where you lve?
1. Homa 4. Shopping o —
2. Work 5. Recreation/visit friends 4, Whars ars you going T
3, School B. Othar (specty: 1. Home 4. 5
2 Vo 5, Rocrealicrvisit friends
2, What is the sidress of that place? 3. School B, Othor (st }

(Spaciy steel nams AND cross sireed OR addmas)
AN R 5 Whatls tho addross of that place?
(Specily sireat name AND cross strest OR address)

Simattn, St bane

—_— St e Sirat Mama
p— Gy 3
Hemrest Conss Smest oy

6. Whare ditd you gal on THES bus? 14, Do you consider yoursell:

{Epecify straat nama AND cross steal OR address) 1. Hispanic 3, Asian (e hisgaric)
2, Wit fron-hisenisy 4. mmmn-uﬂ-w—t;
e

Herw tid you ot to THIS bus?

___ 5. Dirove akine
6. Carpooled, then parked
7. Was diopped off

4. Waket ___blocks B.ONerimpet: )

15, What iz your age?
16. Whst is the tatal yearly income of all i peaple in
bome?

your

1. Under $10,000

B, Whern will you get off THES bus? 2. 510,000 - §18,999
{Specity strest namo AND omes steet OR address) 3. 520,000 - $70,999

4, 530,000 - §39,565

5 $40,000 - $48,595
6. $50,000 - $50,608
T_ 580,000 or irane

5 After off THIS bus, will you... 17. How do you rabe traneit service in your ansa?
Y.'I'I’M‘:‘:‘I“W'I:MM_ S{nbumﬂonl 1. Gooa 2. Average 3. Poor
2. Transter i roiley
3. Transfar to Coasier
4 Wak ok

48, How many vehicles are availabls for use by all the
people In your home? ____ wehicles

1. wwumamm,mmﬂmmdlmmm 18, Have you pravicusty Miad out this form for
o the bus? 1. Yes 2 THES bus rouln?
1. Yes 2 No
11, How did youl iy 16 ise THIS bus?
1. Transfer g 3. Maniny pass 20, _
2 Cash 4. Other (smecky: ___ =i

12. How often do you ride the bus? ——
_ days o week i Lass fhan one day per week —

3. Arw you: 1. Maln 2. Fernsle

12

42

Traffic Survey

The Hashesnits U

3. Origin and destination (O-D) survey

TRI

Sl

@meT
RIDERSHIP SURVEY

mmmmmm b\:.l"arr orramiym J'rmr W

VoL ONE-WAVH:QD ﬁNWf.ﬂlﬁ farmem .rfy\ou

Lhide e it f

pird £

This One-Way Trip

1. Where did you come from on thie erip?

O Home O Pesardl
0, Shopping
0. Sther
O Recreation

11. Did your amployer or schaal pay for any portion of
your fare?
O mNo O e

12. What is the major reason you are :smg the bus For

Streer M5 F W

Mearest Cross Strest

Chy ZipCoe,

||\.‘1r|

e Trviel

13, If transit service were not auallabie hew would you
make this kind of tip? o 5
O Useacar

3. How did you get to the stop where you got on this bus?
e tes) o 1

4. Where was that bus stop located?

ith & frichd

O Use atax

About You

14. How many trips have you taken ona 'l'rIM.et I:lus-"MN()
strestear in thae last month? oo os i
oo B o ol | O, 13m29

Download: On-Board and Intercept Transit Survey Techniques | The National Academies Press (nap.edu)
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Travel Survey
4. Household travel survey

residents within the study area.
» The household
» Socio-economic

» Trip characteristics

% The objective of household travel survey is to assess of the following characteristics of

% Household survey is the most important survey for conducting any transportation study for
an urban area.

National Household Travel
Survey (ornl.gov)

44
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Section IV: Admindstrative

T {] e
i [T WORTH CENTRAL TEXAS
s COUNCIL OF GOVERNM A Heimahola Talephant Numos:
il HOME INTERVIEW SURVEY ki
B Inservnwer —
€. Telephore Contact (11 Ayl
Section 1. Housshold Data o e [ —
A Sewpledsen [EENEN]
v Wumbe, Suse Mare, Ape ko Gty Tame Cavarey dw Code —

L L S — —
€ Numsss of Progis Livieg st thes Astiess .
0. Mumber of Peooie Ade B and Gvar Lising at ihis Addvess — ...
K. Number o1 Gut et rea Visitoes Staying at this Address
F. Number of Pasenger Cary. Vang, snd Pickugs Ausilsbiie fon U

[ Houserois tnome: 1650 ot Ak unkt imterview 1s Comaee) |

Saction 11: Deta an Pervons Age 5 and Over
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Households by Household Driver Count

Number of Households

Number of Drivers in HH

46
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Person Trips (PT) by Household Income

Travel Day Person Trips
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Person Trips (PT) by Mode

Travel Day Person Trips

408
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Person Trips (PT) by Household Vehicle Count

=1
3

1208

D

BOB

Travel Day Person Trips
o
=]
m

2 3 S5+

Count of Household vehicies
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Vehicles by Household Income

Number of vehides
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4. Household travel survey
National Household Travel Survey (ornl.qov)

Number of Person Trips (PT) by Age and Gender

76 or older
65-75 years old
55-64 years old
35-54 years old

@

25-34 years old
18-24 years old
16-17 years old

5-15 years old

o
h
o
m

408 508 808 1008
Number of Person Trips

1208
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Department of Statistics / Jordan /2020

Estimated Population of
the Kingdom by
Governorateat and Sex
the End of 2020
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Department of Statistics / Jordan /2020
Population Pyramid (%)
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Department of Statistics / Jordan /2020

Number of Licensed Vehicles
(000), 2009-2020

2000 +
1800 -
1600 -

1412 1302

1400 1147 1214 1264 1338
1200 A 995 1075
1000 -
800 -
600 -
400 -
200 A

o 4

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

1728
1680
1583 1635

NI L sad)
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2.Data Collection
Secondary data

% The recommendations for the expenditures of public funds must be obviously based upon the detailed
economic and financial analysis.

» Therefore, inventory and data collection are undertaken to obtain a measured understanding of the subject.

% The concerned departments and agencies may have the required data on

» Network, travel and traffic, economies, finance and engineering.

% Specially designed studies and surveys are often undertaken to collect the following basic data required for
urban transport planning

Traffic data
Economic data
Financial planning data

Engineering data

LA W N R

Statistics data

56
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Secondary data (or Inventories of Existing Conditions &
1. Traffic data

& Studies are undertaken to obtain knowledge of the type and volume of the base year traffic to project future travel
demands.

% The following information is collected:

Traffic census counting number of vehicles and volume yearly, monthly, weekly or hourly
Type of traffic such as trucks, buses, cars, tongas, etc.

Nature of traffic (heavy at certain times of the day)

Purpose of trip (business, official, recreational, educational, etc.)

Origin and destination-where a trip starts and where it ends

Speed of traffic

Conditions of vehicles

Accident records

© % N O LA LN R

Miscellaneous information such as axle load, type of tires, etc.

[
S

Parking supply and demands

[
=

Special surveys and data on bus passenger service, taxi users and passenger fare.

~
N

Commercial vehicles and their utilization

57

57

Secondary data (or Inventories of Existing Conditions &3
2. Economic Data

%  Economic data determine the economic status and development of the locality.

» This information helps in planning road system based on its population, development, mobility and economic life of the
people

%  These include information on
Dispersal and location of the population
Towns and villages classified on population basis
Location of existing industries and sources of material

Anticipated future development of industries

Location of marketing centers, size and goods sold

1

2

3

4

5. Classification of area as agricultural, semi-agricultural and non-agricultural

6.

7. Number of people going to market and industry, etc. and their mode of transportation
8

Per capita income of people living in the area

58
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Secondary data (or Inventories of Existing Conditions &
2. Financial planning data

&  This data concerns itself with the financial aspects such as
1. Allotment of funds
2. Compilation of statistics for income from different roads
3. Study of the sources of revenue and expenditures incurred under different heads of transportation improvement.

% Any organization must review its ability for transportation development program as a part of comprehensive
transportation planning.

» Accordingly, any transportation improvement plan developed should be seen against the available fund allocated and
costing may be done as per the fund allocation.

59

59

Secondary data (or Inventories of Existing Conditions &
3. Engineering data

% The engineering data includes

Topography of the area under study

Types of soil

Available materials of construction

Methods of construction and maintenance of transport facilities
Drainage problems

Availability of labour

N S U~ LN R

Road life cycle studies, etc.

61

61
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4. Statistics data

1. Basic statistics: It involves the following:

Rate on import of motor vehicles and parts revenue from customs
Revenue from excise duty on tires, etc. Revenue from motor taxes
Registration fee of motor vehicles

Sales tax on motor vehicles

Income from other taxes, etc.

D LA LWN R

Income from property taxes

2. Motor vehicle use statistics: It involves the following:

How the owners of vehicles are distributed among rural and urban area.
Finding the age of various automobiles and weight of commercial vehicles.
Estimates of annual travel, trip lengths, purpose of trip and mad use.

Rates of fuel consumption by different vehicles and their age.

uA WN R

Transport modes used by different types of employees, etc.
3. Road life statistics: This includes
» Facts regarding life of various roads, their construction and maintenance cost, salvage value of road elements.

» History of each section of the road if maintained, regarding its maintenance and repair, condition of pavement.

Secondary data (or Inventories of Existing Conditions &

62

62

Urban Transportation Forecasting Process
3. Calibration

& Concerned with establishing mathematical relationships that can be used to estimate future

travel demand
& Analysis of the data will reveal the effect on travel demand of factors such as
» Land use

» Socioeconomic characteristics

» Transportation system factor

63

63
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Urban Transportation Forecasting
Process

Example No. 1 :Estimating Trips per Day
Using Multiple Regression

64

64

7. Calibration 2
Example :Estimating Trlps per Day Using Multlple Regressmn

Exarrlplc 11 3 E'.nmatmg Tnps per I.'lay I.Jsmg I'I.I'Iultlpie H:grﬁsmn

A multiple regression analysis shows the following relationship for the number of
trips per household.

T=082+13P+21A
where

T = number of trips per household per day
P = number of persons per houschold
A = number of autos per houschold

If a particular TAZ contains 250 households with an average of 4 persons and
2 autos for each household, determine the average number of trips per day in that
Zone.

65

65
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7. Calibration
Solution

Solution:
Step 1. Calculate the number of trips per household.

Tr=082+13°P+21A
=082 + (1.3 x4) + (2.1 X2)
= 10.22 trips/household /day

Stepl. Determine the number of trips in the entire zone.
Total trips in TAZ = 250 (10.22) = 2,555 trips/day

Other mathematical formulas establish the relationships for trip length, percentage
of trips by auto or transit, or the particular travel route selected.

66

66
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Planning definitions and terms

%  Capacity
» A transportation facility’s ability to accommodate a moving stream of people or vehicles in a given time period
% Land use

> Refers to the manner in which portions of land or the structures on them are used (or designated for use in a plan),
< Commercial, residential, retail, industrial, etc

> Land use affects the transportation demand through generation and distribution of trips
%  Mode:
» A specific form of transportation, such as
< automobile, subway, bus, rail, air, bicycle, or foot.

% Performance measures:

> Indicators of how well the transportation system is performing such as

< Average speed, reliability f travel, and accident rates. Used as feedback in the decision-making process

Transportation Demand 47

Definition

& It is the number of persons or vehicles per unit time that can be expected to travel on a

given segment of a transportation system under a set of given land-use, socioeconomic,

and environmental conditions.

& Understanding demand is important for Transport Planning in general and is particularly
important Transportation Demand Management, which includes various strategies that
influence travel behavior.

Online TOM Encyclopedia - Transportation Demand (wipi.org) 4




Transportation Demand
Nature and Analysis

% Transportation demand is a derived demand

» That is, a person generally demand to be transported not because he/she just wants to move, but because
he/she wants to achieve some other purpose such as reaching school, university, or office.

& Therefore, it is not surprising that two of the major aspects in travel demand analysis are
» Land use

» Trip-purpose

Online TOM Encyclopedia - Transpx

Transportation Demand
Factors That Affect Transport Demand

Demeographics Economics

MNumber of people | Number of jobs | Fuel prices and Walking Relative speed Density
(residents, taxes and delay
employees and Incomes Cycling Mix
visitors). vehicle taxes & Reliability
Business fees Public transit Walkability
Incomes activity Comfort
Road tolls Ridesharing Connectivity
Age/lifecycle Freight Safety and
transport Parking fees Automobile security Transit service
Lifestyles proximity
Tourist activity Vehicle Taxi services Waiting
Preferences insurance conditions Roadway design
Telework
Public transport Parking
fares Delivery conditions
services
User
information
Secial status

Travel Demand Models can be used to predict how these factors affect travel behavior.




Transportation Demand
Relationship between land-use and transportation demand

% It is not necessarily a one-way _ _ Arterial
effect but rather a part of a cycle M T W

> In this cycle in which land-use changes the
transportation needs which in turn change
land-use

Transportation
Land Use
Traffic Conflict Cycle Land Value

Analysis of Transportation Demand
Definition of a trip

® Trip A Full Travel Day Example
» s an out-way movement from o
a point of origin to a point of START drive
destination. o b o
» The basic quantity in travel '{30 A
demand £
» It materializes after the trip- e, Home e
maker makes certain decisions ¥....
." =¥
; 2%
¥
walk

School

00




Transportation Demand e {
Trip generation terminology e oo
2 Q. é
END
& Home-based trips o= ;an L —
> If either origin or destination of a trip is F ‘ i v.ﬁﬂc ""Piz =1
the home of the trip maker ] 3 %:ﬁ 4
% Non-home-based trips i
wA
» Any trip that is not a home-based trip walk

School

Fone |

zone |

Transportation Demand
Trip generation terminology

& Travel demand behaviors changes with the trip-purpose
» Work trips

«»  Limited number of decisions are available
< A person does not necessarily decide every time whether to go to work or not
< Generally fixed location and time

< The choice of rout and mode of travel are not daily decisions

» Recreation trips

R/

< Alarge number of decisions are available

R/

% Togoornot

R/

<+ Where, when, and how to go

» Shopping trips

10

10



Transportation Demand
Trip generation terminology

L The trip is classified based on its purpose

» Homebased (HB)
% Work (HBW)
** School (HBS)
*» Shopping (HBSH)
++ Social and recreation (HBR)
«+» Other (HBO)
» None-homebased(NHB)

** Not classified into categories

zone J

11

11

Nature and Analysis of Transportation Demand
Trip-purpose

% Home-based work (HBW)

» If the trip is between the home and the work of the
trip maker.

% Home-based other (HBO)

» If the trip is between the home and destination
except the work of the trip maker

% Non-home based (NHB)
» Any trip is not HBW or NBO

IZ

12




Nature and Analysis of Transportation Demand

Trip types
& Trip production Production  Attraction
> All the trips of home based Home ‘ " Work
g =3
> The origin of Production Attraction
the non-home-based trips Home
% Trip attraction based trips
» Trips do not classify as trip
production
Production Attraction
T—— EE——
Work ap
- -
Attraction Production Non-home
based trips

13

13

Zoning system

& There are four types of movement patterns studied by delineating the various internal and
external zones. These are as follows:

1. Internal to internal (I-1)

2. Internal to external (I-E) /\

3. External to internal (E-I)

External-external

4. External to external (E-E)

External-internal Internal-external

Internal-internal

14

14



Trip-maker travel decisions
% This decisions can be broadly - e
classified into: Decision to travel
1. The decision to travel - -
2. The decision on the choice of destination ‘
3. The decision on the choice of mode Decision on choice of destination
4.  The decision on the choice of route I {Destination Choice) l
[ Decision on choice of mode L
k. (Mode i:huii:ﬁ} )
Decizion on choice of route
(Route Choice)
15

15

Trip-maker travel decisions
Assumptions of non-sequential decision making

Usually, the sequential A[ Decision to travel
demand analysis is used to

determine the travel

demands, even thought this Pescistion ol of dasHiathin }:

assumption may be {Destination Choice)
debatable

Decision on choice of mode
(Mode Choice)

( Decision on choice of route
(Route Choice)

16

16



Travel demand forecasting

17

17

Forecasting travel demand
Travel demand definition

U It is the number of persons or vehicles per unit time that can be expected to

travel on a given segment of a transportation system under a set of given land-

use, socioeconomic, and environmental conditions.

18

18



Sequential
demand

INPLUT CONDITIONS
Socio-economic needs
Socio-economic status
MNetwork conditions

1. Sacin-ccomemic variahles
2. Network varishles

!

analysis (

Trip-related decison making

—

——

]

Decizion to travel

|
i Trip-generation model

1 |

Trip-distribution model

Drestination choice

tw

l __ L

-

Muode choice

Mode-chirice (modal-splie) model

Travel-demand modelling

| !

B . 1

Traffic-assignment model

Rowe choice

| !

Mlaterialicatbon of o wip

Wolume o links of u neswork

19

19

Introduction
Travel Forecasting Process

% Four-step process”

» Trip generation
% How many trips ?
» Trip distribution
% From where to where ?

» Modal choice

*» On what mode ?

» Traffic assignment

*» On what route ?

Generation — -

T

ij,transit

A

Assignment — path of flowT; _ ., through the auto
network 20

20

10



Review

Travel Forecasting Process

L Four-step process”

» Trip generation

Land Lfse
and Trawel
Characternstics

0

l

< How many trips ?
» Trip distribution

Trp Generation

o,

< From where to where ?

» Modal choice

Trip Dhstribution

*» On what mode ?

|

> . .
Traffic assignment Trasiisand Highwsy

% Onwhat route ? System

Mode Choace

Assign Trips
to Metwork

21

Sequential demand analysis
The analysis procedure

urban area
Land use analysis are performed to determine where the activities will be located

The entire study area is divided into various zones based on land-use

The total number of trips generated in the zone are estimated using trip generation models

The number of trips between all zone is determined using the trip- distribution models

o vk w N

models

The relative shares of the generated trips for the different modes are estimated using the mode-choice

7. The volume on each link of the network is estimated using traffic —assignment models

1. Population and economic analysis are performed to determine the magnitude and extent of activity in the

22

22
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Travel
Demand
Model
Flowchart

| Tremogragh Travel i
------- Ecanarmi Bchiigir Network
| & Land Use oty Leveluf-Service

v
Eiiumnal Factorin
|
I ' }
) Feak il Off-Pek ]
e
0 Trip Disrribution )
[~ [
]
7 Peak -
I |
(4] Mide Choe
[~ [ . e
]
4 ]
v | o
| I el i Transit
v P “.u:: -“ Y Trip Awsigranunls
— {optianal)

23

23

Travel Forecasting Process

Trip generation

24

24
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Trip generation

& Definition:
T Tone
> Total number of trips generated by households in a a.,'t'ﬁ'n Pamograghiea
zone (HB and NHB)

L Task:

|Tr!p Generation
» Estimating the number of trips generated for a given

land use, based on prior data of traffic generators in v,/jﬁ\f_ﬁ
the same land use category /— ~ %

f Hameo-Based Homo-Based ,/ NDn-Hame\'\

; : ; Wark Other Based

» The number of trips are typlca//y a function of the type PN Lialy AT e kprmm"m,:
of land use, as well as its size . & Attractions & Atractions

& Attractions

S

% Inputs:

» Socioeconomic data 2
Trip Distribution |

=

» Land use data

R — 25

25

Socio-Economic data

Table 1.1: Typical Regression Variables used in Trip Generation

Household Counts Employment Counts
Total, Basic. Service, Retail and Non-retail,
® Eata abOUt. hl{mans,d h Industrial, Construction, Manufacturing,
uman activities, and the Total and Group Quarters Wholasals Public Administration, Educational,
space and/or structures Population Health, and Social Services, and Arts,
Entertainment, Recreation, Accommodation, and
;ztei(\j/igje;:ondua human Food Services Employment
Average Number of
Children Under Age 5 Average Number of Employees per Househald

Number of Total, 1, 2, 3, 4,
and 5+ Person Houssholds el dbex farne

Average Household Size Average Number of Labor Force per Household
Number of Vehicles

Available

Number of 0, 1, 2, and 3+

Vehicle Households

Number of 0, 1, 2, and 3+

Worker Households
Educational Enrollment Floor Areas
Heelowsoio iy Retail, Manufacturing, Trade, Services, and
i Public and Quasi-public Floor Area
Enrollement

College Enrollment

Real Time Socic-Economic Data forTravel Demand Modeling and Project Evaluaton core.a0.uk) 26

26




Trip generation
Factors affecting Trip Generation—Personal Trips (Production)

% Income
% Car ownership Production  Attraction
—— A
% Household structure Home | | a Work
Production Attraction
& Family size Home
based trips
% Value of land
& Residential density —— Attraction
% Accessibility Work - — ™| Shop
Attraction Production Nen-home!
based trips

27

27

Trip generation
Process

Survey Base Year
Socio-economic, land use
And
Trip making

\'

Estimated Predicted
Target year > | Calibrated > TaEZeItCyZar
socio-economic, Model No. of Trips
land use data Relating trip making :

to socio-economic
and land use data

28

28



Trip generation
Process

Attracted trips

The land use within
Zone 1 are
~ 120 office space
- 500 factory
~ 50 educational seats
= 100 shopping center

- (5]
)
() 1,680
= T, 1500 -
B e 1,-250
Production | Attraction ]
1 | 250 4pa | [1-se0]
2 | ae0 | ama | . " [
3 | 150 228 -] Ay
s | aoo | a3\ [T-320]
| 5 | 8550 | 493 | TR 1,- 420
6 800 T80
Totaltrips| 2470 | 2470

29

Trip generation
Modeling approaches

Attracted trips

Produced trips

Trip rates

ITE Trip Generation
Manual

Regression Models

e Cross-Classification

30

30
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Travel Forecasting Process

Trip generation

Trip Rates and regression methods

31

31

Regression Analysis

% You can learn more about Regression Analysis using these links:

» An Introduction to Linear Regression Analysis — YouTube

» Linear Regression, Clearly Explained!!! — YouTube

» Excel - Simple Linear Regression — YouTube

» Excel 2016 Regression Analysis — YouTube

> =1 L stb;‘;///.ud)//- sla>yl tsoloYouTube

> — SV pldsciwl yldoiY_pwdiy Jd=iYouTube

> - b LA li=Ylinear Regression — YouTube

32

32

16



Regression Analysis

y

Observed Value of vy
for x;

Predicted Value of
Y for X ;’9/

Intercept = B, g

o —

value

@

Slope = g,

Random Error for this x

33

33

Trip generation
Rates based on activity units

& Rate:
» Refers to the number of trips per day per activity center.

& Trip generation rates and characteristics in the
United States are collected and distributed in the
ITE Trip Generation Manual

» It contains data for a total of 172 land use types, based
on a sample of more than 5500 sites across the United

States

» The ITE manual applies to single land use,
homogeneous sites or zones and covers significantly
more than 100 land uses

34

34
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ITE Trip generation manual
Land use types

L Common land use types featured in the manual
include:

» Port and terminal

< 6 land uses, including water ports, airports, transit

stations, etc.
» Residential

0

< 19 land uses, includin% single-family homes, various types
of apartments, senior living, mobile home parks, etc.

» Recreational
< Institutional
» Medical
» Industrial
» Office
» Retail
» Services

I Land Use Codes

Port and Torminal (Land Usas D00-098)
CODE LAND USE

oz1 Commercial Airpon

o22 General Aviation Arpori

00 Intermodcal Truck Teeminal
060

Park-and-Ride Lot with Bus or Light
Fad Service

Industrial (Land Uses 100-199)
CODE LAND USE

10 General Light Industrial
130 incustril Park

140 Manufscluring

150 Warehousing

151 MiniWarehouse

154 High-Cube Transioad and Short. Teom

Storage Warehouss
185 High-Cube Fulfiiment Canter
Warehouse

156 High-Cube Farcel Hub Warehouse
187 High-Cube Cold Storage Warshouse
180 Duata Canter

170 Uiy

180 Speciaity Trade Contractor

Residental (Land Uses 200-299)

CODE LAND USE

210 Single Family Detached Housing

20 Mullfamily Housing (Low-Fise)

= Mustitamity Mousing (Mid-Rise)

222 Mulitumily Housing (High-Rise)

225 Off-Campuss. Student Apartmant

b Mid-Rise Residantial with 15t-Floor
Commercisl

n2 High-Rise Resdential with tst-Floor
Commercial

240 Mobile Home Park

F=3 Senior Adult Housing—Detached

252 Senof Adult Housing—Atached

253 Congragote Care Facilty

254 Asssted Living

%58 Contirnuing Care Retivament
Community

280 Recreatonal Homes

265 Timesans

2mn Residental Pianned Lt Development

Lodging (Land Uses 300-398)
CODE LAND USE

3o Hotel

m Al Sultes Hotel

2 Busingss Hotel

320 Matel

330 Rasort Hotel

Recreational (Land Uses 400-493)
CODE LAND USE

an Public Park.

410 Campground/Recreational Vehicle Park
20 Marina

430 Golf Course

M Miniatuie Golf Course

432 Golf Driving Range

433 Bafling Cages

434 Rock Climbeng Gym

435 Muttipurposs Recreational Faciity
438 Trampaline Park

437 Bowsng Aley

440 Adult Cabaret

35
35
ITE Trip generation manual ] i —
e
Sample Data _ e pn e e
. . Oma  ‘Woskday, Nariabhi
Page in Trip el s B ' n
. wnitabia mll"uhf.’_‘.‘:.’: :Is:nesumrnuwum —| Saiting
Generation e o Mo TG B e
Manua/ ::’:m ‘ishicie Trip Ganeration per 1000 Sq. Fi, GFA |
e sl 2 el —

]

Data Flgw’r-u Equation T

am
Mn-;w«mnw
|

T W i ) n ) w ar =
fora o mm P O O T B B
oot < tastp dnn e PR
Fated Curvs Epias T o 0200+ 1417 ey g
- "
I
Best _ ExprEnsen Mansurs of comelation Indeperdiont
fos. B _ W batwon 2 variobios, Varistils
e popaton will hane T=aX+h i
i L0iT) = 8 Lk} + b o [ b0 +1. Tris clisiar
ta +1 the A%, the.

btter the camalation
atuersers the wurinkn.

36
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ITE Trip generation manual
Sample Data Page in Trip Generation Manual

| tanduse | > Intermodal Truck Terminal e
| (030) =— Code
| Sample Size Vehicle Trip Ends vs: 1000 Sq. Ft. GFA Ind d;m
I Ona:  Weekday, Variabis
Average size of Peak Hour of Adjacent Street Traffic, l
independent One Hour Between 4 and 6 p.m.
variable Setting/Location: General Urban/Suburban | Setting
T Number of Studies: 4

Percent of total

Avg. Num. of 1000 Sq. Ft. GFA:

trip ends entering
and exiting site

# Directional Distribution:

21
52% entering, 48% exiting

Vehicle Trip Generation per 1000 Sqg. Ft.

GFA

during indicated
time period.

Average Rate

Range of Rates

Standard Deviation

1.86 1.19 - 3.67

0.94

37

37

ITE Trip 75

gane

during indicated
time period.

Sample [

2
Vehicle Trip Generation per 1000 Sg. Ft. GFA

Auerags Rate Fange of Rstes

Standard Daviation

1.86 1.19 - 367

0.84

A
Data Plcygncl Equation

Caution — 5

fnail Sample Size

Waighted Trip
Generation Rate—
The weightad
average number of
trip ends per one

unit of indepandant =
wvariable {in this
example, par
1000 Sq. FL GFA). =
I 3
7] 5|

Minimum and
maximum trip
generation rates
from the entire

differance among
rip generation

rates in all studies
for a land use and

range of studies B
raportad.

| £
The standard
deviation %
estimates the =

5 i KL

E) ES ET S
X = Number of 1000 &g FI. GFA

—an a5

between two or more related variables. If the are y
‘the equation will have the following format: T = aX + b. In a logarithmic
relationship, the equation will have the following format: Ln(T) = a Ln{X) + b.

indepel
V&ﬂabl;ﬂsm 3 Etudy Site Fittad Curva Averags Rate
Finted Curve Equation: T=022(X)+ 3512 ) Ri= 063
Dependant
Variable
Bast fit reg =l the optimal mathematical rel P M of i 13

b 2
expressed on a scale
of 0t +1. The closer
ta +1 the A’ is, the

beatter the correlation
between the variables.

Variable

38

38
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ITE Trip generation manual
Generated trips estimation process

L The process including:
1.

2
3.
4

Choosing land use

Choosing analysis period N/
Choosing independent variable(s) -
Calculate the trip generation rates e

1. Graphic Plot -

2. Regression Equation

3. Weighted Average Trip Rate

“Selecting an appropriate method for estimating trips
requires the use of engineering judgment and a thorough
understanding of the three methodologies listed above”

3

-]

39

ITE Trip generation manual
Generated trips estimation process

The general guidelines for use of the ITE manual are as follows:

1. Make sure that your zone is within the calibration limits on the independent variables
2. Use equation first
<& if the model statistical fit defined through the R? is greater than 0.75.
3. Use average rate,
<> If standard deviation (S.D) is less than 1.1 times the average rate.
40
40
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ITE Trip generation manual

Example No .1

a1
41
. . University/College
ITE Trip generation manual
‘ehicle Trip Ends vs: Students
Example No .1 R
Estimate the number of trips (T) entering and Ao, N of Stdants: 12 S
EXiting a university With |\-’Ehi|:,|5 Trip Genaration per Student |
Average Rate Hange of Rates Standant Daviation
| 1.56 1 1.10 331 045 |
Data Plot and Equation Caution — Small Sample Size
®
L oL
5,000 10,001 15,000 0,000 000
Fitted Curve Equatian: T = 13B{X) + 2108 B3 R=0.85

42



ITE Trip generation manual
Solution of example No .1

University/College

Vehicle Trip Ends vs:  Students
O e Weskday

U 1. Check the regression model
s+ R2=0.95>0.75, thus use the model
Vehicle Trip Genaration per Stude:

L 2. Use the regression model - e T —

<> T=1.38 (X) +2108.83 Data Piot and Equation Caution - Small Sampie Size

- T =Vehicle Trip Ends
- X =No. of students G
« T=1.38(20,000) +2108.83
& T=29,708.83 ' :
L 3. Directional Distribution: 50% entering, w
50% exiting
» % of entering trips ) _
<+ 0.5*%29708 = 14,854 “ ez e o
> % of exiting trips i ﬁ:m’““ i SR

% 0.5% 29708 = 14,854

43

43

ITE Trip generation manual

Example No .2

a4

44



ITE Trip generation manual
Example No .2

A 500-acre site is being developed to support 400 single-family detached houses
and a swimming pool with a clubhouse.

Estimate the number of trips (T) exiting the subdivision during a typical am peak
hour.

45

45

Average vehicle trip ends vs: Dwelling units

ITE Trip generation manual On'a: Woekday, pesk hour of adjscent stret

traffic, one hour between 7 and 9 am

Examp/e No .2 Number of studies. 286

Avg. number of dwelling units: 194
Directional distribution:  25% entering, 75% exiting

Trip generation per dwelling unit
| Average rate Range of rates Standard devialion

0.75 0.33-2.27 0.90

Data plot and equation

3000
o
=
&
& 2000
T
el
=
2
Lt
=
-
% 1000 4
" o
flaf =

| % x i
xR
X 2, o
) L = = - — S— |
o 1000 2000 3000
« = number of dwalling unils
= Aciual data points Fitted curve ~-+ fyBrage rate
Fitted curve aquation: T=0.70{=) + 9.74 R =0.88

46
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ITE Trip generation manual
Solution of example No .2

Solution

1. Note that our site with 400 units 1s within the range of units for the
study sites, with the bulk of the study sites having less than 1000 units.
2. R*=0.89. Because this is >0.75, we can use the fitted curve equa-
tion to solve for the answer versus looking at the average rate.
3. T=0.70 (X) +9.74, where X is the number of dwelling units.
T=0.70 (400) + 9.74
T = 290 total trips
Now, Ty = 0.75 (290) = 218 trips exiting during the am peak hour.
The 0.75 comes from the chart in that 75% are exiting and 25% are
entering during the am peak hour.

47

47

ITE Trip generation manual

Example No .3

48

48
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ITE Trip generation manual
Example No .3

You have been hired to conduct a TIA for a new fast-food restaurant

with a drive-through window. Which of the following statements repre-

sents the best choice for estimating the number of trips into and out of

the restaurant during the am peak?

a. Can'’t estimate the trips because there is no equation.

b. Can’t estimate the trips because the standard deviation is too high.

c. Can use the average rate because the standard deviation is in
acceptable lmats.

d. Can use the average rate but should add a factor of safety to it.

49
49
H ° Fast-food t. t with drive-th h wind
ITE Trlp generatlon manual as od restauran U(Uglu) rive-tnroughn winaow
SO/Ution Of examp/e NO 3 Average vehicle trip ends vs: 1000 sq. feet gross ﬂno_ravea

Ona: Weekday, peak hour of adjacent street
traffic, one hour between 7 and 9 am
Mumber of studies; 85
Average 1000 sq. feet GFA: 4
Dirsctional distribution:  51% entering, 49% exiting

Trip generation per 1000 sq. feet gross floor area

Average rate Range of rates Standard deviation

40.35 1.02-163.33 2830

Rate: it refers to the number of trips ~ Paepotendequaton

per day per activity center.

400

T = average vehide trip ends

1004 ooeessortTim gty %

=T ; L S - M—— N —

1 2 3 4 5 B 7 B 8 10
= = 1000 5q. feet gross floor area

= Actual datapolmts ~ seees Aymrage rale

Fitted curve eguation. Nof given R e
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ITE Trip generation manual
Solution of example No .3

As no equation is given for this land use code, it clearly is not an
option for estimating trips. The scatter of the data further supports
why the development of an equation was not appropriate for this
example.

The land use code does contain an average rate of 49.35 trips per
1000 ft of gross floor area, and the standard deviation of the estimate is
28.30 trips. As this is less than 1.1 times the average, it is acceptable to
use the average rate. The correct answer is (c).
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ITE Trip generation manual

Example No .4
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ITE Trip generation manual
Example No .4

& A commercial center in the downtown contai'ns seeral retail establishments
and light industries.

Y Employed at the center are 220 retail and 650 non-retail workers.
', Determine the number of trips per day attracted to this zone.

Table 12.7 Trip Generation Rates by Trip Purpose and Employee Category

Attractions per ~ Attractions per  Attractions per
Attractions per Nonretail Downtown Retail ~ Other Retail

Household Employee Employee Employee
HBW - 1.7 L7 1.7
HBO 1.0 20 50 100
NHB 1.0 10 30 50

53
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ITE Trip generation manual
Solution of example No .4

Rate: it refers to the number of trips per day

per employee type (retail and nonretail)
Table 12.7 Trip Generation(Rates y%se and Employee Category

Attractions per  Attractions per ~ Aftractions per

Attractions per Nonretail Downtown Retail ~ Other Retail
Household Employee Employee Employee
HBW — 1.7 L7 1.7
HBO 1.0 2.0 5.0 10.0
NHB 1.0 1.0 3.0 50

Estimated trips is function with employee type (retail and nonretail)

54
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Solution of example No .4

ITE Trip generation manual

Employed at the center are
650 non-retail and 220 retail
and workers.

Estimated HBW trips

Table 12.7 hTiip Purpose and Employee Categq

Attractions per  Attractions per
Nonretall Downtown Retail
Emplover Emplovee
HBW @)
HBO 20 5.0
NHE 1.0 30

(650 X 1.7) + (220 x 1.7) = 1479 trip/day

55

55

Solution of example No .4

ITE Trip generation manual

Employed at the center
are 650 non-retail and
220 retail and workers.

Estimated HBO trips

Table 12.7 hTiip Purpose and Employee Categq

Attractions per  Attractions per
Nonretall Downtown Retail
Emplover Emplovee
HBW 1
HBO @
NHE ] 30

(650 X 2) + (220 X 5) = 2400 trip/day

56

56
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ITE Trip generation manual

Solution of example No .4

Employed at the center
are 650 non-retail and
220 retail and workers.

Estimated NHB trips

Table 12.7 hTiip Purpose and Employee Categq

Attractions per  Attractions per
Nonretad Downtown Retail
Emplover Emplovee
HBW iy | 1.7
HBO 20 5.0
NHE

<),

(650 x 1)+ (220 x 3) = 1310 trip/day

57

57

ITE Trip generation manual

Solution of example No .4

Estimated Total trips

HBW: (220 X 1.7) + (650 X 1.7) = 1479
HBO: (220 X 5.0) + (650 X 2.0) = 2400
NHB: (220 X 3.0) + (650 X 1.0) = 1310
Total = 5189 trips/day
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Other Manuals

Trip Generation and Parking Rates Manual
Emirate of Abu Dhabi

TMH 17

South African
Trip Data Manual

Version 1.01
September 2013
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Develop a customized equation

Case studies in Jordan
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Develop a customized equation (e.g., planning model)

Case studies in Jordan

%  Naser, Mohammad & Abo-Qudais, Saad & Faris, Hossam. (2015). Developing Trip Generation Rates for
Hospitals in Amman. Jordan Journal of Civil Engineering. 9. 8-19.
» Microsoft Word - developing trip- mohammad naser et al 02 (researchgate.net)

%  Al-Madadha, Ayat & Imam, Rana. (2020). Developing Trip Generation Rates for Restaurants in Amman. 12. 69-
79. International Journal of Information, Business and Management, Vol. 12, No. 2,
» Developing-Trip-Generation-Rates-for-Restaurants-in-Amman.pdf (researchgate.net)

&  Abu-Ameerh, S. 2007. Trip attraction model for hospitals in Amman. Master of Science in Civil Engineering in
Transportation. Jordan University, Jordan.

% Al-Jabari, 0. 2009. Trip Attraction Model For Fast Food Restaurants In Amman, Master of Science in Civil
Engineering in Transportation, Jordan University, Jordan

%  Al-Nawaiseh, H 2010. Trip Attraction Model For Private Schools In Amman, Master of Science in Civil
Engineering in Transportation, Jordan University, Jordan

% Alkuime, H, 2015. Trip Attraction Model For Universities In Jordan. Master of Science in Civil Engineering in
Transportation, Jordan University of Science and Technology

61
61

Develop a customized equation (e.g., planning model)

Trip Attraction Model For Universities In Jordan

2
3
4.
5
6
7

Regression models were developed to predict vehicles trips within the day or peak hours,
based on different characteristics of universities such as:

1.

Number of students.

Number of administrative staff.
Number of academic staff.

Gross floor area of universities.
Number of studying rooms and labs.
Number of courses

Number of lectures
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Develop a customized equation (e.g., planning model)

Trip Attraction Model For Universities In Jordan

University Name Type Province
Jordan University of Science & Tech. (JUST) Public Irbid

Al al-Bayt University (AABU) Public Al-Mafraq
Jadara University Private Irbid

Irbid National University Private Irbid
Philadelphia Private University Private Amman
Zarqa University (ZU) Private Zarqa
Jarash University Private Jarash
Ajloun National Private Univ. private Ajloun

63
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Develop a customized equation (e.g., planning model)

Trip Attraction Model For Universities In Jordan

6000
R = 0.976
2 [}
£ 5000 ,
i
> -
= 4000
a
o -
§ 3000 °
< 2000
(0] Phd
= 1000 .
o -
z ol
0
0 5000 10000 15000 20000 25000

30000
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Develop a customized equation (e.g., planning model)

Trip Attraction Model For Universities In Jordan

Developed models R?
0.968
LN(V.p,) = 0.472+0.297*LN(GFA)+0.3256*LN(NS)+0.360* LN(NL)
LN(V,p) = -0.205+0.296*LN(GFA)+ 0.325*LN(NS)+0.36*LN(NL) 0.967
LN(Vyyy) = -2.643+0.985*LN(NS) 0.985
LN(Vyy) = -2.380+0.926*LN(NS) 0.976
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Reading Assignment

Read the short paper:
Al-Madadha, Ayat & Imam, Rana. (2020). Developing Trip Generation Rates for

Restawrants in Amman. 12. 69-79. International Journal of Information, Business,
and Management, Vol. 12, No. 2,

Then:

1. Prepare a two-page summary of the paper.

2. Suggest additional independent factors that may influence the number of
generated trips? Justify your suggestion.

3. The study used two approaches to model trip generation rates, which one do
you think would provide better results? Explain your answer.

4. Do you agree with the study findings or not? Explain why?
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Reading Assignment

Table 12: Comparison between Proposed, Regional and International Rates

Land Use Amman Trip Rates ITE M 1 Abu Dhabi Manual Dubai Manual
Category AM Noon PM AM Noon PM AM Noon PM AM Noon PM
Restaurants 0.889 0.675 0.958 9.94 7.49 14.13 0.03 0.35 0.45 0.29 693 8.12
Variable Parking | Parking | Parking | 1000 ft* | 1000 fi* [ 1000 fi* | Number | Number | Number | 100m’ | 100m’ | 100 m’
capacity | capacity | capacity | of GFA | of GFA | of GFA | ofseats | ofseats | ofseats | of GFA | of GFA | of GFA
Fast Food - 0.902 0.902 183.07 - 389 - 12,71 19.53 0 13.06 12.65
— Not Parking | Parking | 1000 ft* [ Not 1000 £ | Not 100m* | 100m’ 100m® | 100m> | 100 m*
available | capacity | capacity | of GFA | available | of GFA | available | of GFA | of GFA | of GFA | of GFA | of GFA
67
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Travel Forecasting Process

Trip generation

Cross-Classification
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Trip generation

The main methods for estimating generated trips

c

o

)

© ITE Trip Generation

,g Manual,

7)) . Rates Based on

5] Attracted trips Activity Units

-

.8 Develop a customized
. e equation

g Produced trips Cross-Classification q

-
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o

=

|_
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Cross — Classification

L Cross-Classification: A technique developed by FHWA to determine the number of trips that
begin or end at the home

» Home based trips

% The two variables most commonly used are
» Average income
» Auto ownership

» household size and stage in the household life cycle
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2002 Onboard Transit Survey

mmwmdmm and your Iransk operaons, \laﬂt)lﬂwnslpmhrwuvehalaim
questions bulow and retuming this form bafiore you get off e bus, A e are confi A

by amswering e quessions:
Please fill put this form aach time you get one.  Thank you.

PLEASE ANSWER THESE QUESTIONS FIRST

1 mmmjuucumnhmﬂ 3, What ls the zip code where you live?
4. Shapging
ZW\M' 5. Recreation/visit friends 4, Whare ars you going T
3, Schoal 6. OHhar (specty: ) 1. Home: 4. Shopping
2 Wiods, 5. Recrealicnfvisil friends
2, What bs the sddmes of that place? 3. School 6, Other {smcity B

(Spacfy sreel name AND tross sireet DR addreas)
e — e ki) Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership
e prrey Steetama Haousehold Trips Produced per Household Income Auitos per
Manseust Coas Strmol Chy c S Number Household (810005 ) Household
Hearest Cross Sros Cay
1 2 16 0
2 4 24 0
3 10 68 2
_ 4 5 44 0
A e A e W T TR e 5 3 L :
o BT o - - N 6 15 68 3
e w 7 7 38 L
B humtar ol Qui of Asn ¥ Hiors Sy g @8 Wh Addren. 8 4 36 0
i e st E 9 6 28 l
LT — YT — rCmvv_r:l _ —_ 10 13 76 3
11 8 72 1
12 6 32 1
13 9 28 2
14 11 44 o
15 10 44 3
16 11 52 2
17 12 (11] 2
18 8 44 L
19 8 52 1
20 6 28 1
71
71
Cross — Classification
2+ autos

68

Households (%)
e
[ ¥

38F
r4-Fr+r——-

1 auto
) SR 0 autos

Low Medium High

Income

Low: < $32,000

Medium: > $32 ,000—§48,000

High: > $48,000
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72
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Cross — Classification

=
e 2+ autos
o
bt 1
e ! | auto
S 13- I
G [
8 g | " :
o< B32,000
g =8 : i 0 autos I_r.w.._ $32,00 -
Z ( { | Medinm: = $32,000-848.000
]
et — High: > $48,000
Low Medium High
Income

73
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Cross — Classification
Solution of Example No.1:

HBO {Home-based other)

Trips (%)
L)

()

T

L

)

\

NHB {Nonhome-based)
HBW (Home-based work)

17 —I;-v-r”_
: : Low: < $32,001}
1 I Medivm: = $32,00H1-§48 000
L High: > $48,000
Low Medium High
fncome

74




Cross — Classification

Example No .1 : Developing Trip Generation
Curves from Household Data

75

75

Cross — Classification

A travel survey produced the
data shown in Table 12.1.
Twenty households were
interviewed

Based on the data provided, develop a

set of curves showing

1. The number of trips per household
versus auto ownership?

2. The number of trips per household
versus income

Example No .1 : Developing Trip Generation Curves from Household Data

Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership

Household Tiips Produced per Household Income Autos per
Number Household (S 1000s) Household
1 2 16 0
2 4 24 1]
3 10 68 2
4 5 44 {1
5 5 18 1
6 15 68 3
7 7 38 1
8 4 36 0
9 6 28 1
10 13 76 3
11 8 72 1
12 6 32 1
13 9 28 2
14 11 44 2
15 iV 44 2
16 11 51 2
17 12 60 2
18 -] 44 1
19 8 52 1
20 6 28 1
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Cross — Classification

Solution of Example No.1:

Step 1 : Produce a matrix that shows the number and percentage of households as a
function of auto ownership and income grouping

Table 12.2 MNumber and Percent of Household in Each Income Category versus Car

Ownership
Auntos Owned

fcome ($1000%) [ I 24 Total
24 2(67) 1(33) 0{0) 3(100)
24 36 1(25) 3(50) 1(25) S(100)
3648 1(20) 2(40) 2(40) S(100)
48— 60 = 1(33) 2(67) 3(100)
=60 e 1(25) 3(75) 4(100)

Total 4 8 B 20

Nore:  Values in parentheses are percent of automobiles owned at each income range.

77
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Cross — Classification

Solution of Example No.1:

Step 2 : Produce a matrix shows Average Trips per Household versus Income
and Car Ownership

Table 12.3  Average Trips per Household versus Income and Car Ownership

Auntos QOwned

Income (§1000s) 0 ! 2+
=24 3 5 -~
24-36 4 b 9
36-48 5 15 10.5
48-60 - 85 115
=60 - 85 12.7
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Cross — Classification
Solution of Example No.1:

Step 2: Plot Average Trips per Household versus Income and Car Ownership

Households (%)

I
|
|
|
I
|
|
|
I
]
]
I
I
I
’
]
1
1
1
1
|
1
1

2+ autos

1 auto
Lowe: = 832,000
Medium: = §32,000-345,000

rautos Fligh; = $48,000

Low Medium Higl
Income

portation, Washington, D.C.. April 1977.

Figure 12.3 Households by Automobile Ownership and Income Category

SOURCE: Muodified from Computer Programs for Urban Transportation Planning, U.S. Department of Trans-
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Cross — Classification
Solution of Example No.1:

M autos

T
: | auto
13r--
|
|
1

Number of Trips/HH

p I
8 'mulm an:.< $32,000 .
. Medium: > §32,000-848,000
1 - i High:> S48 000
Low Medium  High
Income

SOURCE: Modified from Computer Programs for Urban Transportation Planning, U.S. Department of
Transportation, Washington, D.C.. April 1977

Average trips / houshold

(5]

T
............ &
R D
B T
= P
-

0 24 36 48 60 100
Household Income ($1000s)
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Cross — Classification
Solution of Example No.1:

2+ autos

L
. ssbrf-
?—E sS4l
=]
% 42
2 FE
= | 1 100%
] o
30F44,
I I -
] i 900:0
| ! | aute
| 1 Low: = $32,000 80% “'
\ | Medim: > $32,000-54% 000 e
Apdo e . O autas High: > $48,000 0%
Low Medium High = ] "
& A
Tncome -  G0% N st
= \ g
£ 50% s TAN S
[ 5
& = -
@ s i "
é 40% ---..__d,_-_"&
W N SR e S
30% A o T
ol L ,- > . A :
20% <8
. N
10% ~
™ O Al ¢+2
[0 >
0 24 36 48 60 100
Household Income (51000s)
SOURCE: Modified from Computer Programs for Urban Transportation Planning, U.S. Department of
Transportation, Washington, D.C., April 1977 [-¥ N
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Cross — Classification
Solution of Example No.1:

fasheenits Universily

income category

Addition work (Step 3): Determine the percentage of trips by each trip purpose for each

ST r-= _
: : : HBO {Home-hased other)
= | 1
= ] | |
g 32 I_j:?{’—-——- I NHB { Nonhome-based)
3 : : : HBW (Home-based work)
17 “j;-,-»—lr"—_ !
* Data is not . |
given in the P i
example Low Medium High
Income

Low: < §32,000
Medivm: = $32,000-$48 000
High: > $48,000
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Cross — Classification

Example No .2 : Computing Trips
Generated in a Suburban Zone

83

83

Cross — Classification
Example No .2 : Computing Trips Generated in a Suburban Zone

L, Consider a zone that is located in a suburban area of a city.

» The population and income data for the zone are as follows.

®,

«  Number of dwelling units: 60

®,

% Average income per dwelling unit: $44,000

& Determine the number of trips per day generated in this zone for each trip purpose,
assuming that the characteristics depicted in Figures 12.2 through 12.5 apply in this
situation.
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Cross — Classification
Solution of Example No .2

—

2+ antes

o~ P o N Y SO ——
S .~ High: > 48,000 o8 .
U4 1
[ ’ { 5 !
S sk L
z oy 5 | |
a sy
U R O !
= Z gt ! i
3 _ Eoaph-- i
b Medium: > z nop !
B Mo $32.000-848,000 ! i .
2 A A
e e o —n 1
< : I I aute
Low: < §32.000 ' | Lo 832000
== ! l Modivmg = 833 100-8 3
§44,000 : ' Qautes Rigl-» $48.0060
Low Medjun Hagiu
Average Zone fncome Ircome
Figure 12.2 Figure 12.3
85
85
Cross — Classification
Solution of Example No .2
= 2+ autos
B
= T
. ! | auto
3 |3iF-- |
= . 1 T
z L2 | et
E 1 : ! O #utos Lows <0 K32 0W0
= . ‘ Medium: > $32.004) $48,0010
4 | _
2 E‘W Higl: = S4.00m1 Figure 12.5
Low Medium High
Incame
S1fpo ;
FigUl’e 12.4 : | | HBO({Home-based ather)
. N i
—_ ] ]
= ! : )
E 32 i_;{71"'-‘-_-—_—_rﬁ;ﬁ{-m]wnw-bdsedi
I
1 : : HBW (Home-based work)
17 —3'74-"‘—"_—“
! | : Low: < $32,000
[ } Medium: > $32,000-§48,000
| . High: > §48,000
Low Medium High
Income
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Cross — Classification
Solution of Example No .2

Step 1 : Determine the percentage of households in each economic category

Households in Category (%)}

Households (%)

M B32,000-848,000
T

Low: < $32,000

"h.“‘-

Average Zone Income

$44,000

7/
/
/ Income (§)
Low (under 32,000)
Medium (32,000 -48,000)
\ Medium: > High (over 48,000)

g
40
51
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Cross — Classification

Solution of Example No .2

’ Step 2 : Determine the number of trips per household per day for each income—auto ownership category.

Houscholds (%)

[33-1

35
54

42
38

30

2+ autos

Autos/Household
Income ) 1 2+
Low 54 42 4
Medium 4 58 38
High 2 30 68

1
1
I
|
|
{
i
|
3
1
]
1
1
1
J
|
Ll
: I auto
|

|

|

| D autos

Low Medium

High

Encome
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Cross — Classification
Solution of Example No .2

’ Step 3: Determine the number of trips per household per day for each income—auto ownership category

ediun 5
_,,..L/"/’_— N

Low Medium High

58% of medium-income families
[ncome own one auto per household.

=

= M autos

g

; Autos/Household

— | auto

o) Income ) o
- B

3 Low 7
g 0 autos Medium 13
Z. 15
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Cross — Classification
Solution of Example No .2

Step 4: Calculate the total number of trips per day generated in the zone

P#-" = HH X Ig X Ag.‘x X (Ph']gh
3 3
Py = 2 ;}}h
E

HH = number of households in the zone

I, = percentage of households (decimal) in zone with
income level g (low, medium, or high)

Ay, = percentage of households (decimal) in income level g
with /i autos per household (A = 0.1, or 24)

= number of trips per day generated in the zone
by householders with income level g and auto owner-
ship h

Pp)en = number of trips per day produced in a household at

income level g and auto ownership /i
Py = total number of trips generated in the zone

P

gh
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Cross — Classification
Example No .2 : Computing Trips Generated in a Suburban Zone

’ Step 4: Calculate the total number of trips per day generated in the zone

Py =HH X145 X Agp X (Py)gn

Where

HH =number of households in the zone

I g = percentage of households (decimal) in zone with income level g (low, medium, or high)

A gh = percentage of households (decimal) in income level g with / autos per household (% =0, 1, or +2

P gh = number of trips per day generated in the zone by householders with income level g and auto ownership h

P H) gh = number of trips per day produced in a household at income level g and auto ownership /

Pr = total number of trips generated in the zone

91
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Cross — Classification
Solution of Example No .2

’ Step 4: Calculate the total number of trips per day generated in the zone

Table 12.6 Number of Trips per Day Generated by Sixty Households

Income, Auto Total Trips by
Ownership Income Group
60 X 0.09 X 054 X 1= 3trips L.0+
60 X 0.09 X 042 X 6= 14trips L1+
60 X 0.09 X 004 X 7= 2trips L2+ 19
60 X 040 X 0.04 X 2= 2trips M, 0+
60 X 040 X 0.58 X 8 = 111 trips M., 1+
60 X 0.40 X 0.38 X 13 = 119 trips M, 2+ 232
60 X 051 X 002 %X 3= 2trips H. 0+
60 X 0.51 x 0.30 x 11 = 101 trips H, 1+
60 X 0.51 x 0.68 x 15 = 312 trips H, 2+ 415
Total = 666 trips 666
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Cross — Classification
Solution of Example No .2

Step 5 : Determine the percentage of trips by trip purpose

Step5. Determine the percentage of trips by trip purpose. As a final step, we
can calculate the number of trips that are HBW, HBO, and NHB. If
these percentages are 17, 51, and 32, respectively (see Figure 12.5), for
the medium-income category. then the number of trips from the zone
for the three trip purposes are 232 X (.17 = 40 HBW, 232 X 0.51 =
118 HBO, and 232 X (.32 = 74 NHB. (Similar calculations would be
made for other income groups.) The final result, which is left for the
reader to verify, is obtained by using the following percentages: low
income at 15, 55, and 30, and high income at 18, 48, and 34. These yield
118 HBW, 327 HBO, and 221 NHB trips.

93
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Reading Assignment

Estimation of Trip Generation Rates for Residential Areas in Jordan

The Hashesnits

Hashem R. Al-Masaeid” and Sanaa S. Fayyad?

Y Professor, Civil Engineering Dept., Jordan University of Science and Technology, P.O. Box (3030),
Irb1d-22110, Jordan. E-Mail: hashem(@just.edui.jo
2 Engineer, Teaching Assistant, Civil Engineering Dept., Jordan University of Science and Teclmology,
P. 0. Box (3030), Trbid-22110, Jordan. E-Mail: sbaniamer(@yahoo.com

ABSTRACT

The objective of this smdy was to develop trip generation for residential areas, where Irbid city was selected as
a case study. Household survey was carried out to collect data on trips and their purposes on fypical workdays
and holidays - TG
snmple of sbout 2300 Tiouseliolds was interviewed. 100 hotseholds Were interviewed Tor validation prrposes)

Both regression analysis and cross-classification approach were used to model trip generation rates. Analysis
carried out in the study indicated that the number of generated trips 1s influenced by family size. car ownership
and income level. On workdays, the analysis indicated that the number of home-based work trips constitutes
about one-third of the total home-based trips. Also, it was found that the number of trips on holidays represent
nearly one-third of the number of trips generated on workdays. Although performance of both approaches was
very well, cross-classification approach proved to yield more accurate values. Compared with developed

countries, trip generation rates for residential areas in Jordan were found to be substantially low.
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Reading Assignment

Table 3. Cross-classification rates of HBO and NHB in Irbid city on a holiday

The Hashesuite Unbversity

Famﬂ": Car ownership
Income size/HH
level (sample Zero Ome Twat+
size) HBO NHB HBO NHB HBO NHB
<3/(120) 19 0.01 21 001 MA NA
4(201) 20 0.03 25 0.03 NA NA
Low 5A191) 232 0.05 28 0.06 NA NA
income BA(195) 23 005 28 0.05 MNA NA
TH(162) 23 0.05 33 0.07 NA NA
=8/(119) 35 0.06 38 0.07 NA NA
>3/(124) 39 0.03 5 00s 55 0
4147 5.0 0.05 61 0.07 65 0.03
Medi 3(163) 54 0.05 6.5 0.09 638 0.04
income 6£/(148) 555 0.06 6.5 011 i3 0.03
TK1535) 58 0.06 1 012 799 0.04
>8/(30) 6.1 0.07 73 013 81 0.06
<3/(24) 40 0 52 0.02 BT 076
4/(83) 52 0.04 535 0 39 07
High 51(79) 6.1 0 6.8 0.05 73 0.65
income 6/(89) 66 0.07 71 0 756 063
TIT) 71 0 13 0 B2 05
=8/(55) 75 0 79 0 93 0.1

95

Rea d i ng ASS Table 2. Cross-classification averages of HBW, HEO and NHE frips in Irbid city on a workday

Family

Car ownership
Income | size/HH
level (sample Zero One Two+
size) | gpw | HBO | NHB |HBW | HEBO | NEB | HBW | HBO | NHB
<3/(120) 162 518 65 18 53 093 NA NA NA
4/(201) o 62 10 22 64 1.0 NA NA NA
Low 5/{191) 194 3.0 13 2.6 8.9 13 NA NA NA
income 6/(195) 23 9.6 16 8 9.4 1.4 NA NA NA
7/(162) 32 12.4 18 42 132 144 NA NA NA
=8/(119) 4.0 125 21 46 134 15 NA HNA Na

=3/(124) 198 6.52 14 20 ¥ 135 28 42 10
4/(147) 24 50 23 27 52 1.6 16 117 10
Medium | 3/{163) 30 11.0 25 32 110 17 32 120 | 095
income 6/(148) 4.0 112 27 42 11.28 20 43 12.2 0.90
7(155) 42 124 29 4.6 12.4 2.0 36 126 | 080

=8/(B0) 46 125 il 56 132 z3 144 | 070
<3/{24) 30 §4 19 4.0 938 19 4.6 9.8 0.76
4/(83) 4.0 8.78 23 42 102 24 54 10.2 0.70

High 5(79) 46 112 235 54 118 25 62 126 | 0.65

income 6/(39) 36 122 23 58 148 28 6.6 150 | 063
IT) 62 134 31 6.2 16.0 29 70 115 .50
=8/(35) 74 143 35 6.8 182 29 B2 200 | 040

NA: Mot avatlabla.
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Reading Assignment

Table 5. Comparison between total home-based production trips

Car ownership
Income | Family Zero One Two+

level size | Irbid | ITE | Dohuk | Irbid | ITE | Dohuk | Irbid | ITE | Dohuk

<3 68 | 103 | 707 71 | 99 72 NA NA NA

4 79 | 115 | s36 s5 | 103] 84 NA NA NA

Low 5 101 | 132 | 1177 | 115 | 142 | 1192 | NA NA NA

income 6 120 | 156 | 123 | 132 | 158 | 1313 | NA NA NA

7 158 | 198 | 161 | 175 | 197 ] 180 | NA NA NA

>8 165 | NA | 1649 | 178 | na | 181 | NA NA NA

<3 85 | 141 | 101 9.1 15 105 | 112 16.3 NA

4 118 | 145 | 123 | 1209 | 169 | 130 | 149 171 NA

Medium 5 141 | 171 | 1467 | 1390 | 17 141 | 161 17.4 NA

income 6 153 | 189 | 152 | 148 | 181 | 150 | 169 18.1 NA

7 163 | 191 | 161 | 167 | 192 | 172 | 179 193 NA

>8 171 | NA | 182 [ 188 | NA | 191 [ 205 NA 156

<3 114 15 12 138 159 14.1 144 17.0 NA

1 1278 | 153 14 146 | 170 | 150 | 1538 183 NA

High 5 158 | 280 | 161 | 174 | 182 | 177 | 185 19.0 NA

income 6 158 | NA | 180 | 191 | 200 | 200 | 216 NA 217

7 104 | Na | 201 | 231 | na | 235 | 226 NA 23.1

>3 217 | NA | 220 | 250 | NA | 352 | 281 NA 283

NA: Not available.

97

Reading Assignmentz

Part 2:

The following cross-classification data have been developed for Jeffersonville Transportation

study area:
) HH (%) Autos/ HH (%) Trip Rate/Auto Trips (%)
Income High Med Low 0 1 2 3 0 1 2 3+ HBW  HBO NHB

10 0 30 70 48 48 4 0 2.0 60 115 17.0 38 34 28
20 0 50 50 4 72 24 0 25 75 125 1135 38 M 28
30 10 70 20 2 53 4 5 4.0 9.0 14.0 19.0 35 34 31
40 20 75 5 1 32 52 15 35 105 155 205 27 35 38
50 50 50 0 0 19 56 25 75 120 170 220 20 i7 43
60 70 30 0 0 10 60 30 80 130 180 230 16 40 44

Develop the family of cross-classification curves and determine the number of trips produced (by
purpose) for a traffic zone containing 500 houses with an average household income of $35.000.

(Use high 55,000; medium 25,000; low 15,000)
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Trip generation

by Trip types

99

99

Trip generation
Trip types

& Trip production
»All the trips of home based

»The origin of the non
home-based trips

& Trip attraction

» Trips do not classify as trip
production

Production Attraction
o -
Home |, - | Work
Production Attraction
Home
based trips
Production Attraction
—— - — ™| Shop
Attraction Production Non-home
based trips

urce: https://www.CiviLiitb.ac.in/~vmtom/1100_LnTse/203_InTse/plain/

100

100
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Trip generation
Trip types

% Attracted (T,) trips
» T, is function with land use
Y Produced (T,) trips?
»T, is function with
% Population
% Income
% Household size

< Number of household size

< Vehicle owned

101

101

Trip generation

TRIP MODEL | INDEPENDENT ;
PURPOSE TYPE VARIABLES REGRESSION R
PRODUCED | POPULATION P=0514X:-9.717 0.745
0 HOME WORKERS PER
\ ZONE & A=0812Xs+0.943Xss —
ATTRACTED | <1ypENTS PER 84 621 0983
ZONE
NO. OF - -
| PRODUCED | poushHorps | P=1368%:—225.047 0.868
TOWORK. WORKERS PER
ATTRACTED s A=08698X:— 19225 0.987
NO. OF - .
PRODUCED | yorceion o | P=09851X:+43.649 0.737
TOSCHOOL STUDENTS PER
ATTRACTED - A=08355Xu+4139 0972

Image source: Aloc, D. S. & Amar, J. A. N. A. C. Trip Generation Modeling of Lipa City Trip Generation Modelling of Lipa City. (2014). doi:10.13140/2.1.2171.7126

102

102
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Example

Study area

103

103

Example

Zoning

104

104
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Example

Attracted trips

P e — — — —

The land use within
Zone 1 are

» 120 office space

» 500 factory

» 50 educational seats

» 100 shopping center

105

105
Example
How many trips are attracted (T,) and produced to a zone 1?
Land use ( By Number of units Trip rates Attracted (T,) trips

survey) ( By survey) (manual) (column 2 X column 3)

office space 120 1.18 472

factory 500 0.43 64.5

educational seats 50 1.2 108

shopping center 100 2.1 630

Total attracted trips (T,) 626

106

106
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Example

Attracted trips

107

107

Example

|
The land use within

Zone 1 are

» Number of dwelling
units: 60

> Average income per
dwelling unit: 544,000

%  See example-6:
Computing Trips
Generated in a
Suburban Zone

108

108
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Example

Produced trips ( T21

109

109

Balancing Trip Productions and Attraction

& A likely result of the trip generation process is that the number of trip productions may not
be equal to the number of trip attractions

% Trip productions

U which are based on census data, are considered to be more accurate than trip attractions

U Therefore,

<+ Trip attractions are usually modified so that they are equal to trip productions

110

110
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Balancing Trip Productions and Attraction

Example No.1 : Balancing the Home-
based trips

111

111

& The trip generation process
between zone 1 through zone
3 has produced

» 600 HBW productions trips
» 800 HBW attraction trips

» It requires to balancing trip
productions and attraction in
this zone

Balancing Trip Productions and Attraction

Example No.1 : Balancing the Home-based trips

Unbalanced H{BW Trips

Lone Productions Altractions
1 11N} 240
2 20 400
3 300 166)
Total L R

112

112
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Balancing Trip Productions and Attraction
Solution of Example No.1
Total Unbalanced Production trips

Total Unbalanced Attraction trips
600

& Trip correction factor =

& Trip correction factor = 300 = 0.75
Unbalanced HBW Trips
Zone Productions Attractions
1 110K 24
2 200 4000

166)

300
@D G

113

113

Balancing Trip Productions and Attraction

Solution of Example No.1

% Balanced attraction trips = Trip correction factor x Unbalanced attractions trips

Table 12.8a Balancing Home-Based Work Trips

Unbalanced HBW Trips Balanced HEBW Trips
Zone Productions Attractions Productions Attractions
1 100 240 100 180 L-2a070.79)- 180 |
2 200 400 200 300
3 300 160 300 120
Total 600 s00 (00 600

114
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Balancing Trip Productions and Attraction

Example No.2 : Balancing the NON-
Home-based trips

115

115

Balancing Trip Productions and Attraction

Example No.2 : Balancing the Home-based trips

& The trip generation process

between zone 1 through zone 3 Table 12.8b  Balancing Non-Home-Based Trips
has produced

» 600 NHB productions trips

Unbalanced NHB Trips

. . NHB NHE

»800 NHB attraction trips Zone Productions Attractions
1 100 240
» It requires to balancing trip 2 200 400
productions and attraction in 3 300 160
this zone Total 600 800

116

116
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Balancing Trip Productions and Attraction
Solution of Example No.2

Total Unbalanced PRODUCTIONtrips
Total Unbalanced attrachtion trips
600

& Trip correction factor = 300 = 0.75

& Trip correction factor =

Table 12.8b Balancing Non-Home-Based Trips
Unbalanced NHB Trips

NHE NHEB
Zone Productions Attractions
1 100 240
2 200 400

117

117

Balancing Trip Productions and Attraction
Solution of Example No.2

Y Balanced attraction trips = Trip correction factor X Unbalanced attractions trips

Table 12.8b Balancing Non-Home-Based Trips

Unbalanced NHE Trips Balanced NHB Trips
NHEB NHEB NHRB NHEB
Zone Productions Attractions Productions Attractions
1 100 240 180 180] =(240*0.75)= 180
2 200 400 300 300
3 300 160 120 120
Total 600 800 GO0 a0

118

118
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Balancing Trip Productions and Attraction
Solution of Example No.2
% An extra step is required for balancing
NHB trips.
> This extra step is that Table 12.8b  Balancing Non-Home-Based Trips

. ’ Unbalanced NHB Trips Balanced NHB Trips
the productions for each zone are set equal

: NHB NHB NHB NHB
to the attractions f or each zone. Zone Productions Attractions Productions Attractions
» The rationale behind this extra step is that 1 100 240 180 180
. 2 200 400 300 300
< the true origin of non-home based 3 300 160 120 120
trips is not provided by survey or Total 600 800 600 600

census data.

*,

X4 thus the best estimate of the number
of NHB trips produced in each zone is
the number of NHB trips attracted to
each zone.

119

119

Balancing Trip Productions and Attraction

Example No.3 :

120

120



Unbalanced Trip
Productions and

Attractions
Unbalanced trips
Zone ID
Production | Attraction
1 250 620
2 320 560
3 150 350
4 400 420
5 550 650
6 800 1200
Total trips 2470 3800
121

Balancing Trip Productions and Attractions

Total Unbalanced production trips
Total Unbalanced attractions trips

& Trip correction factor =

. . 2470
»Trip correction factor = —— = 0.65

3800
Unbalanced trips Balanced trips
Zone ID
Production Attraction | Production | Attraction

1 250 620 250 403

2 320 560 320 364

3 150 350 150 228

4 400 420 400 273

5 550 650 550 423

6 800 1200 800 780
Total trip 2470 3800 2470 2470

122



Balanced Trip

Productions and

Attractions
Balanced trips
Zone ID
Production | Attraction
1 250 403
2 320 364
3 150 228
4 400 273
5 550 423
6 800 780
Total trips 2470 2470
123

62



TRANSPORTATION
ENGINEERING
AND PLANNING
(110 401367)

Spring 2021-2022
Module No. 4

The Hashemite Lnivarsity e

Dr. Hamza Alkuime

4.2 _Trip Distribution

Major Topics To Be Covered

Topics

No. of
Weeks

Contact hours*

1. Introduction to transportation systems

1/3

1

2. Transportation planning

3

3. Demand forecasting using 4 steps modeling

12

4. Engineering economy in tsransportation

9

5. Evaluation of transportation alternatives

6

6. Urban mass transit systems

32/3

11

7. Airports

3

Total

15

45




Travel Forecasting Process

Trip Distribution

Review

Study area




Review

Zoning

Review

Attracted trips

P e — — — —

The land use within
Zone 1 are

» 120 office space
» 500 factory

» 50 educational seats

» 100 shopping center




Review
How many trips are attracted (T,) and produced to a zone 17?

Land use ( By | Number of units| Trip rates Attracted (T,) trips
(column 2 X column
survey) ( By survey) (manual) 3)
office space 120 1.18 472
factory 500 0.43 64.5
educational 50 19 108
seats
shopping center 100 2.1 630
Total attracted trips (T,) 626
Review
Balanced Trip
Productions and
Attractions
Balanced trips
Zone ID
Production | Attraction
1 250 403
2 320 364
3 150 228
4 400 273
5 550 423
6 800 780
Total trips 2470 2470




Review
Travel Forecasting Process

L Four-step process”

» Trip generation

% How many trips

» Trip distribution

s From where to where

» Modal choice

% On what mode

» Traffic assignment

% On what route

Where do the
trips produced
in TAZ 3 go?

1,080 attractions

531 Altractions

76 Allraclions
602 Productions

47 Attractions

82 Attractions

Trip Distribution
Definition
& is a process by which the trips generated in

one zone are allocated to other zones in
the study area.

% These trips may be
> Internal-internal
< within the study area

> Internal-external

< between the study area and areas outside
the study area

External-external

External-internal Internal-extarnal

Internal-internal

10




4 Trip
Generation
Production < %, > > < Attraction
v
Pi Aj
Trip
Distribution
; ; Tij % ;
11
o L3 L3 L3
Trip Distribution
Y Goal s
U Where the trips are traveling /_\
O What affect the destination @—-{ Trip Distribution |
« Type of land use
« Costs of travel between zones (Time, distance, speed ) HomeBased NonH
Other Based
& |npUtS TipTavle r:;(;:;‘y Q:r‘sl':gle
U Trip generated within the study area and zones \[
¢ OUtpUt Transit Estimation & Mode Split |
U Origin- destination matrix !
.. Destinations .
Origins Z I
1 2 n i
1 P1
2 P2
?
m Pm
2T Al A2 An
i

12

12




Example

Trip distribution

13

13

Example

Trip distribution

14

14



Trip Generation Elrip Distribution

The question is... how do we allocate all the trips among
all the potential destinations?

/‘
4 5 6

TAZ Prodt TAZ 1 2 3 7 8 Attractions
] 1 X : ]
; 2 Trip Matrix 192
4 4 Trip Table 38
5 5 45
6 6 6
7 7 4
2
8 8

zones

15

Basic Assumptions of Trip Distribution

& Number of trips

» decrease with COST between zones
»increase with zone “attractiveness”

16



Trip Distribution
Methods

% Gravity model

» Preferred to be used because

®,

< Simple and accurate
** Uses the attributes of the transportation system and land-use characteristics
% Has been calibrated extensively for many urban areas
& Growth factor models

» Uniform Growth Factor

»Singly-Constrained Growth Factor

»Average Factor

» Detroit Factor

» Fratar Method

17

17

Trip Distribution Models

Gravity model

18

18




The Inspiration for the Gravity Model

O The big idea behind the gravity model is Newton’s law of gravitation...

U The force of attraction between 2 bodies is directly proportional to the
product of masses between the two bodies and inversely proportional to the
square of the distance

19
G ra\lity M OdEI Trips between Aftractiveness of ,;
L. TA]Z""?"[)" - TﬂpS?roduced in 5 “TO" TAZ Al
Definition i TAZ3 Attractiveness
: ofall TAZs

& The number of trips between two
zones is

Aﬁractivenessj =# Altractionsj X PF-lj

» Directly proportional to the number of trip

attractions generated by the zone of destination Gravity Model Equation

Attractions, X FF X K,
2 Attractions, X FF, X K;

» Inversely proportional to a function of time of Trips, = Productions, x
travel between the two zones ’

Where:

Trips, Trips between TAZs iand j
Productions, Productions from TAZ 1
Auractions, Attractions to TAZ j

Friction Factor (FF;) Friction factor for TAZsiand |

Sociceconomic factor (K} Socioeconomic Factor for TAZs i and j

i=production TAZ
J=attraction TAZ

20

20




Gravity Model

: AF.K..
Mathematically T, =P, ﬁ i is origin zone number
2 AF;K; j is destination zone
=1 n is total number of zones

KN T; = number of trips that are produced in zone i and attracted to zone j
& P, = total number of trips produced in zone i

» Determined from trip generation step
3 A; = number of trips attracted to zone j

» Determined from trip generation step
» The sum of Pi for all zones must equal the sum of Aj for all zone

Y F;=avalue which is an inverse function of travel time
» Determined by a calibrating process
T, K;; = Socioeconomic adjustment factor for interchange jj

» Determined by a calibrating process

21

21

Trip Distribution
F values for calibration

100 = -

" HBNW

90_
80 —

60 = L NHB

30 =
20 =
10 —

Friction Factor
8
|

Travel Time (min)

22

22



Trip Distribution
F values for calibration

Ll
% Figure 12.7 illustrates F .
values for calibrations of a !
gravity model. (
6 *Unsmoothed values
5k Smoothed values
5
F=axbtxe € B oyl
]
5
I,
3, -

where parameters a, b, and ¢ are
based on national data sources, 7 |-
such as NCHRP Report 365, or the -
formula may be calibrated using

local data. |

Travel Time

23

Gravity Model
Calibrating process for F factor

L, After each distribution process is completed,

»The percentage of trips in each trip length category produced by the gravity model is
compared with the percentage of trips recorded in the O-D survey.

»If the percentages do not agree, then

®

% The F;factors that were used in the distribution process are adjusted

®,

< Another gravity model trip distribution is performed.

®,

<+ The calibration process is continued until the trip length percentages are in agreement.

24

24
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Trip Distribution

Example No. 1

26

26

Calculate the Attractiveness of Each Zone

Where do the
trips produced
in TAZ 3 go?

From Trip Generation:
HBW Productions and Attractions
TAZ Productions Alttractions
1 234 1080
2 76 531
3 602 76
4 432 47
5 472 82
Trovel Time (min) Friction Factor
3 87
4 45
HBW 7 29
Friction .
Factors 10 -
15 10
20 6
25 [

76 Allraclions
602 Productions

1,080 attractions

531 Altractions

47 Attractions

8.2 Aftractions

27

27
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i = production TAZ

Attractivenessj =# Attractionsj x FF i

Calculate the Attractiveness of Each Zone

Where do the
trips produced
in TAZ 3 go?

76 Altractions
502 Productions

TAZ 1
1,080 attractions.

j = attraction TAZ
Attraction TAZ— 1 2 3 4 5 a
# Attractions (A;) | 1,080 531 76 47 82
Friction Factor 6 29 45 18 4
(FFi;) R
Attractiveness 6,480 15,399 3,420 846 28
(A, * FF,)
For TAZ 3: \
) b . Anraction TAZ !I | 2 ) 4 3
Which zone is the most attractive?  [wuw | o [ - [ N\ | =
| Friction Futor ] i 9 45 I8 4
28
Calculate the Relative
Attractiveness of Each Zone
. . (A% FFy) 957
Relative attractiveness = Do
3 (Aj x FF;;

Attraction TAZ— 1 2 3 4 /5 Sum of
/ Atlractiveness
Attractiveness 6.480 | 15399 | 3420 /46 328 26,473
-
(A, * FF) A
e

Relative 6,480/ /“""

Attractiveness 26,473 k/‘

(A, = FF)) or /

T (A % FF) 02448 | 05817 | 00292 | 00319 | 0.0124 1.0000

29




Distribute Productions to TAZs

(A;  FF)

S (A, X FFy)

Productions from

Relative Attractiveness

Distributed Trips

TAZ3 (A, x FF;) Px (A xFFy)
P, = 602 L (A; xFF) L (4, xFF)
| 602 0.2448 147
2 602 0.5817 350
3 602 0.1292 78
4 602 0.0319 9
3 an2 0.0124 8
Total 1.000 o2

30
First Iteration Distribution
HBW Trip Table
Atrraction End
TAZ | 1 2 3 $ 5
saal A oy |2 5 2 16
Intrazonal & 2 i5 25 12 3 ]
=78 Trips 2
HENAE R EE 8
El o4 |30 | m 4 6 2
HERERERE 5 I
31
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Trip Distribution

Example No. 1 (Example 12.4) : Use of
Calibrated F Values and Iteration

32

32

Trip Distribution

L A study area consisting of three zones
% Trip Productions and Attractions for a Three-Zone Study Area

L Average travel times between each zone

L Determine the number of zone-to-zone trips through two iterations.

Example -1 (Example 12.4): Use of Calibrated F Values and Iteratlon

» Determined from trip generation step are provided in Table 12.9
» Determined ( Table 12.10)

Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area

Zone 1 2 3 Total
Trip productions 140 330 280 750
Trip altractions 300 270 180 750

Table 12.10 Travel Time between Zones [min)

Zone

1
2
=

e b | e
f- S SRR VY
wa

33

33
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Solution of Example -1 (Example 12.4)

& Step -1: Balanced Attracted and produced trips for a Three-Zone Study Area

Zone Balanced Trip
Production(P,) Attraction (Aj)
1 140 300
2 330 270
3 280 180
Total 750 750

34

34

Solution of Example -1 (Example 12.4)
Use of Calibrated F Values and Iteration

& Step -2: Average travel times between each zone

Average travel time
Jone Zone
1
2
3

Orange cells are internal-internal green cell are internal-external

35
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Solution of Example -1 (Example 12.4)

Use of Calibrated F Values and Iteration
L Step -3: Determination of F factors based on travel time (Calibration
process)

Travel
time 1 2 3 4 5 6 7 8
(Min)

f factor | 82 52 50 41 39 26 20 13

37

37

Solution of Example -1 (Example 12.4)
Use of Calibrated F Values and Iteration

L, Step -4: Determine f factor between zones

Travel time
(Min) 1 2 3 4 5 6 7 8
f factor 82 52 50 41 39 26 20 13
Average travel time F factor (Fj)

Zone Zone

38



PN
F factor (F;) Balanced Trip
Zone (i) . Zonze (i) 3 Zone Production(P;) | Attraction (A;)
1 39 =5 0 1 140 300
2 50 26 26 2 330 270
3 50 26 39 3 280 180
= Total 750 750
AF.K, Ki; =1 for all zones

T; =P, n’i Zone Zone

E AF K, 1 2 3

= " 1 1 1 1
— 2 1 1 1
! !S Ol'lglr] zo.ne number 2 1 1 1
j is destination zone number
n is total number of zones

39

39

Solution of Example -1 (Example 12.4)

Use of Calibrated F Values and Iteration
% Step -5: Solve

AF K

T,=P|o—"—— K; =1 for all zones
E‘HA,-F;J;K,}-

300 x 39

T = M0 30y + (270 x 52) + (180 < 50) ~ 7
270 % 52

T, ,=140 x =

1=7 (300 x 39) + (270 x 532) + (180 x 50)

180 = 50

T,.,=140 X (300 x 39) + (270 x 52) + (180 x 50) ~ g

£ =140

Make similar calculations for zones 2 and 3.

T, , =188 T,.=85 T,,=57 P,=330
T,, =144 T,,=68 T,,=68 P,=28

40
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Solution of Example -1 (Examp

% Step -5: Solve

F factor (Fy)

Zone (i} Zane (j)
l I | 2
1 a9 E2
4 52 26
3 | 50 | 7

Ky =1 for ull zones

Lany | e e
Zone
| 1 i 1
|. 2 1 i 1
- 3 1 f 1
- ? = A
~a3.2 F K £ b
2 ]
II. - _
M - &
£k P -
5 o )
e .f-_lx,..__l - .
|
. X Fe, K, 3
TS PR Y SR -
5 33a 5 Z
o6 X £ =
e 2 OF | .
; TEXNLEH 4 Ry zex; |
= G

41

— .-' ¥ -
Zg-3-=1 | Ra X gy Kikegs
A

X E  k 1
i i A+ A,

Fe.z = ’
TS b O=R, Yoz fHa
T ¥ [ 1 - .
=g ly ptae X Fag £ ey
I|l GmmaE E
L —
e | 3
= 3 Fs-, ko,
Lga ”
g A 2i N E ke
] —

300 X Gay, . B

II‘I‘-r'_'.'l -;'q'k.’_t—'r;uﬁ:'l']*;{_ FZ,!.:{‘tlj ‘II

-

1By aex

42
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Solution of Example -1 (Example 12.4)

% Step -5: Solve

Table 12.12  Zone-to-Zone Trips: First lteration, Singly Constrained

Zone 1 2 3 Compuited P Given P
1 47 57 36 140 140
2 188 BS 51 30 330
3 14 58 8 280 280
Computed A 39 210 161 750 750
Given A 300 270 180 750

43

43

Solution of Example -1 (Example 12.4)

% Step-5: Solve

L The results summarized in Table 12.12 represent a singly constrained gravity model.

» This constraint is that the sum of the productions in each zone is equal to the number of productions given in
the problem statement.

> Table 12.12  Zone-to-Zone Trips: First lteration, Singly Constrained
Zone 1 2 3 Computed P Given P
1 47 57 36 140 140
2 188 ) 57 330 330
3 144 i 68 280 280
Computed A LL] 210 161 750 750
Given A 300 270 180 750

44

44
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Solution of Example -1 (Example 12.4)

& Step-5: Solve
% To create a doubly constrained gravity model

> where the computed attractions equal the given attractions,

» You have to adjust attraction trips as presented in step-6

Table 12.12  Zone-to-Zone Trips: First lteration, Singly Constrained

Zone 1 2 3 Computed P Given P
1 47 57 36 140 140
2 188 BS 51 30 330
3 14 8 8 20 280
Computed A 3 210 161 750 750
Giiven A 300 270 180 750

45

45

Solution of Example -1 (Example 12.4)

L Step -6: Adjusted attraction trip factors

A A 4 (124
Lo 4,

where

Aj = adjusted attraction factor for attraction zone (column) j, iteration k
Az =Awhenk =1

€ = actual attraction (column) total for zone j, iteration k

A; = desired attraction total for attraction zone (column) j

i = altraction zone number. j= 1.2, ... .n
n = number of zones
k = iteration number, k=1.2,....m

m = number of iterations

46

46
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e I
N— ‘ | Balanced Trip
Table 12.12  Zone-to-Zone Trips: First Iteration, Singly Constrained Z one
2o : . 1 Gl Gk Production(P,) | Attraction (Aj)
1 47 51 k' 140 140
2 188 &5 7 330 330
" " e a 20 2 1 140 300
mpuied A 2 161 )
Given A 300 1] 180 50 2 330 27 O
3 280 180
Total 750 750
A j is destination zone number
— I i) - - -
A = A (124 | k s iteration number
where
Ay = adjusied attraction factor for attraction zone (column) j, iteration k 300
Ap=A;when k=1 Zone 1:A; = 300 X — =237
€ = actual atiraction (column) total for zone j, iteration k 319
A; = desired attraction total for attraction zone (column) f 270
j = allraction zone number j=1.2, ..., n Zone A, =270 % 50— 347
n = number of zones
k = iteration number, k =1,2, .. .. m g 180
m = number of iterations Zone 3: Ay = 180 X 161 201
47

47

Solution of Example -1 (Example 12.4)

U Step -5: Use the adjusted factors (iteration No.2)

Apply the gravity model (Eq. 12.3) for all iterations to calculate zonal trip inter-
changes using the adjusted attraction factors obtained from the preceding iteration.
In practice, the gravity model becomes

o= p| Ky
2 AF Ky
!

where T is the trip interchange between i and j for iteration k, and A, = A, when
k = 1. Subscript j goes through one complete cycle every ime k changes, and 1 goes
through one complete cyele every time jchanges. This formula is enclosed in paren-
theses and subscripted to indicate that the complete process is performed for cach
Lrip purpose.

49
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P T
F factor (F;) Balanced Trip '
: Zone (j) Zone |Production(| Attraction Adjusted
Zone (i) — 2 3 o) ) Attraction (A)
1 | 39 | 52 | 50 | : atk=2
E 50 26 26 1 140 300 237
3 50 26 39 2 330 270 347
= 3 280 180 201
_ - Total 750 750 750
T.=p AF -‘;‘Kf;' K;; =1 for all zones
i T Zone
AF.K;;
J'=EI Rl 1 Rl ] Zone l g 3
- - 1 1 1 1
i is origin zone number 2 1 1 1
j is destination zone number 3 1 1 1
n is total number of zones w0

50

Solution of Example -1 (Example 12.4)

U Step -5: Use the adjusted factors (iteration No.2)

Perform a second iteration using the adjusted atiraction values.

T = 140 X Adiins =34
=t (237 % 39) + (347 % 52) + (201 x 50)
347 % 52
T.-=10x = fX
2 (237 x 39) + (347 % 52) + (201 x 50)
201 = 50
Fra=1x (237 % 39) + (347 X 52) + (201 x 50) &
P, = 140
Make similar calculations for zones 2 and 3.
T =188 T, ,=112 T, .,=65 P,=330
T, =16 T, ,-8% T, .=76 P,=230

The results are summarized in Table 12.13. Note that, in each case, the sum of the
altractions is now much closer to the given value. The process will be continued until
there is a reasonable agreement (within 5% ) between the A that is estimated using
the gravity model and the values that are furnished in the trip generation phase.

51

51
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Solution of Example -1 (Example 12.4)

% Step -5: Use the adjusted factors (iteration No.2)
% The results are summarized in Table 12.13.
% Note that, in each case, the sum of the attractions is now much closer to the given value.
% The process will be continued until there is a reasonable agreement (within 5%) between the A that is
estimated using the gravity model and the values that are furnished in the trip generation phase
Table 12.13 Zone-to-Zone Trips: Second Iteration, Doubly Constrained
Zone 1 2 3 Computed P Given P
1 34 68 38 140 140
2 153 112 65 330 330
3 116 _88 _16 280 280
Computed A 303 268 179 750 750
Given A 300 270 180 750
52
52
Trip Distribution
Example No. 2 (Example 12.5) : Selecting
Singly or Doubly Constrained Gravity
Model Results
53
53

25



Trip Distribution

Example No. 2 (Example 12.5) : Selecting Singly or Doubly
Constrained Gravity Model Results

Example 12.5 Selecting Singly or Doubly Constrained Gravity Model Results

A three-zone system with 900 home-based shopping productions is shown in
Table 12.14. Zones 1 and 2 each generate 400 productions, while zone 3 generates
100 productions. Each zone contains a shopping mall with 300 attractions. The shop-
ping mall in zone 1 can be easily reached due to the parking availability and transit
service. Thus, Fyy. F,,. and Fyy = 1.0. Parking costs at the shopping mall in zone 2 are
moderate with some transit service. Thus, F;, Fis, and Fy; = (L3, Parking cosis at the
mall in zone 3 is high and transit service is unavailable. Thus, Fy;, Fay and Fi; = 0.2

Application of the singly constrained gravity model yields the results shown in
Table 12.15 and application of the doubly constrained gravity model yields the
results shown in Table 12.16.

54

54

Trip Distribution

Example No. 2 (Example 12.5) : Selecting Singly or Doubly
Constrained Gravity Model Results

U A three-zone system with 900 home-based shopping productions

U, Zones 1 and 2 each generate 400 productions, while zone 3 generates 100
productions

& Each zone contains a shopping mall with 300 attractions

55

55
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Solution of Example -2 (Example 12.5) o) S
Selecting Singly or Doubly Constrained Gravity Model Results

Table 12.14 Home-Based Shopping Productions and Attractions

Fone Productions Afrractions
| 400 k]
7 2000 300
3 100 300
Taotal Q0 Q)

56

56

Solution of Example -2 (Example 12.5) ¢
Selecting Singly or Doubly Constrained Gravity Model Results
Y F factors

»The shopping mall in zone 1 can be easily reached
due to the parking availability and transit service.

% Thus, F;;, F,;,and F;; =1.0 i

» Parking costs at the shopping mall in zone 2 are s SRS
moderate with some transit service. > [

% Thus, Fy,, F,, and F;,=0.5 |

79 S ERR—

» Parking costs at the mall in zone 3 is high and SRR
transit service is unavailable.

% Thus, Fy3, F,3,and F;3=0.2

57

57
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Solution of Example -2 (Example 12.5) gy *
Selecting Singly or Doubly Constrained Gravity Model Results

Table 12.15 Zone-to-Zone Trips: Singly Constrained Gravity Model

Zone ! 2 3 Computed P Given P
1 235 118 47 400 400
2 235 118 47 400 400
3 259 2 12 1oa 10
Computed A 529 265 106 906 ELl
Given A 300 300 300 900

Table 12.16 Zone-to-Zone Trips: Doubly Canstrained Gravity Model

Zone 1 2 3 Computed P Given P
1 133 133 13 400 400
2 133 133 13 400 400
3 B A 23 100 10
Computed A 300 300 300 900 500
Given A 300 300 300 900

58

58

Solution of Example -2 (Example 12.5) gy *
Selecting Singly or Doubly Constrained Gravity Model Results

Which of the resulis shown for the singly constrained gravity model and for the
doubly constrained gravity model are more likely to be the most accurate?

Solution: Table 12.15 is more likely to be accurate if engincering judegment
suggests the occurrence of travel impedances and thus the friction factors are more
accurate than trip attractions. Table 12,16 is more likely to be accurate if the
atiractions are more accurate than the friction factors.

In practice, these judgments must be made based on the quality of the data set.
For example, if local land-use data had been recently used to develop trip atlrac-
tion rates whereas Iriction factors had been borrowed from another area. then
the selection of the doubly constrained gravity model resulis in Table 1216 is
recommended.

59
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Trip Distribution Models

Growth Factor Model

60

60

Growth Factor Assumptions

U Future travel pattern would be the same as the existing pattern
Q distribution of future trips from an origin is a proportion of the present trip distribution
O The growth factor models allow us to adjust future interchanges
U These models are is used when the available data is only
[ The origins and destinations between each zone for the current or base year.
@ The trip generation values for each zone for the future year.
O These models are used primarily to distribute trips between zones in the study area and zones in cities
external to the study area.
O It cannot be used to forecast traffic between zones where no traffic currently exists.
O The only measure of travel friction is the amount of current travel.
U Cannot reflect changes in travel time between zones, as does the gravity model
61
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Growth Factor Models

TAZ || 1 2 3 4
1 5 50 100 200
2 50 5 100 300
3 50 100 5 100
4 100 200 250 20

U Usually obtained from a previous study or recent survey data

U Growth Factor Models assume that we already have a basic trip matrix

62

Growth Factor Models

U For example, what would the trip matrix look like in 2 years time?

U The goal is then to estimate the matrix at some point in the future

TAZ || 1 2 3 4 TAZ || 1 2 3 4
1 5 50 100 200 1 ? ? ? ?
2 50 5 100 300 2 ? ? ? ?
3 50 100 5 100 3 ? ? ? ?
4 100 200 250 20 4 ? ? ? ?

Trip Matrix, t Trip Matrix, T
(2008) (2018)

63
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)

Some of the More Popular Growth Factor Models

U Uniform Growth Factor

Q Singly-Constrained Growth Factor
U Average Factor

U Detroit Factor

U Fratar Method

64

Growth Factor Models

Fratar method
If we assume T = 1.2 (growth rate), then...

% Itis a mathematical formula that

proportions future trip generation TAZ | 1 2 3 4

estimates to each zone as a function (@) 50 100 200 ] ]

of 50 5 100 300 Trip Matrix, t
(2013)

50 100 5 100

» The product of the current trips 100 200 250

between the two zones T;

» The growth factor of the attracting zone
G,

J

2 3
60 120 240 . .
6 120 360 Trip Matrix, T

120 6 120 (2018)

240 300 24

65

65
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Growth Factor Models
Fratar method

Ty=
t;= Present trip generation in zone i i is origin zone number

G,;= Growth factor of zone i j is destination zone number
G;=
G, =
T, =t;G; = Future trip generation in zone i

tix =

Number of trips estimated from zone i to zone j

Growth factor of zone j

growth factor of zones x x are all zones in the study
area except the origin zone i

Number of trips between zone i and other zones

t; = Present trips between zone i and zone j

66

Trip Distribution
Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

32



Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

& A study area consists of four zones (A, B, C, and D)

& An O-D survey indicates that the number of trips between each zone is as shown in Table
12.17.

% Planning estimates for the area indicate that in five years the number of trips in each zone
will increase by the growth factor shown in Table 12.18 on page 612

» That trip generation will be increased to the amounts shown in the last column of the table 12.18

& Determine the number of trips between each zone for future conditions.

69

69

Solution of Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

" The Hasheenits Universiy

U Present Trips between Zone

Table 12.17 Present Trips between Zones

Zone A B (i D
A — 400 100 100
B 400 — 300 —
C 100 300 — 300
D 100 — 300 —

Total 600 T00 700 400

70
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Solution of Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

& Present Trip Generation and Growth Factors

Table 12.18 Present Trip Generation and Growth Factors

Present Trip

Cieneration Trip Generation
Zone (tripsiday} Growth Factor in Five Years
A 600 1.2 20 [ =1.2%600
B T00 1.1 770
C F00 1.4 980
D 400 1.3 520
71
71
Present Trips between zone i and zonej (t;) Present Trip Generation and Growth Factors
i Zone Present . .
Zone (i) Zone (j) = | Trip Generation crowth Trip Ge_neratlon
A B c D (Trips/ day) | o™ "
(T) factor Five Years
A - 400 100 100 (G;) (= column 2 X
— column 3)
B 400 - 300 -
A 600 1.2 720 | = 1.2%600 |
C 100 300 - 300 B 700 11 270
D 100 - 300 - c 700 1.4 980
Total | 600 | 700 | 700 | 400 D 400 13 520
i is origin zone number
t‘-‘ij j is destination zone number
T;; = (t,G) .
z fI.IG . x are all zones in the study
X ' area except the origin zone i

72
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Growth Factor Models
Fratar method

T; = Number of trips estimated from zone i to zone j

t;= Present trip generation in zone i - -
i is origin zone number

G,;= Growth factor of zone i j is destination zone number

G;= Growth factor of zone x are all zones in the study

G, = growth factor of zones x area except the origin zone i

T;=t;G; = Future trip generation in zone i

t,,= Number of trips between zone i and other zones x

EEEEEEEE

t; = Present trips between zone i and zone j

73

73

Solution of Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

Solution: Using the Fratar formula (Eq. 12.5), calculate the number of trips
between rones A and B, A and C, A and D, and so forth. Note that two values are
obtained for each zone pair (that is, 7,5 and Tjy,). These values are averaged,
vielding a value for T,y = (Tyn + Tua)/2.

The calculations are as follows.

. pu Gy
i (I‘ i} zrixGx
400 X 1.1
Tas =600 X 1.2 50X 1.1) + (100 x 1.4) + (100 X 1.3) 10
x
Tga= 700 x 1.1 =

(400 x 1.2) + (300 < 1.4)

_ Tap+ Tas 446 + 411

7ol
AR 2 2

= 428

Similar calculations yield

T — 1AL T — 124 T — 12 Ten = 430

74
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Solution of Example No. 3 (Example 12.6) :

The results of the preceding calculations have produced the first estimate (or
iteration) of future trip distribution and are shown in Table 12.19. The totals for
each zone do not equal the values of future trip generation. For example, the trip

Table 12.19 First Estimate of Trips between Zones
Estirnared Actual
Total Trip Trip
Zone A B = D CGeneration Generation
A — 428 141 124 GU3 T2
B 428 — 372 — 200 70
C 141 372 — 430 943 980
D 124 — 430 — 554 520
Totals HU3 200 Q43 554

80

80
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Table 12.20 Growth Factors for Second Iteration

Solution of Example No. 3 (Example 12.6) :
Forecasting Trips Using the Fratar Model

gencration in zonc A is cstimated as 693 trips, whercas the actual valuc is
720 trips. Similarly, the estimate for zone B is 800 trips. whereas the actual value
is 770 trips.

Proceed with a second iteration in which the input data are the numbers of trips
between zones as previously calculated. Also, new growth factors are computed as
the ratio of the trip generation expected to occur in five years and the trip genera-
tion estimated in the preceding calculation. The values are given in Table 12.20.

The calculations for the second iteration are left to the reader to complete and
the process can be repeated as many times as needed until the estimate and actual
trip generation values are close in agreement.

Estimated Trip Actual Trip
Zone Generation Generation Growth Factor
A 693 720 1.04| =720/693
B 800 770 0.96
C 043 980 1.04
D 554 520 0.94

81
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Example

|T=560|

Origi Distination zone
rigin .
zone 1 5 3 4 5 6 Given P|Computed p
1 63 20 20 35 62 50 250 250
2 41 22 63 50 80 64 320 320
3 18 22 26 60 14 10 150 150
4 40 70 60 90 60 80 400 400
5 63 80 60 100 137 110 550 550
6 90 80 180 150 140 160 800 800
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ENGINEERING
AND PLANNING
(110 401367)

Spring 2021-2022

Module No. 4

4.3_Mode Choice

Dr. Hamza Alkuime

Review

Study area




Review

Zoning

Review

Attracted trips

P e — — — —

The land use within
Zone 1 are

» 120 office space
» 500 factory

» 50 educational seats

» 100 shopping center




Review

Balanced Trip
Productions and
Attractions
Balanced trips
Zone ID
Production | Attraction
1 250 403
2 320 364
3 150 228
4 400 273
5 550 423
6 800 780
Total trips 2470 2470

Review

Trip distribution




Example

|T=!—'\Rﬂ|

. Distination zone
Origin Given P Compute
zone 1 2 3 4 5 6 dp
1 63 20 20 35 62 50 250 250
2 41 22 63 50 80 64 320 320
3 18 22 26 60 14 10 150 150
4 40 70 60 90 60 80 400 400
5 63 80 60 100 137 110 550 550
6 90 80 180 150 140 160 800 800
Review

Travel Forecasting Process
& Four-step process”
» Trip generation
+ How many trips
» Trip distribution
+  From where to where
» Mode choice

< On what mode

» Trdffic assignment

«» On what route

Land Lfse
and Trawel
Characternstics

l

Trp Generation

l

Trip Dhstribution

System

Transit and Highway

|

Mode Choace

Assign Trips
to Metwork




Mode Split
Definition

% To determine the number (or %)
of trips made between zones
using each mode of travel

©

For the analysis, the following
variables might be used:

» Trip characteristics

< length, time of day, purpose,
...etc.
» Trip maker characteristics
o Income, auto ownership,
employment, ...etc.
» Transportation system characteristics

3

L3 Accessibility, parking, travel time,

Travel Eme or
Impedance
Matrices

Transit Estimation & Mode Split

Transit
Person
Trip Table

Time-of-Day & Directional Factoring
T

..etc.
9
9
Mode Choice :
B Generated trips £l
Origin Destination zone
zone
1 Z 3 4 5 6
1 63 20 20 35 62 50
Y Goal 3 41 22 63 50 80 64
3 18 22 26 60 14 10
» What modes these trips are 4 40 70 60 90 60 80
taking ? 5 63 80 60 100 137 110
N i ) 5] 90 80 180 150 140 160
» What influences the choice of
mode ? i
1 wde choloe 58%
“  Path that minimizes travel ¢ RN o ko IPHEUATER, q
cost, time, distance, speed v . 4
.| Tripsh r{ 41% of trip generated — Trips by Bus ( 58% of trip generated
0 0
% |nput5 z;ﬁ: Distination zone z:ﬁlen Distination zone
1 | 2 3 4 5 6 1 2 [ 3]a]s 6
» Origin- destination matrix A SE % NE K- Ll las | o | sl g o2y
2 |17 | o | 26 | 21 | 34 | 27 2 | 24 | 13 | 37 | 29 | 46 | 37
3 | 8| 9o [11 25| 6 | 4 3 |10 |13 | 15 [ 35 | 8 B
% Output 4 | 17 | 29 | 25 | 38 | 25 | 24 4 | 23 | a1 | 35 | 52 | 35 | 46
N . L i i 5 | 26 | 34 | 25 | 42 | 58 | 48 5 37 | 46 | 35 [ 58 | 79 | &4
» Mode wise Origin- destination 6 | 38 | 3¢ | 76 | 63 | 59 | &7 6 | 52 | 46 | 104 | 87 | 81 | 93
matrix
10

10




Factors Affecting Mode Split SEE e =

O Person/household characteristics

O Auto availability, income, HH size, life cycle

O Trip characteristics
O Purpose, chaining, time of departure, OD, length

U Land use characteristics

O Sidewalk/ped facilities, mix of uses at both ends, distance to transit, parking an
density at both ends
U Service characteristics

O Facility design (HOV, bikes), frequency, congestion, cost (parking, tolls, fares, out-of-pocket costs), stop
spacing

12

Mode Choice
Types of Mode Choice Models

& Depending on the level of detail required, three types of transit estimating procedures

1. Direct Generation of transit trips
2. Trip End models
3. Trip Interchange Models

13

13



Mode Choice Models

1. Direct Generation of transit trips

14

14

Mode Choice

Direct Generation of transit trips

% Transit trips can be generated directly,
by estimating either

» Total person trips
» Total auto driver trips

% This method assumes that the
attributes of the system are not
relevant.

% Factors such as travel time, cost, and

convenience are not considered.

Transit Trips/Day/1000 Population

600

400

200

0 auiosmﬂ

1

auto/HH

L |

| |

50 100
Person/Acre

150 200

15

15



Mode Choice

Example No. 1 (Example 12.7 ): Estimating
Mode Choice by Direct Trip Generation

16

16

Example No.1 (Example 12.7 ):
Estimating Mode Choice by Direct Trip Generation

U Determine the number of transit trips per day in a zone which has

» 5000 people living on 50 acres.

» Auto ownership is
40% of zero autos per household

60% of one auto per household

17

17



Mode Choice

Direct Generation of transit trips

600

400

200

Transit Trips/Day /1000 Population

0 il 1 1 |
50 100 150 200

Person/Acre

18

18

Solution of
Example No. 1
(Example 12.7 ):

1 auto/HH

Transit Trips/Day/1000 Population
$a
o
S
T

0 1 i 1 |
50 100 150 200

Person/Acre

19
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Solution of Example No. 1 (Example 12.7 ):

Zero autos / HH: 510 trips /day/1000 population
One auto/HH: 250 trips /day/1000 population
Total Transit Trips: (0.40)(510)(5) + (0.60)(250)(5) =
1020 + 750 = 1770 transit trips per day

20

20

Mode Choice Models

2.Trip End Models

21

21
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Trip End Models

Definition

U To determine the % of total person or auto trips that will use a mode

U Estimates are made prior to the trip distribution phase based on:

» land-use or socioeconomic characteristics of the zone.

U This method does not incorporate the quality of service.

22

22

Procedures
1. Generate total person trip productions too
and attractions by trip purpose.
» Determined from trip generation step
2. Compute the urban travel factor (UTF) _ 75
=
\ _ 1 Houdhold Person -
'UTF_looox( auto )X(miZ) =,
o
3. Determine the percentage of these trips £
Nl X 2 50
by transit using a mode choice curve. =
4.  Apply auto occupancy factors. 2
=
5. Distribute transit and auto trips -
separately )
» Using trip distribution process
0 | | | 1 1 I
10 20 a0 40 50 60
Ky ) _ i household Persons
Urban Travel Factor 1600 ( —— 4 Py )
23
23
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Trip End Models

Example No.1 (Example 12.8 ): Estimating
Trip Productions by Transit

24

24

Trip End Models

Example No. 1 (Example 12.8 ): : Estimating Trip Productlons by
Transit

Y The total number of productions in a zone is 10,000 trips/day.
U The number of households per auto is 1.80,
U The residential density is 15,000 persons/square mile.

L Determine the percent of residents who can be expected to use transit.

25

25
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Trip End Models

Solution of Example No.1 (Example 12.8)

&  Compute the urban travel factor

(UTF)
> UTF = 1 x (Houdhold) x
1000 auto

Person

( mi? )
- -
» UTF = Tooo X (1.8) x (15000) =

27.0

% Transit mode split = 45%.

Transit Mode Split (%)

FO0 —

=k
un
|

50—

1

10 20 T

household

|
50
PErsons

Urban Travel Factor = i :][E (

autao

mit

I
60

)

26
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Mode Choice Models

3. Trip Interchange Models

27

27
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Mode Choice
Trip Interchange Models

L In this method estimates are made after the trip distribution

U In this method, system level-of-service variables are considered, including:
» Relative travel time
» Relative travel cost
» Economic status of the trip maker
» Relative travel service.

L An example of this procedure is illustrated using the QRS method which takes
account of service parameters in estimating mode choice.

28

28

Trip Interchange Models
QRS method

U The QRS method is based on the following relationship

(I;j: }b
(L) + (1)

MS, = % 100

MS, = (1 — MS,) x 100

29

29
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Trip Interchange Models
QRS method

b
i) ~x100 i is origin zone number
()" +(1;) j is destination zone number
t for transit mode
a for auto mode

MS, =

MS, = (1 — MS,) X 100

& MS, = proportion of trips between zone i and zone j using transit
& MS, = proportion of trips between zone i and zone j using auto
Y b =an exponent,

» which depends on trip purpose

30

30

Trip Interchange Models
QRS method

b
MS{ _ (IUI)

=— 00
Uga)" + (1)

MS, = (1 — MS,) x 100

Y 1, = a value referred to as the impedance of travel of mode m, between
zone i and zone

» It is a measure of the total cost of the trip.

trip cost [$]
income earned/min

& Impedance (I) = (in vehicle time [mintue]) + (2.5 x excess time [min]) + (3 x

)

i is origin zone number
j is destination zone number
mis travel of mode

t for transit mode

a for auto mode

31

31
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Trip Interchange Models
QRS method

. I . , . trip cost [$]
Impedance (I) = (in vehicle time [mintue]) + (2.5 x excess time [min]) + (3 x

)

income earned/min

% The impedance value

» Determined for each zone pair

» Represents a measure of the expenditure required to make the trip by either auto or transit
% In-vehicle time

» is time spent traveling in the vehicle
% Excess time

> is time spent traveling but not in the vehicle, including waiting for the train or bus and walking to the
station.

& Assume that the time worked per year is 120,000 min

32

32

QRS method

Data needed

Distance between zones by auto and transit
Transit fare

Out-of-pocket auto cost

Parking cost

Highway and transit speed

Exponent values, b

Median income,

EEEEEEEE

Excess time,

» includes the time required to walk to a transit vehicle and time waiting or transferring.

» Assume that the time worked per year is 120,000 min.

33

33
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QRS method

Example No. 1 (Example 12.9 ):
Computing Mode Choice Using the QRS
Model

34

34

QRS method

Example No.1 (Example 12.9) : Computing Mode Choice Using the
QRS Model

%  The data in table 12.21 have been

developed for travel between a
suburban zone S and a downtown  Jable 12.21  Travel Data Between Two Zones, Sand D

zone D Ao Transit

%  Determine the percent of work trips by

) Distance 10 mi B mi
auto and transit Cost per mile $0.15 $0.10
% An exponent value of 2.0 is used for Excess time 5 min & min
work travel. Parking cost $1.50 {or 0.75/trip) —_
Speed 30 mifh 20mifh

& Median income is $24,000 per year

35

35
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QRS method
Solution of Example No. 1 (Example 12.9) :

Solution: Use Eq. 12.6.

It
M5 = =

3 x [(1.50/2) + 0.15 X 1u]'}

10 i
Tspe = (E * ﬁu) {57 5) -t { 24,000/120,000

=20+ 12.5 + 33.75
= B6H.25 equivalent min

Is,,,=(;—u~xﬁﬂ)+[15xﬂ}+[

= 5b equivalent min

3% (8 x0.10)

=24+20+ 12
zdmzu,fizu,mu]

(56)
MS. = * 10 = 4l.6%
(56 + (6625)

MS, = (1 — 0.416) X 100 = 58.4%

36

36

QRS method
Solution of Example No.1 (Example 12.9) :

Thus, the mode choice of travel by transit between zones § and D is 684 %, and
by highway the value 15 41.6%. These percentages are apphed to the estimated trip
distribution values to determine the number of trips by each mode. If for example.
the number of work trips between zones § and D was computed to be 500, then the
number by auto would be 500 % 0.416 = 208, and by transit, the number of trips
would be 500 x (.584 = 292,

37

37
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Mode Choice Models

Alternative approach : Logit Models

42

42

Mode Choice
Logit Models

utility of each mode

U, = utility of mode x

n = number of attributes

& & & &

& An alternative approach used in transportation demand analysis is to consider the relative

as a summation of each modal attribute.

U, = Eanf

=1

X; = attribute value (time, cost, and so forth)

a; = coefficient value for attributes i (negative, since the values are disutility's)

43

43
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Mode Choice
Logit Models
L The choice of a mode is expressed as a probability distribution.

% If two modes, auto (A) and transit (T), are being considered,

»the probability of selecting the auto mode A can be written as

U
P(A) B eUs + eUr

44 -
Logit Models

Example No.1 (Example 12.10) : Use of
Logit Model to Compute Mode Choice

45

45
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Logit Models =
Example 12.10 : Use of Logit Model to Compute Mode Ch0|ce

The utility functions for auto and transit are as follows.

Auto: U, = —0.46 — 0.35T; — 0.087; — 0.005C
Transit: Uy = —0.07 — 0057, — 0.157;, — 0.005C

where

Ty = total travel time (minutes)
T, = wailing lime (minutes)
C = cosl (cents)

The travel characteristics between two zones are as follows:

Auero Transir
T, 20 30
Ta bt (i}
[ iy 320 100

46

46

Mode Choice
Solution of Example No.1

Solution: Use the logit model to determine the percent of travel in the zone by
auto and transit.

.= E".ﬂili

= |
U, =—046 — (035 x 20) — (0.08 x 8) — {0,005 x 320) = —9.70
Uy = —0.07 — (035 x 30) — (0.08 % 6) — (0.005 X 100) = —11.55

Using Eq.12.9 yields
et g0
Pa= o Ll T e .86
Ir ~11.55
= ¢ = £ = (.14

EJ',-"_.. Ak IE,f_l'-|-- E—B‘.’u‘ 4 f—ll_'ia"j

47

47



Example

A
Trip distribution
Origin Destination zone Siven p Compute
zone 1 2 3 4 5 6 dp
T,= 650 |
1 63 20 20 35 62 50 250 250
2 41 22 63 50 80 64 320 320
T.=550
3 18 22 26 60 14 10 150 150
4 40 70 60 90 60 80 400 400
5 63 80 60 100 137 110 550 550
6 90 80 18Q 150 140 160 800 800
= =
& Mode Choice @
»42 % by car
»58% by bus
48
B Generated trips
Origin Destination zone
zone
1 2 3 4 5 6
1 63 20 20 35 62 50
2 41 22 63 50 80 64
3 18 22 26 60 14 10
4 40 70 60 920 60 80
5 63 80 60 100 137 110
6 920 80 180 150 140 160
mode choice 41% " mode choice 58%
_______ e — — — — = — —_
b v
Origin Trips by Car ( 41% of trip generated Origin | Itips by Bus ( 58% of trip generated
zone Distination zone zone Distination zone
1 2 3 4 5 6 1 2 3 4 5 6
1 26 8 8 15 26 21 1 37 12 12 20 36 29
2 17 9 26 21 34 27 2 24 13 37 29 46 37
3 8 9 11 25 6 4 3 10 13 15 35 8 6
4 17 29 25 38 25 34 4 23 41 35 52 35 46
5 26 34 25 42 58 46 5 37 46 35 58 79 64
6 38 34 76 63 59 67 6 52 46 104 87 81 93
49
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TRANSPORTATION
ENGINEERING
AND PLANNING
(110 401367)

Spring 2021-2022
Module No. 4

4.4_ Traffic Assignment

Dr. Hamza Alkuime

Review

Study area




Review

Zoning

Review

Attracted trips

P e — — — —

The land use within
Zone 1 are

» 120 office space
» 500 factory

» 50 educational seats

» 100 shopping center




Review

Balanced Trip
Productions and
Attractions
Balanced trips
Zone ID
Production | Attraction
1 250 403
2 320 364
3 150 228
4 400 273
5 550 423
6 800 780
Total trips 2470 2470

Review

Trip distribution




Example

A
Trip distribution
Origin Destination zone Siven p Compute
zone 1 2 3 4 5 6 dp
T,= 650 |
1 63 20 20 35 62 50 250 250
2 41 22 63 50 80 64 320 320
T.=550
3 18 22 26 60 14 10 150 150
4 40 70 60 90 60 80 400 400
5 63 80 60 100 137 110 550 550
6 90 80 18Q 150 140 160 800 800
o =
% Model split (4)
»42 % by car
»58% by bus
B Generated trips
Origin Destination zone
zone
1 2 3 4 5 6
1 63 20 20 35 62 50
2 41 22 63 50 80 64
3 18 22 26 60 14 10
4 40 70 60 920 60 80
5 63 80 60 100 137 110
6 920 80 180 150 140 160
mode choice 41% " mode choice 58%
_______ e — — — — = — —_
v .
Origin Trips by Car (41% of trip generated ) Origin Trips by Bus ( 58% of trip generated )
zone Distination zone zone Distination zone
1 2 3 4 5 6 1 2 3 4 5 6
1 26 8 8 15 26 21 1 37 12 12 20 36 29
2 17 9 26 21 34 27 2 24 13 37 29 46 37
3 8 9 11 25 6 4 3 10 13 15 35 8 6
4 17 29 25 38 25 34 4 23 41 35 52 35 46
5 26 34 25 42 58 46 5 37 46 35 58 79 64
6 38 34 76 63 59 67 6 52 46 104 87 81 93




Review
Travel Forecasting Process

% Four-step process”

» Trip generation
+» How many trips

» Trip distribution

K/

% From where to where

» Modal choice

Land Lfse
and Trawel
Characternstics

l

Trp Generation

% On what mode

» Traffic assignment Transit and Highway

Trip Dhstribution

|

Mode Choace

System
% Onwhat route [
Assign Trips
to MNetwork
9
Traffic Assignment (Rout choice)
» Trip Distribution 500 trips
+ Mode Choice S t.rlps =
Bus: 50 trips &
Subway: 150 trips  _
* Route Choice Route 1 : 50 trips

@ Route 2 : 150 trips =

N

H\\Ii{oute 3:100 Tijﬁ«

4“—~—._.______._._¢-:-'---"""

Among 300 trips of Car /\

10

10




Traffic assignment

L Goal

» What path or route will a person choose?
» What influences the choice of route?

®,

<+ Path that minimizes travel cost, time, distance, speed

% Inputs
» Origin- destination matrix (trip table)

% Output
> Path table
» Used to

o,

+» Determine the actual street and highway routes that will be used

®,

+» The number of automobiles and buses trips that can be expected on each highway segment

11

11

Traffic assighnment
Data needed

& Number of trips that will be made from one zone to another
» Determined in the trip distribution step

Available highway or transit routes between zones

How long it will take to travel on each route

A decision rule (or algorithm) that explains how motorists or transit users select a route

& FFF

External trips that were not considered in the previous trip generation and distribution
steps

12

12



Traffic assignment
Approaches

U Three basic approaches can be used for traffic assignment purposes:

1. Diversion curves
2. Minimum time path (all-or-nothing) assignment
*» Commonly used

®,

< Generally, produces accurate results

®,

< Adequately demonstrates the basic principles involved

3. Minimum time path with capacity restraint

13

13

Traffic assignment =
1. Diversion curves
& Travel Time Ratio versus

Percentage of Travel on . 5
Route B da
=

2 s0—

25

] | | |
0 0.5 1.0 1.5 2.0
Travel Time Ratio = ;‘—j:-:z 2: ;Z:::‘ );

14

14



Traffic assignment
2. Minimum time path (all-or-nothing) Algorithm

% Assumption
» The traveler will always select the route that represents minimum travel time between any
O-D pair.
» This method assigns all trips to those links that comprise the shortest time path between
the two zones.

15

15

Traffic assighnment
Minimum time path (all-or-nothing) assignment

% In this method,

» All trips are assigned on the shortest route
which is the minimum travel time or cost
between zones

\‘I\ I'\""'\-\., -~
& To determine which route that will be, / \\H_.:-im jx” | \

% Itis necessary to find the shortest
route from the zone of origin to all m
other destination zones. T,{\

% The results can be depicted as a L
tree, referred to as a skim tree At et

7 B
@Uﬂ"

Figure 2.13 Simple network for assignment illustration.

16

16



Traffic assignment
Skim tree
% Nodes

> Each zone is represented by a node in the network which

represents the entire area being examined.
% Links

» Zones are interconnected by links,

<> which represent the physical characteristics of the road
segments and facilities of the transportation network

% Ppath

> Represented through a series of links, each with its own set

of attributes and characteristics
» These attributes can include

%  length, speed limit, travel time, capacity, functional

s
-\’._\,.f" g “""\. /’{ | "
/ f.\‘ AN e
@— 4 s{; 8 10
/\ ' ' -

Figure 2.13 Simple network for assignment illustration.

cIaSSIflcatlon and a host of other variables used to

describe the characteristics and expected
performance of the link

» The link attributes are translated to the path through a

process called skimming

The problem is finding the minimum-travel-
time paths connecting each O-D pair for a
given set of link travel time

17

17

Traffic assighnment
Skim tree

% If evaluating a trip with
» origin in zone 1
» destination in zone 4

& The path is represented

1->4
15334

A

B

C. 15554
D 15224

E. 152-2>55-4

% Therefore,

» The decision of which path drivers will take
becomes a function of the attributes of each path,

» which, in turn, are estimated from the aggregated
attributes of each link sequence

i-“f
&~

Figure 2.13 Simple ne

L

for assignment illustration.

20

20



A
B
(o8
D
E

Traffic assignment
Skim tree

% If evaluating a trip with
» origin in zone 1
» destination in zone 4

& The path is represented

1->4
1->33->4
1->55->4
15224
1-52-2-555-4

o 9

%  Figure 2.14 amends the previous example by adding link travel times (in
minutes) for each zone-to-zone connection

» It appears that link 1 — 4 is indeed the shortest travel time between zones 1 and
4 at 2 min

2
Figure 2.14 Simple assignment netwaork with link travel times.

21

21

Skim Tree

Example No. 1

22

22

10



Here’
s how

RR
R
REEEE

Yellow numbers @ represent link travel times in minutes

23

STEP 1

24



STEP 2

25

STEP 3

26

12



STEP 4

Eliminate

@e

27

STEP 5

28

13



STEP 6

M@ﬂ@ =
®

5|

@ _

5]

®

5]

STEP7




15

& &
m@m@gm B

G @ @ ® G

m@e@@v@wml_@w =

STEP 8
STEP9

31

32




STEP 10

|
=
© ?
|
5 o i
® ®
ICIRCRLE

Eliminate
= @

~1

@ m\@

a®

10>=10

33

STEP 11

34
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STEP 12

35

STEP 13

Eliminate

36
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STEP 14

®
@ @ @ @]
gL -0 af o [Bf
@ @ (@] @
B ml 0 9
@ @ @ 12 10
D 12 @ O @ .
Eliminat
FINAL P
i
o af
4 \—@
a]
0 | N
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Skim tree

Example No. 2 (Example 12.10) : Using of

Skim tree

39

39

Example No. 1 (Example 12.10) : Using of Skim tree

1. Assign the vehicle trips shown in the O-D trip table to the network shown in Figure below
using the all-or-nothing assignment technique.

2. Make a list of the links in the network and indicate the volume assigned to each.
3. Calculate the total vehicle minutes of travel.
4. Show the minimum path and assign traffic for each of the five nodes.

Trips between Zones 8 min 3min

From/to SE— -
-
12min ,\mm
§ min
6 min
40
40
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Example No.1 (Example 12.10) : Using of Skim tree
Travel time between zones

8 min 3min
|
. S mm
| 2min \
S mm - . 7 min
4
6 min

41

41

Solution of Example No.1 (Example 12.10) : Using of Skim tree

% Steps:
»Step 1: Find the shortest paths between zones

» Step 2: Find total cumulative travel time for shortest paths between zones

» Step 3: Find traffic volumes (or estimated trips) for shortest paths between zones
+ from O-D matrix

» Step 4: Find total trips (volume) on each link

»Step 5: Find total vehicle minutes of travel on each link

»Step 6: Assign traffic for each of the five nodes

»Step 7: Draw the minimum path (skim trees) at each node

42

42

20



Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 1: Find the shortest paths between zones

Nodes Shortest | Path
From To Path 1D

2

1 3
4
5
1
3

2

- 4
5
1
2

3

= 4
5
1
2

4

- 3
5

Smin

8 min 3min

5 mmn

AN

12min

7 min

6 min

shortest path = The path with
minimum cumulative travel time

43

43

Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 1: Find the shortest paths between zones

Nodes Shortest | Path
From To Path 1D
2 1-2 1
1 3 1-2,2-3 2
= 4 1-5,5-4 3
5 1-5 4
1 2-1 5
2 3 2-3 6
4 2-4 7
5 2-4,4-5 8
1 3-2,2-1 9
3 2 3-2 10
= 4 3-4 11
5 3-4,4-5 12
1 4-5,5-1 13
4 2 4-2 14
- 3 4- 15
5 4-5 16

Smin

8 min

7 min

6 min

shortest path = The path with
minimum cumulative travel time

44

44
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 2: Find total cumulative travel time for shortest paths between zones

Nodes Shortest | Path | Cumlative Travel Time
From To Path 1D (min) 8 min 3min
2 12 1
" 3 | 1223 2 ;
= 4 1-5,5-4 3 2min 5 min
5 1-5 4 \
1 21 5 S min T min
2 3 2-3 6
= 4 2-4 7
2 ZEpinD = 6 min
1 32,21 9
3 2 32 10
- 4 34 11
5 34,45 12
1 4551 g
2 4-2 14 .
4 3 . 15 shortest path = The path with
5 4-5 16 minimum cumulative travel

time

45

45

Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 2: Find total cumulative travel time for shortest paths between zones

Nodes Shortest | Path | Cumlative Travel Time
From To Path 1D (min) 8 min 3min
1 3 1-2,2-3 2 11 P
= 4 15,54 3 11 [2min Jmin
5 1-5 4 5
1 21 5 E Smin \ 7 min
2 3 2-3 6 3
- 4 2-4 7 5
5 2-4,4-5 8 11 Einta
1 32,21 9 11
3 2 32 10 3
- 4 34 11 7
5 3-4,4-5 12 13
1 4551 g 11
2 4-2 14 5
4 3 7 = = shortest path = The path with
5 45 16 6 minimum cumulative travel

time

46
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Nodes

Shortest
Path

Path

Cumlative Travel Time [ Traffic volume on
shortest paths

1 21 5 8
2 3 2-3 6 S
- 4 24 7 5
5 24,45 8 11
1 3221 9 11
3 2 32 10 S
- 4 34 11 7
5 34,45 12 13
1 45,5-1 13 11
2 2 42 14 5
= 3 4- 15 7
5 45 16 6

6 min

From/to

Trips between Zones

100 | 100 | 200

150

400

- 200 | 100

500

200

100 | - |100

150

250

150 | 300 | -

400

200

100 | 50 | 350

47

47

Nodes

From

To

Shortest
Path

Path
ID

Cumlative Travel Time [ Traffic volume on
(min) shortest paths

1 21 5) 8 400
2 3 2-3 6 3 200
- 4 24 7 5 100

5 2-4,4-5 8 11 500

1 3221 9 11 200
3 2 32 10 3 100
- 4 34 11 7 100

5 34,45 12 13 150

1 4-55-1 13 11 250
2 2 4-2 14 5 150
= 3 4- 15 7

5 45 16 6

Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 3: Find traffic volumes (or estimated trips) for shortest paths between zones ( from O-D matrix)

6 min

From/to

Trips between Zones

100 | 100 | 200

150

400

- 1200|100

500

200

100 | - ]100

150

250

150 | 300 | -

400

200

100 | 50 | 350

48

48
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Solution of Example No.1 (Example 12.10) : Using of Skim tree
Step 4: Find total trips (volume) on each link
. . . Estimated
Link |Used in Paths| Cumulative trips Nodes | o rtest I e
with ID on link From| To Path between
zones
1-2 2 12 1 | 100
1 3 1-2,2-3 2 100
- 4 1-5,5-4 3 200
5 15 4 | 150
1 21 |G 400
) 3 23 6 | 200
= 4 2-4 7 100
- 5 | 2445 | 8 | 500
. — (5 1 3-2,2-1 - 200
(D “*'C?)‘ - *Q) ( l)‘t '(’9 ( 3 2 32 10 [ 100
. {7 S 4 34 11 | 100
ry T »-(é.b) 5 3445 | 12 | 150
— Lh ( 4 54 20 | 350
49

49

Solution of Example No.1 (Example 12.10) : Using of Skim tree
Step 4: Find total trips (volume) on each link
Link |Used in Paths| Cumulative trips Nodes | o . thEStti:}"p"'sted
with ID on link From| To Path | 2P| petween
zones
1-2 land 2 =100+100=200 2 1-2 1 100
1 3 1-2,2-3 2 100
— — - 4 1-5,5-4 3 200
- 5and 9 =400+200=600 s e 2 50
1 21 B 400
= 3 2-3 6 200
- ~A@2)— +3) 2 4 24 7 | 100
. . 5 2-4,4-5 8 500
é')_ R -p-(I.D (1)1 ~ b(@ ( 1 3221 |G 200
= N '(% 3 2 32 10 | 100
g 7. ( = 4 3-4 11 100
= = 5 | 3445 | 12 | 150
4 5-4 20 350
50

50



Solution of Example No.1 (Example 12.10) : Using of Skim tr¢'. )\
Step 4: Find total trips (volume) on each link (Cont.) |: \ /

- mom

Nodes Shortest | Path | Cumlative Travel Time | Traffic volume on
Selected Link Used in Paths| Culmlative tripson | Link travel time From To Path ID (min) shortest paths

ceAR™ | witnin ink (min from 2 [ 12 [ 1 8 100

12 1 3 | 1223 2 11 100

= 4 | 1554 3 11 200

21 5 1-5 4 5 150

15 1 21 5 B 400

51 . 3 23 6 3 200

25 = 4 24 7 5 100

52 5 | 2445 8 11 500

1 | 3221 9 11 200

23 2 3-2 10 3 100

32 3 4 34 11 7 100

24 5 | 3445 12 13 150

42 1 | 4551 13 11 250

2 4.2 14 5 150

34 4 3 4 15 7 300

43 5 45 16 6 400
45
54

51

Solution of Example No.1 (Example 12.10) : Using of Skim tree | —
Step 4: Find total trips (volume) on each link (Cont.)

. Used in Paths| Colmlative trips on | Link travel time
Selected Link ) ) )
with ID link (min [from
12 1,2 =100+100=200 8
2-1 5,9 =400+200=600 8
15 3,4 =200+150=350 5
5-1 3 450 5
25 0 0 5
5-2 0 0 12
2-3 3,6 =200+200=400 3
32 9,10 300 3
2-4 78 600 5
4-2 14,18, 250 5
34 12, 250 7
4-3 19 350 7
45 8,12,13,16 1300 6
5-4 18,19,20 700 6

52

52



Step 5: Find total vehicle minutes of travel on each

Solution of Example No.1 (Example 12.10) : Using of Skim ¢/ '™

sz d

N,

Fon II

3min

{2

|I'-1

.

fmn

= }\\ §min
A2 b
5 mm N e
i ¥ \

J

Y

{3

N

5

. Used in Paths| Colmlative trips on Link travel time Total vehicle minutes of
Selected Link . . . .
with ID link (min [from figure) travel

1-2 1,2 200 8.00

2-1 5,9 600 8.00

1-5 3,4 350 5.00

5-1 3 450 5.00

2-5 0 0 5.00

5-2 [0) 0 12.00

2-3 3,6 400.00 3.00

3-2 9,10 300 3.00

2-4 7,8 600 5.00

4-2 14,18, 250 5.00

34 12, 250 7.00

4-3 19 350 7.00

4-5 8,12,13,16 1300 6.00

5-4 18,19,20 700 6.00

[0)

53

53

Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 5: Find total vehicle minutes of travel on each link

. Used in Paths| Colmlative trips on Link travel time Total vehicle minutes of
Selected Link . i . .
with 1D link (min [from figure) travel
1-2 1,2 200 8.00 1600.00
2-1 5,9 600 8.00 4800.00
1-5 3,4 350 5.00 1750.00
5-1 3 450 5.00 2250.00
2-5 0 [0) 5.00 0.00
5-2 0 [0) 12.00 0.00
2-3 3,6 400.00 3.00 1200.00
3-2 9,10 300 3.00 900.00
2-4 7,8 600 5.00 3000.00
4-2 14,18, 250 5.00 1250.00
3-4 12, 250 7.00 1750.00
4-3 19 350 7.00 2450.00
4-5 8,12,13,16 1300 6.00 7800.00
5-4 18,19,20 700 6.00 4200.00
32950

54

54
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

Link

Total vehicle
minutes of
travel ( column
2 X column 3)

1-2

1600

2-1

4800

1-5

1750

5-1

2250

25

5-2

23

3-2

2-4

42

34

43

45

5.4

Total

Step 6: Assign traffic for each of the five nodes

55

55

Solution of Example No.1 (Example 12.10) : Using of Skim tree

Step 6: Assign traffic for each of the five nodes

Cumulative trips on Trips between Zones
Link ; F
link rom/to
- 100
1-2 200 400 - 200 | 100 | 500
2-1 600 200 | 100 - 100 | 150
1-5 350 250 | 150 | 300 - 400
5-1 450 200 | 100 | 50 | 350 -
2-5 0
5-2 0 - -
>3 300 Node - trips Volume Assigned
32 300 1 600+450 1050
2-4 600 2 200+300+250 750
4-2 250 3 300+350 650
34 250
43 350 4 600+250+700 1550
4-5 1300 5 350+1300 1650
5-4 700
Total

56

56
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Nodes ShpO;;:ﬁSt Path ID
From To
2 1-2 1
1 3 1-2,2-3 2
= 4 1-5,5-4 3
5 1-5 4

57

57

Nodes Shortest Path ID
From| To Path
1 2-1 5
5 3 2-3 6
= 4 2-4 7
5 2-4,4-5 8

58

58
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Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ '
Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest Path ID
From| To Path
1 2-1 5
5 3 2-3 6
= 4 2-4 7
5 2-4,4-5 8

Minimum Path Trees

59

59

Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ
Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest Path ID
From| To Path
1 3-2,2-1 9
3 2 3-2 10
= 4 34 11
5 3-4,4-5 12

60

60

29



Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ '
Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest Path ID
From| To Path
1 3-2,2-1 9
3 2 32 10
= 4 34 11
5 3-4,4-5 12

O @e—
O—

61

61

Nodes Shortest Path ID
From| To Path
1 4-5,5-1 13
4 2 4-2 14
= 3 4-3 15
5 4-5 16

Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ
Step 7: Draw the minimum path (skim trees) at each node (cont.)

62

62
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Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ '

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest Path ID
From| To Path - 5
1 |4551| 13 D, - 3)
A 2 4-2 14 € .
= 3 4- 15 T2
5 4-5 16 3 X

63

63

Solution of Example No.1 (Example 12.10) : Using of Skim tree fﬁ b

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest Path ID
From| To Path
1 5-1 17
5 2 5-4,4-2 18
= 3 5-4,4-3 19
4 5-4 20

64

64
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65

Nodes  [Shortest Path ID

From| To Path _
1 5-1 17 /)
. 2 |5-442] 18 |

= 3 [54,43] 19
4 5-4 20 )

65
What Next

needed in the system

priority

design phases

Y The process of calculating the travel
demand for an urban transportation
system is now completed.

& The results of this work will be used to

» Determine where improvements will be
» Make economic evaluations of project

» Assist in the geometric and pavement

66

66

32



Transportation Engineering
and Planning
(110 401367)

Fall 2021-2022
Module No. 3

szt @
bv-e‘? RS

The Hashemite Ur-.m-ar's Cy \\h.

3.1 _ Foundations of Engineering
Economy

Dr. Hamza Alkuime

Major Topics To Be Covered
Topics xgéﬁ; Contact hours*
1. Introduction to transportation systems 1/3 1
2. Transportation planning 1 3
3. Demand forecasting using 4 steps modeling 4 12
4. Engineering economy in transportation 5 o
5. Evaluation of transportation alternatives 2 6
6. Urban mass transit systems 32/3 11
7. Airports 1 3
Total 15 45




Engineering Economy
References

% Leland Blank and ENGINEERING
Anthony Tarquin,

Engineering
Economy, 7t
Edition,. McGraw-
Hill, 2005

LELAND BLANK * ANTHONY TARQUIN

Engineering Economy
Definition

L 1t deals with the concepts and techniques of analysis useful in evaluating the
worth of systems, products, and services in relation to their costs




Engineering Economy
Importance

It is used to answer many different questions

» Which engineering projects are worthwhile?

®,

% Has the civil engineer shown that constructing a new road is worth developing?
» Which engineering projects should have a higher priority?

®,

< Has the civil engineer shown which transit improvement projects should be funded with the
available budget?

»How should the engineering projects be designed?

*+ Has civil engineer chosen the best alignment for the proposed roadway?

FEC

Performing an Engineering Economy|
I Problem Objective |

description satement |

1. Identify and understand the problem; . el e o
identify the objective of the project. i =g REEN

2. Collect relevant, available data and define _ ,r i
viable solution alternatives. ; st oo+ G55

Pmject financing

3. Make realistic cash flow estimates. r[ .

4 S N |y PW, ROR, B/C, ete.

4. ldentify an economic measure of worth ===
criterion for decision making i

> ucnnnn;i: analysis “orsider:

5. Evaluate each alternative; consider U
noneconomic factors; use sensitivity _ g Rick iyt
analysis as needed. : @

Select the best alternative. ] Ty
-

7. Implement the solution and monitor the _ T

results. i_ .............. Qﬁs/)

New problem 1 New engincering
description fpeed  ppOnOMY S tody
A begins




Engineering Economy
Terminology and Symbols
% t=time
» stated in periods; years, months, days
U P =value or amount of money at a time designated as the present or time = 0.

»Also P is referred to as present worth (PW), present value (PV), net present value (NPV),
discounted cash flow (DCF), and capitalized cost (CC);

» monetary units, such as dollars
U F =value or amount of money at some future time.

» Also F is called future worth (FW) and future value (FV);
»dollar

Terminology and Symbols

U A = series of consecutive, equal, end-of-period amounts of money.

»Also A is called the annual worth (AW) and equivalent uniform annual worth (EUAW);

»dollars per year, euros per month
& j=interest rate per time period
» percent per year, percent per month
Y n = number of interest periods

» years, months, days




Terminology and Symbols
Notes

L The symbols P and F represent one-time occurrences:
& A always
» represents a uniform amount
»occurs with the same value in each interest period for a specified number of periods
U The interest rate i is expressed in percent per interest period,
» for example, 12% per year.
L In general, every problem will involve
» At least four of the symbols P, F, A, n, and i,

At least three of them estimated or known

Terminology and Symbols

Example 1.6

10

10




Terminology and Symbols
Example 1.6
& Today, Julie borrowed $5000 to purchase furniture for her new house.

& She can repay the loan in either of the two ways described below.
» a) Five equal annual installments with interest based on 5% per year.
» (b) One payment 3 years from now with interest based on 7% per year.

» Determine the engineering economy symbols and their value for each option:

11

Terminology and Symbols
Solution of Example 1.6

Soluton
(a) The repayment schedule requires an equivalent annual amount A, which is unknown.

P = 55000 i = 5% per year 1= ) years A=7?
(b) Repayment requires a single future amount ¥, which is unknown.

P = 35000 i = 7% per year =3 years F=7

12



Engineering Economy
Basic Concepts
%, Cash flow
Y Interest Rate and Time value of money

U Equivalence technique

13

Cash Flow
Definition
L Cash flows are the amounts of money
» Estimated for future projects
» Observed for project events that have taken place
L All cash flows occur during specific time periods,

» such as 1 month, every 6 months, or 1 year.

»Annual is the most common time period.
Y For example,

»>a payment of 510,000 once every year in December for 5 years is a series of 5 outgoing
cash flows.

14



Cash Flow
Cash inflows
% Cash inflows

» are the receipts, revenues, incomes, and savings generated by project and business
activity.

» A plus sign indicates a cash inflow

Cash Inflow Estimates

% Income: JD150,000 per year from sales of solar-powered watches
Savings: JD24,500 tax savings from capital loss on equipment salvage
Receipt: JD750,000 received on large business loan plus accrued interest

Savings: JD150,000 per year saved by installing more efficient air conditioning

& & & F

Revenue: JD50,000 to JD75,000 per month in sales for extended battery life iPhones

15

Cash Flow
Cash outflows

& Cash outflows

» Are costs, disbursements, expenses, and taxes caused by projects and business Cash flow
activity.

» A negative or minus sign indicates a cash outflow.

Cash Outflow Estimates

U Operating costs: JD230,000 per year annual operating costs for software services
L First cost: JD800,000 next year to purchase replacement equipment

L Expense: JD20,000 per year for loan interest payment to bank

& Initial cost: JD1 to JD1.2 million in capital expenditures for a water recycling unit

16



Engineering Economy
Net cash flow

Net cash flow = cash inflows — cash outllows

NCF=R-—-D

Y Where:
» NCF is net cash flow
>R is receipts

» D is disbursements.

17

Engineering Economy
Categories of Cash Flows

U The expenses and receipts due to engineering projects usually fall into one of
the following categories:

1. First cost (Capital):
% expense to build or to buy and install
2. Operations and maintenance (O&M):
«»* annual expense, such as electricity, labor, and minor repairs
3. Salvage value:
% receipt at project termination for sale or transfer of the equipment (can be a salvage cost)
4. Revenues:
«» annual receipts due to sale of products or services
5. Overhaul:

«» major capital expenditure that occurs during the asset’s life

18



Cash Flow
Cash Flow diagrams (CFD)

U It is a graphical representation of cash flows drawn on the y axis with a time
scale on the x axis

% The diagram includes
> what is known
> what is estimated

» what is needed

Figure 1-4 Year 1 Year 5
A typical cash flow time — A ———
scale for 5 years. t ! ' T | 1
0 1 2 3 4 5
Time scale

19

Cash Flow
Cash Flow diagrams (CFD)

% The direction of the arrows on the diagram is important

»to differentiate income from outgo.

0,

% Avertical arrow pointing up indicates a positive cash flow.

3

< A down-pointing arrow indicates a negative cash flow

Figure 1-5 P
Example of positive and ;

negative cash flows. 1 =4% per year

Year

—f
—e
et “L-ﬁr.;” I

Cash flow

(B9
-
e
g ——
A=

20
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Cash Flow
Cash Flow Diagram

Cash inflow:
receipts, revenues, incomes, and savings
$1,000 generated by project and business activity.
Plus A
2 n

1
N
Minus

Cash outflow:

costs, disbursements, expenses, and taxes
caused by projects and business Cash flow
activity.

21

21

Cash Flow Diagram

Example 1.8

22

22



Cash Flow Diagram
Example -1.8

& Assume you borrow $8500 from a
bank today to purchase an S 8000
used car for cash next week, and
you plan to spend the remaining
S500 on a new paint job for the
car two weeks from now.

» There are several perspectives possible when
developing the cash flow diagram—those of
the borrower (that’s you), the banker, the
car dealer, or the paint shop owner.

Perspective  Activity Cash flow with Sign, § Time, week
You Borow +8500 0
Buy car 5000 I
Pain job -500 2
Hanker Lender -8500 i
Car dealer Carsale +8000 l
Painter Paint job +500 2

Cash flows from perspective of borrower for loan and purchases

23

Cash Flow Diagram
Solution of Examé)le -1.8

ash flows from perspective of borrower for loan and purchases

Perspective  Activity Cash flow with Sign, $ Time, week
You Borrow +8500 0
Buy car -8000 I
Paint job =500 2
Hanker Lender -B500 0
Car dealer Carsale +8000 l
Paintar Paint job +500 2

the diagram.

One, and only one, of the perspectives is selected to develop

58500

S8000

Week

g-ﬂ——lu

24
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Cash Flow Diagram

Example 1.9

25

25

Cash Flow Diagram
Example 1.9

& Each year Exxon-Mobil expends large amounts of funds for mechanical safety features
throughout its worldwide operations.

& Carla Ramos, a lead engineer for Mexico and Central American operations, plans
expenditures of S1 million now and each of the next 4 years just for the improvement of
field-based pressure-release valves.

&  Construct the cash flow diagram to find the equivalent value of these expenditures at the
end of year 4, using a cost of capital estimate for safety-related funds of 12% per year

26
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Cash Flow Diagram
Solution of Example 1.9

&  Each year Exxon-Mobil expends large amounts of funds for mechanical safety features throughout its
worldwide operations. Carla Ramos, a lead engineer for Mexico and Central American operations, plans
expenditures of $1 million now and each of the next 4 years just for the improvement of field-based pressure-
release valves. Construct the cash flow diagram to find the equivalent value of these expenditures at the end
of year 4, using a cost of capital estimate for safety-related funds of 12% per year

i=12%

Ff?
-1 0 1 2 3 !}

| | 1 I

T |

4 = $1.000.000

Y ear

27

Cash Flow Diagram

Example 1.10

28

28
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Cash Flow Diagram
Example 1.10

% An electrical engineer wants to deposit an amount P now such that she can withdraw an
equal annual amount of A1 $2000 per year for the first 5 years, starting 1 year after the

deposit, and a different annual withdrawal of A2 $3000 per year for the following 3 years.

% How would the cash flow diagram appear if i 8.5% per year?

29

Cash Flow Diagram
Solution of Example 1.10

& An electrical engineer wants to deposit an amount P now such that she can withdraw an
equal annual amount of A1 $2000 per year for the first 5 years, starting 1 year after the

deposit, and a different annual withdrawal of A2 $3000 per year for the following 3 years.
How would the cash flow diagram appear if i 8.5% per year?

A, =$3000
A; = $2000 ‘
IL [ ] [ | [ | [ |
= 1 2 3 4 5 6 7 g Year
l i=85%
P

30
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Cash Flow Diagram

Example 1.11

31

31

Cash Flow Diagram
Example 1.11
& Arental company spent $2500 on a

. End of Year Income Cost Net Cash Flow

new air compressor 7 years ago.
-7 $ 0 $2500 $-2500
» The annual rental income from the compressor has -6 750 100 650
been $750. -5 750 125 625
» The $100 spent on maintenance the first year has :g ?gg }22 g?g
increased each year by $25. 5 750 200 =50
» The company plans to sell the compressor at the -1 750 225 525
end of next year for $150. 0 750 250 500
1 750 + 150 275 625

& Construct the cash flow diagram from
the company’s perspective and indicate
where the present worth now is
located.

32
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$2500

H End of Year Income Cost Net Cash Flow
Cash Flow Diagram & T
Solution of Example 1.11 k- oy e 23
-4 750 150 600
-3 750 175 575
-2 750 200 550
-1 750 225 525
0 750 230 500
1 750 + 150 275 625
pP="2
$650 }
: 5 5 c
- 8625 600 ¢ $625
Rl =

33

Interest Rate and Rate of Return

U Computationally, interest is

» If the difference is zero or negative, there is no interest.

» Interest paid

» Interest earned

U Interest is the manifestation of the time value of money.

Y There are always two perspectives to an amount of interest

» The difference between an ending amount of money and the beginning amount.

34
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Interest Rate and Rate of Return

Y Interest is paid Lo
» When a person or organization borrowed money
(obtained a loan) and repays a larger amount over
Repayment

G Interest is earned

time.
+ interest Borrower

(a)

» When a person or organization saved, invested, or lent
money and obtains a return of a larger amount over
time

Loan

Repayment
Investor + Inlerest

(8

35

Interest Rate and Rate of Return

Interest paid

& Interest paid on borrowed funds (a loan) is determined using the original
amount, also called the principal,

Interest = amount owed now — principal [1.1]

& Interest rate

» When interest paid over a specific time unit is expressed as a percentage of the principal, the result is called
the interest rate

» The time unit of the rate is called the interest period.

interest accrued per time mmit

e x 100% [1.2]

Interest rate (%) =

36
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Interest Rate and Rate of Return
Interest earned

% Interest earned
»Is the final amount minus the initial amount, or principal.

[1.3]

Interest earned = total amount now — principal

L, Rate of return (ROR) (Or return on investment [ROI])

»Interest earned over a specific period of time is expressed as a percentage of the original
amount
» The time unit for rate of return is called the interest period,

» The most common period is 1 year

interest accrued per time unit
Rate of return (%) = — - .P — — x 100% [1.4]
principal

37

Interest Rate and Rate of Return

Example 1.3

38

38
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Interest Rate and Rate of Return

Example 1.3
L An employee at LaserKinetics.com $10,000 on May 1 and must repay
a total of $10,700 exactly 1 year later.
L, Determine the interest amount and the interest rate paid.

39

Interest Rate and Rate of Return
Solution of Example 1.3

Solution
The perspective here is that of the borrower since $10,700 repays a loan. Apply Equation [1.1]

to determine the interest paid.
Interest paid = 510,700 — 10,000 = $700

Equation [1.2] determines the interest rate paid for 1 year.

: _ _S700 -
Percent interest rate = 510000 x 100% = 7% per year

40
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Interest Rate and Rate of Return

Example 1.4

41

41

Interest Rate and Rate of Return
Example 1.4

& Stereophonics, Inc., plans to borrow $20,000 from a bank for 1 year at 9%
p 7’ 7’ p - = Vi y

interest for new recording equipment.

U Compute the interest and the total amount due after 1 year.

42
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Interest Rate and Rate of Return
Solution of Example 1.4

(a) Compute the total interest accrued by solving Equation [1.2] for interest accrued.
Interest = $20,000(0.09) = S1800
The total amount due is the sum of principal and interest.

Total due = $20,000 + 1800 = $21,800

43

Interest Rate and Rate of Return

Example 1.5

44

44
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Interest Rate and Rate of Return
Example 1.5

U (a) Calculate the amount deposited 1 year ago to have $1000 now at an
interest rate of 5% per year.

U (b) Calculate the amount of interest earned during this time period.

45

Interest Rate and Rate of Return
Solution of Example 1.5

If X'is the original deposit,
Total accrued = deposit + deposit(interest rate)
S1000 = X + X{(0.05) = X{1 + 0.05) = 1.05X
The original deposit is
x= 3000 = 5952.38
() Apply Equation [1.3] to determine the interest earned.

Interest = S1000 — 952.38 = §47.62

(a) The total amount accrued ($1000) is the sum of the original deposit and the earned interest.

46
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Interest Rate and Rate of Return
Inflation

L Inflation represents a decrease in the value of a given currency.

> That is, 510 now will not purchase the same amount of gasoline for your car (or most other things) as 510
did 10 years ago.

U The changing value of the currency affects market interest rates
U In simple terms, interest rates reflect two things: a so-called real rate of return
plus the expected inflation rate.

» The real rate of return allows the investor to purchase more than he or she could have purchased before the
investment

» while inflation raises the real rate to the market rate that we use on a daily basis

47

Economic Equivalence
Definition
L is a combination of interest rate and time value of money to determine the

different amounts of money at different points in time that are equal in
economic value.

48
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Economic Equivalence
Interest rate

% Definitions
» The amount charged by a lender to a borrower for the use of assets.
»typically noted on an annual basis

» Expressed as a percentage of principal
L Types

» Two types of Interest

+» Simple interest

«» Compound interest

49

Economic Equivalence
Simple interest

% When the total interest earned or charged is linearly proportional to the initial amount
of the loan (principal),

» the interest rate, and the number of interest periods, the interest and interest rate are said to be simple.

& Simple interest is calculated using the principal only, ignoring any interest accrued in
preceding interest periods.

50



Economic Equivalence
Simple interest

U The total interest, |, earned or paid may be computed using the formula
below.

Simple interest = (principal)(number of periods)(interest rate) [1.7]
I= Pni

P = principal amount lent or borrowed
N = number of interest periods (e.g., years)

i = interest rate per interest period

Y The total amount repaid at the end of N interest periods is P + .

51

Simple interest

Example 1.14

52

52
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Simple interest
Example 1.14

L Greentree Financing lent an engineering company $100,000 to retrofit an
environmentally unfriendly building.

U The loan is for 3 years at 10% per year simple interest.

Y How much money will the firm repay at the end of 3 years?

53

Simple interest
Solution of Example 1.14

The interest for each of the 3 years is

Interest per year = $100,000(0.10) = $10,000

Total interest for 3 years from Equation [1.7] is

Total interest = $100,000(3)(0.10) = 530,000

The amount due after 3 years is
Total due = $100,000 + 30,000 = §130,000

The interest accrued in the first year and in the second year does not earn interest. The inter-
est due each year is $10,000 calculated only on the $100,000 loan principal.

54
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Economic Equivalence
Compound interest

L Interest that is computed on
» The original unpaid debt (principle)

» The unpaid interest (interest on top of interest
% In most financial and economic analyses

»we use compound interest

m)

55

Economic Equivalence
Compound interest

[n mathematical terms, the interest ] for time period fmay be calculated using the relation.

=i

I= ‘P 3 L
|

I, = interest for time period t

P = principal amount lent or borrowed

t = time period

i = interest rate per interest period

0

1L.9]

56

28



Economic Equivalence
Future Value of a Loan With Compound Interest

I Y Eirs

Total due after n years = principal(1 + interest rate)
= P{1 + §)°

I, = interest for time period t
P = principal amount lent or borrowed
t = time period

i = interest rate per interest period

[1.10]

57

Economic Equivalence

Example 1.15

58

58
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Economic Equivalence
Example 1.15

L Assume an engineering company borrows $100,000 at 10% per year
compound interest and will pay the principal and all the interest after 3 years.

U Compute the annual interest and total amount due after 3 years.
&, Graph the interest and total owed for each year,

% Compare with simple interest

59
Economic Equivalence
Solution of Example 1.15
Simple interest: Compounded interest
Year 1: 10,000 Interest, year 1: 100,000(0.10) = $10,000
Year 2: 10,000 Total due, year 1: 100,000 + 10,000 = $110,000
Year 3: 10,000 Interest, year 2: 110,000(0.10) = $11,000
Sum of Interest: 30’000 T!"I:.i_I] '.l' e, year f: ' ] “lH-%“ - 1 1”':_“1 — ' 21 Ul.'”
Interest, year 3: 121,000(0.10) = $12,100

Total due, year 3= Total due, year 3: 121,000 + 12,100 = $133,100
100,000+30,000= 130,000

60
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Economic Equivalenca

. 0 1 2 3 : 0 1 : i :
Solution of Exarn ——hr—— b
5 ¥ 1 ' F S : 4 .
T J I J i J\' l Iincreases
-0 +—-=+==- ; il s ‘I'_____‘J'_ Ils constant =10 + j:., . / geome[r}ca[
% Anextra == k.
—12 4 Wa.
%, $133,100 - 130,000 = L5 s | I
$3100 in interest is T 4 i 1 i
due for = —100 N = i
thecompounded 8 b s %
interest loan z N, z \\
T -0+ R T 104 i
= b = A
b \ = i
= Y E
E ) E g
—120 /‘ ) —120 /’ 5
Arithmetic ‘\ Geometric
Increase ¢ increase LS
\\ W
—130 4 y —130 + S
X
B Simple interest | Compound interest
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Engineering Economy
Terminology and Symbols
% t=time
» stated in periods; years, months, days
U P =value or amount of money at a time designated as the present or time = 0.

»Also P is referred to as present worth (PW), present value (PV), net present value (NPV),
discounted cash flow (DCF), and capitalized cost (CC);

» monetary units, such as dollars
& F =value or amount of money at some future time.

» Also F is called future worth (FW) and future value (FV);
»dollar

62
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Terminology and Symbols

U A = series of consecutive, equal, end-of-period amounts of money.

»Also A is called the annual worth (AW) and equivalent uniform annual worth (EUAW);
»dollars per year, euros per month

& j=interest rate per time period
» percent per year, percent per month
Y n = number of interest periods

» years, months, days

63

Notes

L In general, every problem will involve
» At least four of the symbols P, F, A, n, and i,

«» At least three of them estimated or known

64
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Notation for Calculating a Present Value

% We can apply compound interest formulas to “move” cash flows along the
cash flow diagram.

& Using the standard notation, we find that a present amount, P, can grow into a future
amount, F, in N time periods at interest rate i according to the formula below:

»>F=P1+ iV

F
P =——
(1+D)N
% Functional notation:
P=F(P/F,i,n) P=5000(P/F,6%,10)

» Interpretation of (P/F, i, n):

isthe Single payment present worth factor.

< a present sum P, given a future sum F, n interest periods hence at an interest rate i per interest period

+*  Obtained from interest tables

65

Interest tables

8% TABLE 13 Discrete Cash Flow: Compound Interest F

Single Payments Uniform Series Payments

Compound Present Sinking Compound Capital Prasent
Amount Worth Fund Amount Recovery Waorth

n F/P P/F AfF F/A AfP P/A
1 10800 01.9259 L.00000 10000 108000 0.9259
2 11664 01.8373 0.48077 20800 0.56077 1.7833
3 L2597 (.7938 0.30803 3.2464 (.38803 25771
4 13605 0.7350 0.22192 4.5061 030192 35121
14803 (1.6R0G 0.17046 5.86066 0.25048 39927

f Cissg ) | 0630z | 013632 7.3350 021632 1.6229
7 1.7138 (1.5855 011207 8.9228 0.19207 53,2064
8 1.&509 {1.5403 0.08401 106366 0.17401 3,746
il 1.9900 005002 0.08008 124876 0.16008 0.24G9

(F/P, 8%, 6)= 1.5869

66
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Notation for Calculating a Present Value

L It is common to use standard notation for interest factors.
» We can use these to find economically equivalent values at different points in time.
L single payment compound amount factor.
(144" = (F/P,i,N)

» The term on the right is read “F given P ati % interest per period for N interest periods.”

U single payment present worth factor

(144~ = (P/F,i,N)

67

Notation for Calculating a Present Value
Examples

Example: $2,500 at time zero is equivalent to how much after six years if the interest
rate is 8% per year?

F = $2,500(F/P,8%,6) = $2,500(1.5869) = $3, 967

Example: $3,000 at the end of year seven is equivalent to how much today (time zero)
if the interest rate is 6% per year?

P = 83,000(P/F,6%,7) = $3,000(0.6651) = $1, 995

68
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Notation for Calculating a Present Value

Example 2.2

69

69

Notation for Calculating a Present Value
Example 2.2

L A Cement factory will require an investment of $200 million to construct (year
2012).

', Delays beyond the anticipated implementation year of 2012 will require
additional money to construct the factory.

U Assuming that the cost of money is 10% per year, compound interest

% determine the following:
» (a) The equivalent investment needed if the plant is built in 2015.

»(b) The equivalent investment needed had the plant been constructed in the year 2008.
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Notation for Calculating a Present Value
Solution of Example 2.2

4 -3 -2 -1 0 I 2 - t

=
L — i i | i —r
2008 2009 2010 2011 2012 2013 2014 2015 Year

$200 M
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Notation for Calculating a Present Value

Solution of Example 2.2
L (a) To find the equivalent investment required in 3 years, apply the F/P factor.
Use S1 million units and the tabulated value for 10% interest.
»F3 =P(F/Ri,n) = 200(F/P, 10%, 3) = 200(1.3310)
»= =5266.2 (5266,200,000)

U (b) The year 2008 is 4 years prior to the planned construction date of 2012. To
determine the equivalent cost 4 years earlier, consider the $200 M in 2012 (t =

0) as the future value F and apply the P/F factor for n = 4 to find P-4.

» P-4 = F(P/Fi,n) = 200(P/F,10%,4) = 200(0.6830)
»= =5136.6 (5136,600,000)
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Notation for Calculating a Present Value
Uniform Series Present Worth Factor and Capital Recovery Factor (P /A and A / P)

Y The equivalent present worth P of a uniform series A of end-of-period cash
flows (investments)

P=7 P =pgiven
h} 1= given i= given
i1} 1 2 -2 n-1 n 0 1 2 n-12 n-1 n
[ A | | | |0
| l l 1 I ] I T T ] [l rl -
A = given A=7
(a) (B)

Cash flow diagrams used to determine

X } i Cash flow diagrams used to determine
(a) P, given a uniform series 4,

A, given a present worth P

73
An expression for the present worth can be determined by considering
each A value as a future worth F, calculating its present worth with the P/F factor,
= I ] L Fo 4
= "'1[[1 +4) H][tl +;ﬁ| Hl;u +ﬂ‘] i
LA 1 iy e
' ‘[H + ﬂ""'l ' '1[(1 + :‘)”]
o B e W e T gmenanes = 8 o e A
o A[(l YA AR A+ ara +f“] —(1)
* 1/(1+i)l
P _ 4.1 1 Wt il 1
T+i ‘1[u TS L Ty LS | o Ly o n”--] —(2)
(2)-(1) l
| G Al
I+ r‘u_"‘[u i\ﬂ’\ (1 +\q‘\ (1 F\ﬂ\ 1+ 4" *'J
_ i S t e 1 ]
£ [:1 + 1 I‘}+ﬂ : (1\‘:*1'] TR
— 3
1+i77 [“+ﬂ"" 1+ f"‘] Ml+A"—11
s ! |
e A . = 0
P —'—";-[HT,-}T«‘ I P 1_ ma+y | 7 9
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Notation for Calculating a Present Value
Uniform Series Present Worth Factor and Capital Recovery Factor (P /A and A / P)

% Finding the present amount

(11,:1 ‘2 i); 1} — A(P/A,i%, N)

P-4

& Example: How much would be needed today to provide an annual amount of
$50,000 each year for 20 years, at 9% interest each year?

75

Notation for Calculating a Present Value
Uniform Series Present Worth Factor and Capital Recovery Factor (P /A and A / P )

& Finding the present amount
(1+i)N —1
i1+ 0)N

& Example: How much would be needed today to provide an annual
amount of $50,000 each year for 20 years, at 9% interest each year?

P=A = A(P/A,i%, N)

P = $50,000(P/A, 9%, N) = $50,000(9.1285) = $456, 427
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Interest tables

Single Payments Uniform Series Payments

Compound Present Sinking Compound Capital Prasent
Amount Worth Fund Amount Recovery Waorth

n F/P P/F AfF F/A AfP P/A
1 10800 (1.9259 100000 10000 LORNO0 0.9259
2 1. 1664 (.8573 (. 48077 2.0800 0.56077 1.7833
3 1.2597 0.7938 030803 3.2464 038803 25771
4 13605 0.7350 0.22192 4.5061 0.30192 3312
3 1. 4683 {1.GROR 0.17046 58666 0.25046 3.9927
fi 1.5869 (16302 0.13632 7.3359 0.21632 4.6229
7 1.7138 (1.5835 0.11207 B.9228 0.19207 3,204
8 18509 (1.5403 0.08401 10,6366 0.17401 3,7466
f 1.9950 0.5002 0.08008 1Z2.4876 0.16008 0.2469

77
Notation for Calculating a Present Value 25
Uniform Series Present Worth Factor and Capital Recovery Factor ( P / A and A / P)
& Finding A when given P.
N . N
(141 _
A= p|. ,N) P(A/P,i%, N)
(1+3)N -1
% Example: If you had in an account earning 10% each
year, how much could you withdraw each year for 25 years?
78
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Notation for Calculating a Present Value
Uniform Series Present Worth Factor and Capital Recovery Factor (P /A and A / P )

% Finding A when given P.

i(1 4N
A=P P(A/P,i%, N
(1+4)N —1 Ay Fy )
& Example: If you had in an account earning 10% each

year, how much could you withdraw each year for 25 years?

A = 8500, 000(A/P, 10%, 25) = $500, 000(0.1102) = $55, 100

79

Notation for Calculating a Present Value

Example

& How much money should you be willing to pay now for a guaranteed
S600 per year for 9 years starting next year, at a rate of return of
16% per year?

80
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Notation for Calculating a Present Value

Example

& How much money should you be willing to pay now for a guaranteed
S600 per year for 9 years starting next year, at a rate of return of
16% per year?

L A =$600,i =16%, and n = 9.

& The present worth is
> P = 600( P/A,16%,9) = 600(4.6065) = $2763.90

81

Notation for Calculating a Present Value

Example

& A Cement factory will require an investment of $200 million to construct (year 2012). The
plant may generate a revenue base of $50 million per year. The president of the company
may have reason to be quite pleased with this projection for the simple reason that over
the 5-year planning horizon, the expected revenue would total $250 million, which is $50
million more than the initial investment. With money worth 10% per year,

- Will the initial investment be recovered over the 5-year horizon with the time value of

money considered?

- If so, by how much extra in present worth funds?

- If not, what is the equivalent annual revenue base required for the recovery plus the 10%

return on money?

82
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Interest tables

TABLE 15 Discrete Cash Flow: Compound Interest F:
Single Payments Uniform Series Payments

Compound Present Sinking Compound Capital Present
Amount Worth Fund Amount Recovery Worth

n F/P P/F A/F F/A A/P P/A
1 1.1000 0.9091 1.00000 1.0000 1.10000 0.9091
2 1.2100 0.8264 0.47619 2.1000 0.57619 1.7355
3 1.3310 0.7513 0.30211 3.3100 0.40211 2.4869
4 1.4641 0.6830 0.21547 4.6410 0.31547 3.1699
5 1.6105 0.6209 0.16380 6.1051 0.26380 3.7908

83

Notation for Calculating a Present Value

Example — Solution

% P=50(P/A,10%,5)= 50(3.7908)
> =5189.54 (5189,540,000)

U The present worth value is less than the investment plus a 10% per year
return,

L To determine the minimum required to realize a 10% per year return, use the
A/P factor.

> A = 200( A/P,10%,5) = 200(0.26380)
» =552.76 per year
» where A starts 1 year after Patt=0and n = 5.

> The plant needs to generate 552,760,000 per year to realize a 10% per year return over 5 years.

84
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Notation for Calculating a Present Value

There are interest factors for a series of end-of-period cash flows.

& A = end-of-period cash flows in a uniform series continuing for a
certain number of periods, starting at the end of the first period and
continuing through the last

(1+3)N

.

7

FzA{ _1] = A(F/A,i%, N)

% Example: How much will you have in 40 years if you save $3,000
each year and your account earns 8% interest each year?

F = $3,000(F /A, 8%,40) = $3,000(259.0565) = $§777,170

85

Interest tables

8% TABLE 13 Discrete Cash Flow: Compound Interest F,
: Single Payments Uniform Series Payments
Compound Prasant Sinking Compound Capital Prasent
Amount Worth Fund Amount Recover ¥ Woarth
n FiP PIF A/F FlA AlP P/A
14 24372 0.34405 [ FL R 0,110 g2y |
15 3.1782 0.3152 0.03683 27,1521 011683 85595
16 3425 0.2914 00325 30324 011248 BRI |
17 37000 0.2703 002953 3.7502 010863 91216
18 5.9960 0.2502 [T 374502 010670 sa7ie |
T 13151 T 0EET | 002413 | 414463 010413 | 96036
20 A46H) 02145 00218 A5.762D 010185 a8181
2] B030 01987 0018983 4229 0.09983 1L 68
it 5.4365 D1834 | OOIBMS | 554588 | O0UBK | 102007 |
23 58715 0,170 001642 10,8931 0,042 WI711
24 6112 01577 001498 56,7648 0.08485 10.5288 |
2 68485 01460 0015068 73,1038 0,048 L4748
26 73964 0.1352 001251 .05 0.09251 nsm_|
27 70881 0.1252 0.01145 87,3508 0.00145 108352
3 86271 0.1150 001040 05,3388 0.00049 1511
29 | 8.3173 01074 (L0006 1038659 100802 11.1584
i | 10,0627 11,01994 (1, 00RES 113.2832 [ 11,2578
T T O 1233458 008811 113458
d2 | ILTTE | 00852 | 000745 | 132135 | ODE74S | 114350 |
33 126760 00788 000685 145.4506 0.08645 [TEET
3| 13690 | 00730 | 000G | (66267 | DOBGID | KiEER |
ES 147853 00674 00058 1724148 0.0§5H0 116546
n 272G 00460 000366 25005465 008386 L9246
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Notation for Calculating a Present Value

Example

% Finding A when given F.

A=F [(HSN- 1] = F(A/F,i%,N)

»A / F or sinking fund factor

» The uniform series A begins at the end of year (period) 1 and continues through the year
of the given F. The last A value and F occur at the same time.

& Example: How much would you need to set aside each year for 25

years, at 10% interest, to have accumulated $1,000,000 at the end of
the 25 years?

A = $1,000,000(A/F,10%, 25) = $1,000,000(0.0102) = $10, 200

87

Notation for Calculating a Present Value

Example

U The president of Ford Motor Company wants to know the equivalent future
worth of a S1 million capital investment each year for 8 years, starting 1 year
from now. Ford capital earns at a rate of 14% per year.

> F =1000( F/A, 14%,8) = 1000(13.2328) = $13,232.80*1000 = $13,232,800

T
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Notation for Calculating a Present Value

Example

U It can be challenging to solve for N or i.

» We may know P, A, and i and want to find N.
» We may know P, A, and N and want to find |.

89

Notation for Calculating a Present Value
Finding N

% Example: Adam borrowed $100,000 from a local bank, which
charges them an interest rate of 7% per year. If Adam pays the bank
$8,000 per year, how many years will it take to pay off the loan?

A+ —1] ,
(i(l?—i)N = A(P/A,i%,N)
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Notation for Calculating a Present Value
Finding N

& Example: Adam borrowed $100,000 from a local bank, which

charges them an interest rate of 7% per year. If Adam pays the bank
$8,000 per year, how many years will it take to pay off the loan?

$100, 000 = $8, 000(P/A, 7%, N)

So,
$100, 000 (1.07)N — 1
P/A,T% N)= ——— =125= ————
(B Thl) $8,000 0.07(1.07)N
. o ((1+9)N —1] :
his can be solved by using the interest tables — —
znd interpolation, bu}t]we gir:erall}t/ resct)rtt toa pP=A | 1(1 + Q)N B A(P/A’ Z%, N)

computer solution. N=30.7 years

91

Notation for Calculating a Present Value
Finding i

& Example: Jill invested $1,000 each year for five years in a local

company and sold her interest after five years for $8,000. What
annual rate of return did Jill earn?

$8,000 = $1,000(F/A, %, 5)

So,
. $8, 000 (1+4)5 —1
(F/A,i%,5) = —g="" =
$1,000 i
Again, this can be solved using
the interest tables and i (1 + z‘)N —17
interpolation, but we generally F=A|l——| = A(F /A, ?:%, N
resort to a computer solution. i= L v |

23.69%
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Minimum Attractive Rate of Return (MARR)

L For any investment to be profitable, the investor (corporate or individual)
expects to receive more money than the amount of capital invested. |

» In other words, a fair rate of return, or return on investment, must be realizable.

The Minimum Attractive Rate of Return (MARR) is a reasonable rate of return established
for the evaluation and selection of alternatives. A project is not economically viable unless
it is expected to return at least the MARR. MARR is also referred to as the hurdle rate,
cutoff rate, benchmark rate, and minimum acceptable rate of return.

% The MARR is not a rate that is calculated as a ROR.

> The MARR is established by (financial) managers and is used as a criterion against which an alternative’s ROR is
measured, when making the accept/reject investment decision.
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5. Evaluation of transportation alternatives 2 6
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Basic elements of transportation planning

The transportation planning process comprises seven basic elements:
1. Situation definition

Problem definition

Search for solutions

Analysis of performance

Evaluation of alternatives

o m A WwoN

Choice of project

7. Specification and construction

Y The evaluation and selection of economic proposals require

1. Cash flow estimates over a stated period of time
2. Mathematical techniques to calculate the measure of worth

3. A guideline for selecting the best proposal

Basic Analysis Tools

—
MaEndates
. . R e =Sy
% The nature of the economic proposals is always one of ( s Bipeitiies ey )
two types: ‘ﬁi&—-ﬂ-—é,_—/@-- e
X 2y 2
1. Mutually exclusive alternatives: Pleupriscale
<> Onl f th | b lected. e
nly one o € proposals can be selecte . __-I ; CI) @ : a2
< For terminology purposes, each viable proposal is called an — (:,) i
alternative. e
2. Independent projects: |.UI
<~ More than one proposal can be selected. i s |
™ y | jm | Taiibeps
< Each viable proposal is called a project rsesaeeisull l l WDNL;N
1 1
% The do-nothing (DN) proposal is usually understood to be an Set : i Seleti 1 D = dio ciching.
option when the evaluation is performed. one = o g Ay | =
i
» The DN alternative or project means that the current approach
is maintained; nothing new s initiated. No new costs, | e |
revenues, or savings are generated. * Fevenues and costs * Costs only
{ Flevenus anemmative ) {_ Cost ablemanve )
& Mutually exclusive alternatives compete with one another ( and
the with the DN project) and are compared pairwise. I !
|\/P=riom ewvabastion and make s:lecu;a
%  Independent projects are evaluated one at a time and compete —

only with the DN project.




Economic Analysis Methods

Commonly used economic analysis methods are:

L Present Worth (PW) Analysis
& Annual Worth Analysis

% Benefit/Cost Analysis

% Rate of Return Analysis

Common Economic Analysis Methods

Method 1 : Present Worth (PW) Analysis




Method 1 : Present Worth (PW) Analysis

U The present worth method is quite popular in industry because

»All future costs and revenues are transformed to equivalent monetary units NOW;

<+ That s, all future cash flows are converted (discounted) to present amounts (e.g., dollars) at a
specific rate of return, which is the MARR.

& Approaches
A. Present Worth (PW) Analysis of Equal-Life Alternatives
B. Present Worth Analysis of Different-Life Alternatives
C. Capitalized Cost Analysis

A. Present Worth (PW) Analysis of Equal-Life Alternatives

Mutually exclusive (ME) alternatives selection

The following guidelines are applied to justify a single project or to select one from several
alternatives:

% One alternative:
» If PW >0 and the requested MARR is met or exceeded
» The alternative is economically justified

% Two or more alternatives:

» Select the alternative with the PW that is numerically largest

<+ Thatis, less negative or more positive.

» This indicates a lower PW of cost for cost alternatives or a larger PW of net cash flows for revenue
alternatives.




Common Economic Analysis Methods

Method 1 : Present Worth (PW) Analysis

A. Present Worth (PW) Analysis of Equal-Life

Alternatives

10

10

A. Present Worth (PW) Analysis of Equal-Life Alternatives
Mutually exclusive (ME) alternatives selection

Which alternative would you select ?

PW, PW,
S—2300 S=1500
—500 + 1000
+2500 +2000
+4800 =400

11
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A. Present Worth (PW) Analysis of Equal-Life Alternatives

Mutually exclusive (ME) alternatives selection

Which alternative would you select ?

PW, PW, Selected Alternative
$—2300 5=1500 B
- 500 + 1000 B
+2500 +2000 A
+4800 =400 A

12

12

A. Present Worth (PW) Analysis of Equal-Life Alternatives

Independent projects selection

For independent projects, each PW is considered separately,
» thatis, compared with the DN project, which always has PW = 0.
Y The selection guideline is as follows:
» One or more independent projects:
«»  Select all projects with PW >= 0 at the MARR

» The independent projects must have positive and negative cash flows to obtain a PW
value that can exceed zero;

«+ thatis, they must be revenue projects.

13
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A. Present Worth (PW) Analysis of Equal-Life Alternatives

Example 5.1

During lab research, three equal-service machines need to be evaluated economically. Perform

the present worth analysis with the costs shown below. The MARR is 10% per year.

Electric-Powered  Gas-Powered Solar-Powered

First cost, $

Salvage value S, §
Life, years

Annual operating cost (AOC), $/year

—4500

=500
200

8

3500

~6000
=50
100

8

14

14

10% TABLE 15 Discrete Cash Flow: Compound Interest Fa

Single Payments Uniform Series Payments
Compound Present Sinking Compound Capital Prasent
Amount Worth Fund Amount Recovery Warth
n F/P P/F AfF F/la AfP P/A
l 11000 0.9091 1 COO00 1000 110000 0.9091
2 L2100 0826 047619 21000 57619 17855
4 1.3310 0.7513 0.50211 33100 040211 24869
1 1.4641 {.6GRI0 0.21547 4.6410 0.31547 3.1699
B 16105 06209 0. 16380 6.1051 0. 26380 3.7008
i 1.7716 05645 012961 7.7156 022061 4.3553
7 1.9487 0.5132 010541 B.4872 0.20541 4.8684
B 2.1436 (0. 4615 {.08744 11.4359 018744 23549
9 2.3579 0.4241 007364 13.5785 017364 5.7590
10 250387 {0.3855 006275 15:9374 DAG2TS B. 1446

15
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A. Present Worth (PW) Analysis of Equal-Life Alternatives
Independent projects selection - Example 5.1 —Solution

Solution
These are cost alternatives. The salvage values are considered a “negative” cost, so a + sign
precedes them. (If it costs money to dispose of an asset, the estimated disposal cost has a — sign.)
The PW of each machine is calculated at i = 10% for n = 8 years. Use subscripts E, G, and S.
PW, = —4500 — 900(F/A.10%.8) + 200(F/F,10%.8) = $—9208
PW. = —3500 — 700(P/A,10%,8) + 350(P/F,10%,8) = $—7071
PW, = —6000 — 50(P/A.10%.8) + 100(F/F,10%.8) = $—6220
The solar-powered machine is selected since the PW of its costs is the lowest; it has the
numerically largest PW value.

16
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Common Economic Analysis Methods

Method 1 : Present Worth (PW) Analysis

B. Present Worth Analysis of Different-Life
Alternatives

17
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B. Present Worth Analysis of Different-Life Alternatives

% When the present worth method is used to compare mutually exclusive alternatives that
have different lives, the equal-service requirement must be met.

% The procedure of method A (Present Worth (PW) Analysis of Equal-Life Alternatives) is
followed, with one exception for that the PW of the alternatives must:

» be compared over the same number of years

»end at the same time to satisfy the equal-service requirement

18

18

B. Present Worth Analysis of Different-Life Alternatives

Approaches
% The equal-service requirement is satisfied by using either of two approaches:

1. Least Common Multiple (LCM)

< Compare the PW of alternatives over a period of time equal to the least common multiple (LCM) of their
estimated lives.

2. Study period:

<+ Compare the PW of alternatives using a specified study period of n years.

<+ This approach does not necessarily consider the useful life of an alternative.
% The study period is also called the planning horizon

% For independent projects

» use of the LCM approach is unnecessary since each project is compared to the do-nothing alternative, not to each other, and
satisfying the equal-service requirement is not a problem.

» Simply use the MARR to determine the PW over the respective life of each project and select all projects with a PW = 0.

19
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B. Present Worth Analysis of Different-Life Alternatives

Least common multiple (LCM) appraoch

life alternatives.
% The LCM approach makes the cash flow estimates extend to the same period, as required.
» Forexample, lives of 3 and 4 years are compared over a 12-year period
% The assumptions when using the LCM approach are that:
» 1. The service provided will be needed over the entire LCM years or more.
» 2. The selected alternative can be repeated over each life cycle of the LCM in exactly the same manner.

» 3. Cash flow estimates are the same for each life cycle

& For either approach, calculate the PW at the MARR and use the same selection guideline as that for equal-

20

20

B. Present Worth Analysis of Different-Life Alternatives

Study Period Approach

A time horizon is chosen over which the economic analysis is conducted, and only those
cash flows which occur during that time period are considered relevant to the analysis.

All cash flows occurring beyond the study period are ignored.

An estimated market value at the end of the study period must be made.

& & F &

The time horizon chosen might be relatively short,

» especially when short-term business goals are very important.

21

21
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B. Present Worth Analysis of Different-Life Alternatives

Example 5.3

& Two manufacturers offered the estimates below.

Vendor A Vendor B

First cost, $ —15,000 —18.000
Annual M&O cost, § per year —3.,500 —3,100
Salvage value, $ 1,000 2,000
Life, years 6 9

a. Determine which vendor should be selected on the basis of a present worth comparison, if the
MARR is 15% per year.

b. The company has a standard practice of evaluating all options over a 5-year period. If a study period
of 5 years is used and the salvage values are not expected to change, which vendor should be
selected?

22

TABLE 19 Discrete Cash Flow: Compound Interest Fal
he:
Single Payments Uniform Series Payments

Compound Present Sinking Compound Capital Present
Ameunt Wearth Fund Amount Recovery Woerth

n FiP P/F AlF F/A AP P/A
] 11500 L 1OHHM 10000 L15000 (.B6E
2 1.3225 1.7561 046512 21504 DELH12 16257
3 1.5209 (.6575 0.28798 34725 0.43798 22832
4 1.7490 (.5718 0.20027 49934 0.35027 28550
3 2.0114 0.4972 0.14832 6.7424 0.29832 3.3522
i 23131 0.4323 011424 B.7537 026424 3.7845
7 26600 0.3759 0.09036 11.0668 0. 24036 4.1604
8 3.0590 0.3269 0.07285 13.7268 0.22285 44873
4 35179 0.2843 0.05857 167858 0.20957 4.7716
i 4.0456 0.2472 0.04925 20,3037 0.19925 5.001E8
11 4 6524 02149 0.04107 24.3493 019107 5.2337
| ¥ 5.3505 0.1%69 0.03448 29.0017 (18448 54206
13 6.1528 0.1625 0.02911 34.3519 017911 5.5831
14 T.0757 0.1413 0.02469 40.5047 0.17469 5.7245
15 8.1371 0.1229 0.02102 47.5804 017102 58474
I6 9.3576 0. 1069 0.01795 35.7175 0. 16795 59542
17 10.7613 0.0429 0.01537 65.0751 0. 16537 60472
1% 12.3755 0.0%08 0.01318 75.8364 0,16319 6. 1280

23




B. Present Worth Analysis of Different-Life Alternatives
Example 5.3 — Solution (part a)

% Since the equipment has different lives,

» Compare them over the LCM of 18 years.

& For life cycles after the first, the first cost is repeated in year 0 of each new cycle, which is
the last year of the previous cycle.

» These are
Years 6 and 12 for vendor A

Year 9 for B.

24
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B. Present Worth Analysis of Different-Life Alternatives
Example 5.3 — Solution (part a)
PW, = —15,000 — 15.000(F/F.15%.6) + 1000(F/F,15%.6)
Vendor A —15,000(P/F,15%.12) + 1000(P/F,15%,12) + 1000(P/F;15%,18)
—3.500(FP/A4,15%,18)
= $—45,036
PW, =7
g.l S1000 S1000 S1000
- 2 51 12 16 1718 Voar
l l $3500 ¢
£15.000 515,000 515.000
Vendor A
25
25

12



B. Present Worth Analysis of Different-Life Alternatives

Example 5.3 — Solution (part a)

Vendor B PW; = —18,000 — 18,000(F/F,15%,9) + 2000(P/F15%,9)

+ 2000(F/F,15%.18) — 3100(F/A,15%,18)

= §—41,384
PWy="
i $2000 52000
5’11?......9.|..|.1|61.”8Yw
rllllllllllllllllll

J 53100
$18,000 $18.000
Veador B

26
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B. Present Worth Analysis of Different-Life Alternatives

Example 5.3 — Solution (part a)

PW, = —15,000 — 15,000(F/F.15%,6) + 1000(P/F.15%,6)
—15,000(P/F.15%,12) + 1000(P/F.15%.12) + 1000(P/F,15%,18)
—3,500(P/A,15%,18)

= $—45,036

PWy = —18,000 — 18.000(FP/F,15%.9) + 2000(F/F.15%.9)
+ 2000(F/F,15%,18) — 3100(F/A,15%,18)
= 5—41,384

Vendor B is selected

since it costs less in PW terms; that is, the PWg value is numerically larger than PW,

27

27



B. Present Worth Analysis of Different-Life Alternatives

©
©

Example 5.3 — Solution (part B)

(D) Fora S—E,:ear study p«reirind. no cycle repeats are necessary. The PW analysis is

PW, = —15,000 — 3500(F/A,15%.,5) + 1000(F/F.15%.5)
= 5—26,236

PWg = —18,000 — 3100(P/A,15%.,5) + 2000(F/F.15%,5)
= 5—27,397

Study period of 5 years has caused a switch in the economic decision.

In situations such as this, the standard practice of using a fixed study period should be
carefully examined to ensure that the appropriate approach,

» That is, LCM or fixed study period, is used to satisfy the equal-service requirement.

28

Common Economic Analysis Methods
Method 1 : Present Worth (PW) Analysis
C. Capitalized Cost Analysis

14



C. Capitalized Cost Analysis

L Many public sector projects have very long expected useful lives.
» For example bridges, dams, highways and toll roads, railroads, and hydroelectric and other power
generation facilities
» A perpetual or infinite life is the effective planning horizon.
> Thehefc;onomic worth of these types of projects or endowments is evaluated using the present worth of the
cash flows.

L, Capitalized Cost (CC)

»is the present worth of a project that has a very long life (more than, say, 35 or 40 years)
or when the planning horizon is considered very long or infinite.

30

30

C. Capitalized Cost Analysis

L, Replace the symbols P and PW with CC (capitalized cost) equivalence.

»Since the A value can also be termed AW for annual worth, the capitalized cost formula is
simply

-1 cc=4 o cc=AW [5.1]
{.l + J:IIJ

1

P=A

Since n = w
P/A=A* (P/A,i,n)=A/i=CC=PW

31

31
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C. Capitalized Cost Analysis

L The cash flows (costs, revenues, and savings) in a capitalized cost calculation
are usually of three types:

» Recurring (or periodic)

®,

%  For example: An annual operating cost of $50,000

®,

+» Arework cost estimated at $40,000 every 12 years

» Nonrecurring

®,

< For example:
- the initial investment amount in year 0 and one-time cash flow estimates at future times

- $500,000 in fees 2 years.
» Annual
<+ 10,000 /year

32

32

C. Capitalized Cost Analysis
Procedures

The procedure to determine the CC for an infinite sequence of cash flows is as follows:

1. Draw a cash flow diagram showing all nonrecurring (one-time) cash flows and at least two cycles of all
recurring (periodic) cash flows.

2. Find the present worth of all nonrecurring amounts. This is their CC value.
3.  Find the A value through one life cycle of all recurring amounts.

»  This is the same value in ball succeeding life cycles.

» Add this to all other uniform amounts (A) occurring in years 1 through infinity. The result is the total equivalent uniform annual worth
(AW).

4. Divide the AW obtained in step 3 by the interest rate i to obtain a CC value.
> This is an application of Equation [5.1].
5. Add the CC values obtained in steps 2 and 4

33
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C. Capitalized Cost Analysis
Example 5.6

& A Transportation Authority has just installed new software to charge and track toll fees. The director wants to
know the total equivalent cost of all future costs incurred to purchase the software system. If the new system
will be used for the indefinite future, find the equivalent cost:
a.now, a CCvalue

%  The system has an installed cost of $150,000 and an additional cost of $50,000 after 10 years.

% The annual software maintenance contract cost is $5000 for the first 4 years and $8000 thereafter.

% In addition, there is expected to be a recurring major upgrade cost of $15,000 every 13 years. Assume thati =
5% per year for county funds.

35
35

1.

2.
3.

4.

5.

C. Capitalized Cost Analysis
Procedures

The procedure to determine the CC for an infinite sequence of cash flows is as follows:

Draw a cash flow diagram showing all nonrecurring (one-time) cash flows and at least two cycles of all
recurring (periodic) cash flows.

Find the present worth of all nonrecurring amounts. This is their CC value.
Find the A value through one life cycle of all recurring amounts.

»  This is the same value in ball succeeding life cycles.

» Add this to all other uniform amounts (A) occurring in years 1 through infinity. The result is the total equivalent uniform annual worth
(AW).

Divide the AW obtained in step 3 by the interest rate j to obtain a CC value.
> This is an application of Equation [5.1].
Add the CC values obtained in steps 2 and 4

36
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5% TABLE 10 Discrete Cash Flow: Compound Interest F

Single Payments Uniform Series Payments
Compound Present Sinking Compound Capital Present
Amount ‘Worth Fund Amount Recovery Waorth
n F/P P/F AfF Fla AP PrA
1 1.0500 0.9524 1060000 10090 105000 0.9524
2 1,1025 0.9070 (L4870 2.0500 053780 1.8504
3 1,1576 0.86G38 0.31721 3.1525 0.36721 2.7232
4 1.2155 0.8227 023201 45100 0.25201 3.5460
3 1.2763 0,7835 0,18097 3.5256 023097 4.3295
[ 1.5401 0,7462 014702 6.8019 019702 5.0757
7 1.4071 07107 012282 8.1420 0.17282 5. 7864
& 14775 0.6768 010472 9.5191 0.15472 G.1632
9 15513 0.6446 009065 11.0266 0.14069 71078
10 1.6289 0.6139 0.07950 125779 0.12950 77217
11 1.7103 0.5847 0.07039 14.2068 0.12039 83064
12 1.7959 0.5568 06283 15.8171 0.11283 88635
13 1 8856 0.5303 0.05648 17,7130 0. 10646 9.3936
14 1.9799 0.5051 0.05102 19,5986 010102 9. 8986
15 2.0789 04810 004634 21.5786 0.09634 10.3797
16 2.1829 0.4581 0.04227 23,6575 0.09227 10.8378
17 2.2920 0.4363 0.03870 25.8404 0.08870 11.2741
18 24066 0.4155 0.03555 28,1324 0.08555 116856
19 2.5270 0.3957 00275 F0.5390 0.08275 12.0853
20 2.8533 0.3769 003024 330660 008024 124622
21 2.7860 0.3589 (L OER00 35.7193 0070 12.8212
22 2.9253 0.3418 D.02597 38,5052 n.07587 13.1630
23 3.0715 0.3256 D.02414 41.4305 007414 13,4886
24 3.2251 0.3001 DLOE247 44,5020 007247 15,7986
Z5 3.3864 0.2053 D.02085 47. 7271 007085 14.0958
26 3.5557 0.2812 001956 511135 006956 14.3752
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C. Capitalized Cost Analysis
Example 5.6 —Solution (Part a)

1. Draw a cash flow diagram for two cycles

The five-step procedure to find CC now is applied.

¥
5150.000

0 2 4 10 12 14 20 26 =
1 ! | | Lf £ | Year
1 111!
S50 \
SE000 ; ¢
i= 3% per year $15.000 515.000
530,000
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C. Capitalized Cost Analysis
Example —Solution (Part a)

2. Find the present worth of the nonrecurring costs of $150,000 now
and $50,000 in year 10 at i = 5%. Label this CC, .

CC, = —150,000 — 50,000(F/F.5%.10) = S—180,695

39

39

C. Capitalized Cost Analysis
Example —Solution (Part a)

Convert the $15,000 recurring cost to an A value over the first cycle of 13 years, and
find the capitalized cost CC, at 5% per year using Equation [5.1].

A= —15000(4/F5%,13) = §—847
CC, = —847/0.05 = $—16,940
There are several ways to convert the annual software maintenance cost series to A

and CC values. A straightforward method is to, first, consider the $-5000 an A series
with a capitalized cost of

CC,; = —5000/0.05 = $—100,000

Second, convert the step-up maintenance cost series of $-3000 to a capitalized cost
CC, in year 4, and find the present worth in year 0. (Refer to Figure 5-5 for cash flow
timings.)

—3,000
CCi= o5

(P/F,5%.,4) = §—49,362

40
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C. Capitalized Cost Analysis
Example —Solution (Part a)

5. The total capitalized cost CC; for Haverty County Transportation Authority is the sum
of the four component CC values.

CC,= —180,695 — 16,940 — 100,000 — 49,362
= 5—346,997

41

41

C. Capitalized Cost Analysis
Example —Solution (Part b)

(b) Equation [5.2] determines the AW value forever.
AW = Pi = CCi) = $346,997(0.05) = §17,350

of $17,350 forever to operate and maintain the toll management software.

Correctly interpreted, this means Haverty County officials have committed the equivalent

42
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C. Capitalized Cost Analysis
Two alternatives

U For the comparison of two alternatives on the basis of capitalized cost
> use the same procedure to find the A value and CC; for each alternative.

L Since the capitalized cost represents the total present worth of financing and

maintaining a given alternative forever, the alternatives will automatically be
compared for the same number of years (i.e., infinity).

Y The alternative with the smaller capitalized cost will represent the more
economical one.

43

43

C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures

@ Find Cc Lo P,

2¢
—_—

CCL = 191 z - 1§00
N ]

£z — 1S o0
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures
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C. Capitalized Cost Analysis
Example 5.6 — Another procedures

@ Frad Cc for Ag

CC?; fi._! - __8!454: _ 1€ ue
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Common Economic Analysis Methods

Method 2 :Annual Worth Analysis (AW)

52

52

25



Method 2 :Annual Worth Analysis (AW)

% For many engineering economic studies, the AW method is the best to use.
» AW is easy to understand by any individual acquainted with annual amounts, for example, dollars per year.
& The AW value is the equivalent uniform annual worth of all estimated receipts and
disbursements during the life cycle of the project or alternative,
AW = PW(A/Pin) = FW(A/Ei.n) |6.1]

% The annual worth method offers a prime computational and interpretation advantage
because

» The AW value needs to be calculated for only one life cycle.
L The AW value determined over one life cycle is the AW for all future life cycles.

» Therefore, it is not necessary to use the LCIM of lives to satisfy the equal-service requirement.

53
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Method 2 :Annual Worth Analysis

the assumptions that:
»The services provided are needed for at least the LCM of the lives of the alternatives.

» The selected alternative will be repeated for succeeding life cycles in exactly the same
manner as for the first life cycle.

» All cash flows will have the same estimated values in every life cycle.

L When alternatives being compared have different lives, the AW method makes

54
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Evaluating Alternatives by Annual Worth Analysis
Mutually exclusive (ME) alternatives selection

% For MUTUALLY EXCLUSIVE alternatives,
» The AW is calculated over the respective life of each alternative

» the selection guidelines are the same as those used for the PW method.
& Whether cost- or revenue-based, the guidelines are as follows:

» One alternative:
< If AW > 0, the requested MARR is met or exceeded
< The alternative is economically justified

» Two or more alternatives:

» Select the alternative with the AW that is numerically largest,
<~ That is, less negative or more positive.

» This indicates a lower AW of cost for cost alternatives or a larger AW of net cash flows for revenue

alternatives.

55
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Method 2 :Annual Worth Analysis
Example 6.1

m Two manufacturers offered the estimates below.

a. Determine which vendor should be selected on the basis of an Annual worth
comparison, if the MARR is 15% per year.

Vendor A Vendor B

First cost, § —15,000 —18.000
Annual M&O cost, S per year -3.500 —3,100
Salvage value, 5 1,000 2,000

6 9

Life, years
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Method 2 :Annual Worth Analysis

Solution s I
[TTLTTT |
T TTT1 B
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Method 2 :Annual Worth Analysis

Solution

Solution
Calculate the equivalent uniform annual worth value for all cash flows in the first life cycle.

AW = —15,000(4/P15%,6) + 1000(4/F15%.6) — 3500 = §-7349

When the same computation is performed on each succeeding life cycle, the AW value is
§-7349. Now Equation [6.1] is applied to the PW value for 18 years.

AW = —45,036(4/P.13%,18) = §-T7349

The one-life-cycle AW value and the AW value based on 18 years are equal.
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Mutually exclusive (ME) alternatives selection
Example 6.4

each use.

& Use the cost estimates below to select the more economic unit at a MARR of 8% per year.

Hamilton (H) Infinity Care (IC)

Initial cost P, § —15,000 —20.000
Annual M&OQ, $/year —6.000 —9,000
Refurbishment cost. § ] — 2,000 every 4 years
Trade-in value 5, % of P 20 40
Life, yvears 4 12

% Michele is the general manager of a business unit, and she wishes to choose between two
manufacturers of temperature retention units that are mobile and easy to sterilize after

59
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Mutually exclusive (ME) alternatives selection
Example 6.4 — Solution

Solution

where AW is taken at 8% per vear over the respective lives of 4 and 12 years.

AW, = annual equivalent of # — annual M&O + annual equivalent of §
—15,000(4/F,8%.4) — 6000 + 0.2(15,000)(4/F.8% 4)

= —15,000(0.30192) — 6000 + 3000(0.22192)

= §—0,863

AWy = annual equivalent of P — annual M&O — annual equivalent of refurbishment
+ annual equivalent of §
= —20,000(4/F.8%,12) — 9000 — 2000[(F/F.8%.4) + (P/F.8%.8)](A/P.8%.12)
+ 0.4(20,000)(4/F.8%,12)

= §-11.571

The Hamilton unit is considerably less costly on an annual equivalent basis.

The best evaluation technique for these different-life alternatives is the annual worth method,

= —20,000(0.13270) — 9000 — 2000[0.7350 + 0.5403](0.13270) + B000(0.05270)

If the projects are
independent, the
AW at the MARR
is calculated.

All projects with
AW >0 are
acceptable.
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Common Economic Analysis Methods

Method 3 :Benefit/Cost analysis

61

61

Method 3 :Benefit/cost analysis

& The evaluation methods of previous are usually applied to alternatives in the private sector
» thatis, for-profit and not-for-profit corporations and businesses

% A public sector project is a product, service, or system used, financed, and owned by the citizens of any government
level.

% The primary purpose of public projects is to
» provide service to the citizenry for the public good at no profit.

» Areas such as public health, criminal justice, safety, transportation, welfare, and utilities are publicly owned and require economic evaluation

% The benefit/cost (B/C) ratio introduces objectivity into the economic analysis of public sector evaluation, thus
reducing the effects of politics and special interests.

% To perform a benefit/cost economic analysis of public alternatives,

» the costs (initial and annual), the benefits, and the disbenefits, if considered, must be estimated as accurately as possible in monetary
units.
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Method 3 :Benefit/cost analysis

Costs

» Estimated expenditures to the government entity for construction, operation, and maintenance of the
project, less any expected salvage value

» Cost (C) = Expenditures - salvage value (S)

Benefits

» Advantages to be experienced by the owners, the public

Disbenefits

» Expected undesirable or negative consequences to the owners if the alternative is implemented.

» Disbenefits may be indirect economic disadvantages of the alternative

63
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Method 3 :Benefit/cost analysis

It is difficult to estimate and agree upon the economic impact of benefits and disbenefits
for a public sector alternative.

For example, assume a short bypass around a congested area in town is recommended.

» How much will it benefit a driver in dollars per driving minute to be able to bypass five traffic lights while
averaging 35 miles per hour, as compared to currently driving through the lights averaging 20 miles per hour
and stopping at an average of two lights for an average of 45 seconds each?

The bases and standards for benefits estimation are always difficult to establish and verify.
The disbenefits that accrue from an alternative are even harder to estimate.

> In fact, the disbenefit itself at the time the evaluation is performed.
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Method 3 :Benefit/cost analysis
Benefit/Cost (B/C) Analysis of a Single Project

. _ PW of benefits _ AW of benefits _ FW of benefits [9.1]

B/C = . = - -
PW of costs AW of costs FW of cosis

The conventional B/C ratio, probably the most widely used, is calculated as follows:

benefits — disbenefifs = B—-D [9.2]
costs C g

B/IC =

The decision guideline is simple:
If B/C = 1.0, accept the project as economically justified for the estimates and discount rate

applied.
If B/C < 1.0, the project is not economically acceptable.
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Method 3 :Benefit/cost analysis
Example

From the following estimates, determine the B/C
ratio for a project that has a 20-year life. Use an
interest rate of 8% per year.

Consequences to Consequences to
the People the Government
Annual $90.000 First $750,000
benefits per year cost
Annual $10,000 Annual $50,000
disbenefits  per year cost per year

Annual $30,000
savings  per year
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Method 3 :Benefit/cost analysis

Example
From the following estimates, determine the B/C B = 90.000
ratio for a project that has a 20-year life. Use an D= 10.000
interest rate of 8% per year. ’

Consequences to Consequences to C =750,000(A/P,8%,20) + 50,000
the People the Government =750,000(0.10185) + 50,000

Annual $90,000 First $750,000 =$126,388

benefits per year cost
Annual $10,000 Annual  $50,000 S =30,000

disbenefits  per year cost per year '

. P M
g pery = (90,000 — 10,000)/(126,388 — 30,000)
=0.83
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Method 3 :Benefit/cost analysis
Example

% The cost of grading and spreading gravel on a short rural road is expected to be $300,000.
% The road will have to be maintained at a cost of $25,000 per year.

& Even though the new road is not very smooth, it allows access to an area that previously
could only be reached with off-road vehicles.

> If the previous market value of a property was $900,000,

& Calculate the B/C ratio using an interest rate of 6% per year and a 20-year study period

% The improved accessibility has led to a 150% increase in the property values along the road.
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Method 3 :Benefit/cost analysis
Example 10_ Solution

B = 900.000(1_5) — 900.000 = $450.000
C = 300,000 + 25.000(P/A_6%.20)
= 300,000 + 25.000(11 4699)
= $586.748

B/C =450,000/586,748 =077
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Method 3 :Benefit/cost analysis
Example

Calculate the B/C ratio for the following cash flow
estimates at a discount rate of 7% per year.

Item Cash Flow
FW of benefits, $ 30,800,000
AW of disbenefits, $ per year 105,000
First cost, $ 1,200,000
M&O costs, $ per year 400,000
Life of project, years 20
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Method 3 :Benefit/cost analysis
Example

First convert all cash flows to AW values

B = 30,800,000(A/F,7%,20)
— 30,800,000(0.02439)
=$751,212

D =$105,000
C = 1,200,000(A/P,7%,20) + 400,000
= 1,200,000(0.09439) + 400,000
=$513,268

B/C=(751,212 - 105,000)/513,268
=1.26
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Method 3 :Benefit/cost analysis
Benefit/Cost (B/C) Analysis of two alternative selection

1. Determine the equivalent total costs (PW or AW) for both alternatives.

» Order the alternatives by equivalent total cost: first smaller, then larger.
» Calculate the incremental cost (AC) for the larger-cost alternative. This is the denominator in B/C.

& Calculate the equivalent total benefits and any disbenefits estimated for both alternatives.
» Calculate the incremental benefits (AB ) for the larger-cost alternative.

Calculate the AB/AC ratio using Equation [9.2],
Use the selection guideline to select the higher-cost alternative if AB/AC > 1.0

& &

» If AB/AC > 1.0, choose the higher-cost alternative, because its extra cost is economically justified

» If AB/AC < 1.0, choose the lower-cost alternative
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Method 3 :Benefit/cost analysis
Example 9.4

% The estimates below should be considered to determine which design to recommend at the
city council meeting.

& The patient usage copay is an estimate of the amount paid by patients over the insurance
coverage generally allowed for a hospital room.

%  The discount rate is 5%, and the life of the building is estimated at 30 years. (a) Use
incremental B/C analysis to select design A or B

Design A Design B

Construction cost, $ 10,000,000 15,000,000
Building maintenance cost, S/year 35,000 55.000
Patient usage copay, $/vear 450,000 200.000
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Method 3 :Benefit/cost analysis
Example 9.4 — Solution

% Step1:

1. The AW of costs is the sum of construction and maintenance costs.

AW, = 10,000.000(A/P,5%,30) + 35,000 = $685,500
AWy = 15,000,000(A/P,5%,30) + 55,000 = $1,030,750
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Method 3 :Benefit/cost analysis
Example 9.4 — Solution

G Step2 : A

2. Design B has the larger AW of costs, so it is the alternative to be incrementally justi-
fied. The incremental cost is

AC = AW, — AW, = $345,250 per year
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Method 3 :Benefit/cost analysis
Example 9.4 — Solution

% Step 3:

3. The AW of benefits is derived from the patient usage copays, since these are conse-
quences to the public. The benefits for the AB/C analysis are not the estimates them-

selves, but the difference if design B is selected. The lower usage copay is a positive
benefit for design B.

AB = usage, — usageg; = $450,000 — $200,000 = $250,000 per year
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Method 3 :Benefit/cost analysis
Example 9.4 — Solution

L Step 4:

4. The incremental B/C ratio is calculated by Equation [9.2].

$250,000

$345250 012

AB/C =
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Method 3 :Benefit/cost analysis
Example 9.4 — Solution

L Step 5:

5. The B/C ratio is less than 1.0, indicating that the extra costs associated with design B
are not justified. Therefore, design A is selected for the construction bid.
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Method 3 :Benefit/cost analysis &)
Benefit/Cost (B/C) Analysis of Multiple, Mutually Exclusive AIternatlves

& Choose the largest-cost alternative that is justified with an
incremental B/C >=1.0

»when this selected alternative has been compared with another justified alternative
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Method 3 :Benefit/cost analysis
Example 9.6

& Table 9-1 (top section) summarizes the estimates for each proposal, including the present
worth of the initial construction cost and anticipated annual revenue. The annual M&O
costs
are expected to be the same for all locations. Use incremental B/C analysis at 7% per year
and an 8-year study period to advise the board of directors if they should consider any of
the offers to be economically attractive

TABLE 9-1 Incremental B/C Analysis of Water Park Proposals, Example 9.6

City 1 City 2 City 3 City 4
First cost, $ million 38.5 40.1 459 60.3
Entrance fee costs, $/year 500,000 450,000 425,000 250,000
Annual revenue, $ million/year 7.0 6.2 10.0 10.4
Initial cash incentive, $ 250,000 350.000 500,000 800,000
Property tax reduction, $/year 25.000 35,000 50,000 80,000
Sales tax sharing, $/year 310.000 320,000 320,000 340,000
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TABLE 9-1 Incremental B/C Analysis of Water Park Proposals, Example 9.6

City 1 City 2 City 3 City 4
First cost, $ million 385 40.1 459 60.3
Entrance fee costs, $/year 500.000 450,000 425,000 250,000
Annual revenue, $ million/year 7.0 6.2 10.0 10.4
Initial cash incentive, $ 250,000 350,000 500,000 800,000
Property tax reduction, $/year 25.000 35.000 50.000 80,000
Sales tax sharing, $/year 310,000 320,000 320.000 340,000
AW of total costs, $ million/year 6.948 7.166 2.112 10.348
AW of total benefits, $ million/vear 7377 6.614 10.454 10.954
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Method 3 :Benefit/cost analysis
Example 9.6 solution

TABLE 9-1 | Incremental B/C Analysis of Water Park Proposals, Example 9.6

City 1 City 2 City 3 City 4
First cost, $ million 38.5 40.1 459 60.3
Entrance fee costs, $/year 500,000 450,000 425,000 250,000
Annual revenue, $ million/year 7.0 6.2 10.0 104
Initial cash incentive, $ 250,000 350,000 500,000 800,000
Property tax reduction, $/year 25.000 35.000 50,000 80,000
Sales tax sharing, $/year 310.000 320.000 320.000 340,000
AW of total costs, $ million/year 6.948 7.166 8.112 10.348
AW of total benefits, $ million/year 71377 6.614 10.454 10.954
QOverall B/C 1.06 0.92 1.29 1.06
Alternatives compared I-to-DN B/IC<1.0 3-to-1 4-to-3
Incremental costs AC, $/year 6.948 1.164 2.236
Incremental benefits AB, $/year 7377 3.077 0.50
AB/C 1.06 2.64 0.22
Increment justified? Yes Eliminated Yes No
City selected | 3 3
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% Anincremental B/C analysis was

Method 3 :Benefit/cost analysis

Example

% The city of St. Louis, Missouri, is

considering various proposals
regarding the disposal of used
tires.

& All of the proposals involve
shredding, but the charges for the - ajvornative Costs,$ Benefits, $ Disbenefits, $

service and the handling of the tire

Incremental
B/C When
Compared with

shreds differ in each plan.

initiated but never completed.

» (a) Fill in all the missing blanks in the
table.

» (b) Determine which alternative
should be selected.

PWof PWof  PWof Big . Alematve

Ratio J K L M

J 20 ? ! 105 — 2 7 7

K 23 28 : 1.13 — B 4

L 28 35 3 2 .-

M ? 51 4 134 _
83
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Method 3 :Benefit/cost analysis

Example

(a) PWofBy 1.05=(B-1)20
B-22

PW of Dy: 1.13 = (28— D)/23
D=2

PW of B/Cy: (B—D)/C=(35-3)/28=1.14

PWof Cy: 1.34=(51-4)/C
C=35

Incremental B/C calculations

Kvs. I: AB/C=[(28-2)-(22-1)]/(23-20)
= 1.67

Lvs.J: AB/C =[(35-3)— (22— 1)]/(28 - 20)
=138

Muvs. J: AB/C=[(51-4)- (22— 1)]/(35-20)

=173

Lvs. K: AB/C=[(35-3)—(28-2)]/(28-23)

=1.20

Mvs. K: AB/C=[(51 -4)—(28 - 2)]J/(35-23)

=175

Mvs. L: AB/C=[(51-4)—(35-3)]/(35-28)

=2.14

(b) Revenue alternatives. Perform the incremental comparisons

Jvs. DN: B/C = 1.05
Kvs. J: AB/C = 1.67
Lvs.K: AB/C=1.20
Mwvs. L: AB/C =2.14

Select M

Eliminate DN
Eliminate T
Eliminate K
Eliminate L

84
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Method 3 :Benefit/cost analysis
Benefit/Cost (B/C) Analysis of independent projects

L When two or more independent projects are evaluated using B/C analysis and

there is no budget limitation, no incremental comparison is necessary.

Y The only comparison is between each project separately with the do-nothing

alternative.

Y The project B/C values are calculated, and those with B/C > =1.0 are accepted.

85
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Basic Issues in Evaluation

% The basic concept of an evaluation is simple and straightforward
U, but the actual process itself can be complex and involved.
& A transportation project is usually proposed because of a perceived problem or need

% In most instances, there are many ways to solve the problem, and each solution or
alternative will result in a unique outcome in terms of project cost and results.

% The question is will the benefits of the project be worth the cost ?

Basic Issues in Evaluation
Objectives of Evaluation

U The objective of an evaluation is

»to furnish the appropriate information about the outcome of each alternative so that a
selection can be made.




Basic Elements of Transportation Planning

The transportation planning process comprises seven basic elements,

Situation definition
Problem definition
Search for solutions
Analysis of performance
Evaluation of alternatives
Choice of project

N o Ok 0w~

Specification and construction

Basic Elements of Transportation Planning
2. Problem Definition:

Quantifying
Problem » Objectives » criteria

Traffic congestion» Reduce traffic » Travel time
congestion

Constraints

Establish
design
standards




Basic Issues in Evaluation
Selecting Evaluation Criteria

& A transportation project is intended to accomplish one or more goals and objectives, which
are made operational as criteria.
% Selected criteria
1. shall be related as closely as possible to the stated objective
2. shall be Easy to measure
3. shall be sensitive to changes made in each alternative
% Itis advisable to limit the number of criteria to those that will be most helpful in reaching a decision

< in order to keep the analysis manageable for both the engineer who is doing the work and the person(s) who will act on the
result

Basic Issues in Evaluation
Criteria's for Evaluating Transportation Alternatives

& Capital costs % Social and environmental costs
» Construction %  Noise
> Right of way < Visual quality

K3
<

» Vehicles Community cohesion

K3
"o

. . Air and water qualit
Facility operating costs rand water quaiity

Vehicle operating costs
Maintenance costs

Safety

& EFFE

Travel time

K3

< Total hours and cost of system travel

K3

< Average door-to-door speed

RS

< Distribution of door-to-door speeds




Basic Elements of Transportation Planning
Case study : Planning the relocation of a rural road

Step 2- Problem definition
% Problems

» Low level of service for through traffic
% Objective
» Reduce the high accident rate on this road

» Improve the level of service for through
traffic by increasing the average speed on
the relocated highway.

Cherryfiald

=
to 165 Steuten
{New York)

Columbia

1o Gulf of Maine

=

= (1o Canada)

Case study : Planning the relocation of a rural road

Step 2- Problem definition

& Quantifying criteria
Accident rate
Travel time
Construction cost

Changes in noise levels and air quality

vk W

Number of businesses and residences that
would be displaced

=
to 165 Steuten
{New York)

Columbia

1o Gulf of Maine

=

= (1o Canada)

IT
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Basic Issues in Evaluation
Measures of Effectiveness

% Measures of effectiveness

» The numerical or relative results for Alternaiives
each criteria Criteria il i 2 3 4
% The measures of effectiveness are Speed (mi/h) 25 55 30 30 55
used in the evaluation process within Fht i i) = 2 a8 88 =1
P Travel time (min) 80 35 16 76 40

two different approaches Aeisint facior

. ) (Relative to statewide average) 4 12 a5 25 0.6
» Approach one : Common unit approach  construction cost ($ million) 0 150 158 118 1.54
» Approach Two : Numerical score g-ﬁﬁ:;ﬁe: Splicea ! ! 7 3 !
approach Present 2620 1400 2620 2520 1250
Future (20 vears) 4350 2325 4350 4180 2075
Air quality (pg/m® CO) 825 306 825 536 386
Moise (dBA) 73 70 73 B 70
Tax loss None Slight High Moderate Slight
Trees removed (acres) None Slight Slight 25 28
Runoft None Some Some Much Much

11

11

Basic Issues in Evaluation
Approach one : Common Unit approach

% Procedures

» Convert each measure of effectiveness to a common unit then, for each alternative, compute the summation for all
measures

% A common unit is money

» It may be possible to make a transformation of the relevant criteria to equivalent dollars and then compare each
alternative from an economic point of view

12

12



Case study : Planning the relocation of a rural road

Alrernatives
Equivalent cost 4— Criteria [/ 1 2 3 4

Speed (mifh) 25 53 30 30 35
Distance (mi) 33 32 38 38 37
Travel time (min) 8.9 35 1.6 7.6 4.0
Accident factor
(Relative to statewide average) 4 12 35 25 0.6
Construction cost (3 million) 0 150 1.58 L18 1.54
Residences displaced 0 ] 7 2 (4]
City traffic

Prezent 2620 1400 2620 2520 1230

Future (20 vears) 4350 P VL] 4350 4180 2075
Air quality (pg/m* CO) B25 306 825 536 386
Moise (dBA) 73 70 73 73 70
Tax loss None Slight High Moderate Slight
Trees removed (acres) None Slight Slight 23 28
Runoff None Some Some Much Much

13

13

Basic Issues in Evaluation
Approach Two : Numerical score approach

Procedures:

% Convert each measure of effectiveness to a numerical score

» If a project alternative does well in one criterion
< it is given a high score
» if it does poorly in another criterion,

RS

< it is given a low score

& A single number can be calculated that represents the weighted average score of all the
measures of effectiveness that were considered.

14

14



Case study : Planning the relocation of a rural road

Alrernatives
Criteria a 1 2 3 4

Speed (mi/h) 25 55 30 30 55
Distance (mi) 37 i 38 38 37
Travel time (min}) 89 a5 76 76 40
Accident factor
(Relative to statewide average) 4 : Bl 35 2.5 0.6
Construction cost ($ million) ] 1.500 158 LI18 1.54
Residences displaced ] o 7 3 [¢]
City traffic

Present 2620 1400 2620 2520 1250

Future (20 years) 4350 2525 4350 4180 2075
Air quality (ug/m®* CO) 825 306 825 536 386
Noise (dBA) 73 70 73 73 70
Tax loss None Shight High Moderate Slhight
Trees removed (acres) None Slight Slight a5 28
Runoff None Some Some Much Much

Table 11.2 Ranking of Alternatives

Alternarives

Criterion/Alternative

2

Travel time
Accident factor

Cost

Residences displaced
Air quality

Noise

Tax loss

Trees removed
Runoff

g e e e

L N B " B S B

{ R T T S O S P SR
(PSRRI O RN TR ST RV SR VUL B RV

[ERE C R Y

15

Nivie: 1 ﬂhilhmij = lowest

Basic Issues in Evaluation

Evaluation types

16

16




Basic Issues in Evaluation
Evaluation types

A. Evaluation Based on Economic Criteria
B. Evaluation Based on Multiple Criteria

17

17

A. Evaluation Based on Economic Criteria
Costs components

U The cost of a transportation facility improvement includes two
components:

» First costs
** Include: engineering design, right of way, and construction costs
» Continuing costs

®,

< Include: maintenance, operation, and administration costs

18

18



A. Evaluation Based on Economic Criteria
Salvage value

% Salvage value

> Is the worth of an asset at the end of its service life.

Y For example

520,000,

» A concrete pavement may have a service life of 15 years and no salvage value

> A transit bus costing $150,000 may be considered to have a service life of 12 years and a salvage value of

20

20

A. Evaluation Based on Economic Criteria

Vehicle Factors

Tires

Fuel
Engine ol

Maintenance
Depreaation

User costs
Road User Costs
A. Costs for vehicle
operation
. - Motor
B. Travel time costs Highway and Vehicle -
Traffic Factors — B
C. Costs of accidents U-Fn.mg
Cost
Distance
Vertical grades
Hornzontal curvature =F
i Tratfic
Roadway surface A it
Speed limit Cost
Traffic control devices
Value of
— Travel
Time

Dinver Behavior

21

21
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Vehicle Operating Costs

A. Evaluation Based on Economic Criteria

% User costs for motor-vehicle
operation are significant items
in a highway project evaluation.

» For example, a road improvement

Road User Costs

that eliminates grades, curves, and
traffic signals (as well as shortening
the route) can result in major cost
reductions to the motorist

Highway and
Traffic Factors

Distance
Vertical grades
Horizontal curvature

Roadway surface

Motor
Vehicle -

Vehicle Factors

Runmning

Cost

Speed himt |

Traffic control devices

Traffic
Accident
Cost

Value of
Travel

Fuel

Engine o1l
Tires
Maintenance
Deprecation

Dnver Behavior

Time

22
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Travel Time Costs

%  One of the most important reasons for
making transportation improvements is
to increase speed or to reduce travel
delay.

» In the world of trade and commerce,

B3 Time is equivalent to money.
%  The value of time saved depends
1. Mode of travel
2. Length of trip

3. Family income

A. Evaluation Based on Economic Criteria

Road User Costs

Highway and
Traffic Factors

Distance

Vertical grades
Honzontal curvature
Roadway surface
Speed limit

Traffic control devices

Motor
Vehicle
Running
Cost

Vehicle Factors

Traffic
Accident

Cost

Value of

| Travel

Time

Fuel

Engine oil
Tires
Maintenance

Depreciation

Dinver Behavior

23

23
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A. Evaluation Based on Economic Criteria
Travel Time Costs
TTCST,; = —2 Ao X TTVALy

& Where
» TTCST,, = Average travel time cost for vehicles of type vt
> AES,, = Average effective speed of vehicle type vt (mi/h)

» TTVAL,, = Average value of one hour of travel time for occupants and cargo in vehicle type vt ($/h) in the year (2000)

< (Table 13.2)

Table 13.2 \Walue of One Hour of Travel Time for Various Vehicle Types (Year 2000 §)

Swrall Meditem 4-Tire f-Tire Feor 4-Axle d-Axle S-Axle
Aute Auto Truck Truck Truck Combe Combe
$15.44 $15.47 £16.28 £26.94 %2917 $33.4% 3400

24
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A. Evaluation Based on Economic Criteria
Travel Time Costs

FHWA Vehicle Classifications

4. Buses

2. Pansenger Cars

1. Motorcycles
2 axion. can nave |- or 2-axia trallars

2 mdos. 2 or 3 tiros

&%

o O o !

3. Pickups, Panals, Vans
2 axioy, 4-tre singlo unita

2 or 3 axles. hll langth

Zar have | or 2 axio mailgrs

5. Single Unit 2-Axie Trucks

7. Single Unit 4 or
More-Axie Trucks

6. Single Unit 3-Axle Trucks
e, angle urd

16

. Single Trailer 3- or 4-Axie Trucks
A or 4 axdion, pingke trales

2 nixbes, G fires (dUA rar fies), senghe-unit

aiE L Sy

8. Single Trailer S-Axis Truoks

7 nless, g trailer . By traviey m
u . H .

kL Mum—‘n-'mar 5 ar Less-Axin Trucks 12. Mulll Trallar 6-Axle Trucks
25 Lok, erliegie e w3, mmudliphs trafen

13, Muﬁl Wml-nl ? Ly an Axlo 'l'r\nrk-s I I I I I' l

10, Sil\-nlo 'T\'llilur 8 or More-Axls Trucks

25

25
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A. Evaluation Based on Economic Criteria
Crash or Accident Costs

% Property damage and injury-related crashes can be

valued using insurance data.
X . ) . Road User Costs
% The value of a human life is “priceless,” but in
economic terms, measures such as future earnings
have been used. e _
.ljl\gtrwn:\‘ and Vehicle Vehicle Factors
> There is no simple numerical answer to the question “What is the {relfc Facters Rt I~
value of a human life lost in a highway crash? Distance i g il
Vertical grades | Tires
» There is general agreement that economic value does exist and Horizontal curvature Fothc Miriiiies
published data vary widely. :m:;w"a!' surface ‘Avident Depreciation
peed limi Cast
» The most prudent approach, Tiaffic ozl deyees
< if an economic value is desired, is to select a value that appears V;l“;’f = =TI R
. N . h Tavel river Behavior
most appropriate for the given situation. Time

26

26

Economic costs of traffic accidents in Jordan

Table 9

The average cost of each injury casualty class

Item Injury casualty class Total cost (JD)

Serious (391)* Medium (3709)* Slight (11 275y

Loss due to disability 9648 2021 0 11 268 257

Temporary losses 71 71 71 1091 625

Community and family losses 3314 714 24 4 214 600

Pamn and suffering 117 82 0 349 885

Hospitalization and medical treatment 426 426 426 6 549 750

Average cost 13 576 3314 521

Total cost 5308 216 12291 626 5874275 23474 117
#Values in brackets indicate the number of casualties.

Al-Masacid HR, Al-Mashakbeh AA, Qudah AM (1999). Economic costs of traffic accidents in Jordan. Awid Anal Pre, 31(4):347-57 27

27



Economic costs of traffic accidents in Jordan

Table 10

Total and average cost of property damage [or cach type of vehicles

Accident severity Type of vehicle Number of in- Average cost per involved vehicle (JD) Average cost per involved vehicle  Average cost per involved vehicle
level volved vehicles [hiw)] [Rin}]
Vehick damage  Detention period  Public and pri-
vale damages
Futal Cur 518 1297 166 17 1480 1591
Bus 58 910 435 17 1362
Truck 151 1450 545 &6 2061
Injury Car 11367 653 95 17 T65 974
Bus 1299 1025 52 17 1294
Truck 4043 1103 275 [ 1444
P} Car 27 200 450 4an 17 543 714
Bus 3028 722 82 17 1020
Truck 7358 967 190 66 1223
All 55077 H0S 305

Al-Masaeid HR, Al-Mashakbeh AA, Qudah AM (1999). Economic costs of traffic accidents in Jordan. Adid Anal Pren, 31(4):347-57

28
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Economic costs of traffic accidents in Jordan

Table 8

The average cost of a traffic accident fatality

Cost element

Average cost per

fatality (JD)

Total cost (JD)

Loss of production

Community and family
losses

Pain and suffering

Hospitalization and med-
ical treatment

All

27 547
9394

7500
2079

46 520

15 205 944
5 185 488

4 140 000
1 147 608

25679 040

Al-Masacid HR, Al-Mashakbeh AA, Qudah AM (1999). Economic costs of traffic accidents in Jordan. Adid Anal Pren, 31(4):347-57

29

29
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Economic costs of traffic accidents in Jordan

Table 11
The unit cost of cach type of casualties, property damage, police activities, and insurance administration for cach accident severity level

Accident severity Average unit cost

level
Death  Serious injury Medium injury ~ Slight injury Property dam-  Police activities  Insurance adminis-
age tration
Fatal 46 520 13576 3314 521 1591 7 153
Injury - 13 576 3314 521 985 34 153
PDO - - - - 714 4 153

Al-Masaeid HR, Al-Mashakbeh AA, Qudah AM (1999). Economic costs of traffic accidents in Jordan. Adid Anal Pren, 31(4):347-57

30
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A. Evaluation Based on Economic Criteria

Example 13.1

32

32

A. Evaluation Based on Economic Criteria
Example 13.1

L Three improvement plans for a heavily traveled intersection within the city .
» Alternative |
» Alternative Il

» Alternative Il

Y, The intersection improvement is expected to achieve three goals:

» Improve travel speeds
» Increase safety

» Reduce operating expenses for motorists

33

33
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A. Evaluation Based on Economic Criteria
Example 13.1

% The annual dollar value of savings compared with existing conditions for each criterion as
well as additional construction and maintenance costs is shown in Table 13.4.

Table 13.4 Cost and Benefits for Improvement Plans with Respect to Existing Conditions
Annual
Annual  Annual Travel  Annual Additional
Construction Savings in Time Operating  Maintenance

Alternative Cost Accidents Benefits Savings Cost
I $185,000 $£5000 $3000 $ 500 $1500
11 220,000 5000 6500 500 2500
111 310,000 7000 6000 2800 3000

% If the economic life of the road is considered to be 50 years and the discount rate is 3%, which alternative
should be selected?

» Solve the problem using Present Worth analysis for economic analysis.

34

34

A. Evaluation Based on Economic Criteria
Example 13.1 — Solution

Solution:

» Compute the NPW of each project.

(L P —1 {1 + 003 —1
i1+ Y  0.03(1 + 0.03)™

NPW; = —185,000 + (—1500 + 5000 + 3000 + 500)( /A — 3 — 50)

— 185,000 + (7000)(25.729) = —185,000 + 180,103

—4897

—220,000 + (—2500 + 5000 + 6500 + S00) P/A — 3 — 50)

—220,000 + (9500)(25.729) = —220,000 + 244 425

+24 465

NPW,; = —310,000 + (—3000 + 7000 + 6000 + 2800)(F/A — 3 — 50

—310,000 + (12,800)(25.729) = —310,000 + 329,331

= +19.331

(P/A — 3 —50) = = 25.729

NPW,

35

35
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A. Evaluation Based on Economic Criteria
Example 13.1 — Solution

The project with the highest NPW is alternative I1.

* Solve by the EUAW method. Note (A/P — 3 — 50) = 1/25.729 = (.03887.
EUAW, = —185.000(A/P — 3 — 50) — 1500 + 5000 + 3000 + 500

—185.000(0.03887) + 7000 = —7190 + 7000

= —190

EUAW, = —220,000( A/P — 3 — 50) —2500 + 5000 + 6500 + 500
= —220,000(0.03887) + 9500 = 8551 + 9500
= +949
EUAW,;, = —310,000(0.03887) — 3000 + 7000 + 6000 + 2800
= —12,050 + 12,800
= +750

The project with the highest EUAW is Alternative II, which is as expected since
EUAW = NPW(0.03887).

36

36
Basic Issues in Evaluation
Evaluation types
B. Evaluation Based on Multiple Criteria
. 37
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B. Evaluation Based on Multiple Criteria

L Many problems associated with economic methods limit their usefulness such

as

» Converting criteria values directly into dollar amounts.

» Choosing the appropriate value of interest rate and service life.

» Distinguishing between the user groups that benefit from a project and those that pay.

» Considering all costs,

38

38

B. Evaluation Based on Multiple Criteria
Types
& Before construction
1. Rating and Ranking

2. Cost-Effectiveness
U After construction (Finished Projects)

1. Evaluation of completed projects
2. Evaluating effects of transportation on social and natural systems

39

39




B. Evaluation Based on Multiple Criteria
Rating and Ranking method

% Rating and Ranking:

» Numerical scores are helpful in comparing the relative worth of alternatives in cases where criteria
values cannot be transformed into monetary amounts.

L Steps
» Step 1 : Identify the goals and objectives of the project
» Step 2. Determine the relative weight for each objective
» Step 3. Define an appropriate measure of effectiveness for each objective
» Step 4. Develop the alternatives that will be tested.
» Step 5. Determine the value of each measure of effectiveness for the selected alternatives

» Step 6. Compute a score and ranking for each alternative

40
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Rating and Ranking method

Example 13.2

41
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Rating and Ranking method
Example 13.2

& A transportation agency is considering the construction of a light-rail transit line from the
center of town to a growing suburban region.

% The transit agency wishes to examine five alternative alignments
>
>l
>l
» IV
>V

42
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Example 13.2 - Solution
Step 1 : Identify the goals and objectives of the project

No. Objective
1 Net revenue generated by fares should be as large as possible with respect to the capital
investment
2 Ridership on the transit line should be maximized.
3 Service on the system should be comfortable and convenient
4 The transit line should extend as far as possible to promote development and accessibility
5 The transit line should divert as many auto users as possible during the peak hour in order
to reduce highway congestion

43

43
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Example 13.2 - Solution
Step 2. Determine the relative weight for each objective

& This step requires a subjective judgment on the part of the group making the evaluation
and will vary among individuals and vested interests
& Approaches

» Allocate the weights on a 100-point scale

» Rank each objective in order of importance then use a formula of proportionality

44
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Example 13.2 - Solution
Step 2. Determine the relative weight for each objective

% The weighting factor is determined by assigning the value n to the highest ranked

alternative, n - 1 to the next highest (and so forth), and computing a relative weight as
__w

© K] B 211¥=1 W;
» Where
> K; = weighting factor of objective j

» W; = Relative weight for objective j

45

45
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B. Evaluation Based on Multiple Criteria
Step 2. Determine the relative weight for each objective

No. (j) Objective Rank Relative Weighting Factor
Weight (Wj) (Kj) X 100

1 Net revenue generated by fares should be as large as 1 5 30
possible with respect to the capital investment

2 Ridership on the transit line should be maximized. 2 4 24
Service on the system should be comfortable and 3 17
convenient

4 The transit line should extend as far as possible to 3 3 17
promote development and accessibility

5 The transit line should divert as many auto users as 4 2 12
possible during the peak hour in order to reduce
highway congestion

Total 17 100

46
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Example 13.2 - Solution

Step 3. Define an appropriate measure of effectiveness for each object/ve

No.

Objective

Measure of Effectiveness

1

Net revenue generated by fares should be as
large as possible with respect to the capital
investment

Net annual revenue divided by annual capital cost

Ridership on the transit line should be
maximized.

Total daily ridership

Service on the system should be comfortable
and convenient

Percent of riders seated during the peak hour

The transit line should extend as far as possible
to promote development and accessibility

Percent of riders seated during the peak hour

The transit line should divert as many auto
users as possible during the peak hour in order
to reduce highway congestion

Percent of riders seated during the peak hour

47
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Example 13.2 - Solution
Step 4 . Develop the alternatives that will be tested.

>,V

% The alternatives differ in
» Length of the line,
» Location, types of vehicles used
» Seating arrangements
» Operating speeds

» Numbers of stops.

% The transit agency wishes to examine five alternative alignments,

Each of which has advantages and disadvantages in terms of cost, ridership, and service
provided.

48
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B. Evaluation Based on Multiple Criteria
Step 5. Determine the value of each measure of effectiveness for the selected alternatlves
No. Objective Measure of Alternatives
Effectiveness
| I 1] [\ Vv
1 Net revenue generated by fares should be as g_eFdaf;“ga' re"enlue
. . . viae annua
large as possible with respect to the capital capital Coyst 13 | 14 11 135 | 15
investment
2 i i it li Total daily ridership
Rlde.rsr.np on the transit line should be o (o 20 18 17
maximized.
8 Service on the system should be comfortable | Percent of riders
R seated during the 25 35 40 50 50
and convenient peak hour
4 il q Percent of riders
The transit line should extend as far as .possmle e e s . 5 s 5
to promote development and accessibility peak hour
5 The transit line should divert as many auto Perieztd"f T“;etf;
. . . seate urin; e
users as possible during the peak hour in order | seak hour 35 | 3 2 15 | 15
to reduce highway congestion
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In case of | 1 between the criteria and the objectives (such as Total daily ridership)

( Value of alternative i

+ Specifed percentage for this objective
Maximum value for all altertafves) pecijedp gef J

In case of indirect relation between the criteria and the objectives (such as the pollution example)

Minimum value for all altertaives ) —— ; —
+ Specifed percentage for this objective
( Value of alternative i pecifed p gef 4
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B. Evaluation Based on Multiple Criteria
Step 6. Compute a score and ranking for each alternative
U The score for each alternative is computed by considering each measure of

effectiveness and awarding the maximum score to the alternative with the
highest value and a proportionate amount to the other alternatives.
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B. Evaluation Based on Multiple Criteria

Step 6. Compute a score and ranking for each alternative
Table 13.7 Point Score for Candidate Transit Lines

Alternatives
Measure of
Effectiveness I i i v Vv
1 26.0 28.0 22.0 27.0 30.0
2 24.0 22.1 1035 17.3 16.3
3 8.5 11.9 13.6 17.0 17.0
4 17.0 14.9 12.8 10.6 10.6
5 12.0 10.3 6.9 51 5.1
Total 875 87.2 74.5 77.0 79.0

% The total point score indicates that the ranking of the alternatives in order of preference
isl, Il, V, 1V, and Ill.

& Alternatives | and Il are clearly superior to the others and are very similar in ranking.
These two will bear further investigation prior to making a decision
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Basic Issues in Evaluation
Evaluation types
B. Evaluation Based on Multiple Criteria
Cost Effectiveness method
= 53
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B. Evaluation Based on Multiple Criteria
Cost Effectiveness:

L Cost-effectiveness analysis:
» is a form of economic analysis that compares the relative costs and outcomes (effects) of different courses of action
> Is a way to examine both costs and the outcomes of alternatives

& The cost-effectiveness approach does not yield a recommended result, as do economic
methods or ranking schemes.

% However, it is a valuable tool because
» it defines more fully the impacts of each course of action and helps to clarify the issues.

& With more complete information, a better decision should result.

» Rather than closing out the analysis, the cost effectiveness approach opens it up and permits a wide variety of factors to be considered.

54
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Cost Effectiveness method

Example 13.3

55

55

27



B. Evaluation Based on Multiple Criteria
Example 13.3

% Five alternative system plans are being considered for a major metropolitan area.
» Plan A
<& Retains the status quo with no major improvements
» Plan B
% An all-rail system
» Plan C
< All highways system
» Plan D
A mix of rail transit and highways
» Plan E

< A mix of express buses and highways
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B. Evaluation Based on Multiple Criteria
Example 13.3

L Obijective (Plans are intended to provide)

» Added capacity
» Improved levels of service

» Reductions in travel time during peak hours.

& Measure of effectiveness
» Persons and Businesses displaced
» Annual total fatal accidents and personal injuries
» Annual transit passengers
» Average door-to-door auto trip speed (mi/h)

» Daily emissions of carbon monoxide (tons)
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B. Eva|uatI0n B Table 13.9 Measure of Effectiveness Data for Alternative Highway-Transit Plans
Plan A Plan B PlanC  Plan D  Plan E

Example 13.3 -
Solution All Rail and  Bus and
Measure of Effectiveness Null All Rail Highway Highway Highway
Persons displaced 0 660 8000 8000 8000
Businesses displaced 0 15 183 183 183
Annual total fatal accidents 159 158 137 136 134
Annual total personal 6767 6714 5596 5544 5517
injuries
Daily emissions of carbon 2396 2383 2233 2222 2215
monoxide (tons)
Daily emissions of 204 203 190 189 188
hydrocarbons (tons)
Average door-to-door 15.9 16.2 210 212 21.5
auto trip speed (mi/h)
Average door-to-door 6.8 7.6 6.8 7.6 7.8
transit trip speed (mi/h)
Annual transit passengers 1542 161.7 154.2 161.7 165.2
e — (milhions)
Transportation Systems, NCHRP Total annual cost
Tramspotaion Research Board, ($ millions) 258 3116 10672 12938 12344
et (ot Interest rate (%) 8.0 8.0 8.0 8.0 8.0
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B. Evaluation Based on Multiple Criteria
Example 13.3 - Solution

% B/C analysis

Table 13.8 Benefit-Cost Comparisons for Highway and Transit Alternatives

Plan Annual Cost Annual Savings
Comparisons Difference ($ million) (3 million) BCR
A versus B 28.58 21.26 0.74
A versus C 104.14 116.15 1.12
Cversus D 22.66 17.16 0.76
Cversus E 16.73 19,75 1.18
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Example 13.3 - Solution

& This cost-effectiveness analysis
indicates that Plan B produces a
significant increase in transit
passengers over Plan A.

& Although Plans C, D, and E are
much more costly, they do not
produce many more transit
riders for the added investment

Annual Cost (3 millions)

B. Evaluation Based on Multiple Criteria

140

100

60

D®®E

- ce®

E&
A
| ! | ® !

120 140 160

Passcngers Carricd (millions)
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Example 13.3 - Solution

% In terms of businesses displaced
versus transit passengers carried

» Plans C and D require considerable
disruption with very little increase in
transit patronage over

» Plan B, which is clearly preferred if the
impact on the community is to be
minimized.

Passengers (millions}

B. Evaluation Based on Multiple Criteria

®F
1 (e
620 o -
158
A @C
154%
) I T Y S T Y T O

20 60 100 140 180 200
Businesses Displaced
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B. Evaluation Based on Multiple Criteria

Example 13.3 - Solution

% Plan C, which is considerably more
costly than Plan B, results in a
significant reduction in pollution
levels, whereas the other two plans,
D and E, although more expensive
than C, have little further impact on
pollution levels.

Annual Cost (3 millions)

1400
&b
L E®
100~ ®C
60
~ ®B
0+
L1 1A®) 1 1
180 190 200 210

Hydrocarbon Emissions {tons)
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Basic Issues in Evaluation
Evaluation types
B. Evaluation Based on Multiple Criteria
Evaluation of Completed Projects
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B. Evaluation Based on Multiple Criteria
Evaluation of Completed Projects

U How effective it has been in accomplishing its objectives

Y What can be learned that is useful for other project decisions

U What changes should be made to improve the current situation, or if the
project should be continued or abandoned.

64
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Evaluation of Completed Projects

Example 13.4
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Evaluation of Completed Projects
Example 13.4

Line A: new shclters
Line B: no shelters

Route A

., Haghull

% A transit authority wishes to evaluate the o
effectiveness of new bus shelters on
transit ridership as well as acceptance by
the community.

Cusers DHve, Fiviways

& A series of new shelters was built along
one bus route but not on the other lines.

% Do the shelters affect ridership?

5t Helens Coliege

C: Park
Caldorstones Park e mtre Ca

Route B

\\"»i‘.‘«(lsigh’u

e st otans Collsge
o The STEM Contre
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Evaluation of Completed Projects
Example 13.4 — Solution

Solution: Bus ridership has been measured before and after the shelters had
been installed on the test line and on a control line where nothing new had been
added. Both lines serve similar neighborhoods. The ridership results are shown in
Table 13.10. The line with new shelters increased ridership by 13.3%. whereas the
line without shelters increased by only 2.5%. It should be stressed that only in the
absence of any other factors can we conclude that the effect of the new shelters was
to increase ridership by (13.3 — 2.5) = 10.8%.

Table 13.10 Transit Ridership

Before After Change (%)
Line A: new shelters 1500 1700 133
Line B: no shelters 1950 2000 25
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Evaluation of Completed Projects

Example 13.5

68
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Evaluation of Completed Projects
Example 13.5

% Compare the effectiveness of rail and bus based on the

experience with

» A rail transit line serving downtown Philadelphia and a suburb of New Jersey
known as the Lindenwold Line,

<> Serves 12 stations with 24-hour service per day,
> An express bus line connecting downtown Washington, D.C., with the Virginia
suburbs.

known as the Shirley Highway,

Extends for 11 miles, with no stations along the way and with bus service provided on
exclusive lanes only during the peak hour.

L Determine the relative effectiveness

K3
oo
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Evaluation of Completed Projects
Example 13.5 — Solution

L A comparative analysis of each project was made after they had been in
operation for several years was performed

L Measures of effectiveness were considered from the viewpoint of
» The passenger
» The operator

» The community

U A detailed evaluation for each parameter was prepared that both described
how each system performed and discussed its advantages and disadvantages.
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Evaluation of Completed Projects
Example 13.5 — Solution

& A summary of the comparative evaluations of the two systems is shown in Table 13.11

Table 13.11 Comparative Evaluation of Completed Rail and Bus Transit

Measure of Lindenwold Shirley Higher Rated
Effectiveness (Rail) (Bus) System
Investment cost Very poor Fair Bus
Operating cost Good Fair Rail
Capacity Good Poor Rail
Passenger attraction Very good Good Rail
System impact Very good Good Rail
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Basic Issues in Evaluation

Evaluation types
B. Evaluation Based on Multiple Criteria

Evaluating Effects of Transportation on Social and Natural Systems
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B. Evaluation Based on Multiple Criteria
4. Evaluating Effects of Transportation on Social and Natural Systems

U Step 1: Assess the Need for the Project.

» Addresses the question: Why do it at all?

2

< Thatis, how does the proposed project advance the stated goals and objectives

o,

*+» Does the project represent the best use of funds when compared with other options?
& Step 2: Conduct a Feasibility Analysis of the Alternatives.
» Addresses the question : Why do it this way?
% Thatis, has the project been demonstrated to be a feasible one from an engineering perspective?
®  What are the costs involved in the project?
**  Are there other methods or approaches that could achieve a similar result at a lower cost in time and money?

¢ Should the project be included as a budget item for implementation or deferred to a later date?
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B. Evaluation Based on Multiple Criteria
4. Evaluating Effects of Transportation on Social and Natural Systems

Step 3: Analyze the Impact of the Project.

» Addresses the question: If the project is feasible, what will be its impact on affected groups?

& Affected groups include

» The users of the transportation improvement

» The community

» Other stakeholders who will be impacted by the construction of the project.
& These effects are categorized into three major effects.

A. Transportation system effects

B. Social and economic effects

C. Natural systems effects
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B. Evaluation Based on Multiple Criteria 25
4. Evaluating Effects of Transportation on Social and Natural Systems

L Step 3 (a): Transportation System Effects.

» These are effects experienced by the travelers who use the transportation facility,
¢ such as motorists, transit riders, and commercial vehicles.

» They comprise the following elements.
*+» Changes in travel time
%+ Changes in safety

«+» Changes in vehicle operating costs
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B. Evaluation Based on Multiple Criteria
4. Evaluating Effects of Transportation on Social and Natural Systems

% Step 3 (b): Social and Economic Effects.

» These are analyzed to determine the impact that a transportation project could have on the community and

its residents.

» These studies are also conducted to meet federal and state requirements regarding environmental impact,

civil rights, and environmental justice.
» They comprise the following elements.
< Accessibility
% Community cohesion
< Economic development
s Traffic noise
% Visual quality

**»  Property values
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B. Evaluation Based on Multiple Criteria
4. Evaluating Effects of Transportation on Social and Natural Systems

& Step 3 (c): Natural Systems Effects.

» These refer to those impacts of transportation projects that are related to the environment

% Among the natural elements that may be affected are
» Air and water quality
» Endangered species
» Wildlife
» Greenhouse gas emissions
» Archeological sites
» Energy conservation

» Areas of cultural or historic significance
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Is the Evaluation of Transportation
Projects Important ?
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Is Transportation Evalaution Is Important ?

&, Amman Bus Rapid Transit
»is a 166 million (JD) under-

construction bus rapid

transit transportation system
in Amman, Jordan
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Case studies
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Optimum transportation system for the city of Amman

Al-Habahbeh O. M., Al-Sous H., Al-Omari M.
Mechatronics Engineering Department, The University of Jordan
Technical Report. June 2018

Kevwords: Transportation, Monorail, Bus Rapid Transit, Ridership, Route, PPHFPD

Abstract

The inefficient transportation system in Amman results in difficulties such as traffic jams and
long passenger waiting times, which means wasting time. money, and efforts. Therefore. the
public is demanding a solution to this problem. Building an effective transportation system is
considered one of the most important aspects of becoming a smart city. Other aspects include
e-government, health and social services, as well as education and culture. In Amman, the
number of population has multiplied several times over the past decades. causing a huge
transportation problem. In this study. the optimum transportation system for the city of
Amman is investigated. The problem is addressed using a systematic approach, where
different transportation alternatives are analyzed and compared. especially as to their
suitability to the city of Amman. That includes its size. topography, and population density.
These alternatives include normal buses, underground Subway, Monorail. light rail transit
(LRT), Tram, and bus rapid transit (BRT} system. Cost-effective solutions are proposed based
on the results of the study. Eventually, it is recommended that monorail system is the best
tansportation solution for Amman.
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Monorail
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